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PLA~T MAINTENANCE/TRAINING MANUAL 

(RADL ITEM 2-37) 
SECTION 1 - ROTATING APPARATUS 

INSTRUCTIONS: 

Book 1 

Book 2 

Book 3 

1. This update is issued to incorporate corrections and additions to 
the preface, table of contents, index pages of the original July 1981 
document and to incorporate additional information in paragraph 1.2, 
Pumps. This update has resulted in the addition of several books 
for this section (for paragraph 1.2) due to the large volume of data. 
Accordingly, Section 1 has been completely revised and reprinted in 
its entirety. ,Therefore you c~n destroy the original July 1981 issue. 

2. For information, the following items were changed in the original 
issue: 

- Revised index pages 1.2-3, 1.3-1, 1.4-1 and 1.5-1 

3. The following new data was incorporated in paragraph 1.2, Pumps: 

- Oil Circulating Pump - Pages 1.2.1-45 thru 1.2.1-49. 

- Fluid Makeup Pump - Pages 1.2.3-1 thru 1.2.3-16 . 
. 

- Flash Tank Drain Pump - Page5 1.2.4-1 thru 1.2.4-36. 

- Raw/Service Water Pumps - Pages 1.2.6-1 thru 1.2.6-28. 

- Primary and Secondary Fire Water Pumps - Pages 1.2.7-1 thru 
1.2.7-441. 

- Fire Maintenance Jockey Pump - Pages 1.2.8-1 thru 1.2.8-51. 

- Demin. Water Transfer Pump - Pages 1.2.9-1 thru 1.2.9-23. 

- Separator Waste Water Pump - Pages 1.2.10-1 thru 1.2.10-24. 

- Oil Sump Pump - Pages 1.2.11-1 thru 1.2.11-27. 

- Raw/Service Water Sump Pump - Pages 1.2.12-1 thru 1.2.12-20. 

- Oil Sludge Pump - Pages 1.2.13-1 thru 1.2.13-14. 

- TSU Area Sump Pump - Pages 1.2.14-1 thru 1.2.14-13. 

- Receiver Feedwater Pump - Pages 1.2.23-1 thru 1.2.23-563. 
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PREFACE 

This document is provided by the McDonnell Douglas Astronautics Company (MDAC) 
in accordance with Department of Energy Contract Number DE-AC03-79SF10499, 
Reports and Deliverables List Item 2-37. The material presented here is 
intended for training and maintenance usage by Southern California Edison 
Operations Personnel. · 

Specific notes on the organization and content of the document are as follows: 

1. This document is organized in major sections that reflect the top 
level breakdown of the Master Equipment List as defined in RADL Item 2-19. This 
is in contrast to the subsystem approach used in designing the plant, however, 
is consistent with the Southern California Edison operating plant equipment lists. 

Section 1 
Section 2 
Section 3 
Section 4 
Section 5 
Section 6 
Section 7 
Section 8 

- Rotating Apparatus 
- Stationary Apparatus 
- Electrical Apparatus 
- Valves 

Instrumentation 
Control and Data Systems 

- Collector System 
- Special Heliostat Instrumentation and Meteorological 

Measurements Equipment 
Section 9 - Heating Ventilating and Air Conditioning 
Section 10 - Facilities 

2. Assignments to categories are made on the basis of the lowest level 
tag numbers. For example, maintenance information for the thermal storage 
extraction pump skid assembly (SA-309) is not listed in the stationary apparatus 
section, but broken down to the generic categories as defined by the tag number; 
i.e., pumps (Section 1.2), air operated stop valves (Section 4.2), pressure 
transmitter (Section 5.2), etc. 

3. The Process Instrumentation Section (Section 5.0) is organized on the 
basis of sensor type as defined by the first letter of the designating tag 
number. It contains sensor-related information only. Signal conditioning 
equipment is treated in Section 6.0. 

4. The information on the Collector System, which was provided by the 
Martin Marietta Corp. (MMC) and the major items of the Electrical Power Genera
tion System equipment, provided by Southern California Edison is not provided 
herein. However, the various sections were structured for their inclusion 
where applicable. 

Technical questions concerning this RADL Item should be directed to 
Mr. R. G. Riedesel at (714) 896-3357 or Mr. R. J. Perkins at (714) 896-3073 . 
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• 
Equipment 

Number 

TG-901 

-
Description 

Steam turbine generator and accessories 

Maintenance 
Section 

1.1. l 

-
P&IO Dwg. 

Number 

5163149 



1.2 PUMPS 



• 
Equipment 

Number 

P-301 

P-302 

P-303 

P-304 

P-305 

P-306 

P-307 

:-- P-308 
":' .... 

P-703 

P-704 

P-705 

P-706 

P-707 

P-710 

P-711 

P-712 

P-714 

P-715 

P-716 

Description 

Charging oil pump 

Charging oil pump 

Extraction oil pump 

Extraction oil pump 

-

Aux. extraction oil pump 

Caloria fluid makeup pump 

Flash tank drain pump 

Ullage makeup unit. pump 

Raw/service water pump 

Raw/service water pump 

Primary elec. fire pump 

Secondary diesel fire pump 

Fire main. jockey pump 

Demin. water Xfr. pump 

Separator waste water pump 

Separator waste water pump 

Oil sump pump 

Raw/service water sump pump 

Separator sludge pump 

Maintenance 
Section 

1.2.1 

1. 2.1 

1. 2.1 

1. 2.1 

1. 2. 2 

1. 2.3 

1. 2.4 

1. 2. 5 

1. 2.6 

1. 2. 6 

1.2.7 

1. 2. 7 

1.2.8 

1. 2. 9 

1. 2.10 

1.2.10 

1.2.11 

1.2.12 

1.2.13 

P&ID Dwg. 
Number 

5163142 

5163142 

5163145 

5163145 

5163145 

5163163 

5163143 

5163147 

5163157 

5163157 

5163161 

5163161 

5163161 

5163160 

5163155 

5163155 

5163155 

5163155 

5163155 

-



Equipment Maintenance P&ID Dwg. 
Number Descr i_eti on Section Number 

P-717 TSU area sump pump 1.2.14 5163155 

P-901 Cooling water pump 1. 2. 15 5163153 

P-903 Thermal storage feedwater pump 1.2.16 5163151 

P-904 Aux. boiler/TSS feedwater pump 1. 2.17 5163151 

P-905 Circulating water pump 1. 2.18 5163154 

P-906 Circulating water pump 1. 2.18 5163154 

P-907 Condensate hotwell pump 1.2.19 5163151 

... P-910 Condenser vacuum pump 1. 2. 20 5163151 
':J 
N 

P-912 Cooling tower acid pump 1.2.21 5163154 

P-916 Turbine lube oil Xfr pump 1. 2. 22 

P-917 Receiver feedwater pump 1. 2. 23 5163151 

P-919 Caustic feed pump 1. 2. 24 5163158 

P-920 Caustic feed pump 1.2.24 5163158 

P-923 C.T. duplex chemical pump 1. 2. 25 5163154 

P-925 Sample chiller circ. pump 1. 2. 26 

P-926 Turbine lube oil pump 1. 2. 27 G. E. 1 ube oil 

P-927 Turbine lube oil aux. pump 1. 2. 27 G. E. lube oil 

P-928 Turbine lube oil emerg. pump 1. 2. 27 G. E. 1 ube oil 

• - -
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-
Equipment 

Number 

P-930 

P-931 

P-932 

P-933 

P-934 

P-935 

P-936 

P-937 

P-938A&B 

P-939 

P-940 

P-941 

P-942 

P-943 

P-945 

P-201 

P-718 

Description 

Sodium hypochlorite pump 

Acid feed pump 

Acid feed pump 

Hydrazine feed pump 

Ammonia feed pump 

-

Acid transfer pump 

Polishing demin. sump pump 

Polishing demin. sump pump 

Turbine control oil pump 

Sluice water pump 

Sluice water pump 

Gland steam exhauster 

Receiver F.W. Lube Oil Pump 

Hydraulic Oil Recirculating Pump 

Turbine Lube Oil TK Vapor Extractor 

BCS Fluid Receiver Pump 

Maintenance Oil Sump Pump 
(TSU Area - Portable) 

*Furnished w/Turbine Generator 

Maintenance 
Section 

1. 2. 28 

1. 2.29 

1. 2.29 

1. 2. 30 

1.2.30 

1. 2. 31 

1.2.32 

1. 2. 32 

1. 2. 33 

1. 2. 34 

1. 2. 34 

1. 2. 35 

Included in 
1. 2. 23 

1.1.1* 

1. 1.1* 

1. 2. 36 

1. 2.37 

P&ID Dwg. 
Number 

5163154 

5163158 

5163158 

5163158 

5163158 

5163158 

5163158 

5163158 

-

G. E. 1 ube oil 

5133152 



-

1.2 PUMPS 

1.2.1 Oil Circulation Pumps 

1. 2. 1. 1 

1.2.1.2 

1.2.1.3 

1. 2. 1. 4 

1.2.1.5 

1.2.1.6 

1. 2.1. 7 

1.2.1.8 

1.2.1.9 

1.2.1.10 

Identification 
Tag Number 

P301 

P302 

P303 

P304 

Description 

Manufacturer 

Part Number 

Specification No. 

Material 

Weight 

Prescribed Service 

Oil, 130 PSIA, 600° F. 

Vendor 

Description 

Charging Oil Pump 

Charging Oil Pump 

Extraction Oil Pump 

Extraction Oil Pump 

Dean Brothers Pumps, Inc. 
P.O. Box 68172, Indianapolis, Indiana 46268 

6 X 8 X 15½ R484-132370 

Rocketdyne Specification GA000-90907-TlO (following) 

919 lb. 

Paul L. Armstrong Co., Inc., P.O. Box 928, South Pasadena, CA 91030 

Special Cautions 

See Dean Bros. manual MC-1.4.40 (Sec. 1.2.1.12) 

Periodic Service 

See Dean Bros. manual MC-1.4.40 (Sec. 1.2.1.12) 

Parts Li st 

See Dean Bros. manual MC-1.4.40 (Sec. 1.2.1.12) 

Special Tools 

None 

Maintenance Instructions 

See Dean Bros. manual MC-1.4.40 (Sec. 1.2.1.12) 

Acceptance Tests 

See Dean Bros. manual MC-1.4.40 (Sec. 1.2.1.12) 

1.2.1-1 



I. 2. I. ll Description of Auxiliary Piping Connections 

Seal Flush Loop. Th~ seal flush loop is a 1/2 inch steel 
tubing running from a connection under the pump discharge 
flange to the pump stuffing box. The purpose of this is to 
supply a small amount of pump fluid to the mechanical seal 
area. The stuffing box is angle drilled so that this flush 
actually enters the stuffing box near the mechanical seal 
faces. The flow is regulated with an orifice in the tubing 
system. This is a totally self-contained flush system, 
requiring no external connections. 

Stuffing Box and Bearing Bracket Cooling System. To reduce 
the temperature in the stuffing box for longer mechanical seal 
life, the stuffing box is equipped with a water jacket. This 
same water is piped in series around the bearing bracket for 
cooling the bearing areas. The pump is equipped with two 3/4 
inch valves. Water usage of 3 to 5 GPM during pump operation 
is expected. The inlet valve can be distinguished because it 
is followed by a solenoid valve and flow switch. The cooling 
water then enters the pump stuffing box jacket. An inter
connecting tubing link is furnished between the offside cooling 
water jacket and the bearing bracket. The single cooling water 
discharge line comes from the pump bearing bracket. 

General Electric provides a connection for the solenoid valve 
which will allow a time delay shut down after the pump stops. 
This is simply to allow a short period of time for water flow 
to continue through the unit so that there is no hot spot develop
ment from sudden shut down of the cooling water. The flow switch 
is set at a minimum flow of 1.5 GPM. Should it activate, it would 
indicate higher loss of cooling water flow, or a blocked valve 
bearing closed. There is nothing wrong with running water through 
the jackets of idle pumps if desired. 

Seal Blanket System. Between the flow switch and the stuffing box 
is a 1/4 inch tubing connection, equipped with a 1/4 inch needle 
valve. The tubing is bent around the pump discharge nozzle and 
connected to the vent connection of the mechanical seal gland. 

The drain connection of the mechanical seal gland is equipped with 
a 3/4 inch pipe terminating in a thermal switch. This thermal 
switch is adjustable in temperature ranges between 100 and 600°F, 
and is currently adjusted to approximately 300°F. 

The purpose of this tubing is to allow generation of a small 
amount of steam. This steam is going to be directed through 
the area in back of the mechanical seal. The steam is used to 
exclude oxygen from that area. Oxygen in that area will allow 
a small amount of heat medium fluid leaking past the seal faces 
to carbonize. 
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In time, this carbonization can effect the operation of the 
mechanical seal. By excluding oxygen, this small amount of 
leakage will be directed into the drain, and cooled at that 
point. This should eliminate the seal problem. 

The thermal switch terminates near the base plate drain because 
steam, containing a small amount of heat medium fluid, will be 
continually condensing. A small continual flow of condensate 
is normal. Lack of condensate flow indicates the system is 
not performing properly. A large steam discharge also indicates 
the system is not performing properly. The needl-e valve must be 
adjusted somewhere between these two extremes. Final needle valve 
adjustment must be determined in the field. The pump casing and 
the steam generation tube may be insulated but the tubing must 
make contact with the pump casing to generate the small amount 
of steam required. 

Casing Drain Valve. A casing drain valve has been provided. 
The placement is slightly awkward because it was desireable 
to have this drain in the pocket in the base plate. This valve 
should always be closed unless there is some reason to open the 
pump for inspection or repair. 

Pump Mounting. Filling the cavity under the pump base plat~ 
with cement will result in a firmer foundation, fewer mechanical 
seal and bearing problems, and consequently reduced maintenance. 

1 .2.1-3 
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1.0 SCOPE 

1.1 FOUR SINGLE STAGE, CENTRIFUGAL, VOLUTE-TYPE, HORIZONTAL, HOT OIL PUMPS 
SHALL BE FURNISHED, EACH FACTORY ASSEMBLED, ALIGNED WITH COUPLING AND 
MOTOR ON A BASEPLATE, AND FOUR VARIABLE SPEED CONTROL SYSTEMS, DELIVERED 
IN ACCORDANCE WITH THE REQUIREMENTS OF THIS SPECIFICATION. 

1 .1 .2 EACH PUMP SHALL BE DESIGNED FOR SERVICE IN HEATING OIL, EXXON CALORIA ' 
HT-43, AND TO OPERATE AT VARIABLE SPEED WITH VARYING CAPACITIES AGAINST 
A SPECIFIED VARIABLE DISCHARGE HEAD THROUGH THE SPECIFIED TEMPERATURE 
RANGE. 

1.1.3 TWO OF THE PUMPS WILL PROVIDE OIL CHARGING SERVICE AND Two· PUMPS WILL 
PROVIDE OIL EXTRACTION SERVICE. 

2.0 APPLICABLE DOCUMENTS. 

2.1 THE FOLLOWING DOCUMENTS OF THE LATEST REVISION IN EFFECT ON THE DATE OF 
ISSUE OF THIS SPECIFICATION FORM A PART OF THIS SPECIFICATION. THE AB
SENCE OF SPECIFIC REFERENCE TO THESE DOCUMENTS THROUGHOUT THESE SPECI
FICATIONS SHALL NOT IN ANY WAY RELIEVE THE SUPPLIER FROM COMPLIANCE. 
DEVIATIONS FROM ANY SPECIFICATION OR DOCUMENT SHALL REQUIRE THE WRITTEN 
APPROVAL OF ROCKWELL INTERNATIONAL. 

2.1. l AMERICAN NATIONAL STANDARDS INSTITUTE CODE FOR PRESSURE PIPING, ANSI 
B31 .1 AND STEEL PIPE FLANGES AND FLANGED FITTINGS B16.5 

2.1.2 HYDRAULIC INSTITUTE STANDARDS, 1975 EDITION, 13. 

2. 1.3 CALIFORNIA ADMINISTRATIVE CODE, TITLE 8, CHAPTER 4, SUBCHAPTER 4, CON-
STRUCTION SAFETY ORDERS, AND SUBCHAPTER 7, GENERAL INDUSTRY SAFETY ORDERS. 

2.1 .4 OCCUPATIONAL SAFETY AND HEALTH STANDARDS, PART 1910. 

2. 1.5 THE NATIONAL ELECTRICAL CODE, NFPA 70. 

2. 1.6 UNDERWRITERS LABORATORY OR FACTORY MUTUAL ELECTRICAL TEST PROCEDURES FOR 
LISTED ELECTRICAL EQUIPIIEtlT. 

2. l .7 STEEL STRUCTURES PAINTING COUNCIL (SSPC) SURFACE PREPARATION SPECIFICATION 
SSPC-SP, 3-1973. 

3.0 DOCUMENT SUBMITTALS 

3.1 ONE REPRODUCIBLE COPY OF THE FOLLOWING DATA SHALL BE SUBMITTED WITH THE 
BIDS, TO ROCKWELL INTERNATIONAL. 

3.1.l OVER-ALL DRAWINGS OF THE PUMPS SHOWING ENVELOPE DIMENSIONS AND ALL INTER
FACE DIMENSIONS. 

3.1.2 PROPOSED MATERIAL SPECIFICATIONS. 

1.2.1-8 
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3.1.3 SECTIONAL DRAWING OF COMPLETE PUMP WITH PART IDENTIFICATIONS. 

3.1.4 CENTRIFUGAL PUMP PERFORMANCE CURVES AT MINUMUM RPM, 50% RPM, 100% RPM AND 125% RPM, INCLUDING NPSH, EFFICIENCY, TOTAL HEAD, HP AND RPM DATA, FOR CALORIA HT-43 AT 580°F FOR THE EXTRACTION PUMPS AND 425°F FOR THE CHARGING PUMPS. 

3.1.5 INFORMATION REGARDING MAXIMUM ALLOWABLE FLUID THERMAL TRANSIENT FOR BOTH HEATING AND COOLING. 

3.1.6 A LIST OF RECOMMENDED SPARE PARTS AND TOOLS, WITH INSTRUCTIONS FOR PUMP DISASSEMBLY AND REASSEMBLY. 

3. 1.7 DRAWINGS OF OUTLINE AND BASE DIMENSIONS OF THE PUMP AND MOTOR ASSEMBLY. 
3.1.8 DRAWINGS OF OUTLINE AND OVERALL DIMENSIONS OF THE VARIABLE SPEED DRIVE. 
3.2 CERTIFIED COPIES OF THE AFOREMENTIONED DATA, PARAGRAPHS 3.1.l THROUGH 3.1 .7 INCLUSIVE, SHALL BE SUBMITTED TO ROCKWELL INTERNATIONAL WITHIN (14) DAYS AFTER THE RECEIPT OF ORDER. 

3.3 THREE COPIES OF COMPLETE PARTS LIST, INSTALLATION,MAINTENANCE AND OPERATING INSTRUCTIONS SHALL BE SUBMITTED TO ROCKWELL INTERNATIONAL AT THE TIME OF PUMP DELIVERY. 

3.4 ONE SET OF REPRODUCIBLE ELECTRICAL SCHEMATICS, WIRING DIAGRAMS, INTERCONNECTION DIAGRAMS, AND COMPONENT SCHEMATICS SUCH AS POWER SUPPLIES, FIRING CIRCUITS, ETC. SHALL BE SUPPLIED AT THE TIME OF DELIVERY. 

3.5 CERTIFIED PUMP TEST REPORTS, INCLUDING DATA LISTED IN PARAGRAPH 3. 1.4, SHALL BE SUBMITTED PRIOR TO SHIPMENT. 

4.0 DESIGN AND CONSTRUCTION. 

4.1 PUMPS SHALL BE DESIGNED AND CONSTRUCTED IN ACCORDANCE WITH THE REQUIREMENTS SET FORTH BY THE 13TH EDITION OF THE HYDRAULIC INSTITUTE STANUARDS. 

4.2 PUMPS SHALL BE DESIGNED AND CONSTRUCTED SO THAT THERMAL EXPANSION WILL NOT DISTURB ALIGNMENT OF SHAFT BEARINGS, SHAFT PACKING, SHAFT COUPLINGS, OR SEALS. 

4.3 EACH OF THE PUMPS SHALL BE CENTERLINE MOUNTED, END SUCTION, VERTICAL DISCHARGE, FURNISHED ON A RIGID PUMP/MOTOR BASEPLATE COUPLED TO THE MOTOR WITH PROVISION FOR OIL SPILL DRAINAGE TO A SINGLE POINT. A COUPLING GUARD SHALL BE FURNISHED. 

4.4 THE ELEVATION OF THE SUCTION FLANGE CENTERLINE ABOVE THE BOTTOM OF THE BASEPLATE SHALL NOT EXCEED ONE FOOT NINE INCHES. 

4.5 PUMP CASTINGS AND BEARING HOUSINGS SHALL BE MACHINED WITH A DEEP GROOVE OR DOWELLING TO MAINTAIN RIGID ALIGNMENT OF THE TOTAL ASSEMBLY. 

1.2.1-9 
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4.6 PUMP SUPPORTS AND BEARING HOUSINGS SHALL BE STRESS RELIEVED. 

4.7 COOLING OF PUMP BEARINGS AND SEALS, IF REQUIRED, SHALL BE ACCOMPLISHED 
IN A MANNER THAT SHALL MINIMIZE THE LOSS OF HEAT FROM THE OIL. 

4.8 TO ENSURE COMPATIBILITY OF THE EXXON CALORIA HT-43 HEAT TRANSFER FLUID 
WITH THE MATERIALS USED FOR THE CONSTRUCTION OF THE PUMPS, NO COPPER OR 
ALLOYS CONTAINING A SIGNIFICANT AMOUNT OF COPPER SHALL BE USED. 

5. 0 PERFORMANCE REQUIREMENTS 

THE PUMP SHALL BE DESIGNED TO PROVIDE CHARGING, EXTRACTION, AND WARM UP 
SERVICE ACCORDING TO THE FO~LOWING REQUIREMENTS. 

5.1 EXTRACTION PUMP SERVICE 

EACH PUMP SHALL PRODUCE AN OPERATING PRESSURE WITHIN THE LIMITS SPECIFIED ' 
IN FIGURE l OVER THE FLOW RANGE OF 177 GPM to 2030 GPM. OPERATION BELOW 
1767 GPM SHALL BE CONSIDERED CONTINUOUS DUTY. OPERATION ABOVE 1767 GPM 
SHALL OCCUR FOR A MAXIMUM OF 20 MINUTES IN EACH 24 HOUR PERIOD STARTING 
FROM STABILIZED THERMAL OPERATION AT 1770 GPM. 

THE PUMP SHALL OPERATE OVER THE REQUIRED FLOW RANGE WITHIN THE TEMPERATURE 
RANGE OF 350 F TO 580 F. PUMP HEAD AS GIVEN IN FIGURE l SHALL BE DEVELOPED 
OVER THE REQUIRED FLOW RANGE WITH FLUID INLET TEMPERATURES FROM 560 F TO 580 F. ___ _ 

5.2 CHARGING PUMP SERVICE 

EACH PUMP SHALL PRODUCE AN OPERATING PRESSURE WITHIN THE LIMITS SPECIFIED 
IN FIGURE 2 OVER THE FLOW RANGE OF 148 TO 1700 GPM. OPERATION BELOW 1480 
GPM SHALL BE CONSIDERED CONTINUOUS DUTY. OPERATION ABOVE 1480 GPM SHALL 
OCCUR FOR A MAXIMUM OF 20 MINUTES IN EACH 24 HOUR PERIOD STARTING FROM 
THE MAXIMUM TEMPERATURE. 

THE PUMP HEAD AS SHOWN IN FIGURE 2 SHALL BE DELIVERED OVER THE REQU1RED FLOW 
RANGE WITH THE HEAT TRANSFER FLUID INTHE RANGE OF 350 F TO 500 F. THE PUMP 
SHALL BE CAPABLE OF OPERATION WITHOUT DAMAGE OR ABOVE-NORMAL WEAR AT TEM
PERATURES UP TO 580 F. 

5.3 WARM UP SERVICE (60F TO 350F) 

ALL PUMPS SHALL BE CAPABLE OF CONTINUOUS OPERATION AND MEET THE HEAD REQUIRE
MENT5 UP TO A FLOI.J RATE OF 900 GPM WITH FLU ID TEMPERATURE DOWN TO 60 F. IF 
THE PUMP CANNOT MEET THE REQUIRED FLOW FOR THE WARM UP SERVICE, THE MANUFACT
URER SHALL IDENTIFY THE FLOW FOR THE WARM UP SERVICE THAT THE PUMPS ARE CAP
ABLE OF DELIVERING. 

5.4 POWER CONSUMPTION 

PUMP SHAFT POWER SHALL NOT EXCEED 200 HORSEPOWER. 

1.2.1-10 

--· 
7 



-

-

(S006M 12-10-79) SPECIFICATION NUMBER: GA000-90907-TlO ADDEN. 0 REV. 0 
SECTION: M MECHANICAL 

5.5 NPSH 

A NPSH OF AT LEAST 25 FT IS AVAILABLE UNDER ALL OPERATING CONDITIONS.* 

5.6 OPERATING ENVIRONMENT 

5.6.1 FLUID TEMPERATURE OPERATING RANGE ~JILL BE 60 F TO 580 F. 

5.6.2 AMBIENT TEMPERATURE RANGE WILL BE 16 F TO 113 F. 

5.6.3 PUMP SHALL BE LOCATED IN THE OUTSIDE ATMOSPHERE AT A SITE ELEVATION 
OF 1950 FEET (13.72 PSIA) 

5.6.4 INLET PRESSURE 

STATIC PRESSURE AT THE PUMP INLET WILL COVER THE RANGE OF -5 PS IG WHEN 
OPERATING AND A MAXIMUM OF 13 PS IG DURING NON-OPERATION. NEGATIVE 
VALUES ARE ASSOCIATED WITH OPERATION OF THE FLUID BELOW 100 F. 

5.7 

5. 7. l 

LOADS 

PIPING 

IT IS DESIRABLE THAT THE PUMP ASSEMBLY BE CAPABLE OF SUPPORTING THE 
FOLLOWING LOADS: 

PUMP SUCTION FLANGE 

Fx Fy Fz Fr Mx My 

ALLOWABLE 
LOADS 1103 552 919 2000 3000 1615 

PUMP DISCHARGE FLANGE 

Fx Fy Fz Fr Mx My 

ALLO\.JABLE 
LOADS 960 1102 780 2000 3000 1615 

Mz 

1500 

Mz 

1500 

FORCE UNITS= LBS. MOMENT UNITS = LB. FT 

* BASED ON OIL 

1 .2. 1 -1 1 
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6.0 PROPERTIES OF EXXON CALORIA HT-43 HEAT TRANSFER FLUID 

6.1 THE FLUID IS A COMMERCIAL PRODUCT MANUFACTURED BY EXXON CORPORATION 

TE~PER-
ATURES 

40F 
77F 

lOOF 
200F 
30QF 
400F 
425F 
450F 
500F 
575F 
600F 

AND IS DESCRI CED BY TIIEM AS "A PETROLEUM FRACTION SiMILAR TO LIGHT LUBE 
OIL''. PROPERTY VALUES FOR DENSITY, HEAT CAPACITY, THERMAL CONDUCTIVITY, AiW VISCOSITY ARE GIVEN AS FUNCTIONS OF TE~PERATURE IN TABLE 1. OTHER 
PROPERTY DATA IS SUMMARIZED BELOW: 

MAXIMUM RECOM~1ENDED 8ULK TEMPERATURE: 6'lOF 
MAXIMUM RECOMMENDED FILM TEMPERATURE: 680F 
POUR POINT: 15F (-9C) 
FLASH POINT: 400F ·(204C) 
AUTOIGNITION TEMPERATURE: 759F (404C) 
VAPOR PRESSURE: 

TEMP. FRE_5..!:!. FLUID 

400F 0.57 PSIA 
450F 1.8 PSIA 
500F 3.7 PSIA 
575F 9.0 PSIA 
600F 11. 3 PSIA 

HEATHERED FLUID 

0.09 PSIA 
0.3 PSIA 
0.8 PSIA 
2.7 PSIA 
3.7 PSIA 

TABL_E_l , _ _PROPERTIES OF EXXON CALORIA HT-43 AT SELECTED TEMPERATURES 

DENSITY SPECIFIC THERMAL VISCOSITY 
HEAT CONDUCTIVITY CENTI 

__ GRl~~~ U3/FT3 LB7GAL BTU/_LB-F BTU/FT -HR-F POISE LBm/HR-FT 
Cl.G63 53.9 7.2() 0.42 0.073 240 580 
0.850 53. l 7.09 0.44 0.070 57.9 140 
0.841 52.5 7.02 0.45 0.069 27.7 67 
0.805 50.3 f.,. 72 0.50 0.064 4.96 12. 0 
0.768 48.Cl 6.41 0.55 0.060 l. 98 4.80 
0.730 45.6 6.09 0.60 0.056 1.03 2.50 
0. 719 44.9 6.00 0.61 0.055 0. 91 2.20 
0.709 44.3 5.92 0.63 0.053 0.79 1.92 
0.689 43.0 5.75 0.65 0.051 0.64 1.54 
0.657 41.0 5.48 0.69 0.048 0.47 1.13 
0.645 40.3 5.38 0.70 0.047 0.43 1.03 
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7.0 ELECTRICAL 

7. l GENERAL 

7.1.l EACH PUMP SHALL BE DRIVEN BY AN ELECTRIC MOTOR WHICH SHALL BE CONTROLLED 
BY AN ADJUSTABLE FREQUE~CY INVERTER POWER UNIT. 

7.1.2 FACILITY SOURCE POWER AND CONTROL SUPPLIED BY CUSTOMER 

7. 1. 3 POWER SOURCE WILL BE 480V, 60HZ, 3 PHASE ALTERNATING CURRENT 
HI-RESISTANCE GROUIWED 11 WYE 11

, 3 WIRE. 

7 .1.4 SPEED CONTROL REFERENCE SIGNAL WILL BE A 4 TO 20 MILLIAMPERE 
D. C. SI Grll\L. 

7.1.5 REMOTE "ST.l~RT-STOP" CONTROL VOLTAGE WILL BE 5 TO 10 VOLTS D.C. 

7. 1. 6 

7. 1. 7 

7. l. 8 

7. 1 . 9 

7.2 

7. 2. 1 

THE START SIGNAL lflLL BE MAINTAINED AND THE REMOVAL OF THE SIGNAL 
SHALL CAUSE A STOP. 

VARIABLE FREQUENCY CONTROLLER WILL BE LOCATED INSIDE A MOTOR 
CONTROL BUILDING. 

PU~P DRIVE MOTOR WILL BE LOCATED OUTSIDE. 

SERVICE ATMOSPHERE OF PUMP AND MOTOR IS CLASS I, DIVISION 
I I, GROUP "D" AS DESCRIBED IN THE NATIONAL ELECTRIC COIJE. 

ALL PUMP ANU MOTOR PROTECTIVE PROVISIONS SHALL BE SELF CONTAINED 
WITHIN THE PUMP DRIVE CONTROL SYSTEM. 

DESIG~ AND CONSTRUCTION 

AuJUSTABLE FREQUENCY IN VERT ER POWER UNIT SHALL BE RATED TO 
PROVIDE POWER Arrn SPEED RAflGE REQUIRED TO DRIVE A 1750 RPM, SQUIRREL 
CAGE UllJUCTIOr~ MOTOR THAT WILL MEET THE PUMP PERFORMAtKE SPECIFIED IN 
SECTION 5.0, AND SHALL INCLUDE THE FOLLOWING PROVISIONS: 

7. 2. l. l SELF-CONTAINED IN !~EMA l Ei:CLCSURE SUITABLE FOR FLOOR 
MOUNTING. 

7.2.l .2 ADJUSTABLE FREQUENCY, CONSTANT VOLTAGE CONTROL(CONSTJ\NT HORSEPOWER) 
.I\T THE [XTClDED RANG[ TO /\ MJ\XIMU'~ OF 25 PERCEMT /\BOVE 
THE 61HZ BASE SPEED OF 1750RPM, IF REQUIRED DY THE PUMP 
CH.t\.RACTERI STI CS. 

7.2.l.3 A SIZE 5 MOTOR COUTACTOR FOR INCOMING POWER WITH PROVISIONS FOR 
REMOTE "START-STOP" CAPAGILITY BY A 5 TO 10 voe LOGIC CONTROL SIGNAL. 
THE NECESSARY SOLID-STATE RELAYS TO ACCEPT THE LOGIC LEVEL CONTROL 
SHALL BE PROVIDED IN THE ENCLOSURE AND INPUTS WIRED WITH SHIELDED 
C!\l3LE TO ,n. CUSTOMER TERMINAL cormECT POitn. GrJE SET OF N.O. AND 
fL C. AUX ILIA RY COiHACTS 0:1 STARTER Si!ALL BE WIRED TO TERM! f~AL BOARD 
FOR CUSTOMER USE. 

1.2.1-15 
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7.2. 1.4 CURRENT LIMITING OR FAST ACTING FUSES NECESSARY TO PROTECT THE 
RECTIFIERS. 

7.2.1.5 INSTANTANEOUS OVERCURRENT PROTECTION FOR THE D.C. BUS AND SCR'S. 

7. 2. l. 6 INVERSE TIME OVERCURRENT PROTECTION OF THE DRIVE MOTOR, UNDER VOLTAGE 
AND OVERSPEED PROTECTION AS REQUIRED. 

7.2.1.7 SURGE PROTECTION ON THE D.C. BUS. 

7.2.1.8 SPEED REFERENCE INPUT BROUGHT OUT TO TERMINAL STRIPS TO ACCEPT THE 4 
TO 20 MILLIAMPERE D.C. CURRENT SIGNAL. THE MAXIMUM ALLOWABLE IMPENDANCE 
(LOAD) ON THIS CIRCUIT IS ~00 OHMS. SPEED CONTROL LOOP ro BE CLOSED 
FROM THE AC TACHOMETER ON THE PUMP DRIVE MOTOR, NOT FROM OUTPUT FRE
QUENCY. SEE 7.2.2.5 

7.2. 1.9 ONE KILOWATT TRANSMITTER, WITH 4 TO 20 MILLIAMPERE D.C. ORO TO 5V 
D.C. OUTPUT, INSTALLED TO MONITOR POWER SUPPLY OUTPUT (IN KILOWATTS) TO 
THE PUMP MOTOR. SIGNAL LEADS TO BE SHIELDED AND BROUGHT TO TERMINALS FOR 
CUSTOMER CONNECTION. 

7.2.l .10 PROVISION TO LIMIT "EM!" REFLECTED BACK ONTO INCOMING POWER LINES BY 
SUITABLE FILTERS. 

-

7.2.1.11 SERVICE DEVIATION SHALL BE 0.1% OF SET SPEED. DRIVE CONTROL TO BE APPLIED A 
IN A CLOSED LOOP UTILIZING PUMP SPEED AS THE FEED BACK CONTROL SIGNAL. AC W, 
TACHOMETER ON PUMP DRIVE MOTOR PER 7.2.2.5. 

7.2.1. 12 PROVIDE A 0-5VDC SIGNAL FROM THE AC TACHOMETER INTO THE CONTROLLER AND FOR 
A SPEED INDICATION FOR CUSTOMER USE. WIRE WITH SHIELDED WIRE TO A TERMINAL 
BOARD. WILL WORK INTO A HIGH IMPEDANCE LOAD SO WILL NOT LOAD THE FEEDBACK 
SIGNAL. 

7.2. 1. 13 PROVIDE AN ADJUSTABLE TIMED ACCELERATION/DECELERATION FUNCTION IN THE 
FORWARD LOOP. ADJUSTABLE FROM 2 TO 15 SEC. 

7.2.1.14 PROVIDE CURRENT-LIMIT OVERRIDE ADJUSTABLE FROM 50 to 150% OF FULL LOAD 
CURRENT. 

7.2.1 .15 DO NOT GROUND SHIELDS OF WIRING BROUGHT OUT FOR CUSTOMER USE. TERMINATE 
THE SHIELD ON THE CUSTOMER TERMINAL STRIP AND FLOAT SHIELD AT DEVICE TER
MINATION POINT. 

7.2.2 PUMP MOTOR SHALL BE OF TOTALLY ENCLOSED, FAN COOLED DESIGN WITH THE FOL
LOWING PROVISIONS: 

7.2.2.l CLASS "H" INSULATION. 

7.2.2.2 SUITABLE FOR OPERATION ON THE POWER PROVIDED BY THE ADJUSTABLE FREQUENCY 
INVERTER POWER SUPPLY. 

1.2.1-16 
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(S006M 12-10-79) SPECIFICATION NUMBER: GA000-90907-TlO ADDEN. 0 REV. 0 
SECTION: M MECHANICAL 

7.2.2.3 NOMINAL 1800 RPM BASE SPEED, A.C. SQUIRREL CAGE INDUCTION MOTOR. 

7.2.2.l- CAPABLE OF OPERATING AT A MAXIMUM RPM OF 2250 RPM AT 75HZ, IF REQUIRED 
BY PUMP CHARACTERISTICS. 

7.2.2.5 SHAFT MOUNTED, PERMANENT MAGNET, A.C. TACHOMETER ON END OPPOSITE DRIV!:: 
SHAFT, FOR MEASURING AND CONTROLLING PUMP SPEED. 

7.2.2.6 PUMP MANUFACTURER TO SPECIFY ADDITIONAL MECHANICAL DETAILS SUCH AS 
BEARINGS, SHAFT EXTENSION AND COUPLING, ETC. 

7.2.2.7 DRAIN BREATHER ELEMENT, CROUSE-HINDS TYPE ECO "UNIVERSAL" OR APPROVED 
EQUAL. 

8.0 TESTING 

8.1 SHOP TESTS 

8.1 .1 EACH PUMP AND DRIVE SYSTEM SHALL BE FACTORY TESTED. THE TESTS SHALL BE 
IN ACCORDANCE WITH THE "HYDRAULIC INSTITUTE STANDARDS". CERTIFIED TEST 
CURVES AND CERTIFIED TEST REPORTS SHALL BE SUBMITTED FOR APPROVAL, PRIOR 
TO SHIPMENT IN ACCORDANCE WITH SPECIFIED DOCUMENTATION REQUIREMENTS. 

8.1.2 ALL NECESSARY PERFORMANCE TESTS SHALL BE CONDUCTED ·TO VERIFY CURVES PRE
VIOUSLY SUBMITTED AS PART OF THE _BIDDER'S PROPOSAL. 

9.0 CLEANING 

9. l ALL INTERNAL AND EXTERNAL SURFACES OF EQUIPMENT SHALL BE CLEANED OF ALL 
MILL SCALE, LOOSE METAL PARTICLES, WELD SPATTER, SLAG, DIRT, GREASE, OIL 
AND OTHER FOREIGN MATTER. ALL EXTERNAL FERROUS SURFACES SHALL BE CLEANED, 
IN ACCORDANCE WITH SSPC SURFACE PREPARATION SPECIFICATION SSPC-SP 3, ''POWER 
TOOL CLEANING.'' ALL BURRS AND FLASHING SHALL BE REMOVED AND ALL SHARP EDGES 
SHALL BE EASED. 

9.2 A REPRESENTATIVE OF ROCKWELL INTERNATIONAL CORPORATION MAY VISUALLY INSPECT 
TI-IE EQUIPMENT AFTER CLEANING. ANY EVIDENCE OF FOREIGN MATTER WILL BE CAUSE 
FOR REJECTION AND RE-CLEANING. 

10.0 SEALING AND MARKING 

10. l ALL OPENINGS SHALL BE SEALED AGAINST CONTAMINATION IMMEDIATELY AFTER CLEANING. 
10.2 FLANGE OPENINGS SHALL BE PROTECTED BY BLIND FLANGES AND GASKETS, OR BY POLYETHYLENE SHEETING (MINIMUM 0.008 INCH THICK), BACKED WITH CLEAN METAL, CLEAN 

PLYWOOD, OR HEAVY CARDBOARD, AND BOLTED OR SECURELY TAPED IN PLACE. POLY
ETHYLENE SHEETING SHALL BE SEALED TO PREVENT DUST INFILTRATION THROUGH FLANGE BOLT HOLES. 

10.3 SCREWED PIPE PORTS SHALL BE SEALED WITH PIPE PLUGS. 

1.2.1-17 
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(S006M 12-10-79) SPECIFICATION NUMBER: GA000-90907-TlO ADDEN. 0 REV. 0 SECTION: M MECHANICAL 

l O. 4 PUMPS AND MOTORS SHALL BE PERMANENTLY IDENTIFIED BY STAMPING OR ELECTROETCHI NG A METAL NAMEPLATE WITH ALL PERTINENT INFORMATION CLEARLY INSCRIBED THEREON. EACH NAMEPLATE SHALL BE PERMANENTLY ATTACHED TO EQUIPMENT IN A CONSPICUOUS PLACE. 

11.0 PAINTING 

11. l ALL EXPOSED SURFACES OF THE EQUIPMENT, EXCLUDING NAME AND DATA PLATES,' TAGS, AND MACHINED MATING SURFACES, SHALL BE GIVEN ONE (1) SHOP COAT EACH OF RUST INHIBITIVE PRIMER AND FINISH PAINT. 
11.2 NAMEPLATES, DATA PLATES, TAGS, AND MACHINED MATING SURFACES SHALL BE COATED WITH A SLUSHING COMPOUND. . 
12.0 PREPARATION FOR SHIPMENT. 

12. l EQUIPMENT SHALL BE BOXED, CRATED AND/OR SKID MOUNTED, AND COVERED TO SUCH AN EXTENT TO PREVENT DAMAGE DURING SHIPMENT AND TO FACILITATE HAtJDLING. 

1.2.1-18 
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Specification No. GA000-90907-TlO 
Addendum No. l 

CHARGING AND EXTRACTION OIL PUMPS AND DRIVES 
THERMAL STORAGE SYSTEM 

10 MWe SOLAR PILOT PLANT 

BARSTOW, CALIFORNIA 

The specifications are hereby amended as set forth on the attached page. 
This addendum shall become a part of the original specification. 

~1. Nordqui s 
Manager 
Facilities Engineering 

~ rZ.tJ;r-itl 
Chief Project Engineer I Senior' Progra~dinator 

l Quality Project Management 

January 11, 1980 
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1. 

Specification No. GA000-90907-Tl0 
Page 1 of 1 
Addendum No. 1 

The specification is ammended as follows: 

1.1 Revise the first sentence in Paragraph 7.2.1.11 to ~ead: 

"Service deviation shall be 1.0% of set speed." 

1.2 Revise the first sentence of Paragraph 7.2.1.12 to read: 

"Provide a 0-SV DC signal from the AC tachometer voltage into 
the controller for a speed indication for customer use." 
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Rockwell International Corporation 
Rocketdyne Division 

Specification No. GA000-90907-TlO 
Addendum No. 2 

CHARGING AND EXTRACTION OIL PUMPS AND DRIVES 

THERMAL STORAGE SYSTEM 

10 MWe SOLAR PILOT PLANT 

BARSTOW, CALIFORNIA 

RECEIVED 

. ' 1qf~O 

<::!:fl 1:fihHIAi-:1liJ11 

Applicable portions of the original Specifications and Addenedum No. l are 
hereby amended as set forth on the attached page. This addendum shall become 
a part of the original specification. 

c· (,, 
~<x\J~~~,)~----
A. E. Moore 
Chief Project Engineer 

~~J.~~ C. -J\ Nordqu is~ 
Manager 
Facilities Engineering 

~ ~ ~ h-_..__,/ 
J. Repas 
Senior Program Coordinator 
Quality Project Management 

March 7, 1980 
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.... Spet ,cation No. GA000-90907-TlO 
Page 1 of 
Addendum No. 2 

The specification is amended as follows: 

1. 1 

4.9 

4. 9. 1 

4.9.2 

4.10 

4. l O. l 

4.10.l.l 

4.10.l.2 

4.10.l.3 

4.10.l.4 

4.10.l.5 

4.10.l.6 

7.9.l.l 

7.9.1.2 

Add the following paragraphs 

Mechanical Seals 

The pumps shall be provided with a John Crowe Type 15 WT 
mechanical seal with tungsten carbide versus tungsten 
carbide faces. 

The pumps shall be provided with a seal flushing system. 

Cooling Water Piping 

The pumps shall be provided with cooling water piping which 
shall include the following. 

An inlet and outlet 3/4" globe valve at the pump base plate. 

A 3/4" solenoid valve. 

A paddle-type flow switch. 

All piping for the cooling water flow between the inlet and 
outlet valves and the pump including a 1/4" line to the 
stuffing box with a coil wound around the pump casing to 
provide steam for the flushing of the stuffing box. 

A 1/4" needle valve in the 1/4" flushing line. 

A thermal switch at the outlet of the flushing system for 
the detection of oil leaks. 

Provide shutdown annunciator lights with nameplates, resets 
and audible alarms for the following detection points: 

a. Mechanical Seal Leakage 

b. Water Flow 

c. Thermal overload in the motor (Inverse Time Over Current 
Protection) 

d. Instantaneous Over Current ( IOC) 

Annunciators shall be equipped with lockout capability such 
that initial failure point detected by sensors will be the 
sole annunciator activated. 

Provide solenoid water valve start control with 10-minute 
delay upon shutdown. 

1.2.1-24 
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STANDARD, HORIZONTAL, SINGLE STAGE, END SUCTION, ENCLOSED IMPELLER, CENTRIFUGAL PROCESS PUMPS 

TYPES R434, R454 and R484 

MECHANICAL DESIGN SPECIFICATIONS 

Direction of Rotation (Viewed from Coupling End).. . .CCW 
Casing Thickness-Minimum . . . . . . . . . . . . . . . . . . . . . 5/,s" 

Corrosion Allowance . . .. 1/a" 
Impeller-Standard ........ Mechanically and Electronically Balanced 

Optional Extra.. . ............. Dynamically Balanced 
Flanges: A.N.S.I. Rating . . . . . . . . . . . . . ... 300 lb. 

Facing: Standard: Raised Face, Optional Extra: Ring Type Joint 
Finish .... 125 rms 

Stuffing Box & Bearing Housing Jacket Pressure, Maximum .. 125 psig 
Suction Pressure, Maximum ..... 500 psig less pump developed head 

R4:U R454 R4A4 
Horsepawer Rat1ng-Max1mum 

@ 3500 rpm 75 250 
@ 1750 rpm 40 125 300 

@ 1160 rpm 25 75 200 

Bearmgs Type-Ball Bearings, 01 Lubr«:ared 

Thrusl Beanng (Angular Contact Pair) 7309BG 7312BG 7317BG 
Radial Bearing 6309 6312 6316 

Packing S,ze. SQuare ,.. .. ,, '·1'' 

Number of Rings w1lh lantern Gland 6 6 6 
Spacing 3G3 3G3 3G3 

Number ol Rmgs, Lan1ern Gland Omitted 7 7 8 

S1ulfing Box D1mens1ons 

Length !Depth) 3- 3', 4111' 

Inside 01ame1er (Bore Diameter) 21·2"' 3,, .. 4-

Shatt Sleeve Diameter n ... 2'-a'' 3·· 

Lantern Gland Width ..... l/4'' 
,., 

Lantern Gland to Open End of 

Stulhng Box 1111" 1112'' 2'->" 

Pump Shah D,men~ons 

Span Between Beanngs, it to it s~.-· 5•· 10" 

Span Between Radial 

Bearing it and Impeller 4;_ 8" 1Ql/4" 12s1,•" 
01ame1er al Coupling n-.·· 11o·· 2¾" 
Diameter Between Bearings 2" 2ll4'' 4" 

Diameter at Impeller 11/t" 11y· 211 .. ·· 

MATERIAL MAXIMUM PUMPING TEMPERATURE HYDROSTATIC TEST PRESSURE 

CLASS WORKING PRESSURE MINIMUM MAXIMUM R434 R454/R484 

40+ 500 ps,g -20°F +800°F. 850 850 

50 500 ps,g -20°F +8SO"F ps,g. pstg. 

tCart>on Sloe! with Casi Iron Trim. Also available wilh 3168/S Trim. 

WARNING: Themerlmum ,,,_u,..ere nof canpafl/J/e With Ille malmum ,.,,,_. 
1u,. ,,_ In the chart•-- Seecutftln -rlg/11 co,,..,. torp,oper ,.,..,.,,._ 

STUFFING BOX PRESSURE • 
R400 SERIES PUMPS 

"-With Impeller Balance Holes-Slufling Box Pressure Equals Pump 
Suction Pressure. 

Wilhoul Impeller Balance Holes-Stuffing Box Pressure Equals Pump 
Suction Pressure Plus 0.6 X Pump 
Developed Pressure in PSI. 

"-Within the Press. Limil of Seal. Balance Holes Are Normally Used. 

STANDARD MATERIALS OF CONSTRUCTION 

PART 
NO. PART NAME CLASS 40 
3 Impeller C.I. (1) 

5 CaStnQ sn. (8) 
8. Backhead Ring Iron (7) 

6A Casin!I Rina Iron (7) 

7 Cradle Spacer C.I. (1) 

9 Bearing Housing Fool C.1.(1) 

9A' Bra. Hsg. Fl. Capscrew SIi. (2) 

9F' Brg. Hsg. Ft. Jack Bolt R434 Only Sn. (2) 
9G. Brg. Hsg. Ft Jack Bott Nut 1'1434 Only Sil. (2) 

10' Shaft Sleeve 316 (8) 

10K' Shaft Sleeve Key 304 (9) 

12' Impeller Bolt SH. (2) 
12A. Impeller Washer Sil. (2) 

13 • Stuffing Box Gland SU. (6) 

14' Stullt no Box Gland Slud Sil. (4) 
15 • Stulltng Box Gland Stud Nut 511. (5) 

17' Lantern Gland C.I. (1) 

18' Splash Collar (13) 

22 Backhead Stl. (6) 
26. Baanina Housing C.I. (1) 

27' Seel Rina C.I. (1) 

28' Bearing End Cover C.I. (1) 
29. Pump Shah SU.(10) 
54. Throat Bushing C.I. (1) 

56 Casing Foot C.I. (1) 

77 Casing Gaakal Asbestos ( 11) 
77B • Bearing End Cover Gaska! Paper (12) 

87' Impeller Ring Back (Optional) SIi. (2) 

87A Impaler Ring-Front (Optional) SIi. (2) 

'Denotes parts interchangeeble in aH pu"lJ sizes of same type. 

-MATERIAL SPECIFICATIONS (Reier 10 numbers in Parentheses) 

( 1) Cast Iron 
( 2) AISI 1020 
( 3) 316S/S-ASTM #296 Grade CF-BM 
( 4) AISI 4140. ASlM #A 193-B7 Sleel 
( 5) ASTM #A194 Grade 2 Sleel 
( 6) ASTM #A216 Grade WCB Cast Slee! (-20 + 800"F) 
( 7) Hardened Iron 
( 8) AISl-3165/S 
( 9) AISl-304S/S 
(10) AHoy Steel-125.000 TS. 100.000 UP 
(11) Asbestos Sheet-High Temperature 
( 12) Manila Paper 

-
ALLOWABLE WORKING PRESSUAI 

VS. PUIIPING TEMPERATURE 
A.O ll!AIES PUIP.I 

_, .. _,,_ .... 
.... ~ - - I I I -

CLASS 50 
316 (3) 
316 (3) 
316 (3) 
316 (3) 

C.1.(1) 
C.I. (1) 
sn. (2) 
Sil. (2) 
St!. (2) 
316 (8) 
304 (9) 
316 (8) 
316 (8) 
316 (3) 
304 (9) 
304 (9) 
316 (3) 

(13) 
316 (3) 
C.I. (1) 
C.t. (1) 
C.I. (1) 
316 (8) 
316 (8) 
C.I. (1) 

Asbestos ( t 1 ) 
Paper (12) 

316 (3) 
316 (3) 

" -2 
' 

_.._ __ -
=~ -S. I '-t: ,. ,_ ::, 

-ii! :, 

-!c a: ,-r ,. 
-I!! 

100 -I 
,_ i 

i 

-100 0 

c .... SO 13118/S) 
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i 1i 
100 200 300 400 111111 M - M 111111 PU- T-RATURl!-'F. 

Speclllcallona are subject to cll1nge without nollca 
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PRODUCT INSPECTION AND TEST 

The Products of Dean Brothers Pumps Inc. are subject to 
thoroug-h and rig-orous quality control and inspection pro
cedures throughout the whole of the manufacturing process 
to assure proper operation in full conformity with established 
performance standards. On completion of inspection, each 
unit is oiled, sealed against the entrance of dirt, and tagged 

with a signed certificate of inspection prior to shipment. Each 
pump when shipped is ready to perform the service for which 
it was designed with minimum maintenance and expense if 
properly installed and operated in accordance with the in
structions furnished. 

DEAN BROTHERS PRODUCT WARRANTY 

We warrant to the purchaser from us of Dean Brothers prod
ucts and parts of our own manufacture ( Dean Products) that 
tl'le Dean Products are free under rated use and service from 
defects in design, material and workmanship for a period of 
one ( 1) year from the date of installation, but not to exceed 
eighteen ( 18) months from the date of shipment by us. This 
warranty does not cover (I) any loss or damage resulting from 
wear, corrosion, abrasion or deterioration due to normal use 
in rated service: (II) replacement of service items such as 
shaft packings and mechanical seals: (III) products or parts 
manufactured by others but furnished by us which, if defec
tive. shall be repaired or replaced only to the extent of the 
original manufacturer's warranty: (IV) any loss or damage to 
or defects in any Dean Products resulting from the misuse or 
improper storage, installation, or operation thereof: or (V) 
any loss or damages to or defects in anv Dean Products result
ing from any alteration or modificati~n thereof not expressly 
authorized and approved by us in writing. \\'e shall not be 

liable, directly or indirectly, under any circumstances for con
sequential or incidental damages, including, but not limited, 
to: (I) any loss of business or profits: and (II) labor, material 
or other charges, claims, losses or damages incurred or suffered 
from, in connection with or in consequence of the working 
upon, alteration, or repair of any defective Dean Products by 
persons or firms other than us. Our liabilitv for breach of 
warranty hereunder is limited solely to the r~pair in our fac
tory or the replacement F.O.B. our factory, as the case may 
be, or any Dean Products which shall have been determined 
by us, after notice to us and inspection by us within the 
warranty period, to be so defective when shipped by us. 
THIS WARRA1':TY AND THE LIABILITY SET FORTH 
HEREIN ARE EXCLUSIVE AND IK LIEU OF ALL 
OTHER LIABILITIES AND WARRANTIES, EXPRESS 
OR IMPLIED, INCLUDING IMPLIED WARRANTIES 
OF MERCHANTABILITY AND FITNESS FOR PARTI
CULAR PURPOSE. 

WARNING 

Proper storage while not in use and proper installation and 
startup are essential for successful pump operation. Misuse 
or improper ~torage. installation or operation of pumps may 
result in snious loss or damage. Dean Brothers Pumps Inc. 
is not responsi!,lp for any lo.ss or damage resulting from causes 
beyond its control. and is not liahlt· for charges for work per
formed or matnials furnished to repair such loss or damage. 
All installation, operation, and maintenance must be done 
by thoroughly qualified personnel in strict accordance 
u:ith this manual and must comply u:ith all local, state 
and Federal codes. Only Dean Brothers authorized serv
ice parts should he used in the repair of these pumps. 

RECEIVING PUMP 

When the pump is received from the transportation com
pany, it should he promptly inspected for damage and 
such damage noted on the hill of lading before it is 
signed. Claims for shipping damage must he filed against 
the carrier. 

Care should be exercised in unloading and handling the 
pump. 

STORAGE 

Pumps must be properly covned and protected against mois
ture, dirt, and physical damage during storage prior to instal
lation. If prolonged storage is anticipated, a heavy protective 
coating should be applied to bearings and all exposed ma
chined surfaces. A rust preventative must be used to protect 
all steel or cast iron parts. Stuffing box shaft packing or me
chanical seals should be removed and stored as well as pro
tected separately. 
Pumps must also be protected from moisture, dirt, and physi
cal damage during and after installation while the system is 
being completed. Pumps "stored'' on their foundations must 
be completely checked for proper installation prior to start-up. 
Care in storage and installation will preserve the built in qual
ity of each Dean Brothers Product. 

IVJC- I. --I. '-lo 
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INSTALLATION 

ll'UMP FOUNDATION 

The pump foundation provides rigid support to the baseplate 

and maintains the exact alignment of the pumping unit. Base

plates are designed to rigidly support the pump and driver 

without vibration or distortion only when they are properly 

set, leveled, and secured to the foundation. 

The purchaser may elect to mount the pump without grouting 

the baseplate. In any case the baseplate must be fully sup

ported by the customer's mounting means to prevent vibration 

and distortion. 

111 i ---- ~- i· 
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TYPICAL FOUNDATION LAYOUT 

SUCTION AND DISCHARGE PIPING 

Suction and discharge nozzles sizes of Dean Brothers pumps 

are s1•lected for proper performance of the rumping unit and 

are not inl1·nd1·d to determine the suction and discharge pipe 

sizes. l'ipe sizes must be determined by the user based on the 

system requirements. 

Suction piping should have a minimum friction loss and thus 

should be as short and straight as possible with a pipe diam

eter as large as economically feasible for the 11ow rate handled. 

Suction piping should never be smaller in diameter than the 

suction nozzle size. When the suction piping is larger than 

the suction nozzle size an eccentric reducer is required at the 

suction flange and must be installed with the taper located on 

the underside to eliminate air or vapor pockets. 

Discharge piring may be the same size as, larger, or smaller 

than the discharge nozzle as the system flow may demand. 

1 n new installations or rt>built systems, dirt, ripe scale, weld

ing slag, and general construction debris may get into the pip

ing. It is important to prevent this material from entering the 

pump anrl damaging pump parts, mechanical seal faces, or 

stufting box packing. '.\Iechanical seal parts are especially sub

ject to damage even by very small particles. To prevent dam

age, a strainer or filter installed in the suction line is recom

mender!. \\'hen the pump utilizes a packed stuffing box, the 

TYPICAL PUMP PIPING 

strainer may take the simple form of a piece of ordinary win

dow screen hacked up by ~-~" mesh hardware cloth and placed 

between two flanges at the pump suction. If the pump em

ploys a mechanical seal the strainer should provide much more 

protection. Commercially available strainers or filters as rec

ommended by their manufacturers can do an excellent job. 

Another form may be a cone strainer of 100 mesh installed in 

a pipe cross placed with the cross in a vertical position and 

utilizing blank flanges to cover the openings. In this set-up 

the top flange may be opened for inspection and the bottom 

flange opened for cleanout. In addition special filtering and 

mechanical seal flushing guards may be required. Consult 

your Dean Brothers rcpres1•ntativt'. Suction line scn•(•ns or 

strainers may usually bt• remowd when, after several days of 

use, no dirt has been collected and the system is clean. 

Remember that screens and filters in the suction line are re

stricting devices which reduce the net positive suction head 

( NPSH) available to the pump and should be considered at 

the time the system is designed. 

BASEPLATE MOUNTING AND ALIGNMENT 

The sequence of mounting which must be observed for proper 

baseplate and pump mounting is: 

1) Place baseplate, with pump and driver mounted 

thereon, on the pump foundation. 

2) l' se wedges under the baseplate edges to properly 

level the unit. Check this with a spirit level. Pull down 

the baseplate mounting bolt nuts tightly and recheck for 

level. Correct if necessary. 

3) Check driver rotation by removing the coupling 

spacer and bumping the motor starting button. Operat
irtg the pump in reverse rotation may cause extensive 
damage. If driver rotation is correct, proceed with align

ment. If not, reconnect the motor wiring properly and 
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again check for rotation. When the driver rotation is 
correct, proceed with the alignment. 

4 l .-\lign the driver to the pump. 

:i) (;rnut thl' baseplate. Do not grout the baseplate to 
the fou11clatio11 until the pump and driver are cor
rectly aligned. 

<>) I lett'rmine that piping to the pump is in exact align
m<·nt with th<" pump flanges and imposes no piping strain 
on thl' pumping unit. \\"ht•n the alignment is ex.act the 
piping may lie bolted in place. 

7) Rt·dwrk p111np and driver alignment to ensure that 
110 distortion of the pump unit has !wen caused by piping 
strain. Correct piping if misalignment has occurred and 
again align pump and dri\'er. 

8 l The pump and driver alignment must again be 
checked at the operating temperature and alignment cor
rected under the hot condition. 

9 I ,\fter about two weeks of normal pump operation the 
pump and driver alignment should again be checked un
der the hot condition. If alignment is still correct, the 
driver feet may be doweled to the baseplate. If the align
ment has changed. realign the unit and recheck after 
two weeks. 

PUMP AND DRIVER ALIGNMENT 

!'roper running Ji fr of a pump and driver unit depends on the 
accuracy with which the axis of the driver shaft coincides 
with the axis of the pump shaft when the unit is running. 
Although pumps and drivers are check aligned at the factory, 
handling during shipment and installation will cause the 
alignment to change. The pump and driver alignment mu.st 
alu·ays be checked and corrected before the basepwte 
is grouted to the foundation and again before the pump 
is first started. If the baseplate mounting instructions have 
been carefullv followed. no difficulties in making the align
nwnt should -be nperienced. Failure to properly align the 
unit u:il/ result in t.:ihration, short bearing life, and reduced 
mt'l"haniral seal or shaft packing life. 

!'umps an· nut constructed to be used a, pipe anchors. Hoth 
;;ucti11n and di-charge piping must be supported independ
rnth· of the pumping unit and thermal expansion joints 
provided tu guard against expansion loads on the pump. 
Pipes should lw anchored between the expansion joint and 
the pump and as closely to the pump as possible. Failure to 
pro\'ide proper piping support and expansion joints may irn
p<N· .st rains on tht' pumping unit which will result in serious 
misalil!nmt·nt :'llaximum alf Pwable piping loads are shown on 
I Jata :-;ht'et I I 91'i in thi, manual. 

:\ u all"warn t· for thermal expansion is made for motor driven 
unit, in 11111u11ting the dri\·er .. \llowance for turbine mount
ing slwuld lw in accordanct' with the turbine manufacturer's 
rrrn11rnwn<bti<1ns. Final alignment must always be checked 
and r11rrntl'd ,1t thl' opn;1tin_g temperatures of the pump and 
dr1\n. 

\li,,ilic.:1111\l'I\\ 11\ 1lw two shaft, is 11\ two kinds. The lirst of 
1lw,,· i, ;1il'-'.IIL11 1ni,alil.'.llllH'llt wlwn· thl' axis nf <1lll' shaft i.s 
;1I ;111 ;111,:i< li<'lll tlH' <1thn Thl' olhn i.s offset alignnwnt 
where the n·ntn 11111nt' shaft i.' offsl't from the center of the 
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other shaft. These effects usually occur together so that both 
angular and offset misalignment are present. 

Coincident alignment of the driver and pump shaft is mea
sured at the faces of the coupling hubs. Because of the vari
ety of coupling types furnished at customer ·s request, the 
procedure here given is general in nature but may be applied 
by simple adaption to most coupling types. 

The first step is to remove the spacer from the coupling. To 
one of the remaining coupling hubs, firmly seated on the 
shaft, attach a dial indicator. Let the indicator button ride 
on the face of the other coupling hub and near the outside 
diameter. Rotatr the shaft on which the dial indicator is 
mounted, allowing the indicator button to move on the sta
tionary coupling hub. The indicator dial movement will 
show the difference in distance between the two hubs. This 
indicates the amount of angular misalignment between the 
hubs and therefore the shaft axes. Good practice suggests 
alignment to within 0.002" T.I.R. 

INDICATOR SETUP 
TO READ 

ANGULAR 
MISALIGNMENT 

To check the offset alignment, mount the dial indicator as 
shown· but with the indicator button on an outside diameter 
of the stationary coupling hub. Rotate the shaft on which the 
dial indicator is mounted, allowing the indicator button to 
ride on the outside diameter of the stationary hub. The indi
cator dial movement will show the difference in the center 
locations of the two shafts. Good practice suggests alignment 
to within 0.002" T.I.R. 

I 
INDICATOR SETUP 

~ TO READ 
~ :::::.____ OFFSET ~-::::_, D MISALIGNMENT 

£WI l1j 
Angular and offset alignment is adjusted by placing thin 
metal shims under the driver mounting feet to bring the 
driver into exact alignment with the bolted clown pump. If 
misalignment is of major proportions, the baseplate has 
been improperly installed on the foundation and mu.st 
be releveled before proceeding with alignment. 

:\Ioderate alignment adjustments may be made by using the 
jack bolts provided on some bearing housing feet. Loosen the 
two hearing housing foot holci-down bolts and the jack bolt 
lock nuts .. -\djustmenls of tht· jack bolts may then be made. 

After eat"h change, by shims or jack bolts, it is necessary to 
n•rht'rk both angular and offsl'I alignment of th(' rnupling. 
:\fter the pump and driver are alignt>d, tighten all hold-down 
and jack bolt lock nuts and then recheck alignment. 
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Allowable error of shaft alignment is somewhat dependent 

on the coupling type. However, the closer the running 
alignment, the better the running life will be. 

GROUTING THE BASEPLATE 

Channel type baseplates are made with open ends to allow 

easy grouting and do not require grouting holes in the base-

plate. Cast iron baseplates are provided with grouting holes. 

Do not grout the baseplate until the alignment explained 
under "Baseplate Mounting and Alignment," steps 1 
through 4 has been completed. Fill the entire void under the 

baseplate with grout and firmly embed the baseplate edges. 

ALLOWABLE PIPING LOADS R400 SERIES PUMPS 

Vo 

Vs 

MAXIMUM FORCES ON FLANGES 

FOR SUCTION FLANGE 

Fx L 200 LBS./NOM.IN . .c:. 1.2W 

F, L 130 LBS./NOM.IN. L 0.6W 
F. L 160 LBS./NOM.IN. L 1.0W 
Fr= (F/ + Fz~)'·• L 2000 LBS. 

FOR DISCHARGE FLANGE 

F, L 1.3W L 160 LBS./NOM.IN. 
F, (COMPRESSION) Lzoo LBS./NOM.IN . .c::. 1.2W 

Fr (TENSION) L 100 LBS./NOM.IN. LO.SW 

F, L 1.0W L 130 LBS./NOM.IN. 
F,. = (Fx2 + F,2)1> L 2000 LBS. 

WHERE 
F = FORCE IN POUNDS 
F,. = RESULTANT FORCE 
W = WEIGHT OF PU:\'IP ONLY, IN POUNDS 

MAXIMUM MOMENTS APPLIED TO A PUMP ON A FULLY BOLTED AND GROUTED BASEPLATE. 

LOADS ARE TO BE APPLIED ONLY THROUGH THE SUCTION AND DISCHARGE FLANGES. 

PUMP SIZE WT.-LBS. M M Mz . PUMP SIZE WT.-LBS. M M Mz 

& TYPE PUMP ONLY LB. FT. LB. FT. LB. FT. & TYPE PUMP ONLY LB. FT. LB. FT'. LB. FT. 

lx3x8½ R434 210 690 340 725 3x4x 11½ R434 345 930 335 575 

l½x3x8½ R434 235 690 340 725 4x6xll½ R434 430 980 350 760 

2x3x8½ R434 260 690 340 725 l½x3xl3½ R434 400 1015 365 525 

3x4x8½ R434 285 725 295 600 2 X 3 X 13½ R434 414 1015 365 525 

4x6x8½ R434 325 785 320 600 3 X 4 X ]3½ R434 430 1045 375 630 

l½x3xl0 R434 255 760 310 600 4 X 6 X 10 R454 480 2300 1850 800 

2x3xl0 R434 290 760 310 600 6 X 8 X 12½ R454 560 2740 1490 800 

3 X 4 X 10 R434 320 830 340 600 2 X 4 X 15½ R454 575 2530 1375 800 

4x6xl0 R434 360 950 340 600 3x4xl5½ R454 587 2550 1385 800 

lx2xll½ R434 240 850 350 &00 4 X 6 X 15½ R454 604 2740 1490 800 

l½x3xll½ R434 275 850 350 600 6 X 8 X 15½ R484 _ 919 3000 1615 1500 

2x3x 11½ R434 315 870 355 600 8 X 10 X 15½ R484 942 3340 1810 1500 

Maximum allowable forces and moments calculated from these force equations or the tabulated moment tables are those res·1lting in a maximum of .010 inch movement of the shaft measured 

at the shaft coupling when the pump is mounted on its baseplate and that baseplate is fully bolted to a properly designad foundation and is fully grouted in place. For a full discussion 

see API Standard 610, 5th Edition. 
DATA SHEET 1198 
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PUMP COOLING REQUIREMENTS 

Pumps may he furnished with optional jacketing of the stuff
ing box, mechanical seal gland, bearing housing, and (in some 
pump types) casing pedestals. Depending upon the pump 
service. these jackets may or may not be used. Cooling through 
these jackets is rt>commended under these conditions: 

STUFFING BOX COOLING 

I) With a mechanical seal when the pumping tempera
ture is above 350''F. Individual plant specifications may 
require cooling above 2 50° F. Specific applications may 
require cooling at lower temperatures. 

2) With a mechanical seal when pumping liquids of 0. 7 5 
specitic gravity or less when the pumping temperature 
permits further cooling. 

., ) \\'ith pa('king at temperatures above 250'·F. 

MECHANICAL SEAL GLAND COOLING 

l\1echanical seal gland cooling is generally applied under the 
same rondit ions as those for stuffing box cooling. For pump
ing temperatures only slightly a hove t host' requiring stuffing 
box cooling, gland cooling may uni he required on a specific 
application. 

BEARING HOUSING COOLING 

Cooling of the hearing housing is applied to cool the lubricat
ing oil and bearings . .-\t pumping temperatures below S00°F. 
such cooling is rart>ly necessary. Excessive cooling of the bear-

u~l<~SD CO()l1NC, 
,/',,<L,ET 

COOUNG PIPING DIAGRAM 

COOLING PIPING DIAGRAM 

ing housing may lead to early bearing failure from moisture 
condensation contamination of the oil. 

CASING PEDESTAL COOLING 

Casing pedestal cooling is used to equalize and minimize ther
mal expansion of thr pedestal supports. Such cooling is seldom 
rt'quirt>d with l>t'an Brothers pumps but can J,e furnished 
when specified by the customer. 

COOLING WATER PIPING 

Optional cooling piping furnished for Dean Brothers. pumps 
provides series cooling water flow, first through the stuffing 
box jacket and then through the bearing housing jacket. Inlet 
and outlet pipe tap connections are provided. The inlet piping 
provided by the customer must include a tl•(• branch rnnnl'r
tion for the gland cooling connection. The bearing housing 
and gland outlet connections should be fitted with separate 
globe valves to control the cooling water flow rates and each 
should be piped separately to an open sight drain or through 
suitable flow indicating devices so that each flow may be 
observed. 

Series pipinla( has the advantage of providing warmed water to 
the bt'aring housing to minimize moisture condensation within 
the housing. ~i::...----.r"" WRII P A'l?Oll~D 

/lftr,,1 flJl,fY OUrL!:T' 

/1,?~c.µ,q "-'lcAL 
SE'A.L 
CHAMBER. 

TD ge;;-Pr. {:;, 
~ 

C6ol.lNG 
JACKET 

BAS{ DR,'f-flV 

REAR VIEW OF PUMP BACKHEAD 
SHOWING PIPING CONNECTIONS 

s-w,-rcH 

.-\ltt>rnate piping may lie run with sep;irate parallel supply 
lines to each indi\·idual jacket. each provided with a valve 
for tlow control and with each jacket discharging individu
ally tu an open sight drain or through a flow indicating de\·ice. 

IMPORT ANT WARNING: Improper connection of cool
ing u'afer piping may result in the iniection of cooling 
u;ater into the pump stuffing box and into the pumpage. 
Depending on temperature this may cause a violent steam 
explosion in the pump, piping, or associated equipment 
tcith extreme ha.:.ard to personnel. It may also came 
~erious contamination of tlie pumpage and heacy corro
sion of pump or equipment parts. 
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tooling jacket piping should be run to provide inlet water at 
the lowest jacket connection and outlet from the highest con
nection. 

u.: 
01 300 
uJ 
a: 
::i 

~ 
a: 
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a.. 
:E 
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~ 100 

50 '-----'-----'---'-----L----'---L--_J 
100 200 300 400 500 600 700 

PUMPING TEMPERATURE-°F 
800 

COOLING WATER FLOW RATES 

Stuffing box cooling water flow rates are related to pump
ing_ temperature. See the chart on the left. Lower flow rates 
will lead to higher cooling water temperature and promote 
more rapid scaling within the jacket. Higher flow rates do 
no harm. 

Mechanical seal gland cooling flow should be adjusted to 
about¼ GPM. 

Bearing housing jacket cooling water flow rates depend on 
the cooling piping arrangement used. When series piping is 
used, the flow rate is that required for stuffing box cooling 
since this water passes first through the stuffing box jacket 
and then the bearing housing jacket. When parallel piping 
is used, the bearing housing jacket flow rate should be ad
justed to maintain the bearing housing temperature in the 
120°F. to 160°F. range. The pump may be operated without 
bearing housing cooling i.f experience in the particular installa
tion shows that the bearing housing temperature does not rise 
above 200°F. without cooling. 
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- SERIES FLOW COOLING CONNECTIONS FOR SERIES R400 PUMPS 
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-
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Pipe cooling water supply to connection ( 1). 
Hook connection ( 2) directly to connection ( 3). 
Pipe connection ( 4) to drain through a flow 
control valve. Do not control cooling water flow 
with a valve on connection ( 1). 

Openings ( 1) and ( 2) are stuffing box cooling 
jacket connections, plugged at factory with 
metal thread protectors. 

Openings ( 3) and ( 4) are bearing housing cool
ing jacket connections. 

Openings ( 5) and ( 6) are mechanical seal flush 
connections ( or Ian tern ring connections), 
plugged at factory with regular pipe plugs. Use 
only one of these connections for seal flushing. 
Leave the other opening plugged. 

Connection ( 7) is for the constant level oiler. 
Connection ( 8) is the oil drain hole. 

NOTE: Number 4 connection on R484 will 
be the last connection to the rear on 
top of the pump. 

7 



PUMP LUBRICATION 

···r.1'' 

The ball type radial and thrust bearings 
are oil lubricated from the bearing housing 
oil sump. The oil level is controlled by an 
adjustable constant level oiler. This oiler is 
removed from the pump and packed sepa
rate I y for pump shipment to avoid damage. 
Install the oiler in the upper of the two 
pipe tapped holes on the sirle of the bearing 

housing. The lower is the oil drain hole. 
Adjust the oil~r height by loosening the three set screws in 
the outer sleeve, setting, and retightening the screws. Heights 
are ¼" for R430 Series pumps ( see illustration), and all the 
way down (O") for R450 and R480 Series pumps. 
Failure to level pump when installed on the foundation may 
result in an improper oil level. Use care in installation. 
Use a good grade of rust and oxidation inhibited, non
foaming, industrial oil of 2 50-.350 SSU viscosity (ii) 100° F. 
lo fill tlw sump. 

Oil filling may be made through the opening with the vent 
plug removed. Fill only until the oil appears in the very bot
tom of the constant level oiler base when the cup is removed. 
Replace the vent plug. Fill the oil reservoir cup and install it. 
The oil will slowly bubble into the bearing housing until the 
proper level is reached. Remove, refill, and replace the oil cup. 
The oil level will remain constant as long as oil remains in 
the oil cup. To maintain thr oil lt·vel between oil changes, 
ke~p the oil cup refilled. Do not overfill the bearing housing 
or bearings may be damaged. 
The oil should be drained and replaced at regular intervals, 
the intervals depending on the atmospheric conditions ( dust, 
soot, corrosive vapors, humidity, temperature variations, etc.) 
prevailing at the pump installation site. The bearing housing 
should be flushed with a good solvent before the oil is replaced. 
Pumps are shipped from the factory without oil in the 
bearing housing. 

STARTING THE PUMP 

A centrifugal pump should be started with the suction valve 
open and the discharge valve opened a slight amount. 

When the source of liquid supplierl to the pump is below at
mospheric pressure or located below the pump, the pump must 
lw primed prior to slart up. The priming may he accomplished 
in any of several ways, three of which are listed. 

l. An exhauster may be connected to the discharge piping 
between the pump and the discharge shut-off valve. With 
the discharge shut-off valve closed and the suction valve 
open, the air can be exhausted from the pump and piping. 

2. With a foot valve installed in the suction piping, the 
pump may be filled with liquid introduced somewhere 
above the pump in the discharge line. The stuffing box 
should be vented to allow complete filling. A foot valve 
may create extensive losses and should be taken into con
sideration in calculating the available NPSH. 

3. A vacuum pump (preferably a wet vacuum pump) may 
be used for evacuating air from the pump and piping. 
The vacuum pump should be connected as is the ex
hauster covered in No. 1. 

When the source of liquid supplied to the pump is above at
mospheric pressure or above the pump centerline, the pump 
may be filled by venting through a bleed off line to atmos
phere or back to the pump suction source. 

WARNING-EXTREME HAZARD TO PERSONNEL: 
Do not operate a pump at no fl,ow condition. Do not 
operate a pump at a low flow condition, unless provision 
has been made to prevent dangerous heat build up within 
the pump casing. At no flow and low flow conditions, 
without the above provision, the liquid in the pump will 
heat up and may result in a high pressure in a short time. 
This pressure may result in a rupture of the pressure con• 
faining parts of fhe pump or system and cause extreme 
hazard to personnel and damage to the system. 

A centrifugal pump should never be run without liquid 
in the casing. Extensive damage may result, particularly 
to the mechanical seal or stuffing box packing. When the 
pump i., equipped with a mechanical .,eal, vent the pump 
stuffing box through the .,eal connection to provi,le lrtbri
cation to the mechanical seal faces. 

It is important that a pump should never be subjected to 
thermal or pressure shock. The liquid should therefore be 
allowed to flow into the casing slowly. A centrifugal pump 
should never be started until all the parts are up to the tem
perature of the liquid to be pumped. 

If the pump is equipped with cooling water piping this should 
be turned on before filling the pump. 

It is most important to check the direction of rotation of the 
pump before allowing the pump to come up to speed. To check 
rotation direction, push the starting button and instantly push 
the stop button. This will allow the motor to turn over a few 
revolutions and the direction of rotation to be observed. A 
direction of rotation arrow is shown on the front of the pump 
casing. If rotation direction is incorrect, change the wiring 
connections and recheck rotation. Ope;ating the pump in 
reverse rotation may cause extensive damage. 

If rotation direction is correct and the pump properly filled 
with liquid, it may now be started. 

As soon as the pump is up to speed, the discharge valve must 
be opened slowly. A centrifugal pump cannot be operated 
with discharge valve closed without hPating up dangPrously. 
During the first several minult's of operating watch the pump 
carefully for overheating, vibration, and other abnormal con
ditions. If trouble develops, stop the pump at once and 
correct the problem. 
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PUMP START UP CHECK LIST 
These points must be checked after pump installation and 
before starting up the pump. 

I ) Read instruction manual thoroughly and under
stand it. 

2) Review pump order head sheet for the service rating 
of the pump and any special features. 

,l) ( 'ht'ck all piping connections making certain that they 
are both tight and in the proper places. All piping in
cludes seal, cooling, or heating piping. 

4) ;\lake sure that baseplate has been properly installed. 

5) Check the electrical or steam line connections to the 
driver. 
6) Break the coupling by removing the coupling spacer 
and bump the motor ~tarting button to check motor rota
tion. Operating the pump in reverse rotation may cause 

extensive damage. If driver rotation is correct, replace 
the coupling spacer. If not, connect the wiring for proper 
rotation and recheck. 

7) Check coupling for proper alignment. Realign if nec
essary. 

8) If pump stuffing box is packed, check to be sure that 
gland stud nuts are pulled up only finger tight and that 
the gland is not cocked. 

9) Rotate the pump shaft by hand to be sure there is no 
binding or rubbing within the pump or driver. Correct 
any difficulties at once. 
10) Check to see that the pump is properly lubricated. 

11) Remove all dirt, waste, tools, and construction de
bris from the area. 

SPARE PARTS 
To avoid prolonged down time and facilitate rapid repair of 
damaged pump parts, Dean Brothers recommends that the 
pump user maintain a minimum stock of spare parts. If the 
pump service is critical or the pump parts are of special mate
rials, a spare parts stock is even more important to the user. 
Such a spares inventury may extend from a spare mechanical 
seal or seal parts through complete backhead-impeller-bearing 
housing assemblies prepared for immediate insertion in the 
pump casing. Consult your Dean Brothers representative who 
will assist you in selecting your spares stock. 

ORDERING SPARE PARTS 

Spare parts orders will be handled with a minimum delay if 

9A 96 9 9F 28 77B 76A 26 27 76 18 

the following information is furnished by the customer with 
the order: 

1) Give the pump serial number and size. These may be 
found on the pump name plate. The serial number is also 
stamped on the suction flange or the top edge of the bear
ing housing front flange. 

2) Give the part name, part number, and material of 
_part. These should agree with the standard parts list. 

3) Give the quantity of each part required. 

4) Give complete shipping instructions. 
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PARTS LIST 
3 Impeller 
4* Impeller Key 
5 Casing 
6* Backhead Ring 
6A Casing Ring 
7 Cradle Spacer 
9 Bearing Housing Foot 
9A* Rearing Housing Foot 

Capscrew 
9F* Bearing Housing Foot Jack 

Bolt R434 Only 
9G* Bearing Housing Foot Jack 

Bolt Nut R434 Only 
10* Shaft Sleeve 
lOK* Shaft Sleeve Key 
12* Impeller Bolt 
12A* Impeller Bolt Washer 
13* Stuffing Box Gland 
14* Stuffing Box Gland Stud 
15'" Stuffing Box Cland Stud Nut 
17* Lantern Ring 
18'" Splash Collar 
22 Backhead 
25* Shaft Bearing-Radial 
25A* ShaftBearing-Thrust(Pair) 
26* Bearing Housing 
2 7* Seal Ring 
28* Bearing End Cover 
29* Pump Shaft 
31 * Thrust Bearing Lock Nut 
31 A* Thrust Bearing Lock Nut 

Washer 
54* Throat Bushing 
56 Yoke Mount or Pedestal 
75* Snap Ring 
75B* Snap Ring 
76* Oil Seal- - Front 
7<,.\* Oil Spa) -l{t'ar 
7 7 Casi1111; ( :ask ct 
771!* Bearing End l'over <:askt'l 
80* Bearing Housing Vent 
87* Impeller Ring-Back 

(Optional) 
87A Impeller Ring-Front 

(Optional) 

* Denotes parts interchan!(eable in all 
pump sizes of same type_ 
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1.2.1.12. 

DISASSEMBLY AND ASSEMBLY PROCEDURES 

The Dean Brothers centrifugal pump design of "back pull 
out" allows the complete disassembly of the pump without 
disturbing the suction or discharge piping. To remove the 
bearing housing- backhead-impeller assembly, follow these 
steps: 

a) Remove the spacer portion of the coupling. 

b) Remove the bearing housing foot mounting bolts. 

c) Remove the cradle spacer to casing stud nuts. 

d) The casing jack screws are used to loosen the casing 
joint and the bearing housing assembly may now be re
moved and taken to any convenient place for further 
servicing. 

DISASSEMBLY PROCEDURE 

To further dismantle the pump perform the following steps in 
the sequence shown: 

a) Remove stuffing box gland stud nuts and slide gland 
( 13) away from stuffing box. 

b) Remove packing from stuffing box if pump is packed. 
Use packing extractor. 

c) Remove impeller bolt (12) (right hand thread) and 
impeller retaining washer (12A). The impeller may now 
be removed from the shaft (29). Remove impeller key 
( 4) from the shaft. 

d) Remove the two capscrews securing the backhead 
( 2 2) to the cradle spacer ( 7) and lift out the backhead. 

e) Remove the four capscrews securing the cradle spacer 
( 7) to the bearing housing ( 2 6) and remove the cradle 
spacer. 

f) Remove the shaft sleeve ( 10), packing gland ( 13), 
shaft sleeve key ( lOK) from the shaft. 

g) Remove pump half of spacer coupling from shaft 
(29). 

h) Remove bearing end cover ( 2 8) and gasket from 
bearing housing ( 2 6). 

i) Push shaft to rear of bearing housing. The splash 
collar ( 18) will be pushed off of the shaft when this is 
done. Push shaft to one side and reach in and remove 
snap ring (75B) (not on R484) from bearing housing. 
Remove shaft and bearing assembly from rear of bear
ing housing. 

j) Remove bearing lock nut ( 31) and Jock nut washer 
(31A) from shaft. Press bearings (25 and 25A) from 
shaft. Hammering bearings in any w2.y may result in 
serious damage to the bearings. Remove snap ring ( 7 5) 
( not on R454 & R484) from shaft. Remove snap ring 
( 7 5 B) ( not on R484) from shaft. 

k) Press seal ring ( 2 7) from bearing housing ( 2 6) . 

1) Press shaft seal (76) from seal ring (27). 

m) Press oil seal ( 7 6A) from bearing end cover ( 2 8) . 

n) Remove casing ring (6A) by prying it out of the 
casing (5). 

o) Remove back.head ring ( 6) by prying it out of the 
backhead ( 2 2) . 

p) Press the throat bushing ( 54) out of the backhead 
(22). 

REASSEMBLY PROCEDURE 

To reassemble the pump, perform the following steps: 

1.2.1-39 

a) Clean all parts thoroughly. 

b) Press throat bushing ( 54) carefully into the back
head (22). 

c) Press the backhead ring ( 6) into the backhead ( 2 2). 

d) Press the casing ring (6A) into the casing (5). 

e) Press the oil seal ( 7 6A) into the bearing end cover 
(28) with the oil seal lip towards the flanged side. 

f) Press the oil seal ( 7 6) into seal ring ( 2 7). Be sure 
that the lip of the seal faces away from the flanged side 
of the seal ring. 

g) Replace snap ring (75) (not on R454 & R484) on 
shaft (29) and press bearings (25 and 25A) onto shaft. 
The thrust bearing ( 2 SA) is a matched pair of angular 
contact bearings and must be assembled back to back. 
See the illustration. Be sure to slide snap ring ( 7 SB) 
(not on R484) over shaft before pressing on the last 
bearings. 

h) Replace bearing lock washer ( 31 A) and bearing lock 
nut ( 31). If lock washer tabs are damaged use a new 
Jock washer. 

i) Slide the shaft ( 29), assembled with the bearings, into 
the bearing housing ( 2 6) from the rear. After the radial 
bearing ( 2 5) has passed through the opening, reach into 
the opening and put the thrust bearing retainer snap 
ring ( 7 SB) (not on R484) in place in its groove. The 
shaft may now be fully inserted with the thrust bearing 
( 2 SA) firmly against the snap ring ( 7 SB) ( not on R484). 

/vJC- 1. i. i./o 11 
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THRUST BEARING ADJUSTMENT 

j) Bearing manufacturing tolerances are ~uch that the 
combined width of the two outer races, when the bear
ing~ are a,,emhled back to hack, will exceed the depth 
of the bearing seat from the rear face of the bearing hous
ing ( 26) to retainer snap ring ( 7 5 B) ( not on R484). 
plus the recess depth in the bearing end cover ( 28). 
( 'heck this rondition wht>n the shaft and bearing assem
bly haw ht'l'n titted snugly into the hearing housing 
against tht' retainer snap ring ( 7 5 H) ( not on R484) and 
the hearing encl rover ( 28) is tirmly in place . .\ gap 
exists between the rear face of the bearing housing and 
the flange of the bearing end cover. :\Ieasure this with 
a feeler gauge. ,\dd 0.002 inch to this. measurement and 
use a paper gasket ( i 7 B) of the remaining thickness. 
Bolt the bearing end cover ( 28) in place. 

k) l'ress the seal ring ( 2 i) assembled with the oil seal 
( 76) into the front of the bearing housing ( 26). 

1) Slide the splash collar ( 18) onto the shaft and tap it 
gently into position until the outer rim of the splash col
lar is just slightly entered into the recess in the front of 
the seal ring ( 2 7). This can best be done by slipping a 
piece of tubing over the shaft to drive the collar into 
place. Be sure that the splash collar does not rub in the 
recess. 

m) Replace the pump half of the coupling on the shaft 
( 29). The hub should be even with the end of the shaft. 

n) Dean Brothers pumps are made with a lapped metal
to-,netal joint between the shaft sleeve ( 10) hook and the 
locating shoulder on the shaft ( 29) to prevent liquid 

leakage under the shaft sleeve. The following instructions 
should be carefully observed when the shaft sleeve is re
assembled to the shaft: 

1. Apply a small amount of fine grit lapping com
pound (similar to automobile valve grinding com
pound) to the inside shoulder of the shaft sleeve hook. 

2. Slide the shaft sleeve ( 10) onto the shaft. Do not 
install the shaft sleeve key ( lOK). 

3. Rotate the shaft sleeve repeatedly by hand in its 
place on the shaft until the markings on both shaft and 
sleeve hook show that complete metal-to-metal con
tact has been made. 
4. Remove the shaft sleeve and flush all lapping from 
the sleeve and shaft. Reassemble the shaft sleeve on 
the shaft with the shaft sleeve key ( IOK) in place. 

o) If the pump stuffing box is to be packed, slide stuffing 
box gland ( 13) over the shaft sleeve and back against 
the splash collar. 

p) If the pump is equipped with a mechanical seal, as
semble the seal parts on the shaft sleeve at this time. 
See separate mechanical seal installation instructions. 

q) Assemble the cradle ,spacer ( 7) to the bearing hous
ing (26). 

r) Slide the backhead ( 2 2) carefully into place and se
cure it to the cradle spacer with the two capscrews. Be 
especially careful not to damage mechanical seal parts. 

s) Install the impeller (3), impeller key (4), impeller 
washer ( 12 A), and impeller bolt ( 12). Tighten the im
peller bolt securely. 

t) If the pump is fitted with stuffing box packing this 
packing may now be installed. See separate packing in
stallation instructions. 

u) Assemble the pump bearing housing and cradle as
sembly to tpe pump casing ( 5) after replacing the casing 
gasket ( 77). 

v) Rotate the pump shaft by hand to be certain there 
is no internal interference. 

w) Bolt the pump to the baseplate, reassemble the cou
pling parts, and realign the pump and driver. See sep
arate instructions. 

x) Lubricate the pump according to lubrication instruc
tions before operating. 

INSTALLATION AND MAINTENANCE OF STUFFING BOX PACKING 

The proper installation and maintenance of packing to seal a 
pump shaft is not difficult but must be properly done to pro
vide good packing and pump shaft sleeve life. All packing 
must be allowed to leak. This leakage is the only lubrication 
for the packin_g and additionally provides cooling to remove 
part oi the frictional heat huilt up between the shaft sleeve 
and the parking. Failure to allnw suflicient kakage will result 
in short pal·kin_g and shaft slt'e\·e lift• and increased power con
sumption of the pumping unit. It is entirely possible to stall 
a centrifugal pump hy damping the packing gland down. 

:\lost Dean Brothers pumps are shipped from the factory 
without packing in the stufting box .. \ complete set of die 
molrled packing specitied for the service is shipped with the 
pump in a separately labeled carton. The pump stuiting hox 
m11st lw propt'rly parked lwiore thl' pump is put into service. 

Tht• stuffing hm may be packed either with or without a lan
tern ring ( also known as a seal ca_ge or lantern gland) as the 
servin• of the pump dictates. \\'hen the pump suction pressure 
is above 100 psig a lantern ring is not recommended. 

1.2.1-40 
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PACKED STUFFING BOX WITH LANTERN RING 

PURPOSE OF LANTERN RING 

Lantern rings are made of Teflon or suitable metal as the 
service demands. They are of split construction and may be 
easily installed or removed without disassembling the pump. 
A lantern ring is used in the stuffing box with packing for 
these reasons: 

1) To permit the introduction of a sealing liquid into the 
stuffing box to prevent leakage of air into the pump 
through the packing when the pump suction pressure 
is less than atmospheric pressure. The sealing liquid may 
be from an internal seal connection or from an external 
source. 

2) To permit introduction of grease, oil, or other suit
able lubricant to the packing to provide lubrication or 
cooling. 

INTERNAL SEAL CONNECTION TO THE 
LANTERN RING 

An internal seal connection is used to inject pumpage from the 
pump casing into the lantern ring through the lantern ring 
connection of the stuffing box to seal the pump against air 
leakage as noted above. It can be used only when the pumped 
liquid is clean and non-abrasive. 

The pumped liquid introduced through the internal seal 
connection to the lantern ring will not seal the pump 
against air leakage through the packing when the pump is 
idle or on .~land-by service. 

EXTERNAL SEAL CONNECTION TO THE 
LANTERN RING 

The sealing liquid introduced to the lantern ring may be from 
a source external to the pump. It must be introduced at a pres
sure above stuffing box pressure and must be non-corrosive, 
non-abrasive and 150° F. or less in temperature. The connec
tion is made to the lantern ring connections on the pump stuff
ing box. 

The lantern ring connection on the pump stuffing box is also 
used to introduce grease, oil, or other suitable lubricants to 
the lantern ring. 
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PACKED STUFFING BOX WITHOUT LANTERN RING 

LANTERN RING NOT USED 
When the pump suction pressure is above atmospheric pres
sure or the stuffing box is pressure sealed (no impeller balance 
holes) and neither internal nor external liquid or lubricant is 
required to the packing, the lantern ring is not used and the 
stuffing box is packed full with rings of packing. 

PACKING INSTALLATION 

These instructions apply to the conventional woven, braided, 
folded, and wrapped packings. Packings of multifilament 
Teflon, brained carbon filament, compressed carbon sheet, 
and other special types or materials may require special 
installation techniques. 

The way in which the packing is installed in the stuffing box 
is important to the good service life of the packing and the 
shaft sleeve. Incorrect installation will lead to excessive leak
age and may cause higher power requirements. 

The use of a packing tamper ( split bushing) is recommended 
to properly seat the packing rings. Such a tool is easily made 
from wood or metal in the form of a hollow cylinder. The 
inside diameter must be slightly larger than the shaft sleeve 
and the outside slightly smaller than the stuffing box bore. 
Split the piece lengthwise to allow insertion in the stuffing 
box. More than one length of packing tamper may be neces
sary. Suit the lengths to the particular pump. 

All packing rings furnished by Dean Brothers Pumps are die .. 
molded to fit the stuffing box. To place a ring on the shaft 
sleeve, open the ring at the split at a right angle to the plane 
of the ring. This will best retain the molded form and avoid 
distortion. Successive rings should be installed with the joints 
at 90'" intervals. 

Foil wrapped packings must be installed with the foil laps 
running in the direction of shaft sleeve rotation on the inside 
of the ring. Metallic packing should be lubricated, on the 
wearing face only, with a dry graphite lubricant before in
sertion. 

Foil wrapped packing sets are furnished with soft rings of 
asbestos packing which are placed between the hard metallic 
rings in the locations shown in the diagrams. These rings help 
to furnish lubrication during the run in period. Being soft, 



they are more sensitive to compression loads aud care must 
be taken during the adjustment period. 

Follow these steps: 

I J With the packing gland slid back against thr !linger. 
or removPcl if it is a two piece gland, place a ring of 
packing on the shaft slt•eve and enter it carefullv into 
the stufling box. Insert the halves of the packing t~mper 
and push the packing ring to the bottom of the stuffing 
box. ~lide the packing gland up against the end of the 
packing tamper with the gland studs indexe<l in the gland 
holes, put on the gland stud nuts and tighten them firmly 
anrl evenly to seat the packing ring. 

2) Back off the gland. remove the packing tamper, and 
insert a second ring of packing, staggering the ring joint 
90'· from that in the first ring. Repeat the seating pro
cedure above. 

3) If a lantern ring is to be used, check the pump speci
fications to determine its position in relation to the num
ber of rings between the bottom of the stuffing box and 
the lantern ring. Insert packing rings as above until the 
lantern ring position is reached and then install the 
lantern ring. 

4) If no lantern ring is to be used. or after the lantern 
ring is put in place. continue to add packing rings, one 
at a time. staggering joints at 90n intervals, until the 
stuffing box is nearly full. 

5) Put the packing gland in place and pull up the gland 
stud nuts firmly. Back the gland stud nuts off to finger 
tightness. 

6) Rotate the pump shaft by hand to be ~ure it is not 
locked. 

7) Final adj11.1tmcnt of the packing compression must 
be madr 'i.f.'ith the pump running. Start and stop the pump 

:--'everal times to begin the runnin_g in period .. \llow sufti
cient leakage to a~sume good lubrication during the ad
justment. Pull up the .!.?:land stud nut, ', turn at a time. 
.\llow a running in period hl'tween acljustmenls. Con
tinue adjustnH'nt until thl' desired lt'ak:1ge rnntrol is 
rrached. The minimum lt-akagP rate depends Ill\ a num
ber of things: liquid pumped. packin_g used, temperature. 
stuffing box pressure. and the condition of the pump. In 
any case, some leakage is necessary to both lubricate and 
cool the packing . .\linimum rates may vary from a few 
drop per minute to as much as '; pint per minutt'. 

8) :\s the packing Wt'ars in ser\'ice, the gland should he 
readjusted to maintain thl' minimum leakage. 

9) :\fter the gland has been taken up to full travel, an 
additional ring of packing may be placed in the stuffing 
hox. When the gland has again been taken up to full 
travel the stuffin_g box should be repacked completely. 

USUAL CAUSES OF PACKING FAILURE AND 
EXCESSIVE STUFFING BOX LEAKAGE 

l) Packing has not heen installed properly. 
2) Packing used is not suitable for the temperature and 
pressure involved or may be subject to attack by liquid 
handled. 

3) Inner rinii:s are not thoroughly seated in the stuffing 
box so that outer rings are carrying all the load. 
4) Dirt and foreign particles in stufting box are causing 
rapid scoring of shaft sleeve. 

S) Stuffing box cooling water not turned ,rn. 

<,) Packing gland pullt>d up too tight. 

When ordering additional packing sets, always refer to pack
ing set number and to pump serial number. 

INSTALLATION OF STANDARD MECHANICAL SEALS 

Clean. careful, and correct installation of the mechanical seal 
is essential to successful mechanical seal operation. Cleanli
ness and accuracy of setting cannot be overemphasized. 

For instructions on pump disassembly and assembly see the 
instruction manual relating to the specific pump type. 

.-\ correct mechanical seal drawing is furnished with each 
pump anrl the mechanical seal setting dimension is given on 
this drawing. 

t·~ the setting for the specific pump type in which the instal
lation is being made. 

Tlw pump i, first asst'mbled according lo thP applirablt' 
as.,l·mhly inst ructions I hrough the step of barkht'ad installa-
1 ion. 

The mechanical seal rotary unit must be properly located 
in relation to the face of the pump stuffing box in order to 
establish the proper seal spring tension and resultant proper 
force on the seal faces .. \n error in setting of more than 
several thousandths may well cause seal failure hy excessive 
or insufficient sPal face pressure. 

INSTALLATION OF SINGLE INSIDE SEALS 
T" make till' :-,(•,ti installation, with thr pump partiall:, as-

sembled as noted aho\'e. scribe a mark on thP shaft sleeve 
( 10) t'Xactly in line with the face of the pump ,tul't'111g box. 
( :--.--ote l l. The impelln ( ,l). and harkht'ad ( 2 2) an· no" re
mo\'ed from the pump. If the mark causrs rou~hlll'" on the 
shaft sleeve remove the burr carefull\' with crnrus cloth .. \nv 
roughness on the shaft sleeve may damage the mechanical seal 
shaft packing when the seal is assembled . 

Referring to the mechanical seal drawing, determine the 
proper "I)" dimension for the seal and pump type. :\Ieasure 
carefully from the mark which you have madt> on the shaft 
slee\'r and make a nt'w mark on the shaft slec•ve, towards the 
pump t•ncl. exactly to this dimt'nsion. 

If the mechanical seal insert is of the clamped-ir, style. put 
the mrchanical seal gland ( .300) on the pump shaft and slide 
it back against the flinger. Put one mechanical seal gland in
sert gasket ( 32 5 \. the gland insert ( 315) and the other 
gland insert gasket ( 3Z6) on the shaft. :\lake sure that the 
lapped face of the gland insert is towards the stuffing box. 

Flexibly mounted insrrts are of two types, depending on 
the service of the pump. The insert may be of rectangular 
cross section grooved for an "0" ring or it may be of L-shape<l 
cross sl'ction used with a Tetlon mounting ring. 
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To position the "O" ring mounted insert. lubricate the inside 

of the mechanical seal gland. Place the "O" ring in the groove 

of the imert and carefully slide the insert into position. Be 

careful not to damage the '·O" ring. l\lake sure that the lapped 

face of the insert faces towards the pump. 

To po•,ition the Teflon mounted insert. lubricate the inside of 

tlw rnrchanical sral gland. Carefully slide the Teflon mount

ing ring into position in the gland and then slide the insert 
into place. The slot ( or pin) in the stationary insert must 
index with the drive r,in ( or slot) in the gland. 

Put the mechanical seal gland and insert on the shaft and 

slide it back against the flinger. Be careful not to damage the 

insert or its mounting. Put the gland gasket ( 324) on the 

shaft. Slide the seal rotary unit assembly carefully onto the 

shaft sleeve being particularly careful not to damage the seal 

shaft packing ( 345). Be sure that the shaft sleeve hook is 

firmly against the shoulder on the shaft. Set the rotary unit 

carefully to the setting mark you have made on the shaft 

sleeve and lock it tightly in place with the set screws. Recheck 

the setting. Slide the pump backhead carefully into place and 

guide the seal gland insert and gaskets together with the gland 

carefully into position. Reassemble the pump. l'\ow tighten 

the gland stud nuts carefully and evenly to avoid cocking the 

gland, making sure that the gland insert and gaskets are in 
place. Tighten gland stud nuts evenly to approximately 15 
foot pounds of torque. 

Before starting the pump, bleed the air from the stuffing box. 

The stuf1ing box must be full of liquid or the seal faces may be 

damaged hy lack of lubrication when tht> pump is started. 

Occasionally a seal may leak very slightly when the pump is 

first started. If the leakage continues more than a few mo

ments the pump should be shut down and the seal removed 
to discover the cause. 

?\on I-Pumps using a single inside balanced seal (ex
cept metal bellows) are furnished with a short shaft 

slet>ve. The mark is made on the shaft because the sleeve 
does not extend to this point. The second mark (setting 

mark) is made on the shaft sleeve and measured from 
the mark on the shaft. 

INSTALLATION OF SINGLE OUTSIDE 
UNBALANCED SEALS 

If the seal rotary unit is scribed with a setting mark, the 

shaft marking procedure outlined below may be omitted. The 

srtting mark can be found on the outer shell of the rotary 

unit running circumfrrentially between the four round holes 

in tht' shell. \'isiblr through each hole is the edge of the metal 

disc again.st which the seal springs bear. To set the seal with 

the prnpn spring prcssurr. tirst assemble thr pump as noted 

l,el"w \\'ith thl' seal rotary unit .slid back against the shaft 

llinf.'.n and left loost· until thr entire hraring h<msing-impeller 

a:ist·111l,h· is i>"lted in place in the pump casing. Then slirlc 

tht• st'al rotary unit into place against the stationarv insert 

and 1t1111Jm's.s the spri1ws until the metal disc visible through 
tht' holt•s i,s alif.'.nt•d with lhl' setting mark scribed on the shell. 

Tif.'.lllt·n the set screws and check thrdugh each hole to deter

mim· that the seal rotary unit is correctly compressed and 
not cocked. 
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If the seal rotary u111t 1s not marked with a setting line, a 

setting mark must be made on the shaft sleeve. To make the 

seal installation, with the pump partially assembled as noted 

above, scribe a mark on the shaft sleeve ( 10) exactlv in line 

with the face of the pump stuffing box. The impeller ( 3), and 

back head ( 2 2) are now removed from the pump. If the mark 

causes roughness on the shaft sleeve remove the burr carefullv 

with crocus cloth. Any roughness on the shaft sleeve ma;, 

damage the mechanical seal shaft packing when the seal is 
assembled. 

Referring to the mechanical seal drawing, determine the 

proper ''D'" dimension for the seal and pump type. l\Ieasure 

carefully from the mark which you have made on the shaft 

sleeve and make a new mark on the shaft sleeve, towards the 

bearing housing, exactly to this dimension. Remove the burr 

if necessary. This mark is the seal setting mark. 

Put the mechanical seal rotary unit on the shaft and slide it 

back against the flinger. Assemble the seal insert gasket (326), 

the mechanical seal insert ( 315), and seal insert gasket ( 3 2 5) 
to the face of the stuffing box and, placing the gland (300) in 
position, pull down the gland stud nuts evenly to approxi
mately 15 foot pounds of torque. Make sure that the lapped 

face of the seal insert is towards the rotary unit. Reassemble 
the pump. Now carefully slide the rotary unit against the seal 

insert, compress the rotary unit and set it to the mark on the 
shaft sleeve and lock the rotary unit tightly. in place with the 

set screws. Be careful not to cock the rotary unit. 

Before starting the pump, bleed the air from the stuffing box. 

The stuffing box must be full of liquid or the seal faces may 

be d_amaged by lack of lubrication when the pump is started. 

Occasionally a seal may leak very slightly when the pump 

is first started. If the leakage continues more than a few mo

ments the pump should be shut down and the seal removed 

to discover the cause. 

INSTALLATION OF DOUBLE INSIDE 
UNBALANCED SEALS 

To make the seal installation, with the rump rartially as

sembled as noted above, scribe a mark on the shaft sleeve 

( 10) exactly in line with the face of the pump stuffing box. 

The impeller ( 3) and back head ( 2 2) are now removed from 

the pump. If this marking or subsequent marking causes 

roughness on the shaft sleeve remove the burr carefully with 

crocus cloth. Any roughness on the shaft sleeve may damage 

the mechanical seal shaft packing when the seal is assembled. 

Referring to the mechanical seal drawing, determine the two 

"1)" dimensions for the two rotary units. Be sure to determine 

those for the particular pump type. ;\Jeasure carefully from 

tht' mark which you have made on the shaft sleeve and make 

two new marks on the shaft sleeve, towards the pump end, 

exactly to these dimensions. 

Double seal stationary inserts are of two types depending 
on the service conditions of the pump. The insert may be of 
rectangular cross section grooved for a ''O" ring or the 

insert may be of L-shaped cross section used with a Teflon 
mounting ring. 
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To position the "O" ring mounted insert, lubricate the inside 
of the stuffing box and the inside of the mechanical seal 
~land. Place the "'()" rings in the grooves and carefully slide 
the inserts into position in the stuffing box and seal gland. 
Be most careful to not damage the "()'' ring. 

To position the Teflon mounted insert, lubricate the inside 
of the stuffing box and the inside of the seal gland. Carefully 
slide the Teflon mounting rings into position and then slide 
the stationary inserts into place. The slots (or pins) in the 
stationary inserts must index with the drive pins ( or slots) 
in gland and stuffing box. 

Put the mechanical seal gland, with insert installed, on the 
pump shaft sleeve and slide it back against the flinger. Put 
the seal gland gasket on the sleeve and slide it back against 
the gland. Slide one seal rotary unit on the sleeve with the 
carbon face towards the bearing housing. Be careful not to 
damage the seal shaft packing. Be sure that the shaft sleeve 
hook is firmly against the shoulder on the shaft. Set the rotary 
unit carefully to its setting mark on the shaft sleeve and lock 
it tightly in place with the set screws. Slide the second rotary 

unit onto the shaft sleeve with the carbon face away from the 
bearing housing. Set it carefully to its setting mark and lock 
it tightly in place. Recheck both rotary settings and correct 
if necessary. Slide the pump backhead very carefully in place 
over the seals. Slide the gland gasket and seal gland into place 
and carefully and evenly tighten the gland stud nuts to 
approximately 15 foot pounds of torque. Do not cock the 
gland. The Pump may now be reassembled. 

Double seals require a liquid in the stuffing box between the 
seal inserts to provide lubrication. This barrier liquid must 
be supplied at a pressure of 10 to 15 psi above stuffing box 
throat pressure to activate the inboard seal. Before starting 
the pump, be sure that the stuffing box is full of this lubrica
tion and that all supply lines for this liquid are in place and 
in operation. 

Leakage from the outboard seal can be easily spotted. Leak
age through the inboard seal can be detected only by the loss 
of the barrier (lubricating) liquid from between the seals. 
If leakage occurs, the pump must be disassembled and the 
cause of leakage determined. 

CUSTOMER'S PLANT MAINTENANCE RECORD 

16 

DEAN BROTHERS PUMP SERIAL No. 

PLANT PROPERTY No. 

SERVICE 

LOCATION 

Capacity _____ ; T.D.H. ______ ; Imp. Dia. _____ ; Temp. _____ ; RPM ____ _ 

MATERIALS OF CONSTRUCTION: Casing ___ ; Impeller ___ ; Shaft __ _ Shaft Sleeve ___ . 

SPARE PARTS IN PLANT STOCK ROOM:----------------------

INTERCHANGEABLE WITH DEAN SERIAL NUMBERS _______________ _ 

1.2.1-44 
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Paul L. Armstrong Co., Inc. 
Engineering Representatives 

October 23, 1981 

McDonnell-Douglas Co. 
P.O. Box 103 
Daggett, Ca. 

Attn: Mr. Dick Morgan 

Dear Mr. Morgan: 

Subject: Dean Brothers Pumps 

Reference your telephone conversation with Bill Warren 
the other day. Attached are copies of parts pages 
applying to the Dean Brothers Model R434 and R454 pumps, 
indicating the nine digit parts numbers for these pumps. 

If you need additional information, please let us know. 

Yours yery truly, 
I , 

i fi..r,:J/ 
I W..A ,.,,1_ .. _xih,LA::Z 

/ • ')1/,_ . • i/ 

Dona C. Steely 
Paul L. Armstrong Co., Inc., for 
DEAN BROTHERS PUMPS, INC. 

ds 

enc. 

11 J4 El Centro St. • P.O. 13ox 928 • South Pasadena, Co. 91 0J0 
Telephone (21J) 682-J6JJ • Telex 67-5J17 

~-------------------------------------------.--·-
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JL'-.!l .11:{0THSRS PU!-PS I!IC, 
? 0 .. ~ox 68172 
I ~:D ;!,~,APO LIS i mo. ,. 6 2 68 

Rl+54 SERVICE PARTS DESCRIPTOR 
JANUARY 10, 1977 PAGE 1 of 2 

Rdcr to GEl~ERAL SECTION~ pages 11-17 for SERVICE PARTS PRICES 

---------------~-~-------, -
ASS::::?3L?.D P0'.1ER FRAllE. KITS. CO~.fP.;._L:c.;E:c.;T:.:E~. -----1 
St~l~316s/s shaft I for sleeve;j acketed 
bPar::.ng housing,-See GUiERAL Section.page 17. 

f,\RTlQT.Y7Tt PART -NA:•U: '1:1AT'L. PART 

PART QTY/ I 
NO. PUMP PART NA.'{E 

!·!AT' L. 
CODE 

Parts for Bacl:head Asse• blv:+ 

PART 
CODE 

• 
~:O. PtJ!-fPj CODE CODE 

r~i ~s con~a.!.n th~~?a~ .•• 
7A. 1 Constant Level Oiler 
7B 1 Oiler Pip~ Kipple, 
7C 1 Oi: Drai~ Plug• 
9A ~ Brg,Hsg,Ft.Capscrew, 
9B 2 Brg,Hsg.Ft,Jkscr,set• 

f26 1 Bearing Housing 
126A 2 BH Core Pipa Plug set• 

2 7 1 Brg, Hsg. Seal Ring• 
28 1 Brg.P~g. ~nd Cover, 
28AI 4

1
3H End Cvr Cpscr set• 

80 \ llBrg-~sg.Vent Plug, 
9 , 1!:s,~ar~r-.2 :!ousinP.: Foot, 

CST-09 
CST-07 
CSI-24 
CST-24 

C!-10 
CST-30 

CI-10 
CI-10 

CST-24 
CST-07 

CI-05 

9351520 
9453218 
9454018 
9051572 
9051578 
1252949 ! 
9454330) 
1602529 
1081690 
9051509 
9454545 
1721563 

:-.:-.d ::he: ?:iwer Fra.:ie Chans:i:eout Set: 
lOK l S'.1c1 ~.: Slee·1e Key• I SS-09 
l8 l Splash Collar. . SS-03 
·25 l Staf: Bearing-Radial 631~ 
25A 1 21Stafc Brg.sat-Thrust 7312BG 
29 r l Shaft,ior sleeve,Steel ICST-55 

Oj)t. 11 
" 

11 
, 316s/s SS-20 

31 117."lrust Bearing Lockn"ut 
31A 1 T.-.rust Brg.Lock ... ,ut washer 
75B 17'.·,rus: 3rg.S:-.ap Ring-Large 
76 1 F:o~t 011 Seal, [UB-09 
76A 1 Rear Oil Seal, RUB-0? 
77B 1 EH End CV!-Gasket, PPR-OS 

1· Other ~Ion-Kit Parts: 
29 j0pt, Solid Shaft 1 Steel, 
36H I llCoupl!ng Key, 
563 

1 
8 Cuj)S c:::a..,, a Cas. Ft. /Base 

CST-55 
CST-30 
CST-24 

9715010 
1600422 
9010151 
9010176 
1136720 
113672::. 
9212524 
9656524 
9714518 
9603041 
9603031 
9_153Q_52 

1136 725 
9715061 
9051578 

~ For ex?loded c; cross-sectional views of 
parts to which P/N (part number) refers, 
please see R4GO Series Circular C 1.4.40 
or Ins:ruction :-!anual MC 1.4.40, 

+ Fn _.!-!echani~al Sea_L_applic~tions ~ please 
select service parts from the list acco~
?nny!ng the specific Seal Dro..,,ing in the 
St~ffing Box Section of you::: ?rice Book, 

10 I ljSleeve for Packing,316s/:i , 1768350 
opt. ,. 11

, •• Hardened 420s/s 1768355 
lOAjl!Packing Scts,Asbestos 45-1 6403060 

opts, Babbitt Foil 45-2 6403063 

t3 
14 
15 
17 
54 

7 

Aluminum Foil 45-3 6403066 
(9) Woven Teflon 45-4 6403067 

l Packing Gld Ass'by 1 CST-30 1763046 
2 w/screws 9052019 
4 Gland Stud set, CST-88 9552020 
4 Gland Stud Nut set; CST-10 9252483 
1 Lantern Ring,Alloy !ton 1764236 
l Stuff.Box Bush.,Alloy Iron 1760715 
1 Cradle Spacer, , 

12'1" " CI-17 1251330 
15li'' 11 CI-17 1251318 

10
11 

pumps, l CI-17 1251314 

7G 4 Cradle Spacer-Brg.Hsg. 
~olt set, ICST-24 9051536 

Alternate Fittir.gs: 

{
13 1

2 
Packing Gld )~s•~y, 316s/s 

ss-, \J/screws 
14 4 Gland Stud set, 30~s/s, SS-
15 4 Gld.Std.Nuts, 304s/s, SS-
17 1 Lantern Ring 316s/s 
54 1 Stuff.Box Bush.,316s/s 

{!Min Flo Bushing, Type S 

22 1 Backhead - ~O FLUSH"~ 
~lude gland st~d,nut codes: 

1763051 
90520]& 
955202'9 

19252486 
1764239

1 

I 

17607li 
_ 1768S5i 

176888i 
905353~ 
1406000 

14 4 Gland Stud ICST-88 955202C 
15 4 Gland Stud ~ut CSI-10 925248~ 
14A 2 Seal Port Plug CST-07 945404! 

i~clude stuff. box bushir g code~ 
54 1 CI-10!176071! 

10" Backhead, CS,Cl.40 ~CS!-05.1081·1·51 
12½" B.ackhead, CS, Cl.4 " .lQ.81165 
15½" :Sackhead, CS, Cl. 4 11 1U6li8; 

""~OTE: if flush connection· req•Jired, sta::e 
- on your order, 11 \,'I!H FLt.:SH", a'!'ld 

include the price additio~ shown 
on pg.11, GE~ER.~~ Sect:on. 

!~?elle:::s are furnished full dia::ieter unle3S pu.~p serial nu..~ber !s give~ when ordering 
or u.~less other~ise specified by cus::o~er. -_ For pos!. tive identification, specif:1 pur:p serial nunbar when' ordering service parts. 
s~cv!ce parts noc cescribed on printed pages ~ill be quoted froc Ind13n3polis. 

, 
!)~sco11~ts 0 C''"'p~ 4 r 4 .~,.-;i"'."'1 ,,,.,~ 0 r 4 rf'e e,,~ .. (l,... ... , ... :° f~·•.~,•"\•,n ~-~~ ~'--:q'f H.~ r-l ~,-,, 

1.2.1•46 



DE!~I B!?.OIH.SRS PUXPS u:c. 
P.O. BOX 68172 

. . .. 
R454 SERVICE PARTS DESCRIPTOR 
JANUARY 10, 1977 PAGE 2 of 2 

.-. .DV.NA!?OL IS•. nm •. 4626~ 

. Refer to GftlERAL S°ECTIO!I, pages 11-17 for SERVICE P).RTS PRICES 
~ 

? A.1rr \ QTY/ j R454 PART NA.'1E 
t!AT IL. -~AR?: 

NO. PU~!P CODE CODE - PART QTY/ 
R-4'54 P,'.~ HA!!\~ H.A'I'L. P.Al{'t 

NO. PUHP CODE CODE 

. 

-

P,irts for Liouid f.nd!l: 

77 1 C<1sing Cll.9kct, 10" ASB-05 9156099 
12!1" 9156175 
15'.i" 9156171 

6 1 i3ai.:khead IUnr,, ,-ill I ~izcs, cl-09 
0

1555960 
6/.. 1 1.Jsing Rin~. ·bv pu~o size. CI-09 ·. 

4X6Xl0, 2X4XlS1j, 3.Xt.XlS½ 1555960 
6X8X12½ 1556038 
4X6Xl5½ 1556030 

5 l C.1si'ng_ - NO DRAIN+ 
bcl<.Ce s tad codes I 

51) 12 if r~f.belcw is A: CST-88 9552512 
SD 16 if ref,belc~ is n: CST-88 9553012 --for 4X6:U O CS• Cl. 40 A: CST-05 1327404 

oXBX12½ B: CST-OS 1327680 
2X4Xl5~ B: CST-OS 1327550 
3X4Xl5½ B: CST-05 1327561 

I · 4X6X15~ B: CST-OS 1327582 

· +!WTI: if drain requirec, state on your 
~TH DRAUI'' t and include the price 

addition shown on pg. 13 1 GE~:ERAL SECT. 

Sc Ca.sing Stud Nuts CST-10 
12 , 10" siza 9252630 
16 all other sizes 9252660 

.. 

56A 2 Casing to Support 
Bolt set-1 - - CST-24 ~9051589 

56C 4 CM. to Support Do-.:eJ 
Pin set, CST-00 9690507 

2 Bkhd to Cradle 
Dr.i.wscrew set• CST-24 9051518 

2 Cas.to Cradle 
Jack.screw set, CS?-24 9053028 

Impeller Asse1:.blv 1 all P..434 Sizes ,_ .. .Cl.40" 

. ~ l Im:,eller Key, CST-30 9715058 
12 l fupcller Bolt• CST-34 905153! 
1 l ~mpel!er Washer, CST-30 1216720 

3 1 _I.,me"ller, Integral Ri.ngs, CI-10 

for 4 X 6 X _lQ 1 128630C 
for 6 X 8 X 12¼ . 1286492 
for 2X4X15½, 3X4X1S! 1286440 
for 4 X 6 X lSl( 1'286458 

"I.opellers are furnished full diamete~ 
unless pump serial nunber is given 
~hen ordering, or unless othe~;ise 
sp~cified by cusLo~er, 

Service parts not des~ribed on these 
' printed pages will bo quoted !roe 

Indianapolis. 

'.,· 

. . 

! 
) 

· 1 
1! 

1 

For positive Identification. SPF.C!FY PUMP SER!At NU:fBF.R when ordering service parts. 

~iscoU;.t9a specifications a~d Price!J .,;ire Subject to Change ~ithout ~otice, 

1.2.1-47 
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:,:'_:_~i ::::·'/r:iERS PU!11'S INC. 

P.O. EOX 68172 
l!mTJ\!'1/\l'OLIS, IN 116268 

R434 SERVICE PARTS DESC~!~~0R 
JJ\NUARY 10, 1977 PAGE l of 2 

Refer to GENERAL SECTION, pages 11-17 for SERVICE PARTS PRICES 

; s Et·l ET, ED -POffEkc-Fm-KTT~OMP L r,T t _ -_ Lccl or 316S/S shaft, for sleeve; jacketed 
!bearing housing.See GENERAL SECTION, Page 17. 

PA RT1 Ql'Y / MATL P~A-;a;R=T--i=-P-,-,AR=-=T=--=o=r=yCTt,-----------,rcMA:-:--:-:T=L:--r-=p-..,-A~Rt~-
L-=.-.:_:_:_:_:::..i-:~~---------'----+----+-----

NO. PUHl? PART NAME CODE CODE NO. Pl.JMB PART NAME CODE_j__CODE ____ _ 
Kits contain these Component Parts: !Parts for Backhead Assembly· 

7A 1 'Constant Level Oiler 9351510 10 1 Sleeve for Pkg. 316S/S 1768103 
7B 1 Oiler Pipe Nipple CST-09 9453212 Opt. 11 Hardened 420S/S 

1 
17 68104 

7C 1 Oil Drain Plug CST-07 9454018 lOA 1 !Packing Sets:Asb.43-1 j 6403050 
9A 1 Brg.Hsg.Ft.Capscrew CST-24 9051506 Opts:Babbitt Foil 43-2 6403053 
9B 2 Brg.Hsg.Ft.Jkscr.set CST-24 9051509 Aluminum Foil 43-3 6403056 
9F 2 Brg.Hsg.Ft.Jkblt.set CST-14 9051509 Woven Teflon(9) 43-4 94b5287 
9G 2 BkHd.Ft~Jb.Lknut.set CST-10 9250530 13 1 Pkg,Gld.Asrnbly,w/screwsCST-3 1763009 

26). 1 Bearing Housing CI-10 1252934 17 1 Lant'n Rng,Alloy Iron 1764222 
26A) 1 BkHd. Core Pipe Plug CST-07 945433€) 54 l Stuff. Box Bush, " 11 17 60705 
27 1 Brg.Hsg.Seal Ring CI-10 1602520 7 1 Cradle Spacer: 
28 1 Brg. Hsg. End Cover CI-10 1081582 8½11 pumps --
28A 4 BH End Cvr.Cpscr.set CST-24 9051506 1011 pumps 
80 1 Brg. Hsg. Vent Plug CST-07 9454545 11½11 pumps 

9 1 Rc;~_i;_!ng Housi~_Foo_~ 13½11 pumps 

_,_OK 
I - 18 

25 
25A 
29 

for 8½11 sizes:lx3,l½x3,2x3 1721500 Alternate Fittings 
for 8½" sizes:3x4,4x6 V 13 1 Pkg.Gld.Assblh,316S/S 
for 10" sizes:l½x3,2x3,3x4 1721501 2 S/S - w/screws 
for ll½"sizes: lx2, l½x3, 2x3 14 4 Gld. StudSet, 304S/S ,S/S 
for all other R434 sizes: 1721502 15 4 Gld.Std.Nuts,304S/S,S/S 
And the Power Frame Changeout Set: 17 1 Lantern Ring,316S/S 

1 Shaft Sleeve Key I SS-09 9715010 54 1 Stuff.Bx.Bush.,316S/S 
1 Splash Collar SS-03 1600416 1 MinFlo Bushing,Type S 
1 Shaft Brg.Radial,6309 9010148 1 
2 Shaft Brg.Se~-Th'st~7309BG 9010174 1 

CI-17 
CI-17 
CI-17 
CI-17 

1251308 
1251312 
1251315 
1251316 

1763007 
9052018 
9551552 
925245.5 
176422 
176070 
1768844 
1768879 
9053533 
1406000 1 Shaft,forsleeve,Steel CST-55 llj~705 4 

Op t • 11 
" 

11 
, 316 S / S S s-2 0 113 6 7 0 6 '-=-2-=-2---l-, -=-1--+B __ a_c-:kc-::h:-e-a-d-=---_--=-N::-::O:--::F::-::L-::U:-:S=H:-:*---=c-=1-a_s_s--;4-=o-t----

1 Thrust Brg.Locknut I 9212512 
1 Thrust Brg.Locknut Washe~ 9656515 
1 Thrust Brg.Snap Ring-Small 9714529 
1 Thrust Brg.Snap Ring-Large 9714512 

1 Rear Oil Seal RUB-09 9603010 

14 
15 
14A 
54 

4 
include Gland Stud, 
Gland Stud 

4 Gland Stud Nut 

Nut Codes 
CST-88 
CST-10 

2 
1 

Seal Port Plug CST-07 
Stuffing Box Bush CI-10 
include Cap Screw Code:" 

9551550 
9252460 
9454027 
1760705 

31 
31A 
75 
75B 
76 
76A 
77B 

1 Front 011 Seal I RUB-09 9603020 

1 BH End Cvr.Gasket PPR-OS 9153065 -- 2 if ref.below is A: CST-24 9051515 
Other Non-Kit Pa_i:-ts 

29 Opt. Solid Shaft,Steel CST-55 1136709 
Opt. " " , 316 S/S SS-20 1136710 

36H 1 Coupling Key CST-30 9715051 
56B 8 Capscrew,Cas.Ft./Base CST-24 9051509 
56A 2 Capscrew,Cas/Cas.Ft. CST-24 9051539 
-- 2 Jackscrew,Cas/Cradle CST-47 9052566 
56C 2 Dowel,Casing/Cas.Ft. CST-00 9690150 
-- 4 Washer.Coupling Guard CST-00;9651510 
+For sealed box refer to Seal Service Parts 

Descriptor with required seal drawing. 

2 if ref.below is B: CST-24 9051539 
8½" CS, Cl. 40 A CST-OS 1081130 
ho" cs, c1. 40 A csT-os 1081163 
/11½" CS, Cl.40 A CST-OS, 1081179 
!13½" CS. Cl. 40 B CST-OS I 108:l,l_/U, 

*NOTE:If flush connection required,state on 
your order "WITH FLUSH" and include the 
price addition shown on page 11, GENERAL 
SECTION. 
7G 1 Cradle Spacer-Brg.Hsg. 

Bolt Set CST 24 9051506J 

pell~rs furnis~ed full diameter unless pump serial number is given when ordering or unle-~s A 
:herwise specified by customer. _ W 

For positive identification, specify pump serial number when ordering service parts. 
Service parts not described on printed pages will be quoted from Indianapolis. 

Discounts, Specifications and Prices subject to change without notice. 
1.2.1-48 
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DEAN l3JWTHERS PUMPS me. 
P.O. BUX 68172 
iNVLA~APOLIS, IND. 46268 

R.4.34 sERvicE PARTS .. DESCRIPTOl 

JANUARY 10, 1977 PAGE 2 of: 
•' . .. - . . - ,. . 

Refer to GE.'-:ERA!.. SECTION• pages 11-17 for SERVICE PARTS PRICES 

PART I QT'f I I PART NAHE 
!·!AT'L. PART 

~o. ru:1P CODE CODE 
Parts for Liquid Ends: 

. ' 
77 I 1 Casing Gasket, 8½" ASB-05 9155924 

10" i 9156099 
l J.!/• 9156i29 
D½" 9156168 

6 1 Bkl!d Ring,all si::cs, CI-09 1555935 
6! 1 Casio~ Rin~ 1 bv J2U.r:1t) size_., CI-09 

j 1 X3Xs;~ a l!iX3X8l.1 1555900 
2X3X8!.i, 2X3Xl 1'.i, lliX3Xl3½, 

), 1555935 2X3X13½ 

l!.1X3X10 • 2X3Xl0, lX2Xlll2 and 1555905 
l!:iX3Xll½ .. 

3X4X8'ia 3X4Xl0, 3X4Xll½ and I 1555950 
3X4Xl3½ 
4X6X8~ 1556009 
4X6Xl0 1556020 

~ 4X6Xll½ 1555965 

5 1 Ca!; ing - NO DltA.l~+ 
incluc!e stud codes: 

SD 8 if ref, below is A: CST-88 9552512 
SD 12 if ref.below is B: CST-88 9552512 
SD 16 if ref. belm-1 is C: CST-88 9552516 

fot lX3>:d½.cs Cl.40 A CST-OS 1327110 
1\X3X8!.1 11 II A 1327126 
2X3X8½ II ii A 1327150 
3X4XS'.1 II ti A 1327210 
~X6XB½ II II A 1327241 
l½X3Xl0 II It }j 1327061 
2X3Xl0 II II B 1327091 
3X4X10 II ti B 1327260 
4X6Xl0 II II B 1327411 
1X2Xll~ " II ll 1327281 
l!i,X3Xll½ 11 It 

~ 132 7290 
2X3Xl l½ " II 'B 1327320 
3X4Xil~" II B 132 7 35() 
,~x6:<11t~-" II B 132 7 380 
l\X3Xl3½" II C 1327415 
7X3Xl3½ 11 " C 132 7420 
3X!.Xl3i.i " rt C 1327430 

+ ~OTE: if drain required, state on your -- order, "WITH DRAIN", and include 
the price addition sho1m on page 
13. GE~:E?A!.. Section -

PART QTY/ I . 
PAR"f NAME: 

MAT 1 L PARf 
t~O. PUMP CODE CODE 

·r-

Imeeller Assy 1 all_f~}i_ c izes. CL 40.,. 
4 1 In:peller Key, rST-30 971505~ 

12 1 Impeller Bult, csT-34 9051502 
12A l Impeller Washer, CST-30 1216705 

3 1 Itr.Eeller 1 ln t~_g~~!:~~I-10 
for 1X3X8!~1 l!2X3~~!i 1286105 
for 2X3X8!i 1286121 
for 3X4X8!5 1286150 
for 4X6X8½ . 128ll£2 
for l!2X3Xl0, 2X3Xl0 1286240 
for 3X4Xl0 · 1286262 
for 4X6X10 128629 5 
for 1X2Xlll21 l!,1X3Xl1!1 1286305 
for 2X3Xli½ 1286315 
for .JXl.Xll½ 1 1286335 
for 4XnXll) 

I 
128635~ 

for l½X3Xl3½,2X3X13½ 1128617.: 
for 3X4Xl3½ 128638( 

2 Backhe.3d-C!..£1~~ 
·R.!"awsc~~ lcsT-24 

8'1 & 10" Sizes 905151~ 
ll 1i'' Sizee 905]. 
13!.i'i Sizes 9051:)J~ 

* Impellers are furnished full diameter 
I 

unless pump serial number is given 
-when ordering_, or unless otherwise 
specifleu by customer. 

Casing Stud ~uts 
Sc 8 8½" put:'pS --.CST-10 '925263( 

12 10" 1 llli'' pumps CST-10 9 25 263( 
16 13!/' pumps CST-10 925263: --

For posi~ive identification. specify pump 
serial n~~ber when orcering service pares, 
Service p2rcs not described on printed 
pages will be quot~d from Indianapolis. 

,. 

Discounts. Specificat!ons and Prices Subject to Change 'Without !\otice. 
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1. 2. 2 

1. 2. 2. 1 

1. 2. 2. 2 

1. 2. 2. 3 

1.2.2.4 

1. 2. 2. 5 - 1. 2. 2 .6 

1.2.2.7 

1. 2. 2. 8 

1. 2. 2. 9 

I. 2. 2. 10 

-

AUXILIARY EXTRACTION OIL PUMP 

Identification 
Tag Number 

P-305 

Description 

Manufacturer 

Part Number 
Rocket dyne 
Specification No. 

Material 

Weight 

Prescribed Service 

Description 

Auxiliary Extraction Oil Pump 

Dean Brothers Pumps, Inc. 
P.O. Box 68172, Indianapolis, Indiana 46268 
3 X 4 X 8½ R434-133261 

GA000-90907-Tll (following) 

285 lb. 

Oil, 130 PSIA, 600° F. 

Vendor 

Paul L. Armstrong Co., Inc., P.O. Box 928, South Pasadena, CA 91030 

Special Cautions 

See Dean Brothers manual MC-1.4.40 (Section 1.2.1 .12) 

Periodic Service 

See Dean Brothers manual MC-1.4.40 (Section 1 .2.1. 12) 

Parts List 

See Dean Brothers manual MC-1.4.40 (Section 1.2.1.12) 

Special Tools 

None 

Maintenance Instructions 

See Dean Brothers manual MC-1.4.40 (Section 1.2.1.12) 

Acceptance Tests 

See Dean Brothers manual MC-1.4.40 (Section 1.2.1.12) 

1.2.2-1 



ROCKWELL INTERNATIONAL CORPORATION 
ROCKETDYNE DIVISION 

6633 CANOGA AVENUE, CANOGA PARK, CALIFORNIA 91304 

~ A. E. MOORE 

FACILITIES ENGINEERING, DEPARTMENT 541 

SPECIFICATION NUMBER GA000-90907-Tll 

FOR 

SEAL STEAM OIL PUMP AND MOTOR 
THERMAL STORAGE SYSTEM 

10 HWe SOLAR PILOT PLANT 

BARSTOW, CALIFORNIA 

9:--1 NORDQUI 
MANAGER 

_1 .. -L._~ 
J. REPAS 

-

J --

CHIEF PROJECT ENGINEER SENIOR PROGRAM COORDINATOR PROJECT ENGINEER 
QUALITY PROJECT MANAGEMENT FACILITIES ENGINEERING 

09 JUNE 1980 

1.2.2-2 
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(S023T 06-09-80) SPECIFICATION NUMBER: GA000-90907-Tll ADDEN. 0 REV. 0 SECTION: T TITLE SHEET AND CONTENTS 

THIS SPECIFICATION WAS APPROVED, CHECKED, AND PREPARED BY THE UNDERSIGNED. 

MECHANICAL DESIGN UNIT 

APPROVED BY 

CHECKED BY 

PREPARED BY 

ELECTRICAL DESIGN UNIT 

APPROVED BY 

CHECKED BY 

PREPARED BY 

1.2.2-3 

DATE 

DATE -2_~ li'4 

DATE i/rf() 
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L I S T 

DRAWING NUMBER 

SKETCH A 

SKETCH B 

0 F D R A W I N G S 

DRAWING TITLE 

SEAL STEAM OIL PUMP AND MOTOR 
A.i"INUNCIATOR ASSEMBLY 

SEAL STEAM OIL PUMP AND MOTOR 
WIRING SCHEMATIC 

l .2.2-5 
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KEY ITEM HEADINGS 

ITEM HEADING 

1.0 
2.0 
3.0 
4.0 
s.o 
6.0 
7. 0 
8.0 
9.0 

10.0 
1 1 • 0 
12.0 

SCOPE 
APPLICABLE DOCUMENTS 
DOCUMENT SUBMITTALS 
DESIGN AND CONSTRUCTION 
PERFORMANCE REQUIREMENTS 
PROPERTIES OF EXXON CALORIA HT-43 TRANSFER FLUID 
ELECTRICAL 
TESTING 
CLEANING 
SEALING AND MARKING 
PAINTING 
PREPARATION FOR SHIPMENT 
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, .0 SCOPE 

1.1 A SINGLE STAGE, CENTRIFUGAL, VOLIJ'fE-TYPE, HORIZONTAL, HOT 
OIL PUMP SHALL BE FURNISHED, FACTORY ASSEMBLED, ALIGNED WITH 
COUPLING AND MOTOR ON A BASEPLATE, AND DELIVERED IN 
ACCORDANCE WITH THE REQUIREMENTS OF THIS SPECIFICATION. 

1.1.2 THE PUMP SHALL BE DESIGNED FOR SERVICE IN HEATING OIL, EXXON 
CALORIA HT-43, AND TO OPERATE AT 1750 RPM AND SPECIFIED GPM 
AGAINST A SPECIFIED DISCHARGE HEAD THROUGH THE SPECIFIED 
TEMPERATURE RANGE. 

2.0 APPLICABLE DOCUMENTS 

2.1 THE FOLLOWING DOCUMENTS OF THE LATEST REVISION IN EFFECT 

~. 1. 1 

2 • 1 • 2 

2. 1.3 

2. 1. 4 

2. I. 5 

2. 1. 6 

FORM A PART OF THIS SPECIFICATION. THE ABSENCE OF SPECIFIC 
REFERENCE TO THESE DOCUMENTS THROUGHOUT THESE SPECIFICATIONS 
SHALL NOT IN ANY WAY RELIEVE THE SUPPLIER FROM COMPLIANCE. 
DEVIATIONS FROM ANY SPECIFICATION OR DOCUMENT SHALL REQUIRE 
THE WRITTEN APPROVAL OF ROCKETDYNE DIVISION, ROCKWELL 
INTERNATIONAL CORPORATION. 

AMERICAN NATIONAL STANDARDS INSTITUTE CODE FOR PRESSURE 
PIPING, ANSI B31.l AND STEEL PIPE FLANGES AND FLANGED 
FITTINGS Bl6.5. 

HYDRAULIC INSTITUTE STANUARDS, 1975 EDITION, 13. 

CALIFORNIA ADMINISTRATIVE CODE, TITLE 8, CHAPTER 4, 
SUBCHAPTER 4, CONSTRUCTION SAFETY ORDERS, AND SUBCHAPTER 7, 
GENERAL INDUSTRY SAFETY ORDERS. 

OCCUPATIONAL SAFETY AND HEALTH STANDARDS, PART 1910. 

LATEST REVISION Of TIIE NATIONAL ELECTRICAL CODE, NFPA 70. 

UNDERWRITERS LABORATORY OR FACTORY MUTUAL ELECTRICAL TEST 
PROCEDURES FOR LISTED ELECTRICAL EQUIPMENT. 

3.0 DOCUMENT SUBMITTALS 

3.1 ONE REPRODUClHLE COPY OF THE FOLLOWING DATA SHALL BE 

3 • 1 • l 

1. I.:' 

S lJ ll M I T T E D \·/ I T H T II E B 1 D S • 

OVER-ALL DRAWINGS OF THE PUMP SHOWING ENVELOPE DIMENSIONS 
AN]) ALL INTERFACE nrMENSIONS IS REQU1RED. 

l'IWl'(l~l·:Il MATl·:J,1 AL ~;J>t•:Cl Fl CATIONS. 

1.2.2-7 
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, • l • 3 

3 • l . 4 

3. l. 5 

3 • l • 6 

3. 2 

SECTIONAL DRAWING OF COMPLETE PUMP WITH PART IDENTIFICATION. 

CENTRIFUGAL PUMP PERFORMANCE CURVE AT RATED RPM, INCLUDING 
NPSH, EFFICIENCY, TOTAL HEAD AND ~p FOR CALORIA HT-43 AT 
580F. 

FURNISH A LIST OF RECOMMENDED SPARE PARTS AND TOOLS, WITH 
INSTRUCTIONS FOR PUMP DISASSEMBLY. 

ONE SET OF REPRODUCIBLE DRAWINGS OF OUTLINE AND BASE 
DIMENSIONS OF THE POWER SUPPLY AND MOTOR SHALL BE SUBMITTED 
TO ROCKETDYNE DIVISION, ROCKWELL INTERNATIONAL CORPORATION, 
WITH THE BID. 

CERTIFIED COPY OF THE AFOREMENTIONED DATA, PARAGRAPHS 3.1.l 
THROUGH 3.1.6 INCLUSIVE, SHALL BE SUBMITTED TO ROCKETDYNE 
DIVISION, ROCKWELL INTERNATIONAL CORPORATION WITHIN (14) DAYS 
AFTER THE RECEIPT OF ORDER. 

3.3 THREE COPIES OF COMPLETE PARTS LIST, INSTALLATION 
MAINTENANCE AND OPERATING INSTRUCTIONS SHALL BE DELIVERED TO 
ROCKETDYNE DIVISION, ROCKWELL INTERNATIONAL CORPORATION AT 
THE TIME OF PUMP DELIVERY. 

3.4 ONE SET OF REPRODUCIBLE ELECTRICAL SCHEMATICS, WIRING 
DIAGRAMS, INTERCONNECTION DIAGRAMS, AND COMPONENT SCHEMATICS 
SHALL BE SUPPLIED AT THE TIME OF DELIVERY. 

3.5 CERTIFIED PUMP TEST REPORTS, INCLUDING DATA LISTED IN 
PARAGRAPH 3 .1.4, SHALL BE-.SUBMITTED PRIOR TO SHIPMENT. 

4.0 DESIGN AND CONSTRUCTION 

4.1 THE PUMP SHALL BE DESIGNED AND CONSTRUCTED IN ACCORDANCE WITH 
THE REQUIREMENTS SETFORTH BY THE 13TH EDITION OF THE 
HYDRAULIC INSTITUTE STANDARDS. 

4.2 THE PUMP SHALL BE DESIGNED AND CONSTRUCTED SO THAT THERMAL 
EXPANSION WILL NOT DISTURB ALIGNMENT OF SHAFT BEARINGS, SHAFT 
PAC~ING, SHAFT COUPLINGS, OR SEALS. 

4.3 THE PUMP SHALL BE CENTERLINE MOUNTED, END SUCTION, VERTICAL 
DISCHARGE, FURNISHED ON A RIGID PUMP/MOTOR BASEPLATE WITH 
PROVISION FOR OIL SPILL DRAINAGE TO A SINGLE POINT. 

4.4 THE ELEVATION OF THE SUCTION FLANGE CENTERLINE ABOV<E THE 

1
1 • 5 

BOTTOM OF THE BASEPLATE SHALL NOT EXCEED ONE FOOT TWO INCHES. 

PUMP CASTINGS AND BEARING HOUSINGS SHALL BE MACHINED WITH A 
DEEP GROOVE OR DOWELLING TO MAINTAIN RIGID ALIGNMENT OF THE 
TOTAL ASSEMBLY. 

1.2.2-8 
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•.6 PUMP SUPPORTS AND BEARING HOUSINGS SHALL BE STRESS RELIEVED. 

4.7 COOLING OF PUMP BEARINGS AND SEALS, IF REQUIRED, SHALL BE ACCOMPLISHED IN A MANNER THAT SHA~L MINIMIZE THE LOSS OF HEAT FROM THE OIL. 

4.8 TO ENSURE COMPATIBILITY OF THE EXXON CALORIA HT-43 HEAT 

4.9 

4 • 9 • 1 

4 • 9 • 2 

4. 10 

4.10.1 

TRANSFER FLUID WITH TIIE MATERIALS USED FOR TIIE CONSTRUCTION OF THE PUMP, NO COPPER OR ALLOYS CONTAINING A SIGNIFICANT AMOUNT OF COPPER SHALL KE USED. 

MECHANICAL SEALS 

THE PUMPS SHALL BE PROVIDED WITH A JOHN CRANE TYPE 15 WT 
MECHANICAL SEAL WITH THE TUNGSTEN CARBIDE VERSUS TUNGSTEN 
CARBIDE FACES. 

THE PUMPS SHALL BE PROVIDED WITH A SEAL FLUSHING SYSTEM. 

COOLING WATER PIPING 

THE PUMPS SHALL BE PROVIDED WITH COOLING WATER PIPING WHICH 
SHALL INCLUDE THE FOLLOWING. 

4.10.1.l AN INLET AND OUTLET J/t.," GLOBE VALVE AT THE PUMP BASE PLATE. 

4.10.l.2 A 3/1.," SOLENOID VALVE. 

4.10.1.3 A PADDLE-TYPE FLOW SWITCH. 

4.10.1.4 ALL PIPING FOR THE COOLING WATER FLOW BETWEEN THE INLET AND 
OUTLET VALVES AND THE PUMP INCLUDING A 1/4" LINE TO THE 
STUFFING BOX WITH A COIL WOUND AROUND THE PUMP CASING TO PROVIDE STEAM FOR THE FLUSHING OF THE STUFFING BOX. 

/.,.10.1.5 A 1/4" NEEDLE VALVE IN THE 1/4" FLUSHING LINE. 

4.10.1.6 A THERMAL SWITCH AT THE OUTLET OF THE SEAL FLUSHING SYSTEM DRAIN FOR THE DETECTION OF OIL LEAKS. 

5 • 0 I' E R F O J{M /\ N C E R 1-: < ! l I I JU~ M E N T S 

5 • 1 

THE PUMP SHALL BE DESIGNED TO PROVIDE EXTRACTION, AND WARM 
UP SERVICE ACCORDING TO THE FOLLOWING REQUIREMENTS. 

EXTRACTION SERVICE 

THE PUMP SHALL PRODUCE AN OPERATING PRESSURE OF 13.7 PSID OR MORE OVER THE FLOW RANGE OF 266 GPM TO 307 GPM. OPERATION AT 307 GPM SHALL BE CONSIDERED CONTINUOUS DUTY. 

t.2.2-9 
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THE PUMP SHALL OPERATE OVER THE REQUIRED FLOW RANGE WITHIN 
THE TEMPERATURE RANGE OF 350F TO 580F. PUMP HEAD AS GIVEN 
SHALL BE DEVELOPED OVER THE REQUIRED FLOW RANGE WITH FLUID 
INLET TEMPERATURES FROM 560F TO 5ff0F. 

5.2 WARM UP SERVICE (60F TO 350F) 

THE PUMP SHALL BE CAPABLE OF CONTINUOUS OPERATION AND MEET 
THE HEAD REQUIREMENTS UP TO A FLOW RATE OF 135 GPM WITH FLUID 
TEMPERATURE DOWN TO 60F. IF THE PUMP CANNOT MEET THE 
REQUIRED FLOW FOR THE WARM UP SERVICE, THE MANUFACTURER SHALL 
IDENTIFY THE FLOW FOR THE WARM UP SERVICE THAT THE PUMP IS 
CAPABLE OF DELIVERING. A FLOW CONTROL VALVE DOWNSTREAM OF 
THE PUMP WILL CONTROL THE FLOW. 

5.3 POWER CONSUMPTION 

PUMP SHAFT POWER SHALL NOT EXCEED 10 HORSEPOWER. 

5.4 NPSH 

5. 5 

j • 5 • l 

5. 5. 2 

5. 5 • 3 

5 • 5 • 4 

A NPSH OF AT LEAST 25 FEET IS AVAILABLE UNDER ALL OPERATING 
CONDITIONS. (BASED ON OIL.) 

OPERATING ENVIRONMENT 

FLUID TEMPERATURE OPERATING RANGE WILL BE 60 F TO 580F. 

AMBIENT TEMPERATURE RANGE WILL BE 16F TO 113F. 

PUMP SHALL BE LOCATED IN THE OUTSIDE ATMOSPHERE AT A SITE 
ELEVATION OF 1950 FEET (13.72 PSIA) 

INLET PRESSURE 

STATIC PRESSURE AT THE PUMP INLET WILL COVER THE RANGE OF -5 
PSIG WHEN OPERATING AND A MAXIMUM OF 13 PSIG DURING NON
OPERATION. NEGATIVE VALUES ARE ASSOCIATED WITH OPERATION OF 
THE FLUID BELOW lOOF. 

5. 6 LOADS 

1.2.2-10 
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j • 6. 1 PIPING 

IT IS DESIRABLE THAT THE PUMP ASSEMBLY BE CAPABLE OF 
SUPPORTING THE FOLLOWING LOADS: 

AL LOWA BL E LOADS 

ALLOWABLE LOADS 

Fx 

800 

Fx 

480 

PUMP SUCTION FLANGE 

Fy 

435 

Fz 

640 

Fr 

770 

PUMP DISCHARGE FLANGE 

Fy 

600 

Fz 

300 

Fr Mx 

566 725 

Mx 

7 2 5 

My 

295 

My 

29 5 

FORCE UNITS LBS MOMENT UNI TS 

1.2.2-11 
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,.0 PROPERTIES OF EXXON CALORIA HT-43 HEAT TRANSFER FLUID 

6.1 THE FLUID IS A COMMERCIAL PRODUCT MANUFACTURED BY EXXON 
CORPORATION, AND IS DESCRIBED BY THEM AS "A PETROLEUM 
FRACTION SIMILAR TO LIGHT LUBE OIL". PROPERTY VALUES FOR 
DENSITY, HEAT CAPACITY, THERMAL CONDUCTIVITY, AND VISCOSITY 
ARE GIVEN AS FUNCTIONS OF TEMPERATURE IN TABLE l. OTHER 
PROPERTY DATA IS SUMMARIZED BELOW: 

MAXIMUM RECOMMENDED BULK TEMPERATURE: 600F 

MAXIMUM RECOMMENDED FILM TEMPERATURE: 680F 

POUR POINT: 15F (-9C) 

FLASH POINT: 400F (204C) 

AUTOIGNITION TEMPERATURE: 759F (404C) 

VAPOR PRESSURE: 

TEMP. FRESH FLUID WEATHERED FLUID 

400 F 0. 5 7 PSIA 0.09 PSIA 
450 F 1.8 PSIA 0.3 PSIA 
500 F 3 • 7 PSIA 0.8 PSIA 
575 F 9.0 PSIA 2.7 PSIA 
600 F 11. 3 PSIA 3.7 PSIA 

1.2.2-12 
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TABLE 1, PROPERTIES OF EXXON CALORIA HT-43 AT SELECTED TEMPERATURES 

VISCOSITY 
DEN SI TY SPECIFIC THERMAL -----------------TEMPER- -------------------------- HEAT CONDUCTIVTY CENTI-

ATURES GR/CC LB/FT3 LB/GAL BTU/LB-F BTU/FT-HR-F POISE LBm/HR-FT ------ ------ ------ ------ ---.----- ----------- ----- ---------
40F 0.863 53.9 7.20 0.42 0.073 240 580 

77F 0.850 53.1 7. 0 9 0.44 0.070 57.9 140 

lOOF 0.841 52.5 7.02 0.45 0.069 27.7 67 
~ 200F 0.805 50.3 6.72 0.50 0.064 4.96 12. 0 

300F 0.768 48.0 6.41 0.55 0.060 l • 9 8 4. 8 0 

400F 0.730 45.6 6.09 0.60 0.056 1.03 2. so 

- 425F 0.719 44.9 6.00 0.61 0.055 0.91 2. 2 0 

4SOF 0.709 4 4 • 3 S • 9 2 0.63 0.053 0.79 1. 92 

500F 0.689 43.0 S. 7 5 0.65 0.051 0.64 l . S 4 

575F 0.657 4 1 • 0 5.48 0.69 0.048 0.47 l. 13 

600F 0.645 40.3 5. 3 8 0.70 0.047 0.43 1 • 0 3 

-
1.2.2-13 
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I.O ELECTRICAL 

7.1 GENERAL 

7.1.l THE POWER SOURCE FOR THE PUMP MOTOR WILL BE 480V, 3 PHASE 
60HZ, PROVIDED FROM A HIGH RESISTANCE GROUNDED WYE 
TRANSFORMER. 

7.1.2 THE PUMP MOTOR SHALL BE FOR INSTALLATION OUTDOORS IN A CLASS 
I, DIVISION 2, GROUP D HAZARDOUS LOCATION AS DEFINED BY THE 
NATIONAL ELECTRICAL CODE. THE PUMP, FLOW SWITCH AND THE 
THERMAL SWITCH SHALL MEET THIS REQUIREMENT. 

7.1.3 THE PUMP MOTOR STARTER SHALL BE A SIZE 1 CIRCUIT BREAKER 
TYPE MAGNETIC STARTER HAVING THE FOLLOWING FEATURES OF 
DESIGN: 

7.1.3.1 30 AMPERE, 600 VAC, 25000 AMPERE RMS INTERRUPTING CAPACITY 
THERMAL MAGNETIC CIRCUIT BREAKER. 

7.1.3.2 NEMA 12 DUST TIGHT AND DRIP TIGHT ENCLOSURE. 

7.1.3.3 3 POSITION "HAND-OFF-AUTO" SELECTOR SWITCH AND RED PILOT 
LIGHT IN COVER. 

7.1.3.4 A TOTAL OF ONE NORMALLY OPEN AND ONE NORMALLY CLOSED 
ELECTRICAL INTERLOCK ON MAGNETIC CONTACTOR. 

7.1.3.S THREE MELTING ALLOY OVERCOAD RELAYS WITH THERMAL UNITS TO 
SUIT THE MOTOR NAMEPLATE FULL LOAD CURRENT. 

7.1.3.6 120 VOLT CONTROL CIRCUIT TRANSFORMER HAVING 100 VA 
ADDITIONAL CAPACITY AND ONE FUSE IN SECONDARY. 

7.1.3.7 STARTER SHALL BE WIRED IN ACCORDANCE WITH WIRING SCHEMATIC 

7 • 1 • 4 

7. 1. S 

7 • 2 

• 2 • 1 

SKETCH II B". 

A CUSTOMER FURNISHED "START-STOP" TWO WIRES TO 10 VDC 
CONTROL VOLTAGE WILL BE USED TO CONTROL THE MOTOR STARTER. 
THE START SIGNAL WILL BE MAINTAINED WHILE THE MOTOR IS 
RUNNING AND REMOVAL OF THE SIGNAL SHALL CAUSE THE MOTOR TO 
STOP. 

AS SHOWN BY THE WIRING SCHEMATIC, SKETCH "B", THE PUMP SHALL 
ALSO STOP IF THE "WATER FLOW SWITCH" OPENS OR THE "PUMP 
THERMAL SWITCH" OPENS. 

ANNUNCIATOR PANEL DESCRIPTION 

THE ANNUNCIATOR PANEL SHALL BE FURNISHED AS SHOWN ON 
SKETCH "A" AND WIRING OF ANNUNCIATOR PANEL AND EXTERNAL 

-

-
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7. 2. 2 

7. 2. 3 

7. 2. 4 

8.0 

8 • 1 

8. 1. 1 

8. 1. 2 

9.0 

9 • 1 

9 • 2 

1 0. 0 

l Q • 1 

CONNECTIONS SHALL BE AS SHOWN ON SKETCH "B". 

THE PURPOSE OF THE ANNUNCIATOR PANEL IS TO IDENTIFY WHICH 
FAILURE MODE HAS CAUSED AN AUTOMATIC SHUTDOWN OF THE PUMP. 
THREE POSSIBLE FAILURE MODES CAN BE IDENTIFIED AS FOLLOWS: 
"MOTOR OVERLOAD", "SEAL LEAKAGE" AND "WATER FLOW". 

THE CONTROL SEQUENCE SHOWN BY THE SCHEMATIC SKETCH "B" ALSO 
WILL CAUSE THE PUMP COOLING WATER TO CO~TINUE TO FLOW FOR UP 
TO 10 MINUTES AFTER PUMP SHUTDOWN. 

ALL INTERCONNECTIONS BETWEEN MOTOR STARTER AND ANNUNCIATOR 
PANEL AS WELL AS ALL OTHER INSTALLATION WIRING WILL BE BY 
CUSTOMER. 

TESTING 

SHOP TESTS 

THE PUMP AND MOTOR DRIVE SHALL BE FACTORY TESTED. THE TESTS 
SHALL BE IN ACCORDANCE WI'.fH THE "HYDRAULIC INSTITUTE 
STANDARDS". CERTIFIED TEST CURVES AND CERTIFIED TEST REPORTS 
SHALL BE SUBMITTED FOR APPROVAL, PRIOR TO SHIPMENT IN 
ACCORDANCE WIT!! SPECIFIED DOCUMENTATION REQUIREMENTS. 

ALL NECESSARY PERFORMANCf TESTS SHALL BE CONDUCTED TO VERIFY 
CURVES PREVIOUSLY SUBMITTED AS PART OF THE BIDDER'S PROPOSAL. 

CLEANING 

ALL INTERNAL AND EXTERNAL SURFACES OF EQUIPMENT SHALL BE 
CLEANED OF ALL MILL SCALE, LOOSE METAL PARTICLES, WELD 
SPATTER, SLAG, DIRT, GREASE, OIL AND OTHER FOREIGN MATTER. 
ALL EXTERNAL FERROUS SURFACES SHALL BE CLEANED, IN ACCORDANCE 
WITH SSPC SURFACE PREPARATION SPECIFICATION SSPC-SP 3, "POWER 
TOOL CLEANING." ALL BURRS AND FLASHING SHALL BE REMOVED AND 
ALL SHARP EDGES SHALL BE EASED. 

A REPRESENTATIVE OF THE BUYER MAY VISUALLY INSPECT THE 
EQUIPMENT AFTER CLEANING. ANY EVIDENCE OF FOREIGN MATTER 
WILL BE CAUSE FOR REJECTION AND RE-CLEANING, 

SEALING AND MARKING 

ALL OPENINGS SHALL BE SEALED AGAINST CONTAMINATION 

1.2.2-15 
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IMMEDIATELY AFTER CLEANING. 

10.2 FLANGE OPENINGS SHALL BE PROTECTED BY BLIND FLANGES AND 
GASKETS, OR BY POLYETHYLENE SHEETING (MINIMUM 0.008 INCH 
THICK), BACKED WITH CLEAN METAL, CLEAN PLYWOOD, OR HEAVY 
CARDBOARD, AND BOLTED OR SECURELY TAPED IN PLACE. 
POLYETHYLENE SHEETING SHALL BE SEALED TO PREVENT DUST 
INFILTRATION THROUGH FLANGE BOLT HOLES. 

10.3 SCREWED PIPE PORTS SHALL BE SEALED WITH PIPE PLUGS. 

10.4 THE PUMP AND MOTOR SHALL BE PERMANENTLY IDENTIFIED BY 

11.0 

11. 1 

STAMPING OR ELECTORETCHING A METAL NAMEPLATE WITH ALL 
PERTINENT INFORMATION CLEARLY INSCRIBED THEREON. THE 
NAMEPLATE SHALL BE PERMANENTLY ATTACHED TO EQUIPMENT IN A 
CONSPICUOUS PLACE. 

PAINTING 

ALL EXPOSED SURFACES OF THE EQUIPMENT, EXCLUDING NAME AND 
DATA PLATES, TAGS, AND MACHINED MATING SURFACES, SHALL BE 
GIVEN ONE (1) SHOP COAT EACH OF RUST INHIBITIVE PRIMER AND 
FINISH PAINT THAT ARE COMPATIBLE WITH THE MAXIMUM OPERATING 
CONDITIONS THAT WILL BE ENCOUNTERED IN THE OUTSIDE 
ATMOSPHERE. 

11.2 NAMEPLATES, DATA PLATES, TAGS, AND MACHINED MATING SURFACES 
SHALL BE COATED WITH A SLUSHING COMPOUND • . ,. 

12.0 PREPARATION FOR SHIPMENT 

12.1 EQUIPMENT SHALL BE BOXED, CRATED AND/OR SKID MOUNTED, AND 
COVERED TO SUCH AN EXTENT TO PREVENT DAMAGE DURING SHIPMENT 
AND TO FACILITATE HANDLING. 

-

1.2.2-16 
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1.2.3 Fluid Make Up Pump 

1.2.3.1 Identification 

Tag Number 

P-306 

1.2.3.2 Description 

Manufacturer: 

Description 

Fluid Make Up Pump 

Worthington Group 
McGraw-Edison Co. • East Orange, NJ 07017 

Part Number: 

1.2.3.3 Vendor 

Type GR, Size 311 GRW Frame Size 215 

Worthi ngto.n 

1.2.3.4 Specification 

DOE Spec No. 40M7006S 

1.2.3.5 Piping Connections 

1.2.3.6 

DOE Drawing No. 40P3005132027 

Operation/Maintenance 

See Following Worthington Manual 2066-E4E 

1.2.3·1 
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INSTRUCTIONS FOR 

INSTALLATION, OPERATION, 

MAINTENANCE AND 

LIST OF PARTS 

DOUBLE HELICAL 

-

ROTARY PUMPS -rvpG ~ /c __ 
. 3 'y;! /Z t,,.J F 12,4mc 

Types GR, GRM, GRMI, GRJ, 
,-----bL-=----lltf------------iGRL, GRJL, 

GRW, GR M, GRWMI, GRWL, 

R~1uRN 

D". 

Si2cz 1 s 
p11-rc::r2-

Pp-TO-/-/ 

A4-8, A4-9, A4-10 

-

~ 
"'CU700 ~ ~~. 
ttao, tf-? -1 " -._ 2:: 7 

1.2.3-2 -• - -
2066-E4E Worthington Group 

McGraw-Edison Company 
14 Fourth Avenue 
East Orange, NJ 07017 
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INTRODUCTION 

This lwoklet gives instructions which apply lo Worthington's type GR Rotary Pumps.* The 

GR pump is a gear type rotary pump designed for handling viscous liquids al moderate 

pressures. As such it depends upon accuracy of assembly and close internal clearances 

for efficient operation. Pumping action is achieved by liquid being carried around in the 

space hetween the gear teeth and the pump body and ~Jeing forced out as the teeth mesh 

on the discharge side. It is the close clearances around the gear that prevent liquid from 

leak.in[; hack to the suction side. This enables the pump to build up pressure needed to 

for("c li1p1i«I tliru tl1t~ disdiargc pipe. Double helical impeller g«·Hrs provi,le smooth, pulsation

free flow and heavy duty bearings support the loads which discharge pressure imposes on 

the impeller gears. 

These instructions wiJI answer most of your questions about operation and maintenance of 

your GR rotary pump. Since these pumps are standardized for application to a wide range 

of services, it would not be practical to include perfomance data for all pumps in this in

struction booklet. If performance characteristics and ratings have not been furnished for 

your in,-tallation, your Worthington Representative can provide you with necessary informa

tion. 

When requesting information or ordering replacement parts be sure to give pump serial 

munlier and size as shown on nameplate. When requesting information on pump perform

ance or !waring life full conditions of service ( presRures, type of liquid, speeq etc.) should 

h,· known. 

*SOME NOTES ON NOMENCLATURE 

Worthington standard heavy duty gear type rotary pumps from sizes l ½ thru 6 are desig

nated as type GR rotary pumps. Additional letters in the model name serve to define the 

standard versions of the type GR pump. These versions are illustratEd on pages 9, l 0 

and 11. 

The number which precedes the letter designation is an indication ,of size of suction and dis

charge connections (except size 5 which uses 6" standard con~ectionsl. 

A letter "S" anywhere in the model name indicates that the pump has one or more non

standard features. 

GR pump casings are normally cast iron. Cast steel or nodular iron casings are made for 

specialized applications. There is no letter designation for these optional materials. 

There are occasional exceptions to these nomenclature rules. For this reason, pump serial 

numbers should be included whenever referring to a specific pump. 

This booklet does not apply to smaller Worthington Rotary pumps of types GA, GAR or GB 

or obsolete types GI, GS, GE, GRV or GEC. 

2 WORTHINGTON 

1.2.3-3 
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CHECKING EQUIPMENT 

l11spcct a11d <'heck shipping rna11ifcst 
immediately on receipt of sl1ipmcnt 
and report any damage or shortage 
to transportation company's local 
agent. 

STORAGE 

If the pumping unit is to Le placed 
in storage, it should be inspected, re
craled, and stored in a dry location. 
Paris subject lo attack from moisture 
should be coated with a protective 
male rial. 

CLEANING 

All parts must be cleaned prior to 
installation. Use solvent lo remove 
slushing compounds which have been 
used to protect parts in transit. 

PRODUCT CONTAMINATION 

All pumps are shipped with a small 
a111ount of preservative oil inside 
lo protect the internal 111echanism 
against l'orrosion. If this oil will he 
df'1ri111rnlal to the system, it will he 
11r1·,•;-.san to disasse111hle the pump, 
d,·,111 all parls 1lwroughly a11d fill 
IIH" pu111p wil)1 the liquid lo lw 
pu111 1icd. 

LOCATION 

The pump should be installed in a 
light. clean, dry location and so 
placed that it is easily accessible for 
inspection and maintenance. Suction 
piping should he full size, short and 
direct. Motor driven units should not 
he located in damp or moist places 
unless pru\'isions have lJeen made for 
this n,nrlition. Check motor rotation 
against rotation arrow on pump 
namcplale. If necessary pump may 
lw adjuslcd for rt'V<'rsc rol;1lio11. Scf' 
l"'V" <,. 

FOUNDATION 

The fuundalion should afford pt'Tma
nenl rigid support for the entire unit. 
Concrete founrlillions built up from 
solid ground will prove the most sat
isfactory. Ample allowance should be 
pro,,iderl for grout in building the 
foundation. 

SECTION I 
INSTALLATION 

Foundation bolts of lhe specified size 
should he accuraldy located accord· 
ing to drnwings . .Each bolt should he 
surrounded by a pipe sleeve three or 
four diameters larger than the }JOit. 
After the concrete is poured the pipe 
is held solidly, while the bolts may 
be moved to conform to the holes in 
the bedplate. 

When a unit is mounted on steel work 
or other structure, it should be set 
directly over, or as close as possible 
to the supporting heams or walls, and 
should be so supported that the base
plate cannot be distorted by yielding 
or springing of the structure." 

MOUNTING AND ALIGNMENT 

Shaft alignment is the most impor
tant consideration in pump installa
tion. Pump-driver combinations are 
aligned at the factory, but baseplates 
can he sprung in shipment or dis
torted by unequal tightening of foun
dation bolts, so they must be checked 
hefore they are put in service. 

Pumps are generally shipped mount· 
rd, and it is usually u1111ecessary with 
units of moderate size lo rcmo\,e the 
purnp or driver from its J,;1sepl11lc 
whc,11 lrvcling. Th<' unit should be 
phwcrl over the foundation supported 
by short strips of steel plate and 
wedges close to the foundation bolts, 
allowing for grouting from three 
quarters to two inches space between 
the bottom of the baseplate and the 
lop of the foundation. 

Remove coupling bolts before pro
ceeding with leveling of unit and 
alignment of coupling halves. 

Employing a small spirit level, the 
projecting edges of pad, supporting 
pump and motor foet wlwn scraped 
<'lPai1 <'1111 he used for lcv.-,ling the 
1,asi,l'lnl!'. Adjust 1111· w<'d~•·s u11d<'1' 
1,asi·l'lal,• rill p11111p ,hafl i, 1,·vd 1111d 
fla11g,·s of .,1J<"lio11 1111d di,<"li1t1gt· 11oz· 
zl,·, ar<' \'l"rtical; al the sa111c ti111c 
ol'"t'IV<' that the pu,np i, al the speci
fied heighL and location. 

While proceeding with the leveling 
of pump and base, maintain at the 
same time accurate alignment of the 
unholted coupling halves between 
pump and driver shafts. 

Alignment-The procedure followed 
wlien checking driver and driver 
shaft alignment is as follows: Place 
a straight edge across the top and 
side of the coupling, and at the same 
time check the faces of thP coupling 
halves for parallelism by means of 
a tapered thickness gauge or feeler 
gauges, as shown in Fig. ] and 2. 

When the peripheries of Ilic coupling 
halves are true circles and of same 
diameter and the faces flat, exact 
alignment exists when the distance 
between the faces is the same at all 
points and a straight-edge will lie 

G 

Fig. 1-Melhod of Checking Coupling 
Alignment. 

Fig. 2-Method of Checking Coupling 
Alignment. 

squarely across the rims at an) point. 
If the faces are not parallel. the thick
ness gauge or feelers will ,how a var
iation at diffrre11t poinls. If 0111· cou· 
l'linµ; is highn th1111 ti"' 11lhn. the 
11111011111 11111y lw d,·11·1111i11,·d l,y th,· 
,1 r a igl 11-,,dgc and f,·cl,· 1 p auge.s. 

Maximum coupling life with a min
imum of maintenance may he ob
tained if the coupling is aligned 
properly at installation. Generally, 
permissible angular and parallel mis
alignment is .005" for motors up to 
75 hp and .0HY' for motors above 
75 hp. 

• Worthington Bulletin 20RP-1355 '' Mounting and Grouting for Pllmps'' gives valuable additional information on this subject. 
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Space between faces of couplings-

The clearan(;e Lell'ieen the faces of 

(;Ouplings and the ends of shafts 

~hould be set so that they cannot 

tou(;h, rub or exert a pull on either 

pump or <lriver. The amount of this 

clearance may vary with the size and 

type of coupling used. The best rule 

to follow is to allow sufficient clear

ance for unhampered endwise move

ment of the shafts of the driving 

element lo the limit of its bearing 

clearance. On ~leeve bearing motor 

driven units, the magnetic (;enter of 

the motor will dclerrniue the running 

position of the motor half coupling. 

It is recommended that this position 

be che(;ked by operating the motor 

while disconnected. At this time, 

check also direction of rotation of 

motor. If current is not available, 

move motor shaft in both directions 

as far as bearings .will permit, then 

adjust shaft centrally between these 

limits, thereafter assembling the unit 

with the correct gap between cou

pling halves. 

When the unit is accurately levelled 

a11d aligned, the lwlding dow11 bolts 

should he g1·11tly and evenly tighl!·ncd 

previous lo gr<Juling. 

High Temperature Alignment: In ap

plicalious where pumps and drivers 

arc operated al elevated temperatures, 

final alignment should be made with 

unit heated to operating temperature. 

Where this is not possible at the time 

of alignment, proper allowance should 

be made for the increase in pump 

shaft height due to thermal expan

sion. As a "rule of thumb" for cast 

iron or cast steel pumps, with 70 

degrees Fahrenheit as ambient, use 

an expansion of .0006jn. per 100 F. 

per inch of shaft height. This is the 

height the driver should be set above 

the pump_ 
(Example: 2 GR, 370 F pumping 

temperature. 81/z-in. pump shaft 

height. 3 x .0006 x 8% equals .015 

allowance for expansion. 

MULTI-V-DRIVES 

Slide rails for driver should be lo

cated so that it is not necessary to 

roll the belts on or to force them 

over the grooves. Use of these meth

ods will result in permanent injury 

to the V-belts. 

Pump and driver sheaves must be 

carefully aligned so that the shafts 

are parallel and the grooves in both 

sheaves are in perfect alignment. 

Before lightening a newly applied set 

of bells, the slack should all be on 

one side_ 

Good belt wear is dependent on 

proper tension. The correct operating 

tension is just beyond the point of 

slippage when the drive is operating 

at full load and speed. Slippage can 

be detected by belt squeal or Ly over

heating of the small groove sheave. 

It may be necessary to apply slight 

additional bell tension during the 

first a6 hours operation due to initial 

stretch and wearing in of the hells. 

Excessive tightening will result in re

duced belt life and cause overheating 

and possible failure of bearings. 

GROUTING 

The purpose of grouting 1s to pre

vent lateral shifting uf the base

plate, not lo take up irregularities 

in the foundation. We recommend 

the following procedure: 

The typical mixture for g1 outing-in 

a pump base is composed of one 

part pure portland cement and two 

parts building sand with suffici1~nl 

waler lo cause the mixture to flow 

freely umler the base. 

The top of the rough concrete foun

dation should be well saturated with 

waler before grouting. A wooden 

form should he built around the out

side of the baseplate to contain the 

grout. In some cases this form is 

placed tightly against the lower edge 

of the base, and in other cases it is 

placed a slight distance from the 

edge of the baseplate. Grout is added 

until the entire space under the base 

is filled. A stiff wire should be used 

to work the grout and release any air 

pockets. 

After the grout is poured, the ex

posed surfaces should be covered 

with wet burlap to effect slow dry

ing to prevent cracking. When the 

grout is set (about 48 hours) re

move the forms and smooth the ex

posed surfaces, if desired. The grout 

should be hard in approximately 72 
hours. 

SUCTION PIPING 

One of the largest sources of ro

tary pump problems is faulty suction 

lines. The suction pipe should be 

clean, short, air tight, no smaller than 

the pump suction opening and have 

a minimum of valves and fittings. 

1.2.3-6 

Where economically practical the pipe 

should Le one size larger than the 

sudion opening and should have a 

continuous rise or 'fall fru111 the 

source to eliminate air pockets. Gate 

valves on suction and discharge lines 

are recommended to facilitate future 

inspection and repairs. Figure 3 

serves to illustrate some of the im

portant features in a rotary pump 

piping layout 

A strainer is re(;omrnendecl if the 

liquid contains large foreig11 ohject;; 

which might clog suction Jines or 

jam the impeller gears. It is ge1u-ral 

ly impracli(;al to filter out any fine 

abrasives which can cause rapid we.Jr 

of bearings or close clearances. A 

strainer should have a net area of 

from three to four times the suclic,n 

pipe area and should permit easy 

cleaning_ 

A new GR pump will generally prime 

itself with a static suction lift of less 

than 28 feet ( 22" vacuum) provid

ing there is sufficient liY.uid remain

ing in the discharge line to fill clcar

an(;es around the pump gears. How

ever, if the comhinalion of static suc

tion lift a11d suction pipe friclion loss 

is greater than 10 to 25 feet Ul"-1 <f' 

va(;uum) (depending on pump speed 

and viscosity), the pump will l,e 

noisy and will not produce full ca

pacity_ This condition will be ag· 

gravated by entra_ined or dissolved 

air in the liquid. 

When pumping highly volatile liquid-; 

such as'-hot oils there should he suf

ficient static head to prevent vapori

zation of the liquid in the pump. Ex

tremely viscous liquids ( over 50,000 

SSµ) generally require a positive 

suction head in addition to slow 

speeds of rotation. 

il 
•<TVRN LIN[ 

5UIMIIIGE0 

/ 

llEUEIF 

Fig. 3 

DISCHARGE PIPING 

Always carry the discharge piping up 

through a riser approximately five 
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time, liw cliamctcr, a~ shown in fig. 
3. Thi; prevents gas or air pockets 
in the pump and will act as a seal in 
high vacuum service. A valve on the 
top of the riser may he used as a 
vent when starting the pump. 

To protect the pump against exces
si\'e pressures caused by increased 
pipe friction in cold weather or acci
dental closing of \'alve in discharge 
line, a l,y-pass line with a relief 
rnlve mav he installed. This relief 
rnlvc sh,;ulcl he ~el slightly higher 
than the maximum pump discharge 
prc~sure hut not more than 10%. 

JACKET PIPING 

If -team jackets are supplied, the 
inlet is !orated on the top and outlet 
,,n the liottom. On water jackets the 
inlet is al the· bottom and the outlet 
al the top. Valn:s should he installed 
in the inlet lines to regulate the 
quantity of jacket supply. 

DRIVERS 

For illl driH:r information, reference 
sh<1u Id he rnadc lo the rnanu f ar:l u re r's 
i11structio11 tag or hooklct attached 
lo the unit. On motor driven units, 
d1cck clcdriud characteristics on the 
na,rn,platc and <·onncct the wiring in 
a,..-urclancc with the attached instruc
tion sher!. 

DIRECTION OF ROTATION 

ll<-f,11,· a l"""I' is 1u11 ii 11111st I"· sd 
Ill• f"r i''"l'cr dir .. l'!ioll of rfJlatifJII. 
If a d1a11gc i, r<"quircd tl1<, follow
in)-' pr,w,·clurc ,h"uld l11~ follo1n:cl: 

Clw,l the prilll,~ 1nove1 for ,·01-r,·ct 
r1Jl;1lio11 agilin."I tlw arro11 011 the 
pu111J• 11;111wplale. 

-;\a11,L11d ili1<·1·1i,rn of 10\;1lio11 1, 
r·o1111\cr-,·lo1-k11is(' 11111'11 ,t:rnding al 
and f,wi11g 1!11• ,)1:1fl 1·\l!-11-ion ,·11,l. 

Fi9. 5 

This is indicated by an arrow on 
the nameplate. 

Remove stuffing box bolts and slide 
stuffing box back a few inches. (See 
Fig. 5) 

Remove bearing cover. ( See Fig. 6) 
Remove the small plug in each side
plate and place them on the new dis
charge side. (See Fig. 7) 

These plugs ( one in each sideplate) 
should he on the discharge side to 
induce circulation through the bear
ings lo the suction and to maintain 
suction pressure on the stuffing box 
and end of the drive shaft. 

On some larger pumps there are ½ 
or % in. pipe plugs located on the 
outside of the stuffing box and hear
ing cover. Removal of these plugs al
lows access to the plugs in the side
plate, thereby allowing the direction 
of rotation to be changed without 
removal of the stuffing hox and hear
ing cover. 

If this change is not made, unbal
anced discharge pressure acting on 
the end of the driving shaft will 
cause premature wear of inhoarrl 
~idq,latc and gears. 

Fig. 4 

FINAL ALIGNMENT CHECK 

;\Iiµ 1111H·11I must he I cdll'c:kl'1l. after 

I 
/r r 

Fig. 6 2or.12.10, 

suction and discharge p1prng have 
Leen bolted to pump, to test the ef
fect of piping strains. When handling 
hot liquids, the nozzle flanges, after 
the unit has been in service, should 
be disconnected to check in which 
direction the expansion of the piping 
is acting, correct for the effect of the 
strains as required. 

An approved method for filially put
ting the coupling halves in align
ment is by the use of a dial test in
dicator. Sec Fig. 4. 

(I) Move. the driver as required, in
cluding shimming front or back till 
the coupling faces are parallel. 

( 2) Bolt the indicator to the pump 
half of the coupling. With the hut
ton resting on the other coupling 
periphery, set the dial to zero alld 
chalk mark the coupling half at the 
point where' the button rests. for 
any check, top or bottom or sides, ro
tate both shafts by the same amount, 
i.e., all readings on the dial must he 
made with its putton on the chalk 
mark. 

The dial readings will indicate whe
ther the driver has lo be raised or 
lowered or moved to either side. 
After any movement, check that the 
coupling faces remain parallel to one 
another. 

EXAMPLE: If the dial n,ading at lhe 
starling point is set to zero and the 
diametrically opposite reading at the 
'10110111 or sides shows a plus or 
minus .020-in. the driver has to he 
raised or lowered hy shimming or 
1lioved to one side or the ol her hy 
half of this reading. 

NOTE: for all checb i11cludi11g that 
for parallelism of ,.oupling fa('cs. keep 
hoth ~hafts pn~ssed hard over lo orw 
~idc- 11 hen laking lhc- readings. 

Fig. 7 
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STARTING 

Start up of a new pump should be 
preceded by several final checks: 

1. Make sure any valves in the sue· 
lion or discharge lines art: open. 
Starting any rotary pump against a 
closed <lischarge line can result in 
extreme pressures which may dam
age equipment an<l result in injury 
to personnel. 

2. Close all drain lines. 

3. Fill the pump with liquid lo seal 
the clearances and lubricate the in
ternal parts during initial starting. 

REMEMBER - Starting or running a 
pump DRY will inevitably cause Gal
ling, Seizing or Destructive Wear be
tween Gears, Sideplates and Pump 
Body. 

Touch the starter button for a pre
liminary start. During this brief pc· 
riod a check "hould IJe made for ex
treme noise, vibration or excessive 
pressure. If none of these are notice
able start the driver and if the sys
tem permits, run the pump at reduced 
load. Check for localized heating in 

SECTION II 

OPERATION 

the bearing housings, casing and 
stuffing box. Check power consump
tion. See if the pump is delivering 
liquid. lf the pump is pulling a lift 
a few seconds may elapse before the 
air is evacuated from the suction 
line. When the liquid is finally drawn 
into the impeller gears there will be 
a distinct change in the sound of the 
pump. If anything seems wrung or 
questionable shut the unit down im
mediately. Refer to Section IV page 
14 for a guide lo localing the source 
of trouble, 

ELEVATED TEMPERATURES 

Start up and operation of pumps 
used for elevated temperature serv
ice requires some additional precau· 
lions. Sudden introduction of hot 
liquid into a cold pump will cause 
uneven expansion of internal parts 
with rcsulLant pump wear or failure. 
If the system in which the pu111p is 
used does not allow a gradual in· 
crease in liquid temperature, then 
an auxiliary means of heating is re
quired. Type GRJ pumps incorporate 
an integral system jacket in the pump 
body. This can be used to preheat 

the pump and melt any liquids such 
as Lars and asphalt which might so· 
lidify in the pump <luring shut clown. 
The GRJ steam jacket is desig11ed for 
150 PSI maximum pressure and lllay 
be used with steam or heat lra11sfer 
oils. Maximum temperature for steam 
is 350°F. and for heat tra11sfer oils, 
500°F. Steam jackets arl' normally 
used for start up only. Once the 
pump is running the liquid mo\'es 
thru too fast for the steam jacket to 
heat it any significant amount. 

LUBRICATION 

The roller bearings in the GR type 
pump are lubricated by the liquid 
being handled and consequently re
quire no ad~litional lubrication. 

The adapter type inl10ard l,all l,car· 
i11g in types GRMI and GHWMI 
should be lubricated with a good 
grade of No. 2 !:011~i~tc11cy !,all bear
ing grease. The frequency of luhrica
tion depends on the operating comli
tions. As a guide, under conditions 
of normal duty, 8 hours daily, hear
ings should be re-lubricated approxi
mately every 1000 hours. 

-

-
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GENERAL 

Most type GR Rotary Pumps are 
similar as regards arrangement and 
maintenance of impeller gears, bear
ings and other internal parts. The 
main differences are in stuffing box 
or mechanical seal configurations. 
Maintenance of these are CO\'ered in 
the first three parts of this section. 

Throughout this section the word 
"Outboard" refers lo the end of the 
pump furthest away from the driver 
or sheave. The "Inboard" end of the 
pump is the end opposite the out
board end. 
When reassembling any pumps with 
cast steel casings it is recommended 
that impeller gears and sideplates be 
coated with a Molybdenum disulphide 
based lubricant to prevent any tend
ency toward galling failure on inijal 
~tart up. 

TYPES GR, GRW, GRJ, GRL, 
GRWL, GRJL, GRH, GRHJ, 

GRHL, GRHJL 
Disassembly: To open pump for in· 
spcction, hack off oulhoard sidcplate 
(] 2] 2 J with jack screws pro\'i ded 
for this purpose. Be sure to remove 
coupling or sheave from driving 
shaft. Both rotation assemblies can 
now he removed from the outboard 
side. 
Assembly: Reverse the above proce
dure. Care should be exercised to ob· 
tain good alignment of parts. Dowel 
pins have heen provided t_o. insure 
this. The metal to metal 10ml be· 
tween the pump hody and sicleplates 
shoulrl lw made up with a thin coal 
of locktih· anti-sc·izl' eompo1111d with 
molysulfid,·. 

SECTION Ill 

MAINTENANCE 

Packing Procedure: Before packing, 
rotate shaft by hand to be certain 
there is no binding. 

Clean the stuffing box. 

Insert the rings one at a time. Each 
ring should be firmly seated, by 
tamping as it is applied. Ring joints 
should be staggered at least ninety 
degrees. When it is not possible to 
slide the packing over the end of 
the shaft, twist each ring sideways to 
avoid damaging the packing. 

When the stuffing box is full, the 
gland should be tightened with a 
wrench to seat the packing firmly, 
then back off the nuts and run them 
up finger tight. 
Do not tighten the glands too tightly 
as a slight leakage is required to 
lubricate the packing. 

In repacking stuffing hoxes equipped 
with lantern glands, be sure that the 

lantern gland lines up with the inlet 
hole in the stuffing box. 

TYPE GRD 

Type GRD Pumps have two stuffing 
boxes. That is, in place uf bearing 
cover ( 1216) there is another stuff
ing box ( 701), packing and exten· 
sion of the driving shaft ( 1271). 

This type of pump, which is used for 
certain special applications, is sub
ject to the same maintenance pro· 
cedures as type GR except that there 
are two stuffing boxes which require 
attention. 

TYPES GRM, GRW M 
General: The stuffing box for the GR 
or GRM, GRW or GRWM is identi· 
cal. Therefor«c, it is possible to equip 
a new GR or GRW pump with me
chanical seal. 

Disassembly: Remove ¼ in. pipe 

STUFFING BOX DIMENSIONS !in inches)* 

PUMP 
SIZE 

1 ½ GR 
GRH 

2 GRW 

2 GR, 

2½ GRW 

2½ GR 
3 GRW 

3 GR-4 GRW 

4 GRH, 4 GR 

--------- ----- -------.---- --- - - - - - -----
STFG. BOX DEPTH -

SHAFT STFG. BOX ALL EXCEPT STFG. BOX DEPTH 

DIA. BORE DIA. TYPE GRL, GRJL TYPE GRL-GRJL 
-- ------------- -I-----------------.C..------11----------j 

.938 1.562 2.000 4.000 

1.250 1.875 2.250 4.750 

1.875 2.625 3.250 5. 125 
-------+----- ----+------

5 GRW 2.000 3.000 3.750 6.250 
-----+----- -·- ---· ---- -- ------------f-------------1 

5 GR 2.750 3.750 3.750 6.250 
-- ---~---+-- ---------------~--1 

3.500 4.750 I - 4.500 7.250 
---------------- ___ L_ ___________________ ~ ·----·-- ------

•Type GRMf, GRWMI, GRHMI does not have a conventional stuffing box (see sedionoJ) 

fig. 8 

TYPE GR NO. 1 ½, 2, 2½, 3, 4, 5, 6 t 
TYPE GRW NO. 2, 2½, 3, 4, 5 t 

REFERENCE PART NUMBERS 

8 WORTHINGTON 
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174 STUFFING BOX GLAND 

701-701 A STUFFING BOX 

794 STUFFING BOX PACKING 

12 l 1 

121 2 

PUMP BODY 

SIDE PLATES 

1216 BEARING COVER 

1271 DRIVING SHAFT 
-------- -·-

1272 DRIVEN SHAFT 
1-----------j------- ------- --- .-- -

1273 IMPELLER GEARS-DRIVING 
------- ----------

l 273A IMPELLER GEARS-DRIVEN 

1----1-2-96--t--R-O-LL-ER BEARINGS-COMPLETE 

1318 LANTERN GLAND 

tSizes 1 ½, 2, 2 ½ ( Early Types) hove Single

Row Bearings. 

Sizes l ½, 2, 2 ½ (late Types) 3-6 Double

Row Bearings. 

( 

( 

( 
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TYPE GRL, GRWL, GRHL, GRHJL, 
GRJL NO. 1 ½ - 6i" 

SECTION THROUGH JACKETED STUFFING BOX 

WA"Tl.ll JACKl[T 

2!:!..!.!J.! 

tSizes 1 ½, 2, 21/, (Early Type,) hove Single-Row Bearing,. Sizes 1 ½, 2, 2½ (Lale Types) 3-6 hove Double-Row Bearings. 

Fig. 10 

REFERENCE PART NUMBERS 
174 STUFFING BOX GLAND 1271 DRIVING SHAFT --------·----------------- -------->-------------·~------ ----701-701 A STUFFING BOX 1272 DRIVEN SHAFT 
719 FILLER PLATE 1273 IMPELLER GEARS-DRIVING >---------- t----------------------1H-------+---------------- --794 STUFFING BOX PACKING 1273A IMPELLER GEARS-DRIVEN ~---------------•---------------------1+------+---------------· 1211 

121 2 

1216 

PUMP BODY 

SIDE PLATE 

BEARING COV£R 

1216 1212 

1296 1272 

1296 ROLLER BEARINGS-COMPLETE 

1318 LANTERN GLAND 

TYPE GRH NO. 1 ½, 4, 6 

1211 1273 1296 701 794 174 

I RY.1572!3 

1273A 719 1271 
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pluf'. on top of stuffmµ: J.ox castin1,;. 
LmN'II sc•t ~nt>w holdin1,; seal collar 
(4221 toshaft. (F'ig.14) 
He move stufling box gland (174) 
and floating seat. 
Carefully slide mechanical seal as
sembly and spring (729) off shaft 
(1271). 

Back off outboard sidcplate ( 1212) 
with jack screws provided for this 
purpose. 
Remove coupling from driving shaft. 
Both rotating assemblies can now be 
removed from the outboard side. 

Assembly: The pump can he asscm
hlc·d hy H'V!'rsing the- ahovr pron·· 
dun·. S111·,·•·"f11l op,·rnlio11 is clqw11d
<'nl upon prnper inslallatio11 of the 
mechanical ~eal. The following is a 
guide for in~talling seals: 

l. Keep all parts clean. Do not use 
dirty rags for wiping surfaces. 

2. Examine driving shaft ( 1271 I 
carefully and remove any sharp cor
ners or burrs. 

3. If stuffing box has not been drilled 
and tapped for collar set screw 
wrench, drill and tap per tabulation 
shown in Fig. 12 and 13. 

4. Assemble floating seat to stuffing 
box gland as shown in Fig. 12. Make 
sure that the synthetic rubber ring 
is tight against the shoulder of the 
floating seat, with rounded outer 
edge at the rear to facilitate inser
tion. The ring is assembled this way 
when shipped. Oil the outer surface 

of the scat rinp; and push the as~em-
1,ly into the gland cavity, seating it 
firmly and squarely. A brass or 
hakelite sleeve which will contact the 
outer edge of the floating seal, not 
on the lapped face should be used. 

Fig. 12 DY-102209 

The sleeve diameters required for the 
various size pumps are listed in the 
table ffig. 16) under GRMI and 
GRWMI pumps. 

5. Assemble the seal collar ( 422) to 
the driving shaft ( 1271) as indicated 
in the tabulation. After tightening 
the set screw, plug the opening with 
a ¼ in. pipe plug. 

6. Assemble seal ( 729) lo driving 
shaft ( 1271). Put spring on shaft 
as shown on seal sectional drawing. 

Oil shaft and slicll' the· lwll,rns and 
wa,lwr asscmhly on tlu· shaft just 
far e11uugh to center on th<" spring. 
7. Assemble gland to stuffing Lox. 
Before doing this, clean and oil l,oth 
sealing faces. With gasket (42) in 
place, sli<le gland into place and pull 
in evenly with gland bolts. 

--------
PUMP SIZE A B 

~ 

1 1/2 GRM 1-21 /32 1-51 /64 

2 GRWM 1-21 /32 1-51 /64 

2&2½ GRM 1-9/16 1-3/4 

2½ & 3 GRWM 1-9/16 1-3/4 

3 GRM 2-9/32 2-15/32 

4 GRWM 2-9/32 2-15/32 

4 GRMII. 5GRWM 2-9/32 7-15/32 

5 GRM 2-25/32 3-1 /32 

6 GRM 3-7 I 32 3-1 /2 

Fig. 13 

TYPES GRMI, GRWMI 
General: The mechanical seal. in
board bearing head and shaft of the 
type GRMI and GRWMI pumps are 
interchangeable with the type GR 
and GRW stuffing boxes and shafts. 
Therefore, it is possible to disa5sem
hle a GR or GRW pump and rebuild 
it as a GR1.1I pump or GRWMI 
pump with a new driving shaft. 
Disassembly: Back off the lock nut 
on the adapter type bearing ( 7281. 
(Fig. 15) 
Remove the nuts which hold the in
board bearing head (730) to the 
sideplate ( 1212). 
Tap off the inboard bearing head. 

TYPE GRM NO. 1 ½ - 6* 
TYPE GRWM NO. 2 - 5* 

REFERENCE PART NUMBERS 

42 GASKET 1/32 THICK 

153, GLAND BOLT 

174 STUFFING BOX GLAND 

422 SEAL COLLAR 
--

701 STUFFING BOX 
-------~ ----- -·--------

729 JOHN CRANE BELLOWS SHAFT SEAL 
--------

1211 PUMP BODY 

I 21 2 SIDE PLATES 
l------- --·-· ------ -~------ -----------

I 216 BEARING COVER 
---

1271 DRIVING SHAFT 
--~- ------- -----------------

1272 DRIVEN SHAFT 
---- -----" ------

1273 DRIVING IMPELLER GEAR 
------ -------------

1273A DRIVEN IMPELLER GEAR 
.. -------- -·--- --

Fig. 14 DX-101238 
1296 ROllER BEARINGS-COMPLETE 

L__ ________ - ·-- ---- --- --- --- ----------- ----
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Tlit" adaJ>lrr tqie hearin~ and ta
pered , .. Jecn~ will l'Ome off with the 
head. 
Carefully temovc sc:al parts from the 
shaft. 
Back off the outboard sideplate 
(1212) with jack screws provided 
for this purpose. 
Remove sheave or pulley from driv
ing shaft. 
Both rotating assemblies can now be 
removed from the outboard side. 

Assembly: To assemble pump, re· 
verse the ahove procedure. Success
ful operation is dependent upon 
proper installation. The following is 
a guide for installing seals and 
adapter type bearings: 
1. Keep all parts clean. Do not use 
dirty rags for wiping surfaces. 
2. Remove any burrs on the finished 
surfaces of the inboard bearing head 
(730). 
3. Examine shaft (1271) carefully 
and remove any sharp corners or 
hurrs. 
4. Assemhle floating seat to inboard 
bearing head. Make sure that the 
synthetic rubher ring is tight against 
the shoulder oJ the floating seat, w'ith 
rounded outer edge at the rear to 
facilitate insertion. The ring is as
~(·nd,led this way when $hipped. Oil 

the outer surface of the seat ring and 
push the assembly into the inboard 
bearing head cavity, seating it firmly 
and squarely. This cavity is rather 
deep, therefore, it is not possible to 
insert the floating seat with the fin
gers. It is necessary to use a brass or 
bakelite sleeve which will make con
tact on the outer edge of the floating 
seat, not on the lapped face. Table 
ffig. 16) lists the sleeve diameters 
required for the different size pumps. 
5. Assemble seal ( 729) to shaft 
(1271). Put spring holder and spring 
on shaft as shown in seal sectional 
drawing (Fig. 17). Spring must be 
centered in the holder. (The No. l½ 
GRMJ requires a I in. I.D. x I¼ in. 
O.D. x ¼ in. thick spacer ring be
hind the spring holder). Oil shaft 
and slide the bellows and washer as-

PUMP SHAFT 
SIZE SIZE ---------

1 Y2 GRMI 15/16 
2 GRWMI 15/16 
2 & 2 Y, GRMI 1-1 /4 
2Y, & 3 GRWMI 1-1 /4 
3 GRMI 1-7/8 
4 GRWMI 1-7 /8 
4 GRMI 2 
5 GRWMI 2 
5 GRMI 2-3/4 
6 GRMI 3-1 /2 

-· 
,, __ .. -- -- -

sembly along the shaft just far enough 
to center on the spring. Do not com
press the spring. 
6. Assemble inboard bearing head to 
pump sideplate ( 1212). Before do
ing this, thoroughly clean and oil 
both sealing faces. With gasket (734) 
between sideplate and inboard bear
ing head in place, slide the inboard 
bearing head on the shaft ,md press 
it in as far as it will go. With the 
bearing head in this position, line up 
the dowel pin holes and drive in the 
dowel pins. Run up and tighten the 
holding nuts. This operation will in
sure correct spring pressure on the 
seal. 
7. Assemble adapter type ball bear
ing ( 728) to shaft and inboard 
bearing head. The bearing must be 
a sliding fit in the housing. Before 

SEAL SLEEVE 
SIZE •I. D. 0. D. 

S-937 1-3/8 1-5/8 
S-937 1-3/8 1-5/8 
S-1250 1-11 /16 1-15/16 
S-1250 1-11/16 1-15/16 
S-1875 2-3/8" 2-5/8 
S-1875 2-3/8 2-5/8 
S-2000 2-l /2 2-7/8 
S-2000 2-l /2 2-7 /8 
S-2750 3-3/8 3-7 /8 
S-3500 4-3/16 5 

-·· --·--· ---
Fig. 16 

TYPE GRMI NO. 1 ½ - 6* 

TYPE GRWMI NO. 2 - 5* 
· REFERENCE PART NUMBERS 

Ak-155208 

Fig. I 5 

1.2.3-12 

728 MRC. ADAPTER TYPE BEARING 
1--------1-- -----------------

729 JOHN CRANE BELLOWS SHAFT SEAL ------·--- - --------------------
730 ,_INBOARD BEARING HEAD 

\ 

734 INBOARD BEARING HEAD GASKET 

1211 PUMP BODY 
-·----

1212 SIDE PLATES 
- --~---------------------
1216 BEARING COVER 
----- -- -------------·--------, 
1271 DRIVING SHAFT 

1272 DRIVEN SHAFT -----1----------------- --
1273 

l 273A 

1296 

DRIVING IMPELLER GEAR 

DRIVEN IMPELLER GEAR 

ROLLER BEARINGS-COMPLETE 
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assembly the bearing should be 
slipped into the housing bore to 
check that the fit is correct. If neces· 
sary buff out the bore to insure a 
sliding fit. Avoid all dirt and other 
foreign matter between the bearing 
and adapter sleeve, and between the 
sleeve and shaft during application. 
The bearing should be slid along the 
shaft into the housing. Since the 
bearing fit has been lined up with the 
shaft and dowelled into position, the 
bearing should slip in freely. The 
shielded side of the bearing should 
line up approximately with the end 
of the housing. When the hearing has 
hecn placed in this position, lighten 
the bearing lock nut by hand or with 
a spanner wrench until it is just up 
against the inner ring of the bearing. 
Further tightening is accomplished 
by tapping the end of the spanner 
wrench with a hammer. If a spanner 
wrench is not available a hammer 
and drift pin can be used. The nut 
should not be drawn up too tightly 
since this expands the inner race of 
the bearing and will cause the bear· 
ing to bind. Turning the shaft by 
hand will detect any undue binding. 
After the bearing has been drawn up 
tight enough, one tang on the lock
washer should be bent over into a 
corresponding slot in the lock nut. 
8. Luhricate MRC adapter type bear· 
ing through alemite fitting ( 797) 
with a good grade o"f # 2 consistency 
ball hearing grease. 

RELIEF VALVES 
A relief valve and bypass piping is 
an optional extra available on all 
type GR pumps size l½-3 and GRW 
size 2-4 with exception of steam jack
eted l)'J)(' GRJ pumps. 
The relief valve is set by removing 
the cap and adjusting the compres· 
sio.n ffrew. Plus or minus 207< of 
original specified pressure is the nor· 
mal range of adjustment of these 
valves. Beyond this the spring should 
be changed. Maximum operating 
pressure for relief valves is 300 PSI. 
These relief valves are safety valves 
and are not recommended for con· 
tinuous bypass service. Prolonged by· 
passing with a closed discharge line 
can result in excessive heating and 
possihle pump failure. 

MECHANICAL SEALS 
General: Mechanical seals are preci
sion products. Great care must be 
used in assembling the seal parts. In 
handling, do not let the carbon seal
ing face drop; ancl take parlirular 

12 WORTHINGTON 

SECTION OF TYPE GRMI-GRWMI MECHANICAL SEAL 

Holder Seal Face 

Spring Floating Seat 
Fig. 17 

care not to scratch the faces of the 
seal face or stationary seat. 
When a seal has been dismantled for 
examination it is practically impos· 
sible to reassemble the parts into 
their original position. Seal face and 
stationary seat must be relapped or 
replaced before reassembly. 

Seals must never be run dry. In some 
instances a short period of 011eration 
is required to clear up slight leakage. 

RECONDITIONING SEAL FACES , · 
Carbon Seal Face: This part as re· 
ceived from the factory should be a 
perfectly lapped face. If the seal face 
is slightly marred it is possible to 
recondition it. The materials needed 
are: a flat plate such as a lapping 
plate or a piece of plate glass and 
fine lapping paper such as No. 600 
Minnesota Mfg. Co. grinding paper. 
The lapping paper should be held 
flat against the lapping plate, mak
ing sure that no foreign material is 
under it. 
Lapping of the seal face is accom· 
plished as follows: 
1. Press the seal face very lightly 
hut firmly against the lapping paper 
and describe a series of ahout five 
figure eights. During the lapping 
JHucess maintain an even pressure, 
keep the seat flat and avoid rocking. 

1.2.3-13 

2. Rotate the seal face 90 deg. and 
describe five more figure eights. 
3. Repeat this procedure at 90 deg. 
intervals until the face is cleaned up. 
4. Wipe off with a clean cloth satu· 
rated in solvent. 

Fig. 18 

Since the carbon ring is quite soft it 
should not be necessary to make very 
many strokes to obtain a lapped face. 
After this operation the carhon face 
will have a dull appearance, hut a 
short run in the pump will produce 
a highly polished surface. 

Stationary Floating Seat: The same 
procedure applies for this surface. 

C 
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Since the malerial is cast iron, more 
strokes will be required to ohtain a 
lapped face. 

BEARINGS 
Life of GR pump hearings depends 
JJrirnarily upon discharge pressure, 
liquid viscosity, proper installation 
of the pump and to a lesser extent 
upon speed and temperature. On 
most applications conditions are such 
that hearing life is many years. 
Wlwrc high dis<·hargc pressures and 
oilier 'faclors co111l,ine to JJro<h.ce 
h<~aring lifl' of only a fow thousand 
hour~ a rq!ular preventive mainte
nance program should be followed. 
Your \Vorthington Hepresentative 
can provide hearing life information 
which will serve as a guide for regu
lar hearing inspection and replace
ment. 

Bearing clearances and the phy~ical 
appearance of the bearings are a 
guide to their condition. Assemhle<l 
internal clearance in a new hearing 
\\'ill vary from an average of .0005 
in. in a P,".! GR to an average of 
.oms in a 6 GH. When a pump 
bearing fails due to fatigue the first 
stage is pitting of some of the rollers. 
This is follo\\'ed by pitting of inner 
and ouler races and a slight increase 
in ,.J.,arance Ion IIH' onl1;r of .001"
_0()2"). This inkrnal clearan,.c <'an 
lw 111,•asured with a feeler gauge l,e
tween the O.D. of the inner race and 
a roller on the slack side of the bear
ing. At this point the bearings should 
he replaced. If l1earings conlinue to 
deteriorate, wear of gears, body and 
sideplate will follow. 
With poor lubricants or abrasives 
l,earing life i~ shorter than with good 
lubricants and is quite unpredictable. 
In this siluation wear of races and 
rollers will progress at a steady rate 
and there may he no fatigue pitting 
at all. l'nder such conditions, any de
velopment of poor performance or 
increased pump noise may be a sign 
of bearing failure. The individual 
user's experience in such situations 
should be a guide ta future prc
,·enti,·e mainlenance. 

SERVICE TO BEARINGS 
Bearing clearances can be checked 
with a feeler gauge by removing 
stuffing box ( 701) or inboard bear
ing head ( 730) and hearing cover 
f 1216). Visual examination of hear
ing races anrl rollers requires rP· 
1110ml of ~id,·plates ( 1212). The hear
ing outer race and roller assembly 
is a "Tap" fit in the sideplate. The 

ROTARY PUMP BEARINGS 

MAIN ROLLER BEARINGS 
---· --··- ----- --- ·-- ·---~------- INBOARD ADAPTER BEARING 

TYPE & SIZE PUMP HYATT ROLLER 
BEARING NO. 

TYPE & 
SIZE PUMP 

MRC ADAPTER 
BEARING NO. 

I ½ GR, GRM, GRJ, GRMI
Early Type• 

A5205 TS I½ GRMI 
2 GRWMI 

206 SFXY 

2 GRW, GRWM, GRWMI-

Early Type' ____ ~-_-·---+--
1 ½ GR, GRM, GRJ, GRMI, A6205 TS 

I½ GRH 
Late Type• 

2 GRW, GRWM, GRWMI
Late Type• 

2 GR, GRM, GRJ, GRMI
Early Type• 

A5207 TS 2 GRMI 208 SFXY 

2½ GRW, GRWM, GRWMI
Early Type• 

2 ½ GR, GRM, GRJ, GRMI
Early Type• 

J GRW, GRWM, GRWMI
Early Type• 

2½ GRWMI 

2½ GRMI 
J GRWMI 

2 GR, GRM, GRJ, GRMI-- A6207 TS 
late Type' 

2½ GRW, GRWM, GRWMI-
Late Type• 

2½ GRW, GRWM, GRWMI-
Late Type' 

2 ½ GR, GRM, GRJ, GRMI
Lale Type• 

J GRW, GRWM, GRWMI

-- _ Late Type• __ -·---

J GR, GRM, GRJ, GRMI A6210 TS J GRMI 211 SFXY 
4 GRW, GRWM, GRWMI 4 GRWMI 

4 GR, GRM, GRJ, GRMI, GRH A6212 T~ 4 GRMI 21 I SFXY 
5 GRW, GRWM, GRWMI 5 GRWMI 

5 GR, GRM, GRJ, GRMI A6214 TS 5 GRMI 216 SFXY 

6 GR, GRM, GRJ, GRMI, GRH A62l9 TS 6 GRMI 220 SFXV 

*Eo,ly type are serial numbers below and. late type ore serial numbers above the following: 

1 ½ GR-A 195282; 1 ½ GRIii-A 198216; 1 1/, GRMI-A 199150; 1 ½ GRJ-A206200; 2GR-A 196830; 
2GRM-A 199317; 2GRMI-A 198340; 2GRJ-A 199475; 2 ½ GR-A 10990; 2 ½ GRM-A 12193; 
2 1/,GRMI-A12199; 2 1/,GRJ-A10994; 2GRW-A199450; 2GRWM-A199120; 2GRWMI
A192170; 2 1/,GRW-A199848; 2½GRWM-A208400; 2'1,GRWMI-A208410; 3GRW-A6858; 
3GRWM-A 12260; 3GRWMI-A 12263. 

Fig. 19 

inner races may he removed by press
ing the impeller gears off the shafts 
with a hydraulic press. Because the 
gear I.D. is smaller than the bearing 
race O.D., the race is pushed ahead 
of the gear. Races may also be re
moved hy grinding. This latter meth
od is the only way to remove inner 
races from 1 ½ GR and 2 GRW 
shafts, since the races are smaller 
than the gear bores on these sizes. 

New bearing inner rat:es are in
stalled on shafts by preheating to 
300-350° F. A press may be used 
for size 6205 and 6207 bearings, hut 
this method is not recommended for 
larger sizes. Holler hearing outer 
races are a tap fit in the sideplates. 
During installation, he C'areful not to 
dent the roller retainers. 

-Carbon sleeve liearings sometimes 
used in place of roller 1,earings can 

1.2.3-14 

he, qire~sed into the sideplates t:old. 
However, it is heller to heat the side
plate in an oven to :350') l,efore 
pressing. This will reduce the possi· 
bility of bearing misalignment due 
to shaving material off one side of 
the !,earing O.IJ. 

IMPELLER GEARS AND OTHER 
INTERNAL PARTS 

In a new pump adequate clearance 
is provided lo prevent t:011tact he
tween impeller gears and ca,i11g. In 
advanced stages of hearing failure, 
however, the impeller gears will con
tact and wear the suction side of the 
body and, if hearing wear is uneven, 
one or hoth sidcplates. Wear of gears 
and sideplates will he accelerated, 
and may prece<fo licaring failure when 
liquid pumped is abrasive or a poor 
luliricant or when drive or piping 
mi~alignments exist. Wear of these 
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internal surfaces will be reflected in 
reduced pump capacity, failure to 
produce desired pressure in system, 
cxn•s,-;ivl· priming lime and in !'Ollle 
i·nsrs an i11nt·ase in noisr level of 
p11111p. 

Service lo internal parts of a GH 
pump consists of renewal of clear• 
ances and wearing surfaces of gears, 
sideplates and body. Fig. 20 gives 
maximum new pump clearances and 
mmunum gear dimensions for each 
size pump. This will serve as a guide. 
A pump may he quite satisfactory 
with greater clearances if pressures 
are moderate. 

Impeller gears and bodies generally 
must he replaced when worn exces· 
sively. Remachining to new clear• 
ances is beyond the capability of 
most shops. Reversing the gears and 
running on the unworn side of the 
teeth will not provide any improve· 
ment in performance, but may tern· 
porarily forestall deteriorating per· 
formance. Hc\'l·rsing a worn l,ody 
may pro\'ide a slight improvement. 

Sideplate wear many he corrected by 
resurfacing up to .060", however, the 
average machine shop is not equipped 
lo do this economically with the re· 
quired degree of accuracy ( within 
.0002" per inch of sideplate diam· 
eter). If resurfacing is attempted it 
will he necessary lo restore the six 
small radial oil grooves surrounding 
each shaft hore to their original 
proportions, including the radiused 
edges, unless wear plates or filler 
plates are to be fitted. 

Replaceable wear plates of a self· 

We list below the most frequent 
causes of trouble with Rotary Pumps. 
The operator can often avoid un· 
nccefsary expense by careful consid· 
eration of the points outlined. 

1. THE PUMP FAILS TO DISCHARGE 

a. Stop pump immediately. 

b. Not properly primed. Reprime 
from discharge side. Keep discharge 
air vent open until liquid hegins to 
discharge. 

c. Wrong direction of rotation. Re· 
\'erse wiring at motor_ 

d. Speed loo low. Entire pump ca· 
pacity slips through clearances. 

14 WORTHINGTON 

lubricating phenolic laminate materi· 
al are an option availahle for all 
pumps except type GHH and pumps 
operating over 250° F. These sand· 
wid1 b!'lwc1·11 the p11111p l,ody (12111 
1111d l,oth sideplules ( 1212) 1111cl pre· 
sc11t an excellent w1·11ri11g surface to 
the face of the impeller gears. These 
are easily replaced when worn and 
can be installed in a pump _in the 
field not originally so equipped. 
Since these wear plates will flex un· 
der pre~sure, they must have a solid 
hacking and should not be used over 
a worn sideplate or reversed when 
worn themselves. 

liquid heing pumped, operating con· 
ditions, isolated locations, etc. In 
general, however, a set of bearings 
and ~lulling hox pal'ki11g or a me· 
cha11ical seal asseml,ly is .id,•1j1J;1te. 
Where service is severe, a co111plet1~ 
rotati11g assembly, co11sisting of im· 
peller gears, shafts, bearings and 
packing is recommended. 

ORDERING REPLACEMENT PARTS 

When ordering replacement parts or 
writing for any information not giv· 
en in the foregoing instructions, al· 
ways give the pump serial number 
and size as shown on the nameplate. 
Itemize each part required using the 

RECOMMENDED SPARES reference No. and the name of part 

The type and quantity of spare parts in the sectional drawing that applies 

will naturally vary with each appli· to your pump. Be sure to state the 

cation dependent upon the type of number of pieces desired. 

INTERNAL DIMENSIONS 
-·-·---····-·-- -· --- - ·-- --- --- ... - --- - ------------- ---- - .. -- -----·---- -- - ---

MAX. DIAM. 
PUMP MAX. END CLEARANCE MINIMUM MINIMUM 
SIZE CLEARANCE AROUND GEARS GEAR WIDTH GEAR DIA. • ---- .. 

I½ GRH n, .0045 .009 1.924 2.771 
1½ GR .0035 .009 2.748 2.771 
2 GRW .0035 .009 3.498 2.77\ 
2 GR .0035 .011 2.748 3.465 

2½ GRW .0035 .011 3.498 3.465 
2½ GR .005 .011 4.247 3.465 
3 GRW .006 .011 5.997 3.465 
3 GR .006 .012 4.996 4.62\ 
4 GRW .006 .0\ 2 7.62\ 4.62\ 
4 GRH (2) .0085 .0125 4.897 5.556 
4 GR .0065 .0125 6.996 5.556 
5 GRW .0075 .0125 10.495 5.556 I 

5 GR .0085 .018 9.994 6.947 

l 6 GRH (3) .0105 .018 7.197 9.259 
6 GR .0085 .018 11.994 9.259 

• Diameter cannot be measured with micrometer due to odd number of gear teeth. 

( l) Includes two .4115" min. filler plates 
(2) Includes two 1.049" min. filler plates 
(3) Includes two 2.398" min. filler plates 

Fig. 20 

SECTION IV 

LOCATING TROUBLES 

Change drive to increase speed. 
Check driver to see that it is up to 
rated speed. 

e. Va Ives closed or an obstruction in 
suction or discharge pipe. Open all 
valves. See that flange gaskets have 
the center cut out and that no ob· 
struction is across end of suction 
pipe. 

f. Strainer clogged. Remove basket, 
clean and be sure it has ample area. 

g. Suction pipe end not submerged 
in liquid. Increase length of suction 
pipe or raise liquid level in supply 
tank. 

h. Foot valve stuck. Check to see 

1.2.3-15 

that suction pipe has not been 
screwed into foot valve far enough to 
hold it closed. 

i. Suction lift too high. Check with 
vacuum gauge. 

j. Bypass open. Examine all bypass 
and return lines for open valves. 
Close them if open. A relief valve 
stuck open may bypass entire pump 
capacity. 

k. Air leaks in suction. Paint and 
tighten all suction pipe gaskets and 
threaded joints. Check stuffing box 
packing. 

I. Check valve and pressure backed 
up by hydraulic pressure Install an 

( 
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ai r-relcase ,·,1h I' I ll'I \\ <'l'n dwck ,·aln· 
,111d J'lllllfl. 

111. l'u111p 1,adh \lorn. Beplacc parts. 
Exccs~ivt' dearam:cs will cause slip 
equal lo JJUlrl)l displacement. 

2. PUMP IS NOISY 

a. Insufficient liquid supply. Increase 
suction pipe size and reel uce its 
length. Lown position of pump tu 
JJrcvenl cavilaliun. 

b. Air leaks in ~uction. Paint all 1,ipe 
joints, n·place faulty flange ga~kets, 
r<'paek ~1ufii11µ: !,ox to slop f'ra!'kling 
noi~1· du<' lo air in p11111p. 

e. 1'111111• 0111 of alig1111u·11I. Align 
,lrin· with 1111111p. H!'leas!' pipe flanges 
to dt'ler111i11e if tl1ey slrain pump cas
ing cau~ing metallic contact between 
rotating elements and casing. 

cl. High SJJOls on rotating elements. 
File or ,crape high spots that cause 
rotating elemeub to !,ind and pro
duce a noise sy11cliro11izecl with each 
re,·olution. 

e. Bent drive shaft. Replace shaft as 
it muses rotating de111ents to operate 
une,enly with consequent noise. 

f. Exce~si,·e pressure. Check pressure. 
Install a relief vah·e. 

g. Coupling out of 1,alance or align
ment. Align driver and pump lo pre-
1 enl couplinf! 1·un-r from slapping_ 

h. Hdil'f 1·ahc l'hattns. Change pres
~ure adjusl111ent or check size a11d 
type of relief rnlve. 

i. Excessive entrained or dissoh·ed 
air in liquid. 

3. PUMP WEARS RAPIDLY 

a. Abrasives in liquid. 

b. Pipe strain on pump casmg. Re
lca,e pipiug and align it in inde
J><'JHlent supporls lwfor<> c·onnccting 
lo pump. 

c. Pump operating ;,gains! excessive 
pressure. Install relief valve to pro
tect pump, or use a heavier duty 
pump. 

rl. Corrosion th at roughens rubbing 
~urfaces. 

e. Pump runs dry. Provide ample 
supply of liquid at all times. Do not 
allow pump to operate under condi-

lions where li11uid supply may fail. 

f. Severe ),ell drive or coupli11g mis· 
aligmnent. 

g. Excessive end thrust on driving 
shaft either from driver or !'oupli11g 
or fro111 improper positioning of side
plale plugs. I See "Direction of Ho
tation" Page 6.1 

4. PUMP NOT UP TO CAPACITY 

a. Suction lift too high. Bul,bles 
form to usurp part of pun1p displace-
1nenl. Check with vacuu111 gauge. 

I,. Sudinn slrai111:r partly i:loggc·cl ur 
of i11~uni,·i1·nl arc.1. Cl,•;111 11,t~ ~,:rl'Cll. 
If all danger of foreign 111aterial has 
passe<l and screen has insufficient 
area, move screen. 

c. Suction pipe ends i11su/T1ciently 
submerged so li11uid eddies and al
lows air to he drawn into pu111p. In
crease suction-pipe length lo obtain 
greater submergendes-

d. Suction pipe too small, too long, 
or has many fittings lo increase pipe 
friction abnormally and cause liquid 
to l'aporize. Simplify the suction line 
ancl increase its size lo reduce pipe 
friction. 

e. Stuffing hox improperly pad,cd ;;o 
that air is drawn in. Repack hox, 
tighten gland. Caution: Don't tighten 
enough to cause excessive packing 
wear and heating. 

f. J\ir leaks in suction pipiug. Paint 
all pipe joints. Heplace ga~kets \\'here 
neceosary. 

g. Speed too low. Check driver for 
speed and overload. Change drive 
speed ratio. 

h. Hand bypass or return line partly 
open. Close all hypass rnlves and see 
that they seat properly. 

i. Hclid rnh1· improperly ~cal1'.d or 
i11corffctly sci. HcgriJI(] rnlve <JII its 
seal. Be sure valve does not open un
til desired pressure is reached. 

j. Pump parts worn. Replace parts 
and adjust clearances to eliminate ex
cessive slip. 

S. STARTS, THEN LOSES ITS 
SUCTION 

a. Suction-line end not immersed 

1.2.3-16 

dcTp enough. l11crease suc.:lion-pipe 
length so liquid is not drawn down 
loo 11ear the end of pipe. 

IJ. Liquid vaporizes in suction line. 
Reduce suction lift so, as liquid ap· 
proaches tank bottom, it will not 
vaporize. 

c. Air or gas pockets in syslc111. He
duce size of pockets in suction sys
tem, or provide a partly open l,ypass 
to rnaintain pump prime. 

d. Air leaks in suction line. Check 
for air leakage into 1rn111p .,uc-tion. 

c·. Lic1uicl supply 1·xliaw,l1·d. Clu,ck 
suc·lion lank. 

6. PUMP TAKES TOO MUCH POWER 

a. Speed too high or ]i11uid heavier 
or more viscous than specified for 
pump. Reduce speed or l1eat li,juid 
to reduce viscosity. 

I,. Ol,struetion in discharge line 
causes pump to operate above rntcd 
pressure. If new installation, recalc:u
lale what the heads- should he. 

Include head due to friction lo~sc, in 
pipe and fittings. Check this head 
against rated pump head. ChPck head 
developed by fJUlllJJ with 1•n· 0 stue 
gauge. An ohstnwlion in di,,:hargc 
line or partly closed valve 111a\ in
crease lwad al,on, rrnnnal. If ·licad 
n1nnol 1,,, reduc,,d lo give ,,afe load 
011 motor, reduce pump speed "r in
stall larger motor. 

c. Stuffing box packing too tight. 
Check packing. If too tight, 111ake 
necessary acljust11ient •H replace 1iack
ing with correct type properly in
stalled. 

d. Shaft bent or out of aligmnenl. 
Check shaft, pump and motor align· 
ment. If ~haft i~ bent, straighle11 it 
or install a 11ew 011P. l'rc,perly align 
punip and 111olor. 

e. Hotaling clcmeut binds and wears 
excessively. Pipe connection out of 
line distorts the pump casing. Dis
connect suction and discharge piping 
to !;CC if they are in alignment. flange 
faces should he parallel and aligned 
axially without being forced. Support 
pipe separate from pump. Check fit 
of rotating parts to make sure they 
do not bind_ or have not 1rnrked 
endwise on slraft to rul.• casing. 
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- 1.2.4 Flash Tank Drain Pump 

1.2.4.l Identification 

-

-

Tag Number 

P307 

Description 

Flash Tank Drain Pump 

1.2.4.2 Description 

l.2.4.3 

1.2.4.4 

1.2.4.5 

l. 2.6 

Manufacturer: WorthJlngton Group, McGraw-Edison Co. 
14 Fourth Avenue 
East Orange, NJ 07017 

Part Number: 8H 38-2 Stage Vertical Pump 

Vendor 

~·.Jorthington 

Procurement Specification 

DOE Specification Number 40M700-6S, CP9 

Piping Connections 

DOE Dwg. N-. 40P7005133249, CP9 

OperationLMaintenance 

See following Worthington manuals: 

2400-EBC Instructions for Installation, Operation, Maintenance, 
and list of parts for Can Pumps 

2400-E2D 

2950-GL 

Instructions for Disassembly, Assembly, Maintenance, and 
List of part for pump bowl assemblies 

Instruction Leaflet, Medium AC Motors Vertical, High 
Thrust, P-Base 

1.2.4,1 
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INSTRUCTIONS FOR 

INSTALLATION, OPERATION, 

AND MAINTENANCE, 

AND LIST OF PARTS 

CAN PUMPS 
For Use With UHF Vertical Turbine Pumps 
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FOREWORD 

Worthington products are the result of more than a 
century of progressive study and development. Ad
vanced design, proper selection of materials, and 
precision construction reflect this wide experience. 
Worthington products will give trouble-free efficient 
operation with minimum maintenance and repair. 

This instruction book will familiarize management 
and operating personnel with pertinent details and 
proper procedures for the installation, operation, 
and maintenance of one of these products. 

Designate below your identification of the equipment 
for which this book applies. 

UNIT SIZE IDENTIFICATION NO. 

STUDY THIS INSTRUCTION BOOK 

The descriptions and instructions included in this 
book cover the standard design of the equipment and 
any common deviations when possible. This book 
does not cover all design details and variations nor 
does it provide for every possible contingency which 
may be encountered. When information cannot be 
found in this book, contact the nearest Worthington 
District Office. 

speed, pressure and temperature, nor otherwise than 
in accordance with the instructions contained in this 
ManuaL This equipment (or a prototype) has been 
shop tested and found satisfactory for the conditions 
for which it was sold, but its operation in excess 
of these conditions will subject it to stresses and 
strains which it was not designed to withstand. 

Do not operate this equipment in excess of its rated 

1.2.4-3 

Failure to heed this warning may result in an acci
dent causing personal injury. 
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SECTION I 

INTRODUCTION AND GENERAL DESCRIPTION 

1-1. INTRODUCTION. 

1-2. The Worthington Vertical Turbine Can Pumps 
are designed for those services where the available 
energy, Net Positive Suction Head, is limited. By 
installation in a suction can of sufficient depth, part 
or all of the Net Positive Suction Head required for 
satisfactory operation is built into the unit. Vertical 
construction of this equipment requires a minimum 
of floor space. This book contains instructions for 
pre-installation, installation, operation and mainten
ance, and list of parts for the pump. 

1-3. GENERAL DESCRIPTION. 

1-4. Basic components of the vertical can pump unit 
(figure 1-1) are the driver, the discharge head, the 
column pipe, the pump bowl assembly and the suction 
can. The pump components are normally assembled 
at the factory and shipped ready for installation. The 
drivers are shipped separately to prevent damage to 
the pump top shaft and driver bearings. The suction 
can is also shipped separately. 

1-5. DRIVER UNIT. 

1-6. Driver units are supplied in a variety of types 
and sizes to meet a wide range of operating require
ments. Electric motors, of the vertical solid shaft 
type, are most commonly used. Flanged couplings 
are used with solid shaft drivers. 

1-7. PUMP HEAD. 

1-8. The pump head is a sturdy fabricated steel 
structure which supports the pump and driver on the 
foundation. Two types of pump heads are available, 
T type and L type. The T type provides a discharge 
port which couples to the discharge piping and a suc
tion port which couples to the suction piping, receives 
the liquid to be pumped and directs it to the suction 
can. The L type provides a discharge port only. The 
suction port is located below ground on the suction 
can. Sealing of the shaft in the pump head is accom
plished by either a stuffing box with packing or a 
mechanical seal. 

1-9. STUFFING BOX. 

1-10. A pump with shaft sealed by packing usually 
employs a stuffing box sleeve and a stuffing box which 
houses the rings of packing, seal cage and stuffing 
box bearing. A gland bolted to the stuffing box is 
adjustable to compress the packing to the desired 
tightness about the shaft. stuffing box may, on specj.al 

1.2,4-6 
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occasions, be supplied with a water cooled jacket. 

Connections to the seal cage and water jacket (if the 

latter is used) and packing maintenance are described 

in Sections m and V. Stuffing box bearing replace

ment is described in Section m. 

1-11. MECHANICAL SEAL ADAPTOR. 

1-12. A pump with shaft sealed mechanically em

ploys a mechanical seal adaptor of cast construction 

which houses the mechanical seal and mechanical 

seal bearing. Details of the seal and its maintenance 

are described in Sections III and V. 

1-13. BOWL ASSEMBLIES. 

1-14. Bowl assemblies are designed to operate com-

pletely submerged in the suction can. A suction bell 

is usually provided to reduce suction losses. Special 

bearing material may be used dependent on the liquid 

being pumped. For details on bowl assemblies, refer 

to the applicable instructions book listed below: Con

struction may differ slightly due to design and ma

terial requirements. 

a. 6" - B" BOWL ASSEMBLIES 
Handbook No.2400-E2B 

b. 10" - 15" BOWL ASSEMBLIES 
Handbook No. 2400- E3B 

c. 16" and LARGER BOWL ASSEMBLIES 
Handbook No.2400-E4B. 

SECTION II 

PRE-INSTALLATION 

2-1. INSPECTION OF EQUIPMENT. 

2-2. All parts should be inspected upon receipt for 

damaged or missing components. Any deficiency 

should be reported to the local agent of the company 

responsible for transporting the equipment. 

NOTE 

Components, parts and accessory parts are 

sometimes placed in shipping containers in 

individual packages. Thoroughly inspect all 

wrappings and crates for attached parts be

fore discarding. 

2-3. STORAGE. 

2-4. The unit is shipped in condition for immediate 

installation. If interim storage of the unit is required, 

carefully select storage space so that the unit is not 

subject to excessive moisture, extreme weather con

ditions, corrosive fumes, or other harmful storage 

conditions. If the duration of storage is expected to 

be extensive, the unit should be examined from time 

to time and cleaned when required. 

2-5. CLEANING PRIOR TO INSTALLATION. 

2-6. Flush the pump thoroughly with clean water 

before installing. Remove any rust spots from ma

chined surfaces with fine grade of emery cloth. Clean 

all threaded surfaces and attaching hardware of dirt 

or grease. 

SECTION Ill 

INSTAL~A TION 

3-1. LOCATION OF EQUIPMENT. 

3-2. Place the pump where it is easily connected 

to a simple discharge piping arrangement, and is 

accessible for periodic inspection. There should be 

ample head room to allow the use of an overhead 

crane or other lifting device with sufficient capacity 

to handle the assembled pump and the pump motor 

individually. 

3-3. FOUNDATION. 

3-4. The foundation may consist of any material that 

2 
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will afford permanent, rigid support to the full area 

of the pump supporting member and will absorb ex

pected stresses and shocks that rnay be encountered 

in service. 

3-5. Concrete foundations should be level and built 

on solid ground. Foundation bolts of the specified 

size should be located according to the pump can 

flange template drawing. Each bolt should be sur

rounded by a rigidly held pipe. 

3-6. When the pump unit is mounted directly on 

structural steel framing, it should be located directly 

( 
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over or as near as possible to the main building 
members beams or walls. The baseplate should 
be bolted' to the ~tee! supports to avoid distortion, 
prevent vibration, and retain proper alignment. 

3-7. EQUIPMENT REQUIRED FOR INSTALLATION. 

3- !I. Equipment required for installation includes: 

a. Dial indicator with clamp. 
b. Foundation nuts and bolts, when necessary. 
c. Leveling apparatus such as wedges or shims. 
d. Suitable derrick, tripod, or crane with chain 

hoist or similar equipment having a hook and swivel. 

' 

I: 

Figure 3-1. Suction Can Installation 

WORTHINGTON 

3-9. INSTALLATION. 

3-10. Before commencing with the installation, it 
is recommended that a qualified electrical contractor 
be engaged to arrange connection of electrical con
trols and protective devices for the motor and to 
make electrical connections to the motor after it is 
installed. 

3-11. INSTALLATION OF SUCTION CAN. 

3-12. Lower the suction can onto the foundation or 
supporting structure (figure 3-1) and mount in a true 
v·ertical position with the top of the foundation plate 
absolutely level. Care must be taken to avoid bending 
the foundation bolts during this operation. Use wedges 
and shims under the support plate to level. Secure by 
tightening the foundation bolts. 

3- 13. GROUTING. 

3-14. Grouting prevents lateral shifting of the pump 
discharge head. Foundation irregularities are taken 
up by proper shimming before pulling down on the 
foundation bolts. Grout the pump as follows: 

a. Construct a wood form around pump discharge 
head to contain grout. 
b. Mix grout by using one part portland cement 

and two parts building sand with sufficient water to 
form a thin paste. 

c. Wet foundation thoroughly with water and pour 
grout into a wood form, making certain the mix
ture flows freely under the pump discharge head. 

d. Using a stiff wire, work the grout to release 
any air pockets. 

e. Cover exposed grout surface with wet burlap to 
effect slow drying. 
f. After grout has set 48 hours, remove wood for me 

and smooth exposed surface. 
g. Remove wedges and shims. 
h. Fill up cavities left by wedges and shims. 
i. Allow grout to s~t .i total nf 72 hours before 

starting pump. 

3-15. PUMPS. 

a. Cover the can opening with a sheet of plywood 
or other material to avoid dropping anyti1ing into the 
can. 

b. Position lifting device with hook and swivel cen-
tered over foundation opening. 

c. Attach a sling to pump head. 
d. Attach sling to the lifting device hook. 
e. Lift pump until lower end is free of ground or 

floor {figure 3-2). 
f. Remove cover from foundation opening. 
g. Slowly lower pump, guiding lower end through 

can opening. 
h. Hand guide pump column pipe as it passes 

through foundation opening to make certain that it 

3 
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Figure 3-2. Pump Installation 

meets with no obstruction. Any obstruction the pump 
may strike can be felt in this manner. 

i. Rotate pump until discharge head faces proper 
direction to mate with discharge piping, or suction 
and discharge piping for T type heads, and pump 
mounting holes align with foundation mounting holes. 

j. Remove sling from pump. 

3-16. SOLlD SHAFT MOTORS. 

a.* Remove packing and gland and insert centering 
gage in stuffing box (figure 3- 5 ). 

b. Install the driven half of motor coupling on 

pump top shaft. 
c. Install the driver half of motor coupling on 

motor shaft. 

. *Omit these steps when heads are furnished with rabbit fit-

4 
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Figure 3-3. Driver Installation 

d. Attach sling to motor. 
e. Lift motor and center over pump shaft. 
f. Slowly lower motor onto pump head, making 

certain that mounting holes in motor and pump head 
are aligned. 

g. Using a straight edge, check that two halves of 
coupling are aligned. 

h. Bolt motor loosely to pump head. 
i. Clamp dial indicator to spacer or driver half 

of coupling. 
j. Indicate to driven half of coupling. 
k. Rotate motor shaft by hand. 
l. Tighten motor mounting bolts if shaft alignment 

is within 0.001 inch. 1f shafts are not aligned, re
position motor and align shafts then tighten mounting 

bolts . 

( 
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DRIVER HALF 
COUPLING 

DIAL INDICATOR 

DRIVEN HALF 
COUPLING 

CENTERING 
GAGE 

.__-+-,,....,_ "1-----tt-- STUFFING 
BOX 

STUFFING 
BOX 
BEARING 

Figure 3-4. Centering Gage 

m. * For positive location of motor, drill and ream 
lower motor base flange and top pump discharge 
head flange ior two taper dowel pins. 
n. Remove sling from motor and remove hoisting 

equipment. 
o. * Remove driven half of motor coupling on pump 

top shaft. Remove centering gauge and reinstall 
packing and gland. 

p.* Insert dowel pins. 
q. Rotate adjusting nut on pump shaft until space 

between coupling halves fs 1/8 in. to 1/4 in. Check 
that motor rotates in proper direction by momen
tarily starting motor. 

r. Tighten socket head cap screw in adjusting not. 
Make certain that screw engages pin hole in adjusting 
nut. 
s. Securely tighten all coupling bolts. 

3-17. VENT LINE AND AUXILIARY i>IPING TO 
DISCHARGE HEAD AND SHAFT SEAL 

3-18. Install a vent line from the vent tap in the 
pump to the supply reservoir. Slope this line con
tinually upward away from the pump to prevent vapor 
binding. Refer to the pump elevation drawing for lo
cation of other piping possibly required, such as 
sealing water, cooling water, and stuffing box drain
agt, connections. 

3-19. STUFFING BOX. 

3-20. Connect the pipe which connects the stuffing 
box to the suction chamber of the pump discharge 
head to provide re-circulation through the stuffing 
box bearing and reduce the pressure on the packing. 
An orifice is usually in this line to control the rate 

WORTHINGTON 

of circulation and maintain above atmospheric pres
sure on the packing. 

3-21. The stuffing box, packing, seal cage, and gland 
are assembled in accordance with cross section draw
ing provided with the pump. Packing is selected for 
the particular service of the pump involved. Only 
pre -formed, molded rings of packing are used, and 
the joints of the packing rings are stag~ered 180° 
apart. Tighten the nuts on the gland studs finger 
tight. This will allow profuse leakage during packing 
"break-in time". 

3-22. Normally two sealing connections are provided 
on all packed stuffing box pumps, and are located 
180° apart. A sealing liquid can be used to: 

a. Seal the packing against the entrance of air into 
the pump. 

b. Provide lubrication for the packing. 
c. Prevent theescapeof valuable, corrosive, highly 

volatile, hazardous or injurious liquids. 
d. Provide a cooling medium for the stuffing box. 

3-23. An idle pump handling steam condensate with 
suction pressure less than atmospheric is vulnerable 
to the entrance of air through the stuffing box packing. 
The piping arrangement shown in figure 3-5 is sug
gested to provide above atmospheric pressure to one 
of che seal cage connections. The outlet connection 
is plugged. 

3-24. When pumping liquids with low specific gravity, 
the liquids have little if any lubricating qualities. 
Consequently, the packing must be self-lubricating 
or an external supply of lubricant must be furnished 
at the seal cage at a pressure slightly higher than 
that at the bottom of the stuffing box. For the above, 
only one connection is required and the outlet is 
plugged. 

3-25. When a sealing and/or lubricating liquid is 
used that will contaminate the liquid being pumped 
or where it is desirable not to have the pumped liquid 
escape, in and out seal cage connections should be 

OPERATING PUMP 
( preuure great•r -
than atrn01,phHe) 

1/2• SEALING 
WATER PIPING 

I 

SEAL 
VALVE 

DISCH AIOI 

Figure 3-5. Piping Arrangement 
*Omit these steps when heads are furnished with rabbit fit. 
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used. The sealing liquid should be introduced at a 
slightly higher pressure than at the bottom of the 
stuffing box. Control vaJves on both the inlet and 
outlet seal connections are recommended to regulate 
the volumn and pressure of the sealing liquid. 

3-26. MECHANICAL SEAL. 

3-27. The mechanicaJ shaft seal is installed in ac
cordance with the cross section drawing providedwith 
the pump. Refer to the drawings supplied by the seaJ 
manufacturer for specific instructions. After the pump 
has been adjusted vertically, tighten set screws in 

seal drive collar, locking seaJ sleeve to the pump 
shaft. Remove the seal positioning device. After 
slight initial leakage, the mechanical seal should 
operate with no visible leakage. 

3-28. There should always be circulation of the 
liquid pumped through the seal bearing and by the 
seal faces. The pipe which connects the mechanical 
seal and the suction chamber of the pump discharge 
head is furnished for this purpose. An orifice is 
usuaJly in this line to control the rate of re-circula
tion and maintain above vaporization pressure in the 
seal. 

SECTION IV 

OPERATION 

4-1. PRE-STARTING. 

4-2. Before starting the pump, check that: 

a. The discharge vaJve is partially open and the 
discharge piping is properly connected. 

b. The impellers have been properly adjusted dur
ing installation and the motor shaft and pump rotate 
freely. 

c. All bolts are tight. 

4-3. STARTING. 

4-4. Start the pump as follows: 

a. Close the starting switch. 
b. Observe chat the pump starts easily and runs 

without excessive vibration. If there is starting dif
ficulty or excessive vibration, stop the pump im
mediately and refer to Section V to determine the 

probable cause. 
c. Slowly open the discharge valve until the dis

charge pressure reaches the desired value or the 
vaJve is fully open. 

4-5. FINAL ADJUSTMENT. 

4-6. After the pump has run long enough to tighten 
the lineshaft couplings and clear the pumped liquid of 
abrasives, the impellers position should be checked 
and readjusted for 1/8 in. clearance between cou
plings on solid shaft motors, and one turn of the 
adjusting nut on hollow shaft motors. 

4-7. STOPPING. 

4-8. Close the discharge valve slowly then shut off 
the motor. This will prevent surges in the system 
and avoid liquid backflow through the pump. 

SECTION V 

MAINTENANCE 

5-1. PREVENTIVE MAINTENANCE. 

5-2. INSPECTION. 

5-3. The Worthington can pumps are designed for 
long trouble-free service with a minimum amount of 
attention. Periodically inspect the stuffing box for 
proper leakage, and the pumps for loose bolts, ex
cessive vibration, dirt and corrosion. 

5-4. CLEANING. 

5-5. Remove rust or corrosion with a fine wire 
brush and rags. If necessary, clean aJl parts, except 
electrical contacts, by moistening the cloth or brush 

6 

with a suitable solvent. 

5-6. PUMPS PROVIDED WITH A MECHANICAL 
SEAL. 

5-7. A pump of this arrangement is furnished with a 
mechanicaJ seal on a sleeve that may be removed as 
a unit. See paragraph 5-21. No attention or adjust
ment is required and except for slight initial leakage, 
the seaJ should operate with no visible leakage. 

5 -8. PUMPS PROVIDED WITH A STUFFING BOX. 

5-9. A pump of this arrangement is usually furnished 
with a stuffing box shaft sleeve, seaJ cage, packing, 
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and gland. No attention or adjustment is required 
beyond ordinary stuffing box care. Under no circum
stances is the packing gland to be drawn so tight as 
to stop all leakage. This practice would result in 
short packing life and scored sleeve on shaft. The 
best practice is to loosen packing gland until the nuts 
are finger tight and allow to leak profusely for the 
starting period or after box has been replaced. Re
duce leakage gradually by tightening the gland nuts 
a few turns at a time allowing the packing to set. 
Continue until leakage is normal (40 to 60 drops per 
minute). 

5-10. CORRECTIVE MAINTENANCE. 

5-11. TROUBLESHOOTING. 

5-12. PUMP DOES NOT START. Failure of the pump 
to start may be caused by: 

a. Low voltage supplied to the pump motor. 
b. Electrical circuit open or not completed. 
c. Defective motor. 
d. Impellers binding against pump bowl because of 

maladjustment or bearing wear. 

5-13. PUMP DOES NOT DELIVER LIQUID. Failure 
of the pump to deliver liquid may be caused by: 

a. Low pump speed caused by low line voltage or 
frequency. 

b. Incorrect direction of rotation. 
c. Total pumping head may exceed pump design 

head. 
d. Foreign material caught in fluid way. 
e. Insufficient NPSH. 
f. Lineshaft broken. 

5-14. INSUFFICIENT CAPACITY. The capacity may 
not be sufficient because: 

a. Low pump speed caused by low line voltage or 
frequency. 

b. Total pumping head may exceed pump design 
head. 

c. Liquid lines may be partially clogged. 
d. Loose impeller. 
e. Air or vapor entering the suction head. 
f. Insufficient NPSH. 

5-15. PUMP LOSES PRIME AFTER STARTING. The 
pump may lose its prime after starting if the liquid 
level falls below the pump suction. This may occur 
when the quantity of liquid supplied for pumping is 
less than the capacity of the pump. 

5-16. PUMP OVERLOADS MOTOR. The pump may 
overload the motor because: 

a. Operation at point on curve other than design. 
b. Liquid pumped is not of the specific gravity for 

which the pump was designed. 
c. Low line voltage or defective motor. 
d. Impellers rubbing on top or bottom. 

WORTHINGTON 

5-17. PUMP VIBRATES. Pump vibration may be 
caused by: 

a. Worn bearings. 
b. Misaligned or bent lineshaft. 
c. Loose mounting bolts or foundation not rigid. 
d. Impeller corroded or partially clogged causing 

unbalance. 
e. Air or vapor entering suction head. 
f. Stress due to piping misalignment. 

5-18. EXCESSIVE WEAR. Excessive wear may be 
caused by: 

a. Sand or other abrasive in liquid pumped. 
b. Vibration if not remedied immediately. 

5-19. CORROSION. Corrosion may be caused by 
impurities in the water, or by the type of liquid 
pumped. Corrosion can be minimized by using stain
less steel, bronze or monel metal parts which can 
be furnished to suit special needs. 

5-20. REPAIR 

5-21. MECHANICAL SEAL. Repair the mechanical 
seal, if used, as follows: 

a. Insert the sleeve positioning device under the 
seal sleeve locking collar; then loosen sleeve locking 
collar. 

b. Remove all coupling bolts and withdraw the 
coupling spacer from between the motor and motor 
couplings. Loosen set screw locking adjustment nut 
and slide the motor coupling downward. 

c. Unscrew the coupling adjuster and remove it. 
d. Remove motor coupling and key. 
e. Remove any piping connected to the seal end 

plate. 
_f. Remove the bolts holding the seal end plate in 

position, and slip the sleeve complete with seal and 
end plate from the shaft. 

5-22. Disassemble, inspect, repair and reassemble 
seal in accordance with seal manufacturers 1nstruc
tions. 

a. Reassemble sleeve complete with seal and end 
plate over shaft. 

b. Bolt seal and plate in position. 
c. Reassemble the coupling and adjust the shaft to 

the desired position as instructed in Section m. 
d. Lock the sleeve to the pump shaft and remove 

the positioning device. 
e. Refer to the seal manufacturers special addi

tional instructions. 

5-23. STUFFING BOX. When repacking the stuffing 
box, it will be found that die molded packing rings 
will give the best results. However, where rings 
must be formed from coil stock, cut all ends with 
a butt joint carefully fitted to prevent buckling of 
the ends. Each new ring should be inserted as far 
as possible into the stuffing box by means of the 
gland. Joints are to be staggered 180° from the 
previous ring. The sleeve is held in place by set 

· screws or a key and snap rings. To prevent air or 
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liquid leakage under the shaft sleeve, a seal "0" 
ring is provided. If there is leakage under the sleeve, 
the seal "0" ring should be replaced. 

5-24. PUMPS. Repair of pumps consists of removal 
of the pump and disassembly to the point necessary 
for replacement of defective parts. Hoisting equip
ment such as that described for installation, is re
quired to pull the pump from the casing. Remove 
and disassemble the pump as follows: 

a. Remove electrical power from motor and dis
connect and tag electrical leads at the motor. This 
should be done by a qualified electrician. 

b. Remove bolts from motor coupling. 
c. Remove bolts that secure motor to pump head. 
d. Attach a sling to motor lifting eyes and lift motor 

vertically until the driver portion of the coupling 
clears the pump head. 

e. Provide a suitable support and lower motor on 
to it. 

f. Disconnect discharge piping from pump. 
g. Remove bolts that secure pump to can. 
h. Attach a sling to pump lifting hooks and lift 

pump vertically until lower end of suction case is 
clear of can. 

i. Position pump horizontally on a suitable support 
for disassembly. 

NOTE 

Be sure to provide a clean area with sufficient 
room to Jay parts out in the order in which 
they are removed. 

j. Remove water slinger (6). 
k. If equipped with a mechanical seal, remove as 

per paragraph 5-21. 
l. Retilove stuffing box piping. 
m. Remove sutffing box gland (9) by removing se

curing bolts ( 456). 
n. Remove stuffing box (17) by removing the se

curing bolts (8). 
o. Remove and discard stuffing box packing (15). 
p. Disconnect top column pipe (21) from pump head 

(7) by removing top column bolts (461). 
q. Slip pump head off top shaft (19). 
r. Disconnect top shaft (19), from line shaft if 

present, l~2) at coupling by holding coupling and 
turning shaft clockwise. The threads are left hand. 

s. Disconnect column pipe at first coupling, if pre-
sent, below pump head and remove from shaft. 

t. Disconnect column pipe from bowl assembly. 
u. Slip column pipe away from bowl assembly until 

lineshaft coupling is exposed. 
v. Disconnect lineshaft at coupling. 
w. Remove lineshaft from column pipe. 
x. Position bowl assembly in a suitable work area 

and disassemble as described in Handbook No. 2400 
-E2B, No. 2400-E3B, or No. 2400-E4B. 

5-25. Clean all parts thoroughly with a suitable sol
vent, wipe the lineshaft with an oily cloth, and re
assemble the pump in the reverse order of disas
sembly as described in paragraph 5-21. Re-install 
the pump as described in Section III. 

SECTION VI 

LIST OF PARTS 

6-1. GENERAL 

6-2. The requirement for a stock of spare.parts 
will vary with the severity of conditions of service, 
the extent of field maintenance anticipated, and the 
number of units installed. A minimum of one spare 
of each moying part should be stocked, as well as 
a complete set of bearings and seals. 

6-3. ORDERING PARTS 

6-4. When ordering spare and replacement parts the 
pump serial number, size and type of pumps must 
be given. flcfer to the nameplate. This information 
is essential iu order that the Worthington Corporation 
may identify the pump and furnish the correct re
pair parts. Give the name and number of the part 
as listed in the parts list of the sectional drawing 
applicable to the pump (figures 6-1 and 6-2), the 
quantity required and where possible, the complete 
symbols stamped on the old part. Orders for re-

8 
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placement parts should be sent to the nearest 
Worthington District Office. 

6-5. RETURN PARTS 

6-6. All materials returned to the factory must have 
prior approval and a DRM number assigned. Un
necessary delays are avoided when parts or equip
ment are returned to the proper factory using the 
correct procedure. 

a. Contact your nearest District Office or Re
gional Engineering and Service Office, listing the 
material to be returned and the reasons for return. 

b. They will consult the factory using Form DO-
657. A copy of this form with shipping instructions 
will be sent lo you ii approval is given to return 
the material. If approval is not given, you will be 
notified the reason by the office. 

c. Articles being returned should be carefully 
packed to prevent damage from handling or from 
exposure to weather, and marked with the DRM 
number provided with the approval. 

( 
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A 

86 

459 
15 

13 
304 
455 

19 

16 
18 - 31 

32 

- 10 

--5 

207 

7 

8 
9 
17 
454 
458 
11 
460 

-~- BOWL ASSEMBLY 
(See paragraph 1-13) 

SL 7224 

REF. NO. NAME OF PART 

5 MOTOR 
7 DISCHARGE HEAD 
8 STUOO AND NUTS 
9 STUFFlNG BOX GLAND 

11 STUFFlNG BOX GASKET 
13 TOPSHAFT SLEEVE 
14 FOUNDATION PLATE 
15 PACKING 
16 TOP COLUMN FLANGE GASKET 
16A TOP BOWL GASKET 
17 STUFF1NG BOX 
18 TOP COLUMN PIPE FLANGE 
19 TOP SHAFT 
21 TOP COLUMN PIPE 
31 PUMP SHAFT COUPLING 
32 PUMP SHAFT 
86 SNAP RING 
88 SET SCREW 

101 DRIVER HALF COUPLING 
102 DRIVEN HALF COUPLING 
103 COUPLING ADJUSTER 
107 COUPLING BOLT 
112 DRIVER HALF COUPLING KEY 
112A DRIVEN HALF COUPLING KEY 
113 SPLIT RING 
125 SUCTION TANK 
126 SUCTION TANK FLANGE GASKET 
127 SUCTION TANK BOLTS 
207 MOTOR BOLTS AND NUTS 
304 ORIFICE 
407 BOWL BOLTS 
454 SEAL CAGE 
455 STUFFlNG BOX BEARING 
458 STUFFING BOX BOLT 
459 SLEEVE "0" RING 
460 SLEEVE KEY 
461 TOP COLUMN BOLT 

NOTE: WHEN ORDERING PARTS USE DRAWING 
NUMBER SL-7224 WITH REF. NO. 

DETIJl A 

107 

102 ---- -

Figure 6-2. Can Pump With Stuffing Box And List of Parts 
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101 
113 

104 
103 
102 

112A-
304---
84A 

99 
11 

455---

19 

( 16 
18---

31 

32 
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~-s 

207 

107A 

7 

107 
8 

-so 
----------17W 

458 

461 

21 

, ____ BOWL ASSEMBLY 

(See paragraph 1-13) 

SL 7223 

REF. NO. NAME OF PART 

5 MOTOR 
7 DISCHARGE HEAD 
8 STUI:6 AND NUTS 

11 STUFF1NG BOX GASKET 
14 FOUNDATION PLATE 
16 TOP COLUMN FLANGE GASKET 
16A TOP BOWL GASKET 
17W STUFFING BOX 
18 TOP COLUMN PIPE FLANGE 
19 TOP SHAFT 
21 TOP COLUMN PIPE 
31 PUMP SHAFT COUPLING 
32 PUMP SHAFT 
80 MECHANICAL SEAL 
84A MECHANICAL SEAL GASKET 
99 BYPASS TUBING 

101 DRIVER HALF COUPLING 
102 DRIVEN HALF COUPLING 
103 COUPLING ADJUSTER 
104 COUPLING SPACER 
107 COUPLING BOLT - DRIVEN HALF 
107A COUPLING BOLT- DRIVER HALF 
112 DRIVER HALF COUPLING KEY 
112A DRIVEN HALF COUPLING KEY 
113 SPLIT RING 
125 SUCTION TANK 
126 SUCTION TANK FLANGE GASKET 
127 SUCTION TANK BOLTS 
207 MOTOR BOLTS AND NUTS 
304 ORIF1CE 
407 BOWL BOLTS 
455 STUFFING BOX BEARING 
458 STUFF1NG BOX BOLTS 
461 TOP COLUMN BOLTS 

NOTE: WHEN ORDERING PARTS USE DRAWING 
NUMBER SL-7223 WITH REF. NO. 

WITH SPACER 

Figure ~-3. Can Pump With Mechanical Seal and List of Parts 
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FOREWORD 

Worthington products are the result of more than a 
century of progressive study and development. Ad
vanced design, proper selection of materials, and 
precision construction reflect this wide experience. 
Worthington products will give trouble-free efficient 
operation with minimum maintenance and repair. 

This instruction book will familiarize management 
and operating personnel with pertinent details and 
proper procedures for the installation, operation, and 
maintenance of one of these products. 

Designate below your identification of the equipment 
for which this book applies. 

UNIT SIZE IDENTIFICATION NO. 

NOTE 

BOWL SERIAL NUMBER IS STAMPED ON DISCHARGE 
CASE FLANGE AS SHOWN IN FIGURE 3-1. 

STUDY THIS INSTRUCTION BOOK 

WORTHINGTON 

The desc riplions and instructions included in this 
book cover the standard design of the equipment and 
any common deviations when possible. This book 
does not co\'er all design details and variations nor 
does 1t pro\·ide for every possible contingency which 
may be encountered. When information cannot be 
found in this book, contact the nearest Worthington 
District Office. 

speed, pressure and temperature, nor otherwise than 
in accordance with the instructions contained in this 
Manual. This equipment (or a prototype) has been 
shop tested and found satisfactory for the conditions 
for which it was sold, but its operation in excess 
of these conditions will subject it to stresses and 
strains which it was not designed to withstand. 

Do not operate this equipment in excess of its rated 

1.2.4-19 

Failure to heed this warning may result in an acci
dent causing personal injury. 
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SECTION I 

INTRODUCTION AND GENERAL DESCRIPTION 

1-1. INTRODUCTION. 

1-2. This instruction book contains a description and 
instructions for open and enclosed type bowl assem
blies used in the Worthington vertical turbine pumps, 
manufactured by the Vertica_l Pump Division of the 
Worthington Corporation. Special maintenance tools 
are listed in Section II. Instructions for disassembly, 
maintenance, and reassembly are given in Sectiori 
Ill. A list o! parts, covering all models of the bowl 
assembly, and instructions ior ordering parts is 
gi\•en in Section IV. 

1-3. GENERAL DESCRIPTION. 

1-4. Worthington UHF vertical turbine pumps are 
normally designed to operate in wells or sumps. The 
bowl assembly (see fir;ure 1-1), consists primarily 
of a suetion case, one or more pump howls. and 
a discharge case. The number of stages (bowls) 
employed is determined by the head requirements 
of the installation. The pump bowl assembly is posi
tioned in the sump or well at a depth to provide the 
proper submergence. A pump shaft, common to all 
mm·ing parts in the bowl assembly. provides me
chanical linkage to the pump driver unit. 

1-5. Two basic configurations of the bowl assembly 
are the open type and the enclosed type. Functional 
differences in the two types are in the methods em
ployed to lubricate the line shaft. In the enclosed 
type. a tube is placed over the line shaft and lubri
cants are supplied to the bearings through the shaft 
tube. In the open type no lubricants are used other 
than tne fluid being pumped. 

1-6. SUCTIO'.'\ CASE. 

1-7. The suction case serves as the input port lo 
the pump bowls. Internal guides or Yanes perform 
the dual funcuons of directing fluids rnto the eye of 
thP fll"st stage 11npellcr. and supporting the housing 
for the suct10n case bearing. In some rnstallations, 
a suction column may be used to extend the inlet of 
ihe suction case. The lower end of the standard suc
tion case is threaded to mate with the upper end of 
the column. 

1-6. PUMP BOWLS. 

1-9. Two types of pump bowls. top and iniermediate, 
are an.ilalile for the Yertical turbine pump. Opera
tion of the bowls is identical with ,he exception that 
the 1op bowl discharges fluids ir,to the discharge case 
and the intermediate bowl or bowls discharge fluids 
into the eye ,of the impeller of the next stage. Each 

ROTATION 
~ 

Figure 1-1. UHF Vertical Turbine Pump Installation 
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type of bowl contains an impeller, mechanically con
nected to the pump shaft by a cone shaped, split lock 
co!let. Liquid flow in the impeller is both axial and 
radial. The upper portion of the bowls contain vanes 
that direct the fluids from the impeller out of the 
bowl. The vanes also support the housing for the 
bowl bearings. Intermediate bowls contain a bronze 
bearing press fitted into the housinl,(. Top bowls con
tarn a smµ:lc bron7.e bearing that l'xtends up into the 
dlscharg1• case. Bearing mall·nals may be varied to 
suit specific application. A multiple stage assembly 
contains a top bowl and one or more intermediate 
bowls. A single stage assembly contains only a top 
bowl. 

1-10. IMPELLER. 

1-11. Impellers used in Worthington UHF Turbine 
Pumps are of the enclosed centrifugal or mixed flow 

type. Sealing of interstage leakage is accomplished 
by close radial fitting between the bowl and impeller 
sealing surface. 

1- lZ. DISCHARGE CASE. 

1- 13. The discharge case receives the fluid from 
the top bowl and directs it to the column pipe, if one 
is used, or directly into the discharge head. Vanes 
that guide the fluid also act as a support for the pump 
shaft bearing. When the discharge case· is used with 
enclosed shaft pumps, the tapped holes in the external 
boss of the discharge case provide venting of the pump 
discharge pressure, and permits correct flow of lub
ricants down the enclosing tube. When the discha • _ 
case is used with an open type pump, threaded plugs 
are screwed into the holes to prevent by-passing of 
liquids through the vent ports. 

SECTION II 

SPECIAL SERVICE TOOLS 

2-1. GENERAL. 

2-2. Worthington \·ertical pumps are designed to op
erate for long periods of lime with a minimum of 
maintenance requirements. When maintenance be
comes necessary, common hand tools are sufficient 
for the most part to dismantle the bowl assembly. 
To pre\·ent damage to certain parts of the pump 
during disassembly and assembly, special tools, each 
designed for a specific function, are available. These 
tools will be supplied with the pump, if ordered, or 
may be purchased from the nearest Worthington 
Dealer. 

2-3. SPECIAL TOOLS. 

2-4. Two types of special tools are provided for 
maintenance of the bowl assemblies covered by this 
handbook: An Impeller· Lock Collet Driver, and a 
Positioning Plug. Tools are supplied in a variety of 
sizes to service all models of th~ pump. 

2-5. 1:0-.lPELLER LOCK COLLET DRIVER. 

2-6. The Impeller Lock Collet Driver (figure 2-1), 
is used to wedge the lock collet between t~e impeller 
and the pump shaft. The driver has a knurled handle 
portion to allow a firm hold when in use and is case 
hardened for added strength. To use the driver, place 
it over the pump shaft with the proper facing towards 
the impeller, and seat or unseat the collet by striking 
it sharply with the driver. 

2 
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2-7. POSITIONING PLUG. 

2-8. The Positioning Plug (figure 2-2), is designed 
to simplify establishment of proper clearance between 
mo\•ing and stationary parts of the bowl assembly 
after assembly. 

USE THIS END 
FOR ASSEMBLY 

c/ 

USE THIS END 
FOR DISASSEMBLY 

TYPE SHAFT 
C PUMP DIA. A B D 

6 1 1-1/32 1.190 5 4-1/4 
25mm 26.2mm 30.2mm 127mm 108mm 

8 1-1/4 1-9/32 1.485 5 4-1/4 
32mm 32.5mm 37.7mm 127mm 108mm 

Figure 2-1. Impeller Lock Collet Driver • 
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BEARING 

PUMP s HAFT A B C D E 

j 

SIZE 
LOWER END OF 6 SUCTION CASE 
OR BELL 

8 
- PUMP SHAFT 

- E (THDS./IN., THDS/CM 
NS CLASS 21 

- POSITIONING 
PLUG 

,------··-- •; ... WASHER 
~--....._ 9.5mm 

--. 'lo BOLT 
9.5mm 

D IA. 
l 

25 mm 
1-1/4 
32 mm· 

2-3/8 1-25/32 1-1/4 1.452 14 
60mm 45.2mm 32mm 36.88mm 36 
2-3/8 1-25/32 1-1/4 1.765 14 
60mm 45.2mm 32mm 44.83mm 36 

Figure 2-2. Positioning Plug 

SECTION Ill 

MAINTENANCE INSTRUCTIONS 

3-1. GE'.\'ERAL. 

3-2. Frequency of complete overhauls on bowl as
semblies is dependent upon the number of accumu
lated hours of operation, severity of conditions of 
sen-ice, and the care given to the pumpduring opera
tion. The bowl assembly should not normally be 
opened for inspection unless there is a definite in
dication of an internal malfunction. Evidence of in
tern;.! malfunctions generally takes the form of a 
reduction in capacity or pressure, or a significant 
change in the ,·ibration or the sound of a running pump. 

3-3. DISASSEMBLY. 

3-4. Disassembly of bowl assemblies should be per
formed in a clean area with sufficient space to lay 
par~s in the order in which they \\·ere removed. 
Special tools required to disassemble the bowl as
sembly are listed in Section II. Figure 3-1 illustrates 
the components of the bowl assemblY, indexed in the 
order that they are to be remo\'ed during disas
sembly. Proceed as follows: 

During disassembly and when assemblies 
are undergoing repair, protect machined and 
lhreaded surfaces from metal to metal con
tact. 

a. Lay bowl assembly in a horizontal position with 
a block under the first bowl above the suction case. 

NOTE 

Before proceeding with the disassembly of 
the bowl assembly, measure and record the 
end play of the shtit. 

b. Remove suction case plug (1) from bottom of 
suction case. 
c. Loosen suction case (2) with chain tong, then turn 

off until case is clear of pump bowl and slide case 
.over lower end of pump shaft. Suction case bearing 
(3) will slide off with suction case. 
d. Loosen setscrew (4) on sand collar (5) and slide 

collar over lower end of pump shaft. 
e. Use driver tool (figure 2-1) to drive impeller 

lock collet (7) toward top of bowl assembly. 
f. Slide impeller (6) over lower end of pump shaft. 
g. Place blade of screwdriver in split on the collet 

(7) and slide the collet over lower end of pump shaft. 
h. Loosen pump bowl (8) with chain tong, then turn 

off until bowl is clear of next stage and slide bowl 
over lower end of pump shaft. Pump bowl bearing (9) 
will slide off with pump bowl. 
i. Repeat steps e through h to remove remainder 

of bowls. When top bowl (10) is removed, top bowl 
bearing (11) and seal (12) will slide off with top bowl. 
j. Slide discharge case {13) over lower end of shaft. 

J 
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·-~ •-· 7-· . --rr, 
• 6 -...-~ ,"';', ~ °''~---/ 
~ 

5 -·-( .. \ 
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1. 
2. 
3. 
4. 
5. 
6. ., ,. 
8. 
9. 

10. 
11. 

••12. 
13. 

••14E 
·14W 

·••15. 
16. 
17. 

• 18. 

Suction Case Plug 
Suction Case 
Suction Case Bearing 
Setscrew 
Sand Collar 
Impeller 
Impeller Lock Collet 
Intermediate Bowl 
Intermediate Bowl Bearing 
Top Bowl 
Top Bowl Bearing 
Top Bowl Bearing Seal Ring 
Discharge Case 
Connector Bearing 
Discharge Case Cap 
Column Pipe Coupling 
Pump Shaft 
Pump Shaft Coupling 
Pipe Plugs 

*USED ON OPEi\ TYPE 
PUMPS ONLY 

**USED ON ENCLOSED 
TYPE PUMPS ONLY 

**•NOT USED ON BM AND 
BH PUMPS 

REFER TO SECTIONALS, 
FlGURE 4-2AND 4-3 
WHEN ORDERING PARTS 

3
- ~111 ,--~ 

L _____ ~J 
Figure 3-1. Pump Bowl Assembly Exploded View 
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IN. (mm) 

PUMP SIZE 6 8 

Pump Shalt 0. D. MIN .997 1.247 
(25.32) (31.67) 

MAX 1.000 1.250 
(25.40) (31.75) 

Suction Case Bearing MIN 1.0085 1.2585 
(25.62) (31.97) 

L D. (Before Pressing 
MAX 1.0105 1.2605 

Intu Case) (2 5.67) (32.02) 

Top and Intermediate MIN 1.0085 1.2585 

Bowl Bearing I. D. (25.62) (31.97) 
MAX 1.0105 1.2605 

(Before Pressing (25.67) (32.02) 

Int" Buwl) 

Pulllp Shalt End Play ''L" .250 .437S 
(63) (11. l) 

Pulllp Shaft End Play "M" .375 .4375 
(9.S) (11.1) 

Pump Shalt End Play ""H" .3125 . 375 
(7.9) (9.5) 

Impeller SC'al Ring MIN 
2.455 .:I.Z.:lf> 
(62.36) {82.19) 

Diameter "L"' MAX 2.475 3.238 
· (62.41) (82.2 S) 

MIN 2.924 3.861 
Impeller Seal Ring (74.27) (98.07) 
Diallleter "'M"' MAX 2.926 3.863 

(74.32) I (98.12) 

Impeller Seal Ring MIN 3.424 4.609 
{86.97) (117.07) 

Diameter "H"' MAX 3.426 4.611 
(87 .02) (~1-1,!ll 

Bowl or Wear Ring MIN 2.469 3.250 
(62.71) {82.55) 

Diameter "'L"' MAX 2.471 3.252 
(62.76) (82.60) 

Bowl or Wear Ring MIN 2.938 3.875 
(74.63) {98.42) 

Diameter "'M" MAX 2.940 3.877 
174.68) I f98.48l 

Bowl or Wear Ring MIN 
3.438 4.625 
(87 .33) (117.48) 

Diameter "H" MAX 3.440 4.627 
(87 .38) (117.53) 

Figure 3-2. Table of Nominal Dimensions 
and Tolerances 

Discharc:t· cas<' bearing (14E) or discharge case cap 
(14W) and column pipe coupling (15) will slide off 
with discharg!' case. Coupling (15) not used on 8M 
and 811 pumps. 

3-5. INSPECTION AND CLEANING. 

3-6. Alier disassembly, all components of the bowl 
assembly should be thoroughly cleaned and examined 
for physical defects. Examine impellers for signs of 
rubbing or chipping. Check dimensions listed in table 
3-2 and Ye,ify that p;:rts checked are within the toler
ances listed in table 3 -2. 

3-7. REPLACEMENT. 

3-8. Parts showing cracks, breaks, or signs of 
excessh·e v:ear should be replaced. Only genuine 
Worthm:,>:ton parts should be used to replace worn 
or dam2.ged parts. 11 shafts, impellers. or castrngs 
appear to be sur.;ecl to excessive corrosion due to 
impurities or c11emical action in the fluids being 
pumped. a consultation with Worthington's staff of 

competent engineers is recommended. After a com
plete analysis of conditions peculiar to your area, it 
may be found that pumps manufactured of special 
materials would afford you better service. A cost 
quotation along with any special instructions for in
stallation and operation will be supplied to you at 
the end of the investigation. 

3-9. BEARINGS. 

3-10. Bearings in the suction case and pump bowls 
are press fitted into their respective housings with 
.001-.003 inch (.025-.076mm) interfernce fit. Worn 
bearings may be pressed out of housings, or machined 
on the inside diameter until the wall is thin enough to 
collapse and remove by hand. Replacement bearings 
must be pressed into place. Bearings mounted in the dis
charge case are threaded (left hand) and may be turned 
in or out of their housings . 

3-11. Before installation check the I. D. dimension 
of the bearings and 0. D. dimension of the pump 
shaft (see figure 3-2). If the clearance is not within 
tolerance, the I. D. of the bearing must be machined. 

NOTE 

Replacement suction case and bowls come 
equipped with bearings of standard dimensions 
and require no machining. 

3-12. LUBRICATION. 

3-13. Lubricate all metallic bearings with a clean 
grease or oil while the bowl is in a dismantled condi
tion. Wipe off excess lubricant and ,Paint all mating 
and threaded surfaces with a good anti-corrosive 
compound. 

3-14. ASSEMBLY. 

3-15. Assembly of theunit is essentially a reversalof 
disassembly. See figure 3-1 and proceed as follows: 

a. Screw the positioning plug (figure 2-2) into the 
lower end of the suction case (2) and lay in a hori
zontal position. 
b. Insert shaft fully into suction case and lock 

against positioning plug (figure 2-2) by tightening 
3/8" (9.5mm) bolt on the positioning plug. 
c. Slide the sand collar (5) down the shaft and turn 

it back and forth until it fits fully down over the suc
tion case bearing housing, then tighten setscrew (4). 
d. Slide impeller (6) down pump shaft until it rests 

in the recess at the top of the suction case. 
e. Place screwdriver blade in split in impeller 

collet (7) and slide collet down shaft until it rests 
in the impeller. Work the collet by hand as far into 
the ir.ipeller as possible. 
I. Use the impeller lock collet driver (figure 2-1) 

to drive the collet securely between the impeller and 
pump shalt. 
g. Remove collet driver from shaft and slide bowl 

(8) down shalt until it mates with the top of the suc
tion case. Thread bowl on to the suction case and 
use chain tong for final tightening. 

5 
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h. Repeat steps d through g until all bowls are in 

place. 
i. Slide the discharge case (13) down the shaft 

slowlv until it mates with the top bowl. Thread dis

chaqie case onto the lop bowl and use chain tongs 

lor hrnd tighlening. 

Do not allow the discharge case to drop heavily 

onto the top bowl. Damage to the lop bowl 

bearing may result. 

j. llc•nHl\'C' 3 H"l>olt from hollom ol positioning pluv; 

and ,,c-rl'w t\t"l'aSt' fitting inlo lhl' hol!' and inject a 

r:ood 1:radt- ot 111soh1hlc• gn·as1•. 
k. \\"ork shall l!Jl and down Sl'\'<'ral llllll'S lo rt'lllll\'l' 

excess grPase. 

I. Remove the positioning plug and insert the suc

tion case plug (1). 

NOTE 

After bowl assembly is completely reassem

bled, measure Pnd play of shaft and l'0lllpare 

ai;ai11st reading obtained in note after step a, 
paragraph 3-4. Nominal end play dime11sions 

are listed in table 3-2. 

Dischaq!l' case plugs (18, fii.,rure 3-1) are 

used only 011 opl'n shalt pumps and sper ial 

hl1:h l)l"l'88llrt' \11\w P11c·l01-ll'd Hhalt pu111ps. 

DO NOT USE PLUGS ON STANDARD 
ENCLOSED SHAFT PUMPS 

SECTION IV 

LIST OF PARTS 

4-1. GENERAL 

4-2. The requirement for a stock of spare parts 

will ,·ary with the severity of conditions of service. 

the extent of field maimenance anticipated. and the 

number of units installed. A minimum of one spare 

of eaeh moving part should be sloC'ked. as well as 

a compJea, set of bearings and seals. 

4-3. ORDERING PARTS 

4-4. When ordering spare and replacement parts the 

pump serial number. size and type of pumps must 

be given. Refer to nameplate. This information is es

sential in order that the Worthington Pump Corporation 

may identify the pump and furnish the correct re

pair parts. Give the name and number of the part 

as listed in the parts list of the sectional drawing 

applicable to the pump (figures 6-1 and 6-2), the 

quantity required and where possible. the complete 

symbols stamped on the old part. Orders for re-

6 

placement parts should be sent to the nearest 

Worthington District Office. 

4-5. RETURNlNG·PARTS 

-!-6. All materials returned lo the factory must have 

prior approval and a DRM number assigned. Un

necessary delays are, avoided when parts or c>quip

menl are returned to the proper factory using the 

correct procedure. 
a. Contact your nearest District Office listi 11g the 

material lo be returned and the reasons for return. 

b. They will consult the factory using Form DO-

657. A copy of this form with shipping instructions 

will be sent lo you if approval is given lo return 

the material. If approval is not given, you will be 

notified the reason by the office. 

c. Articles being returned should be carefully 

packed to prevent damage from handling or from 

exposure to weather, and marked with the DRM 

number provided with the approval. 
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WORTHINGTON 

-

67E--

-

-
8 

VL-5601 

REF. LIST OF PARTS 
NO. 

24• COLUMN PIPE COUPLING 
· 31 PUMP SHAFT COUPLING 
32 PUMP SHAFT 
34 TOP BOWL BEARING 
35** INTERMEDIATE BOWL BEARING 
36"'* INTERMEDIATE BOWL 
38 IMPELLER 
39 IMPELLER LOCK COLLET 
40 SUCTION CASE 
41 SUCTION CASE BEARING 
54E DISCHARGE CASE 
55 TOP BOWL 
58 SUCTION CASE SAND COLLAR 
59 SUCTION CASE PLUG 
67E CONNECTOR BEARING 
88 SET SCREW 

414 TOP BOWL BEARING SEAL RING 

NOTE: WHEN ORDERING PARTS 
USE ORA WING NUMBER 
VL-5601 WITH REF. NO. 

* NOT USED ON BM AND 
8H PUMPS 

**NOT USED ON SINGLE
STAGE PUMPS 

Figure 4-2. Enclosed Pump Bowl Assembly and List of Parts 
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WORTHINGTON 

( -
REF. LI ST OF PARTS NO, 

31 --·--· 301 PlPE PLUGS 
24• COLUMN PIPE COUPLING 
31 PUMP SHAFT COUPLING 
32 PUMP SHAFT 

32------1 34 TOP BOWL BEARING 
35•• INTERMEDIATE BOWL BEARING 
36** INTERMEDIATE BOWL 
38 IMPELLER 
39 IMPELLER LOCK COLLET 
40 SUCTION CASE 
41 SUCTION CASE BEARING 

403 W ------N 54W DISCHARGE CASE 
55 TOP BOWL 
58 SUCTION CASE SAND COLLAR 
59 SUCTION CASE PLUG 
88 SET SCREW 

403W DISCHARGE CASE CAP 

NOTE: WHEN ORDERING PARTS • USE DRAWING NUMBER 24 
VL-5600 WITH REF. NO. 

• NOT USED ON SM AND 
SH PUMPS 

54W -( 301 

••NOT USED ON SINGLE-
STAGE PUMPS 

34 

55 

39 

35 .. 
36 .. 

38 

58 
88 

40 

41 

VL-5600 

( -figure 4-3. Open Pump Bowl Assembly and List of Parts 

9 
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- Worthington Pump Corporation 
A McGraw-Edison Company 
Shawnee, Oklahoma 74801 

2400-E2D 
Supersedes 2400-E2C 

( 

WORTHINGTON 

C 

i ,,t l 
WORTHINGTON 
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January, 1978 

Supersedes 1.L. 3030-11TA 

dated February, 1971 

Westinghouse Electric Corporation 

Medium Motor and Gearing Division 

Buffalo, New York, U.S.A. 14240 

Grease Lubricated, Lifeline T and Type G 

Models 

Hollow Shaft, Frames 210TP thru 449TP 

Solid Shaft, Frames 210VP thru 449VP 

Instruction Leaflet 

295w f2 ~ ~ n \1-7 (fro··. 
Pag 

'---' 1 P 12. ,\fJ LS_ , ·~ 01 
n_ AUG 1 3 1981 · _ _) 

TO \\\\~. 
. WihJLIIU tl UV\ I U 1' 1 

Medium Ac Motors 
Vertical, High Thrust, 
P-Base 

Fig. 1 Typical High Thrust - WPI (Open Dripprool) Vertical Motor Frames 210T-449T Fig. 2 Typical High Thrust (F• n Cooled) Vertical Motor F,-• mes 210T-28' 

____________ _____,_ 

Note: These instructions do not cover all details or modifications in equipment nor provide for all contingencies of installation, operation, or 

maintenance. Should additional information be required, contact Westinghouse. 
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Instruction Leaflet 
2950-GL 

Life-Line T vertical hollow and solid shaft 
motors are designed for use on deep well or 
high thrust pump applications. Sturdy cast 
iron construction is employed throughout 
with the stator core encased in a cast iron 
frame. The brackets register directly in accu
rately machined fits in the frame. The lower 
bracket provides a housing for the greasable 
guide bearing as well as a register fit and 
mounting holes to mate with the pump head. 
The upper bracket provides a housing for 
grease lubricated thrust bearings. 

Explosionproof assemblies are so identified 
by an Underwriters' label installed on the 
motor. Underwriters' labels can be mounted 
only at point of manufacture. 

The presence of the Underwriters' label on 
the motor is certification that it has been built 
to rigidly controlled standards to assure ut
most safety of operation in hazardous loca
tions. 

Warning: 
The use of electric motors is potentially 
hazardous. Installation and service of the 
motor are to be performed only by trained 
personnel and in accordance with the na-

A tional electrical code, all local codes, NEMA 
9 Safety Standard MG2 and after reading the 

nameplate and instructions for that motor. 

To prevent possible accidents, locate the 
motor in an endosure to keep out children 
and other unauthorized personnel. This is es
sential for motors on automatic controls 
which may restart unexpectedly. 

Receiving and Storage 
Carefully inspect the motor upon arrival, re
cord and report any damage promptly to the 
carrier and to the nearest office of the West
inghouse Electric Corporation. 

Motor rating and identification data are fur
nished on the nameplate for checking pur
poses. The motor should be stored in a dry 
area with factory packaging intact, unless ap
pearance of package indicates possibility of 
motor damage during shipment. During 
long-term storage protect the motor's wind
ings from absorption of moisture. Use space 
heaters, if present. Periodically inspect, rotate 
the shaft, megger the winding and record 
conditions. Investigate any significant 
changes. (If desired, request detailed long
term storage procedure for Medium Ac 
Motors from Westinghouse.) 

Just prior to actual use, unpack motor - re
move shipping braces and packing material 
from the coupling. Rotate shaft by hand to 
see that it turns freely. Remove rust preventa-

A tive paper or slushing compound from shaft 
9 extension. 

Handling 
You should handle the motor in a vertical po
sition. It has lifting lugs on opposite sides for 
placing the motor on a pump base. 

Caution: 
To make a proper lift, use a spreader bar; 
chains vertical. Don't squeeze the top hood; 
lift gently, slowly. With care, and if neces
sary, the motor's lifting lugs can safely han
dle additionally, up to 2 times the motor's 
weight. This might include a pump base of 
the approximate weight as the bottom part 
of the motor. 

Installation 

Mounting 
Locate the motor in a place that is clean and 
well ventilated. The motor enclosure is such 
that dripping, wind-blown and splashing 
water will not damage the motor. Under con
ditions of extreme weather and moisture, ad
ditional protection, such as a pump house, is 
recommended; however, the free flow of air 
around the motor must not be obstructed. 
The external air temperature should not ex
ceed 40°C or 104°F, unless the motor has been 
specially designed or otherwise cleared for 
use in a higher ambient temperature. 

Bolt the motor to the pump head or rigid 
foundation using bolts of the larges! size 
permitted by the holes in the motor bracket. 

Accurate alignment between motor and 
pump is of extreme importance. The fits are 
accurately machined. The mating surfaces 
must be free of dirt or burrs and solidly en
gaged. The assembly should turn freely with
out stress to the shaft and bearings from mis
alignment. Misalignment will result in bear
ing troubles. 

Vertical Hollow Shah Motors (VHS) 
When mounting VHS motors, remove the 
hood and coupling. Lower the motor onto the 
pump head before installing the pump head 
shaft through the hollow shaft. The motor 
bracket should bolt home square with the 
pump head and at right an.gles with the pump 

I 

Locked (CW) 0 

Ratchet Pins 

Fig. 3 Ratchet Assembly 
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head shaft. The pump head shaft should be 
centered within the motor hollow shaft. Fit 
the top drive coupling over the threaded end 
of the pump head shaft and key it to the pump 
using a gib head key. Put on the adjusting nut 
supplied with the pump and draw up on the 
impellers. Lock the adjusting nut in place with 
a screw through the nut into a tapped hole in 
the coupling. 

Thrust 
The axial thrust load imposed upon the motor 
by the pump shaft and impellers plus the hy
draulic load should not exceed the value for 
which the motor was ordered. Basically the 
vertical high thrust motor is designed to with
stand momentary up-thrust of 30% of the 
standard down-thrust rating. For an applica
tion having continuous up-thrust or momen
tary up-thrust in excess of 30%, check that the 
motor was so ordered. 

Method of Drive 
Open Dripproof Vertical Hollow Shaft motors 
(Fig. 1) may be equipped with either a non
reverse coupling or a self-release coupling, as 
specified by the purchaser. 

Non-Reverse Coupling 
Prevents motor and pump from rotating to 
possibly damaging speeds in the reverse di
rection when the motor is switched off. 

These motors are equipped with a non
reverse ratchet that permits CCW rotation 
(looking downward at the motor} only. The 
ratchet assembly (Fig. 3) consist.sofa sta
tionary plate with teeth cast into it, and a 
rotating drive hub or runner with pins operat
ing in slots. When the motor starts in the for
ward or CCW direction, the inclined faces of 
the ratchet track lift the pins where they are 
held by centrifugal force. When the motor 
stops, the pins move down and prevent CW 
or reverse rotation by locking against the ver
tical faces of the teeth. The pins and pin holes 
must be clean and free of oil or grease. Oiling 
or greasing pins will attract dirt which can 
cause pins to stick and result in ratchet 
failure. 

~ Running (CCWJ 

Stationary Ratchet 
Prate 

( ( 



( 
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A non-reverse ratchet protects against acci
dental reverse rotation due to phase reversals 
or from backspins at shutdown. 

A non-reverse ratchet should not be used in
discriminately or unnecessarily. This type of 
ratchet is inherently subject to wear in normal 
usage and under certain conditions may fail 
with consequent damage to the pump/motor 
system. The non-reverse ratchet is not rec
ommended for settings greater than 375 feet, 
since pump torque developed is greater than 
motor torque which results in destruction of 
ratchet, coupling drive hub, etc. 

In addition, the non-reverse ratchet is not 
recommended for pressure systems where 
frequent starts and stops are common. Fre
quent being defined as 5 starts and stops per 
24 hour period. This type of service would re
quire a check valve or similar device. Al
though a non-reverse ratchet does protect 
against reverse rotation, it is not intended 
and will not perform like a check valve. 

Self-Release Coupling 
Prevents pump line-shaft joints from un
screwing if, occasionally, the motor acciden
tally runs in the reverse direction. 

Fig. 4 Self-Release Coupling Assembly in Hollow~ 
Shaft Motors - Open Dripproof Only 

These motors (Fig. 4) are equipped with a 
unique coupling and drive hub. The drive hub 
is keyed to the motor shaft, and the coupling 
is keyed to the pump shaft and attached with 
a screw to the pump shaft adjusting nut. The 
coupling centers on the drive hub by means 
of a machined fit. The coupling is driven by 
two pins attached to the coupling hub and 
engaging corresponding holes in the drive 
hub. Disengagement is caused by a lifting of 
the pump shaft which in turn lifts the coupling 
off the two drive pins. This feature applies to 
dripproof motors only. 

Bolted Coupling 
The bolted down coupling allows the motor 
bearings to take momentary up-thrust from 
the pump and limits lifting of the pump head 
shaft to the amount of motor end play. 

Totally Enclosed Fan Cooled and TEFC - Ex
plosionproofVertical Hollow Shaft motors 
are equipped only with a bolted-down cou
pling, which may have the non-reverse fea
ture, if so ordered (Fig. 2). 

Solid Shaft Vertical Motors 
These motors are provided with a shaft ex
tension suitable for coupled service, and are 
either straight or tapered as selected by the 
purchaser. 

Note: 
Coupling halves should have a close sliding 
fit on the shaft extension and must be se
curely locked to avoid hammering out in op
eration. Be sure to tighten coupling bolts per 
good mechanical practice. If it is necessary to 
drive the coupling in position, it is important 
that the end of the shaft opposite the exten
sion be backed up so that the force of the 
blow is not taken in the bearings. Use a pin
ion puller for removing tight couplings. 

Electrical Connections 
Be sure the motor is connected as shown on 
the nameplate diagram, and that your power 
supply (voltage, frequency, and number of 
phases) corresponds with the nameplate 
data. 

Employ trained personnel to install all wiring, 
fusing and grounding in accordance with Na
tional Electrical Code, local requirements and 
NEMA Safety Standard MG-2. 

Carefully identify motor auxiliary devices be
fore connecting. These might be space 
heaters, winding thermostats, thermo
couples, thermistors, or other temperature 
sensors. Be sure they are connected only in 
circuits for which they are designed and that 
their connections are carefully insulated from 
the motor power cables. 

Connect to the power supply through a suita
ble starter and overload protection. 

Conduit Box 
The conduit box may be rotated 360 degrees 
in 90 degree steps. 

Warning: 
When servicing, all power sources to the 
motor and to accessory devices should be 
disconnected and de-energized; all rotating 
parts should be at standstill. 

Operation 
1. Disconnect load and start motor. Check di
rection of rotation. If rotation must be 
changed, ALLOW THE MOTOR TO STOP 
COMPLETELY. Interchange any two leads of a 
three phase motor. Reconnect a single phase 
motor per nameplate instructions; inter
change the leads of either phase of a two 
phase motor. Fans on fan cooled motors that 
have directional rotation nameplates must be 
reversed on shaft if rotation is changed. 
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2. Connect load. The motor should start 
quickly and run smoothly. If not, shut power 
off at once. Recheck the assembly including 
all connections before restarting. For single 
phase motors, also examine capacitor wiring 
and mechanism for switching between start
ing and running. 

3. If excessive vibration is noted, check for 
loose mounting bolts, too flexible motor sup
port structure or transmitted vibration from 
adjacent machinery. Periodic vibration checks 
should be made; foundations often settle. 

4. Operate under load for short period of 
time; check operating current against name
plate. 

The motor will operate satisfactorily with a 10 
percent variation in voltage; a 5 percent varia
tion in frequency or a combined voltage and 
frequency variation of 10 percent, but not 
necessarily in accordance with the standard 
of performance established for operation at 
normal ratings. 

Maintenance 

Inspection 
Although LIFE-LINE motors require a mini
mum of attention in service, they should be 
inspected at regular intervals to check for (1 I 
dirt, (2) moisture, (3) friction, and (4) vibra
tion, which account for 90 percent of all motor 
failures. 

1. Guard Against Dirt 
Keep the insulation and mechanical parts of 
the motor clean. Dust that is free from oil or 
grease may be removed by wiping with a 
clean, dry cloth, or preferably, by suction. 
Dust may be blown from inaccessible parts 
with clean, dry air, using not more than 30 to 
50 pounds pressure. Use care to prevent per
sonal injury from the air hose; use goggles to 
avoid eye injury from flying particles. 

When grease or oil is present, wipe with a 
cloth moistened (but not dripping) with ape
troleum solvent of a "safety type" such as 
Stoddard solvent or similar materials availa
ble under various trade names. When a mate
rial is difficult to remove, carbon tetrachloride 
is more effective than petroleum solvents. 
Wear neoprene gloves to prevent skin irrita
tion when using either petroleum solvents or 
carbon tetrachloride. 

Petroleum solvents are flammable, but com
paratively nontoxic. 

-

-

Carbon tetrachloride is non-flammable, but is A 
highly toxic. Suitable ventilation should be W 
provided to avoid breathing vapors. When 
ventilation is not sufficient to prevent a dis-
tinct odor of carbon tetrachloride, a chemical 
cartridge respirator or gas mask must be 
used. 
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2. Guard Against Moisture 
The motor should not be subject to extreme 
moisture conditions such as high humidity 
during shut down periods. exposure to water 
under pressure such as hosing down. or se
vere weather conditions. 

During prolonged periods of idleness. the 
motor should be run at least once a week. or 
should be provided with heaters to guard 
against moisture condensation. 

The insulation resistance of motors not in 
regular use should be checked with a megger, 
and, if necesary, their windings should be 
dried by appropriate means before energiz
ing. 

Before blowing motor windings out with air, 
make sure the air line is free of condensation. 

3. Guard Against Friction and Vibration 
Excessive friction or overheating of bearings 
is usually traced to one of the following 
causes: 
a) Poor alignment causing excessive vibra
tion or binding. 
b) Bent shaft. 
c) Excessive th~ust. 
d) Overgreasing. 

To avoid failures due to vibration, a few sim
ple checks should be made regularly: 
a) Check for misalignment such as may be 
caused by foundation settling. 
b) Check to see if any pump vibration is 
being transmitted to the motor. 
c) Check the motor mounting bolts and 
bracket bolts to be sure they are tight. 
d) Check transmission from adjacent 
machinery or too fle><ible motor support 
structure. as well as by motor unbalance 
itself. 

Note: 
If vibration of 5 mils or more is experienced 
under running conditions after above checks 
have been made, then it is certain that there 
is some resonance in the system. 

Coils 
Revarnishing the windings when motors are 
overhauled will lengthen their life. Suitable 
varnish may be obtained from the nearest 
Westinghouse Sales Office. 

Guide Bearing 
The guide bearings are vacuum degassed 
single row width con rad type greasable ball 
bearings, with single shields on each side. 

Thrust Bearing 
The thrust bearings are angular contact ball 
bearings. 

(i Not applicable to 3600 rpm molars on frame 210TP or 

210VP_ For rnformalH.>n regarding these ratings, contact 

Wes11nghouse. 

Caution: 
The thrust capacity of these bearings vary 
with supplier and care should be taken to in
sure that replacement bearings are equiva
lent to the original. 

Lubrication 
Grease lubricated bearings as furnished are 
adequate for a long period of operation with
out relubrication. A good maintenance 
schedule for regreasing will vary widely de
pending on motor size, speed, duty and envi
ronment. 

Warning: 
When servicing, disconnect all power 
sources; all rotating parts should be at 
standstill. Make sure any accessory re-start 
device is de-energized. 

Frequency of Regreasing 
The following table suggests relubrication 
imervals for motors on normal duty, steady 
running, in relatively clean atmosphere at 
40°C ambient (104°F) temperature or less. 

See motor nameplate for insulation class, 
frame and identity of bearings. 

Enclosure Ins. Frame Frames Frames 
210 250& 280 32Dto440 

WPI B 2 yrs 18mos 1 yr 
Oripproof 

Enclosed- : } Fan Cooled 18mos 1 yr 9mos 
WPI 
Dripproof 

Enclosed- :} Fan Cooled 1 yr 9mos 6mos 
WPI 
Dripproof 

Enclosed- H 9 mos 6mos 3 mos 

Fan Cooled 

NOTE· 
For motors over 1800 rpm - grease twice as frequently 
For heavy duty - dusty locations - grease twice as frequently 

Type of Grease 
Use Westinghouse 5370_1 RY grease unless a 
special grease is specified on the nameplate. 
Some equivalent greases are: 
Chevron SRl-2 Standard Oil of California 
Premium RB Texaco Inc. 
Unirex N2 Exxon 
Dolium R Shell Oil Company 
Rykon Premium - American Oil 

Caution: 
Overgreasing is a major cause of bearing and 
motor failure. Make sure dirt and contamin
ants are not introduced when adding grease. 

Procedure for Regreasing 
When regreasing, stop motor, remove inlet 
and outlet plugs, and add grease with hand 
lever operated gun only. Add quantity of 
grease per chart below. Do not expect grease 
to appear at the outlet, but if it does. discon
tinue greasing at once. Run motor for about 
ten minutes before replacing outlet plug. 
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Reference Table for 
Guide and Thrust Bearings 

Shaft Diameter Amount of 
(At Face of Bracket, Grease to Add ------------ ------
Lower Guide Bearings 
¾tol¼ 
1¼to11/. 
11/a to 21/• 
23/4, to 3¾ 
Upper Thrust Bearing 

1 oz. = , .a cu. in. by Weight 

End-Play Adjustment© 

1/• cu. 1n. or 0.1 oz. 
¼ cu in. or 0.2 oz. 
¾cu.in. or 0.6 oz. 
2 cu. in. or 1.6 oz. 

Frames 210 280 
3.6 cu. in. or 2 oz 
Frames 320-440 
5.4 cu. in. or 3 oz. per Brg. 

All vertical high thrust motors are designed 
for momentary up-thrust. This up-thrust is 
taken by the lower guide bearing which is re
stricted in movement by the drive hub 
locknut. This adjustment is made at the fac
tory for new motors and need not be read
justed. 

If the motor should be disassembled for any 
reason, the end-play adjustment must be 
made to avoid bearing damage. 

The procedure for end-play adjustment is as 
follows: 

1. Assemble motor with lower inner bearing 
cap pulled down tight. 

2. Assemble upper bearing, drive hub, drive 
hub lockwasher and locknut onto shaft. 
Tighten drive hub locknut until bearings are 
just starting to pre-load. When slight pre-load 
is experienced, there is no end-play and the 
rotor will not turn as freely by hand. 

3. After slightly pre-loading the bearings, 
back off the drive hub locknut½ turn for 
frames 210 through 280 and¼ turn for 
frames 320 and larger. 

4. Check end-play. End-play should be .005 to 
.010 inches. 

5. If equipment is available, it is desirable 
that shaft end-play be checked using a dial 
indicator to measure movement as rotor and 
shaft is raised and lowered. 

6. When end-play is established. lock the nut 
in place with the lockwasher. 

For motors that are supplied to withstand 
continuous up-thrust, end-play adjustment is 
not required. Drive hub locknut should be se
cured tight and locked with the !ockwasher. 

Repair and Renewal Parts 
Repair and renewal parts information may be 
obtained from the nearest Westinghouse 
Sales Office. Be sure to use title and number 
from Figs. 5, 6 and 7 which describe the part· 
or parts required, and give the complete 
nameplate reading on the motor for positive 
identification. 

( 
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Repairs on explosion-proof motors, that alter 
in any way the explosion resisting character 
of the motor. void the Underwriters' label. 

Note: 
Bearings - AFBMA number is on the motor 
nameplate. 

To obtain Westinghouse No. 53701 RY grease 
in small containers, order: 
S# 773A773G35 - 35 lb. can 

;.,, 

. \ . jj 
'-.z_ _:..._ .. ,~-~ 

Returning Apparatus 
Authorization and shipping instructions for 
the return of any apparatus must be obtained 
by the purchaser from Westinghouse Sales 
Office or distribution outlet before returning 
apparatus. In no event will Westinghouse be 
responsible for apparatus returned without 
proper authorization and identification. 

RATCHET PtN 

RATCHET PIN 
COVER 

Fig. 5 Arrangement of Parts, Vertical Hollow Shalt Dripproof Type T Lile-Line Motors, Frames 210TP-280TP 
(Solid Shaft Motors use same Construction except Top Coupling and Ratchet Pins are Omitted.) 
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Instruction Leaflet 
2950-GL 
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Warranty 
Contact nearest Westinghouse Apparatus 
Sales Office for details of warranty coverage. 
Generally, Westinghouse will correct by re
pair or replacement any defect in workman
ship or material which develops in this motor, 
when properly used, for one year after instal
lation or 18 months after shipment, 
whichever comes first. 

-

-
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THRUST IJRG. 

ORtVE HUB 
LOCKNUT 

DRIVE HUB 
LOCKWASHEII 

ORIV'E HUB 

RATCHET PLATE 

RATCHET PIN 

COUPLING 

DRIVE PIN 

GIB HLAD l(fY 

FAN 

ORIP COVER 

LWR. BRACl(.ET 

GUIDE BEARING 

LWR 8£.MIHG CAP 

EXT. FLINGER 

BAG. SHIMS 

RETAINING 
RING 

CONDIJ\1 BOX 
ASSEM. 

Fig 6 Arrangement of Parts., Vertical Hollow Shah fan-Cooled or Type T life-line E>tplosionp,oof Motor, Fnmes. 210TP-280TP 
{So ltd Shah Motors use same Construction except Ratchet Pins are Omined.) 
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Fig. 7 An..,gemenl of Parts. Vertical Hollow Shafi Dripprool Life Line Motor, Type G Frames 320TP-440TP {Solid Shaft Motors use same Construction except Top Coupling and Ratchet Pin& are Omitted.) 
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ULLAGE PUMP 

Identification 
Tag Number 

P-308 

Description 

Ul lage Pump 

Description 

Manufacturer Aurora Pump, 800 Airport Rd., North Aurora, Illinois 
60542 

Part Number 

Specification No. 

Material 

Weight 

Prescribed Service 

Model 134, Size C04 

62 lb. 

Thermal Storage Liquid Hydrocarbon Return 

Vendor 
Hitt Combustion Engineers, 931 So. Maple Ave., Montebello, CA 90640 

Special Cautions 

Se.,- Aurora Bulletin 130E 

Periodic Service 

None 
Parts List 

None 
Special Too1s 

None 
Maintenance lnstrucLions 

None 
l. 2. 5. 10 Accept.:;ince Tests 

None 
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BULLETIN 130E 
130 SERIES 
SINGLE STAGE -
TURBINE TYPE 
PUMPS-11O'' 
CAPACITIES TO 50 G.P.M. 
HEADS TO 700 FEET 
TEMPERATURES TO 212°F 

.. e 



-AURORA PUMP, a pioneer in 
turbine pump design, has long 
been the leader in the turbine 
pump industry. AURORA's lead
ership consistently offers the 
ultimate in turbine pump design. 

-

-

The regenerative turbine pump 
offers many advantages in the 
area of low flow and moderate 

PUMP FEATURES 

MODEL 133 

1 

2 

3 

5 

2 

to high pressure. A turbine pump 
is efficient under low flow -
high pressure conditions and 
delivers a steady stream of liq
uid free from pressure pulsa
tions. There is no metal to metal 
contact existing within the op
erating parts of a turbine pump 
channel. 
Turbine pumps have solved 

1 SELF-PRIMING feature is 
provided on Model 133. 

2 "O" RING GASKETS prevent 
leakage. 

3 SELF-CENTERING IMPEL
LER minimizes wear. 

4 WATER $LINGERS protect 
bearings. 

5 MECHANICAL SEAL has car
bon against Ni-Resist face for 
optimum hot water perfor
mance. Long life is also assured 
with 303 stainless steel metal 
parts and "Buna-N" elastomers. 

6 DOUBLE SUCTION IMPEL
LER minimizes axial thrust. 

7 REPLACEABLE CHANNEL 
RINGS and impellers reduce 
maintenance costs. 

8 STRAIGHT THROUGH IN 
LINE PIPING is provided on 
Models 134 and 135 for simple 
installation. 

STANDARD 
Bronze fitted construction 
Hydraulically balanced bronze im-

peller 
300# case working pressure 
416 stainless steel shaft 
Internal sealing water passages 
Removable channel r,ings 
VIP TEST - Every pump is hydro
statically tested and given a run
ning check with data consisting of 
head, capacity and horsepower 
readings at your specified operating 
conditions. 
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many liquid handling problems. 
Because of this versatility, 
thousands of turbine pump units 
have been in use for over 50 
years. 
The following pages explain the 
reasons why AURORA PUMP is 
able to offer you a modern, effi
cient, economical and customer 
proven turbine pump. 

MODELS 
134 & 

135 

OPTIONAL 

INLINE 
PIPING 

All iron, bronze ring, all bronze con-
struction 

Ductile iron or stain. steel impeller 
316 stainless steel or monel shaft 
Vertical ASA Flanged suction cas-

ing (See Bulletin 680, Models 
134 and 135 only) 

Bypass with manual shut-off valves 
Bypass with relief valve 
Certified performance test data 
consisting of head capacity and 
horsepower readings taken over the 
full operating range of the pump. 



THEY'RE ECONOMICAL 
End-mounted, close-coupled 
design with single mechanical 
seal and choice of 3500 RPM 
or 1750 RPM operating speeds 
means you get greater capacity 
and pressure-dollar for dollar. 
In fact, these close-coupled 
pumps are so economical. it's 
practical to have a spare unit 
ready for immediate replace
ment when maintenance is 
required. 

THEY CAN'T "VAPOR LOCK" 
Turbine impeller handles gases 
and vapors (up to 20%) along 
with the liquid ... eliminating 
any possibility of vapor lock 
within the pump. 

THEY'RE VERSATILE 
Steep head curves with near
constant capacity over wide 
head variations means you can 
specify 130 Series Pumps for 
an extremely wide range of op-

1.2.5..4 

3 

4 

5 

6 

7 

8 

MODEL 134 

erating conditions. And, if iL:;-
necessary, Model 134 and 135 
Pumps can be easily field con
verted to right- or left-hand op
eration by rotating the casing 
180° after removing only 4 
mounting bolts. Need a self
priming pump? Specify Model 
133 with the self-priming fea
ture. This feature has made 
Model 133 a popular pump 
selection. 

THEY SAVE SPACE AND 
ARE EASY TO INSTALL 
Close-coupled design gives you 
substantial space savings com
pared to conventional bearing 
frame pumps. Installation is 
quick and easy, too. Straight
through piping ( Model 134 and 
135) also means you can locate 
the pump almost anywhere with
in the piping system - without 

-

using elbows at the pump. -

AND, THEY'RE RELIABLE ._., 
It takes quality materials and 
careful production methods to 
make reliable pumps. Standard 
construction 130 Series Turbine 
Pumps are bronze-fitted with 
bronze impellers, ( chrome-plat
ed channel rings are standard 
on Models 133 and 134), cast 
iron casings, and stain'less steel 
motor shafts. (They're also 
available in All-Bronze or All
Cast Iron construction to meet 
your most demanding applica
tion. Then, after 130 Series 
Pumps are assembled with these 
quality materials, each pump is 
tested on dynamic test stands 
which duplicate operating con
ditions and measure precisely 
each pump's head, capacity, and 
power requirement - not to 
mention hydrostatic and me
chanical function tests. After a 
130 Series Pump passes these 
tests it's VIP-rated (Verified Ir A 
dividual Performance) and one..-/• 
you can apply with full confi
dence that the rating you specify 
will be attained. 

3 



-WHAT'S 
SO SPECIAL ABOUT 
OUR TURBINE 
PUMPS? 

They have steep head-capacity 
characteristics. They have excel
lent vapor handling properties. 
They have unusually high suction 
lift properties. And, they're eco
nomical. 

THE STEEPER THE BETTER 

Take head-capacity characteris
tics, for example. Figure 1 shows 
a performance curve for a typical 
Aurora turbine pump. As you can 
probably tell at a glance, the steep 
head characteristics make it pos
sible for an Aurora turbine to go 
on pumping about the same 
amount of liquid even though 
there are relatively wide variations 
in head pressure. Pressure varia-

A tions can occur for a number of 
W reasons, but the most common 

designed-in variations are the re
sult of automatic pop:off valves 
and similar control devices. The 
important point is this: '3/0U can 
design your system using Aurora 
turbine pumps, knowing that you 
can always count on about the 
same capacity despite some un
avoidable variations in pressure. 

VAPOR LOCK! WHAT'S THAT? 

The second feature that makes 
Aurora turbine pumps somewhat 
special is the way they handle 
vapor without any serious effect 
on pumping capacity. Even though 
bubbles form in the suction noz
zle, the pump will carry them 
along with the liquid, discharging 
the vapors. This makes Aurora 
turbine pumps ideal not only for 
handling hot water but also for 
pumping refrigerants and liquids 
that may vaporize at normal temp
eratures. Aurora turbines can also 

A handle steam and air along with 
_, hot water, without vapor lock or 

bind. 

4 

BIG LIFTS, TOO 

As for high suction lift properties, 
just take a look at Figure 2. Here 
you'll find that the maximum suc
tion lift of an Aurora turbine pump 
is only 5½ feet less than the the
oretical maximum for any type of 
pump. (No wonder Aurora tur
bines are specified, over and over, 
for "lifting" operations ... es
pecially hot water and liquids that 
vaporize at normal temperatures.) 

BUDGET WATCHERS 

How about economy? More good 
news. Turbine pumps, by their 
very design, are the most eco
nomical solution to general lift ap
plications. What's more, we think 
we know how to design and build 
a very economical turbine pump 
without sacrificing quality or per
formance. 
We ought to. We've been at it 
more than 50 years. 

4.5 DIA.-TURBINE PUMP 
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7.0 DIA.----- CENTRIFUGAL PUMP 

BOTH PUMPS RUNNING AT 1750 R.P.M .. 

HEAD .,, 
CAPACITY <-, 

. ' 
. ' _________ ..:a,_-----
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CAPACITY, GPM 

Fig.1 

,...-THEORETICAL MAXIMUM SUCTION LIFT. 
/' ANY TYPE OF PUMP 

/ 

PRACTICAL SUCTION LIFT ___ // 

TURBINE PUMPS 
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TURBINE 
PUMPS 
ARE UNIQUE 
PERFORMERS 

Turbine pumps derive their 
name from the many buckets 
machined into the periphery of 
the rotating impeller. They have 
long since been recognized for 
their effectiveness in the areas 

FIGURE 4 

of low flow, high head applica
tion. The turbine pump offers 
higher heads than centrifugal 
pumps. 
Because the· head capacity 
curve is steep in a turbine pump, 
a greater degree of flexibility is 
available to the engineer. 
Turbine pumps having top cen
ter line discharge are self
venting and have the ability to 
handle vapors without vapor 
lock. This characteristic allows 

1.2.5-6 

handling of boiling liquids anc' -
liquified gases at suction heads·
slightly over the vapor pressure. 
The turbine pump also has high-
er efficiencies at low flows than 
a centrifugal pump. 
Turbine pumps uti I ize close 
running clearanc:es and are nor
mally utilized on clean liquid 
applications. Viscous materials 
up to 500 S.S.U. can be pumped. 
Turbine pumps are unique in 
operation. The pumped liquid is 
directed by the liquid passage 
so that the liquid circulates in 
and out of the impeller buckets 
many times on its way from the 
pump inlet to the pump outlet. 
Both centrifugal and shearing 
action combine to impart addi
tional energy to the liquid each 
time it passes through the 
buckets. 
Heads over 900 feet are suc
cessfully developed in a single 
stage. 
The impeller runs at very clos,. -
axial clearances with the pump-· 
channel rings to minimize re
circulation losses. The channel 
rings provide a circular channel 
around the blade area of the im-
pe 11 er, from the inlet to the 
outlet. 
Liquid entering the channel 
from the inlet is picked up im
mediately by the buckets on 
both sides of the impeller and 
pumped through the channel 
(Figure 3) by a shearing action. 
The flow of the liquid within the 
impeller buckets is illustrated in 
Figure 4. This process is re
peated over and over, each 
cycle imparting more energy 
until the liquid is discharged. 
This flow is smooth and 
continous. 

1 TURBINE IMPELLER 

2 CHANNEL RINGS 

3 25% OF DISCHARGE PRESSURE 

4 50% OF DISCHARGE PRESSURE • 

5 75% OF DISCHARGE PRESSURE 

6 100% OF DISCHARGE PRESSURE 

5 



- Determine the pump capacity and discharge the pump and the motor horsepower. specific gravity of 1.0 ... for final selection 
head. Find the nearest charted head under the Horsepowers shown mey not be non- refer to performance curves. 
Total Dynamic Head listing, select the desired overloading. Check performance curve 
motor speed, and read down to the next larger for actual B.H.P. 

If fluctuation or increase in head is antici-
capacity closest to the calculated requirement. pated, the specific pump performance curve 
The figures and numbers identify the size of Selections are based on cold water with should be checked for final selection. 

TOTAL DYNAMIC HEAD IN FEET 

PUMP R.P.M. 10 20 30 40 50 60 70 80 90 100 150 200 250 300 350 400 450 500 550 600 650 SIZE 

D03 3500 
GPM 7.2 6.9 6.6 6.3 5.9 5.6 5.2 4.7 4.3 3.9 2.3 1.0 
HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ¾ 

E03 3500 
GPM 10.8 10.1 9.7 9.2 8.8 8.4 8.0 7.6 7.2 6.9 5.2 3.7 2.1 
HP 1/3 ½ ½ ½ ½ ½ ½ ½ ½ ½ ¾ 1 1 

F03 3500 GPM 12.0 11.5 11.0 10.4 9.9 9.5 9.1 8.6 8.3 7.9 6.1 4.4 2.7 
HP ½ ½ ½ ½ ½ ½ ½ ½ ¾ ¾ ¾ 1 l½ 

G03 3500 GPM 15.8 15.3 14.7 14.2 13.7 13.2 12.7 12.2 11.7 11.3 9.1 6.9 4.5 2.0 
HP ½ ½ ½ ½ ¾ ¾ ¾ ¾ ¾ 1 1 1½ 2 2. 

1750 GPM 2.9 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.1 
HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ 

A04 
GPM 5.8 5.6 5.5 5.2 5.1 4.9 4.8 4.6 4.5 4.3 3.7 3.1 2.6 2.0 1.6 1.1 3500 HP ½ ½ ½ ¾ ¾ ¾ ¾ ¾ ¾ ¾ ¾ 1 1 1½ 1½ l½ 

1750 
GPM 3.8 3.5 3.2 2.8 2.5 2.2 1.8 1.5 1.1 0.7 

HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ 
B04 

GPM 8.5 8.2 7.8 7.6 7.3 7.0 6.8 6.6 6.3 6.1 5.1 4.2 3.3 2.4 1.4 
3500 HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ¾ ¾ 1 1 l½ 

1750 GPM 5.0 4.4 3.9 3.6 3.2 2.9 2.6 2.3 2.0 1.7 e: HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ 
C04 

GPM 10.6 10.2 9.9 9.6 9.4 9.1 8.8 8.5 8.3 8.1 6.9 5.8 4.8 3.8 2.8 1.9 3500 HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ¾ ¾ 1 1 1½ l½ 

1750 GPM 6.6 6.2 5.7 5.2 4.7 4.2 3.6 3.0 2.4 1.8 
HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ 

D04 
GPM 12.3 12.2 12.1 12.0 11.9 11.8 11.7 11.6 . 11.5 11.3 10.4 9.0 7.1 5.5 4.0 2.6 3500 HP ¾ ¾ ¼ ¾ ¾ ¾ ¼ ¾ ¾ ¾ 1 1 l½ 1½ 2 2 

1750 GPM 8.2 7.6 7.1 6.6 6.3 6.0 5.6 5.4 5.1 4.8 3.4 2.0 
HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ¾ 

F05 
GPM 16.5 16.3 16.0 15.7 15.5 15.3 15.0 14.7 14.4 14.2 13.0 11.9 10.8 9.8 9.0 8.0 7.1 5.5 3500 6.3 4.6 3.8 
HP ¼ ¾ ¼ ¾ ¼ 1 1 1 1 1 1½ 1½ 2 2 3 3 3 3 5 5 5 

1750 GPM 12.3 10.7 9.9 9.2 8.4 7.8 7.2 6.6 6.0 5.4 2.6 
HP ½ ½ ½ ½ ½ ½ ½ ½ ½ ½ ¾ 

G05 
GPM 24.6 24.1 23.8 23.6 23.0 22.7 22.3 22.0 21.5 20.0 18.2 16.6 15.0 13.5 12.0 10.5 7.7 6.4 3500 24.9 9.0 5.1 
HP 2 2 2 2 2 2 2 2 3 3 3 3 5 5 5 5 5 5 7½ 10 10 

1750 GPM 14.0 13.l 12.4 11.8 11.2 10.7 10.2 9.7 9.2 8.8 6.7 4.7 3.0 
HP ½ ½ ½ ½ ½ ½ ½ ¾ ¾ ¾ 1 1 l½ 

HOS 
GPM 24.9 24.7 24.5 24.4 24.2 24.1 24.0 23.8 23.7 22.8 21.7 20.5 19.2 17.8 16.0 14.4 11.3 3500 25.0 12.9 10.0 8.5 
HP 1½ 1½ 1½ 1½ l½ l½ 1½ l½ 2 2 2 3 3 5 5 5 5 1½ 10 10 10 

1750 
GPM 18.0 17.2 16.5 15.6 15.0 14.2 13.5 12.8 12.2 11.5 8.5 5.7 3.0 

HP ½ ½ ½ ½ ½ ¾ ¾ ¾ ¾ ¾ 1 l½ 2 
105 

31.2 31.l 31.1 31.0 30.9 30.8 30.7 30.6 30.5 29.8 28.5 26.8 25.0 23.2 21.5 19.8 3500 GPM 31.3 18.1 16.5 14.9 13.2 
HP 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 7½ 10 10 10 10 10 

1750 GPM 24.4 23.7 22.6 21.5 20.3 19.2 18.l 17.0 15.6 14.5 8.4 2.2 
HP ½ ½ ½ ½ ¾ ¾ ¾ ¼ ¼ 1 1½ l½ 

J05 
GPM 38.4 38.3 38.2 38.1 38.1 38.0 38.0 37.9 37.8 37.8 37.2 36.5 35.0 32.8 30.3 27.5 24.5 18.0 14.5 3500 21.3 11.0 
HP 3 3 3 3 3 3 3 3 5 5 5 5 5 7½ 7½ 10 10 10 10 10 15 - 1750 GPM 30.l 29.0 28.0 26.9 25.8 24.6 23.5 22.2 21.0 19.8 12.7 5.0 
HP ½ ½ ½ ½ ¼ ¼ ¼ 1 1 1 l½ 2 

KOS 
GPM 43.7 43.6 43.6 43.5 43.5 43.4 43.4 43.3 43.3 43.2 42.9 42.3 41.7 40.9 39.0 36.0 32.7 .25.7 22.0 3500 29.l 18.0 
HP 7½ 7½ 7½ 7½ 7½ 7½ 7½ 7½ 7½ 1½ 7½ 7½ 7½ 7½ 10 10 10 10 15 15 15 

1.2.5-7 
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MODEL 134-136 

NOTES 
1. Dimensions and weights are approximate. 

2. All dimensions are in inches and may vary ::!: ¼ ". 
3. Frame sizes, "AG" dimension and motor weight are 
tor open drip proof motors only. 

4. Conduit box is shown in approximate position. Di• 
mansions are not specified as they vary with each motor 
manufacturer. 

5. Add pump and motor weight for unit weight. 

6. Not for conatruction purpoaI11 unle11 certified. 

7. Aurora Pump r111erve1 the right to make revl1ion1 
to Its products and their 1paclflcatlons. and to this 
bulletin and related information, without notice. 
•Single phase only. ••Three phase only. 

STANDARD 
POSITION (1) 

1.2.5-8 

POSITION(4) 
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.he Vendor shall furnish an Au
rora 130 Series Close-Coupled 
Turbine Type Pump size ..... 
(bronze fitted) (all iron) (all 
bronze) when operating against 
a total discharge head of con
struction. Each pump shall have 
a capacity of ....... G.P .M. 
at ..... feet. Suction pressure 
will be ....... feet. Pumping 

LIMITATIONS 

Pump 
Series 

133 

134 

135 

Pump 
Size 

003 
thru 
603 

Max. 
Suet. 

Pressure 
P.S.I. 

100 

Max. 
Diff. 

Pressure 
P.S.I. 

150 

A04 225 
B04 225 

---<:04 100 190 
004 180 

F05 280 
GOS 250 
HOS 100 220 
105 175 
JOS 150 

temperature is . . . . . ° F. Spe-
c if ic gravity is ........ The 
fluid to be pumped is ( des-
cribe) .................. . 
Pump is to be furnished with 
mechanical seal, replaceable 
channel rings with in-line suc
tion and discharge openings in 
casing. The pump shall be close-
coupled to a ............. . 

Max. 
Casing Max. 

Pressure Temp. 
P.S.I. "F. 

175 225 

300 225 

300 225 

Min. 
Suet. 

Pressure 
Vac. in Hg 

26 

26 

26 

Motor 
Frame 

56 
145T 
1821 
1841 

H.P., .............. phase, 
.......... cycle, ....... . 
voltage, ........... R.P.M. 
(drip proof) (totally enclosed) 
(explosion proof) motor for 
(continuous) ( intermittent) op-
eration in a ....... ° F. max-
imum and ........ ° F. mini-
mum atmosphere. Installed per 
Hydraulic Institute standards. 

NOTES 
1 Maximum differential pressure 
based on allowable shaft deflection 
for standard shafts. 

2 Maximum casing pressure based 
on laboratory tests at twice the pres
sure shown. 
3 All pressure limitations on this 
chart are based on standard pumps 
constructed of standard materials 
and handling water at normal 
temperatures. 
4 For temperatures below -32° F .. 
consult factory. 

•~:------Ko_s _______ 1_3o _______________ _ 

WI FOS 213T 

5 Maximum suction pressure based 
on limitations of mechanical seal 
furnished as standard. 

6 Pumps should not be used when 
any one of the above limitations is 
exceeded. 

-

135 thru 100 300 300 225 26 21ST 
KOS 254T 

MATERIALS OF CONSTRUCTION MODEL 133-134-135 IMPELLER 

PUMP PART BRONZE FlmD ALL IRON AU BRONZE 

CASING CAST IRON CAST IRON BRONZE 
ASTM A48-64 ASTM A48-64 ASTM B62-63 

COVER (153) CAST IRON CAST IRON BRONZE 
ASTM A48-64 ASTM A48-64 ASTM B62-63 

IMPELLER BRONZE DUCTILE I RON BRONZE 
ASTM B62-63 ASTM A395-61 ASTM B62-63 

IMPELLER SLEEVE BRONZE STAIN. STEEL BRONZE 
ASTM B62-63 AISI 316 ASTM B62-63 

INNER RING CAST IRON CAST IRON BRONZE 
ASTM A48-64 ASTM A48-64 ASTM B62-63 

OUTER RING (154-155) CAST IRON CAST IRON BRONZE 
ASTM MB-64 ASTM A48-64 ASTM B62-63 

------- , _____ - ·- -·---- -----~---·--------··-

MECHANICAL SEAL 316 stainless steel metal parts, "Buna-N" elastomer parts, 
Ni-resist seat and carbon washer. 

1 :.2.5-9 

A UNIT OF GENERAL SIGNAL 
800 AIRPORT ROAD· NORTH AURORA. ILLINOIS• 60542 
SALES OFFICES IN ALL MAJOR CITIES AND COUNTRIES 
Refer to "Pumps" in the yellow pages of your phone directory 

MANUFACTURING FACILITIES LOCATED IN: NORTH 
AURORA, ILLINOIS • CITY OF INDUSTRY (GREATER LOS 
ANGELES), CALIFORNIA• REXDALE (TORONTO). ONTARIO 

A ~xport Dept.: No. Aurora, Illinois, Cable Address '"NYABINT'" 
...- The Trade-mark AURORA is registered in U.S. Patent Office 

::;; 
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1.2.6 Raw/Service Water Pumps 

1.2.6.l Identification 

Tag Number 

P-703 
P-704 

1.2.6.2 Description 

Description 

Raw/service water pump 
Raw/service water pump 

1.2.6.2. l Raw/service water pump P-703 

Manufacturer: Goulds Pumps, Inc. 
Seneca Falls, N.Y. 13148 

Part Number: 

1.2.6.2.2 Raw/service water pump P-704 

Manufacturer: Goulds Pumps, Inc. 
Seneca, N.Y. 13148 

Part Number: 

1.2.6.2.3 Vendor 

Goulds Pumps, Inc. 

1.2.6.2.4 Specification 

DOE Drawing spec no. 40M7006S 

1.2.6.2.5 Piping Connections 

DOE Drawing no. 40P7005133155, CP 9 

1.2.6.2.6 Operation/Maintenance 

See following Goulds Pumps Installation, Operation and Maintenance 
Instructions 

1.2.6-1 
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FOREWORD 
The design, material and workmanship incorporated in the construction of Goulds Model 3405, 3406 and 

3416 Double Suction Centrifugal Pumps makes them capable of giving long, trouble.free service. The life 

and satisfactory service of any mechanical unit, however, is enhanced and extended by correct application, 

proper installation, periodic inspection and maintenance. This instruction book was prepared so operators will 

understand the construction and the correct methods for installing, operating and maintaining these pumps. 

Read thoroughly Sections I, II, III and IV and be sure to follow the instructions for installation and 

operation. Sections V and VJ are answers to trouble and maintenance questions. Keep this instruction book 

handy for reference. Kindly direct any questions or suggestions to the attention of the Engineering Applica• 

tion Div., Goulds Pumps, Inc., Seneca Falls, New York. 

Remember . . . the experience and recommendation of a Goulds representative are always available on 

any pump application problem. 

TABLE OF CONTENTS 
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J.J.. Location of Pumping Unit ................ ....... 3 
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Il•C Stuffing Boxes ............................................ 7 
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SECTION I INSTALLATION 

1-A. LOCATION. 
Pumping unit shou-ld be placed as close as practical 

to the source of supply. Always allow sufficient head 

room to remove the upper half casing of the pump and 

the rotating element. Floor space allotted to the pump

ing unit should be sufficient for inspection and main

tenance. 

1-8. FOUNDATION. 
1. The foundation should be substantial in order to ab

sorb any vibration and to form a permanent rigi<l 

support for the bedplate. A concrete foundation 

poured on a solid footing, using a one-three-five 

mix, of a liberal thickness to support the pumping 

unit is satisfactory. 

2. Foundatior Bolts: 

3. 

4. 

(a) The location and size of the foundation bolts is 

shown on the outline assembly drawing supplied for 

the pumping unit. 

(b) Each bolt should be installed with a pipe sleeve 

around it - to allow for adjustment. The inside 

sleeve diameter should be 2½ to 3 times the dia

meter of the bolt. Place a washer between bolt head 

and sleeve to hold bblt in position. Stuff waste 

around foundation bolts to prevent concrete from 

entering between the bolt and pipe sleeve. See Fig. 1. 

( c) The foundation bolts should be of sufficient 

length so that they project through the nut approxi

mately ¼" after allowance has been made for grout

ing (¾" to l½"), the thickness of the bedplate, 

and the thickness of the foundation bolt nut. See 

Fig. 1. 

Fig. 1 

• [D,.I.ATl 

IIIOUT 

UAV[ TO .. o, 
FOUNDATION IIOUIM, 
AND W[T • lFOII[ 
IIIOUTING. 

C:DNC:ll[T[ 
FOUNDATION 

Preparing Foundation for Mounting: 

Prior to setting unit upon the foundation, clean the 

top surface of concrete. 

Mounting Unit on Foundation: 

(a) Put the pumping unit in place on the wedges 

furnished. The wedges should be placed at four 

points, two below the approximate center of the 

pump and two below the approximate center of the 

driver. (See Fig. 2). Some installations may require 

additional wedges near the r,1iddle of the bedplate. 

5. 

-3-
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(b) Be sure that coupling is disconnected between 

pump and driver. 
(c) By adjustment of the wedges, bring the unit tc 

an approximate level and provide for the proper 

distance above the foundation for grouting (¾" to 

1 ½"). Plumb the suction and discharge flanges. By 

further adjustment of the wedges, bring the coup

ling halves into reasonable alignment. Check by 

method described in Section 1-C 4-6. 

(d) After the wedges have been adjusted, tighten 

foundation bolts evenly but only finger tight. 

NOTE: Final tightening of foundation bolts is Jone 

after grout has set 48 hours. 

o', 

WEDGES" 

Fig. 2 

Grouting Unit on Foundation: 

(a) Build wood dam around foundation as shown 

in Fig. 1. Wet top surface of concrete foundation 

thoroughly. 
(b) Pour grout in hole provided in the top of the 

bedplate. Use of a non-shrink grout is recommend

ed. The grout should be thin enough to flow out 

under the bedplate. A mixture of one part Portland 

cement to three parts sharp sand may also be used. 

Cement grout should not be so thin that the cement 

will separate from the sand. 

(c) The grout should be puddled continuously as it 

is poured to expel the air and completely fill the 

space under the bedplate, to the level of the grout 

hole in the top of the bedplate. 

( d) With a trowel, strike along the top of the wood 

dam to give a neat, finished apprnrance at this point. 

(e) Allow grout to harden at least 48 hours. 

-
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1-C. ALIGNMENT-INITIAL. 

Alignment of the pump and driver through the flex

ible coupling is of extreme importance for trouble-free 

mechanical operation. 

If the driver was mounted at the factory, the unit 

was in alignment before it left our assembly department. 

However, in transit and subsequent handling, this fac

tory alignment was probably destroyed; and, it is now 

necessary to reestablish the alignment. As directed in 

Section 1-B 4 (c) only approximate alignment was ob

tained by wedging under bedplate before grouting. 

The following are suggested steps to establish the 

initial alignment of the pumping unit: 

(NOTE THAT THIS IS AN INITIAL ALIGNMENT. 

THE FINAL ALIGNMENT IS DONE AFTER THE 

UNIT HAS BEEN RUN UNDER ACTUAL OPERAT

ING CONDITIONS. THE FINAL ALIGNMENT 

PROCEDURE IS OUTLINED IN SECTION Ill-O 

AND MUST BE FOLLOWED). 

1. 

2. 

3. 

4. 

'.i. 

Be sure coupling halves are disconnected as in

structed in Section 1-B (b). 

Tighten foundation bolts. 

Tighten pump and driver hold-down bolts. 

Any coupling manufacturer's instruction sheets sent 

with the pump should be studied and used when in

stalling, aligning, or servicing coupling. Align cout>

ling, following manufacturer's instructions. If in

structions are not available, the following procedure 

(steps '.i and 6) may be used. 

Check angular misalignment - shaft axes concen

tric but not parallel - by inserting a taper gauge or 

feeler at four points on the circumference of coup

ling halves at 90° intervals. See Fig. 3. The unit will 

be in angular alignment when the measurements 

show the coupling faces are the same distance apart 

at all points. The "gap" between the coupling halves 

should be checked at this time. This depends on the 

type of coupling used and this information will be 

found in the instructions for the specific make of 

coupling furnished. It is normally ¼-¼" for most 

applications. Adjust angular alignment and "gap" 

by loosening the driver hold-down bolts and shifting 

or shimming driver as required. Tighten driver hold

down bolts after angular alignment and correct 

"gap" are secured. 

NOTE - Pumps and drivers are bedplated so that 

when coupling faces are positioned in accordance 

with the manufacturer's recommended gap, there is 

an overhang of approximately ¼" from shaft ends 

to coupling hub faces. 

6. Check parallel misalignment - shaft axes parallel 

but not concentric - by laying straight edge across 

both coupling rims at top, bottom and both sides. 

See Fig. 4. 

-4-
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1239-11-61 Fig. 3 

lll'l-81-71 Fig. 4 

The unit will be in horizontal parallel alignment 

when the straight edge rests evenly on both halves 

of the coupling at each side. 

In order to secure vertical parallel alignment under 

actual operating conditions, the driver shaft must be 

set higher or lower than the pump shaft to compen

sate for vertical expansion. A suggested approximate 

cold setting for motor driven pumps is outlined 

below: 
(a) When pumping cold liquids, set the motor 

shaft .006" below the pump shaft. 

( 

( 
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(b) When pumping hot liquids (200° F and over) 

set the motor and pump shafts at the same height. 

Thin shim stock should be used under the driver 

feet to establish parallel alignment. (In some in

stances, shims may be required under the pump feet). 

7. Bear in mind always that alignment in one direction 

may alter the alignment in another. Check through 

each alignment procedure after making any align

ment alteration. 

1-D. PIPING-GENERAL. 
I. All piping must be supported independently of the 

pump. The piping should always "line-up" naturally 

with the pump flanges. NEVER DRAW THE PIP

ING INTO PLACE BY USE OF FORCE AT THE 

FLANGED SUCTION AND DISCHARGE CON

NECTIONS OF THE PUMP! 

2. The piping, both suction and discharge, should be 

as short and direct as possible. Avoid all unnecessary 

elbows, bends and fittings, as they increase the fric

tion losses in the piping. The size of pipe and fit

tings should be carefully selected and of sufficient 

size to keep the friction losses as low as practical. 

3. Piping must not be connected to the pump until the 

grout has thoroughly hardened and the foundation 

bolts as well as driver and pump hold-down bolts 

have been tightened. See Section 1--G. 

4. When handling liquids at elevated temperatures, 

arrangements must be made for expansion loops or 

expansion joints so that the linear expansion of th,: 

pipe will not cause the pumping unit to be drawn 

out of alignment. 

1-E. PIPING-SUCTION. 
I. General - Properly installed suction piping is of 

extreme importance for trouble-free centrifugal 

pump operation. 

(a) The suction pipe should be as large or larger 

than the pump suction. 

(b) Increasers, if used, should be eccentric and pre

ferably at the pump suction tlange, sloping side down. 

( c) A centrifugal pump should never be throttled 

on the suction side for capacity adjustment. 

( d) When more than one pump is operating from 

the same source of supply, separate suction lines, if 

possible, should be used. If not possible for separate 

lines, piping arrangement as shown in Fig. 7 is 

recommended. 

2. Installations With Pump Above Source of Supply

Suction Lift: 
(a) Keep suction pipe free from air pockets. See 

Fig. 5. 
l. Piping should slope upwards from source of 

supply. 
2. No portion of piping should extend above 

the pump suction nozzle. 

-~-
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(b) All joints must be air tight. 

(c) The suction pipe should always be submerged 

into the source of supply as shown in Fig. 6. 

( d) A foot valve should only be used if :1ecessar}· 

for. priming, or, if the pump is to be used on inter

mittent service and is required to hold its prime. 

(e) Suction strainers when used should have a net 

free area of at least three times the suction pipe area. 

3. Installations With Pump Below Source of Supply

Suction Head or Flooded Suction: 

(a) A gate valve should be installed in the suction 

line to permit closing the line for pu_mp inspection 

and maintenance. 

(b) Keep suction pipe free from air pockets. 

1. Piping should be level or slope gradu.illr 

downward from the source of supply. 

-r----,a•-FOOT YALV[ 
PP UHDI 
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2. No portion of the piping should extend be-

low the pump suction flange. 

(c) The size of entrance from the supply should be 

no smaller than the suction pipe. 

( d) The suction pipe should be below the liquid 

surface at the source of supply as shown in Fig. 6. 

I-F. PIPING-DISCHARGE. 
1. A gate valve and a check valve should be installed 

in the discharge line. The check valve should be 

located between the gate valve and pump to permit 

inspection of the check valve. The gate valve is re

quired for priming, regulation of flow capacity and 

for inspection and maintenance of the pump. See 

Fig. 5. 

2. Increasers, if used in discharge line, should be 

placed between the check valve and the pump. 

I-G. CONNECTION OF PIPING. 
Connect suction and discharge piping. Rotate the 

pump shaft by hand several complete revolutions to be 

sure that there is no binding and that all parts are free. 

Recheck alignment as described in Section 1-C. If the 

connection of the piping causes unit to be out of align

ment, correct piping to relieve strain on the pump. 

1-H. CHECK OF ROTATION. 
The direction of rotation is marked on the pump 

casing. Make sure that driver rotates in the same direc

tion. On electric motors, jog starting switch to be sure 

wiring is connected for correct rotation. Be sure that 

coupling is disconnected. 

I-J. CONNECTION OF COUPLING. 
Connect coupling, following instructions for the par

ticular make of coupling furnished. This data is supplied 

separately, giving complete instructions for connection, 

lubrication, alignment and maintenance. 

NOTE-Pumps and drivers are bedplated so that when 

coupling faces are positioned in accordance with the 

manufacturer's recommended gap, there is an overhang 

of approixmately 1/s" from shaft ends to coupling hub 

faces. 

1.2.6-7 
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SECTION II - PREPARATION FOR OPERATION 

II-A. PUMP BEARINGS. 
I. Modd 3-IO"> pump bearings arc grease luhric1tc,I and 

sufficient lubricant is inserted at the factory for 2000 

hours of operation. 

2. Model 3406 pump bearings are ring oil lubricated, 

and are not lubricated before leaving the factory. 

3. Model )416 pump bearings are flood oil lubricated 

and are not lubricated before leaving the factory. 

A high quality turbine type oil, with rust and oxida

tion inhibitors, should be used. For the great majority 

of operation conditions, oil temperature will run between 

50 and 180° F. In this range an oil of 300 SSU viscosity 

at 100° F. (approximately SAE 20) should be used. 

If oil temperature exceeds 180° F. (Models 3405 and 

3406) or 250° F. (Model 3416) for extended periods of 

time, use of cooling water as outlined in Section II -
E & B and/or use of a special high temperature oil 

should be considered. For extreme conditions, refer to 

factory or a lubrication expert for a recommendation. 

The constant level oilers are found in the box of fit

tings which accompany the pump. Oiler manufacturer's 

instructions accompany the oiler. Oiler was adjusted to 

maintain proper oil level before leaving factory. If ad

justment is lost, reset as directed in Figure 8. 

On the Model 3406 install the constant level oilers in 

the bearing housing at each end of the pump. The oiler 

piping must rest on top of the cap screw which projects 

from the casing. This screw keeps the oiler piping level. 

(See Figure 9). 

On the Model 3416 install the constant level oilers 

in the bearing end covers at each end of the pump, as 
~hown in Figure 10. Do not install the -oiler in the 

opening for the optional cooling coils, which are directly 

below the oiler. 

OIi. LfW.l 

a-,,,,.. 
-.L. 

Fig. 8 
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Fig. 9 

Fig. 10 

11-B. DRIVER BEARINGS AND 
COUPLING. 

Check to be sure the driver bearings and coupling are 
properly lubricated. 

11-C. STUFFING BOXES 
Pumps are furnished with packed type stuffing boxes 

as standard. However, mechanical seals, either of single 

or double type, can be furnished on order. 

1. Stuffing Boxes with Packing Rings: 

In the box of fittings accompanying the pump will be 

found the stuffing box packing. The standard packing is 

John Crane "Super Seal" No. I and is a general purpose 

plastic type packing composed of srecial long fibre pure . 
asbestos, suitable antifriction meta particles, fine lubri-

-7-
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eating graphite, and binder. It contains no volatile oils. 

The packing is die-formed to facilitate installation. 

··super Seal" No. 1 is recommended for water, ammonia, 

mild chemicals and all general services, and is good for 

the maximum temperatures for which the pumps are 

tat ed. 

It is suggested that the packing rings be allowed to 

soak in #10 SAE oil for 15 minutes to one hour prior 

to installation. 

When installing the packing and the Teflon lantern 

ring, twist the rings sideways just enough to get them 

around the shaft sleeves. DO NOT ATTEMPT TO 

PULL RINGS STRAIGHT OUT TO GET THEM 

OVER $HAFT AND SHAFT SLEEVE. (See Fig. 11.) 

CORRECT WRONG 

-~- -u-
TEFLON LANTERN RING 

--~- ~ --~ /)_ 
171-67-21 

STUFFING BOX PACKING 

Fig. 11 

Insert two rings of packing for Group "S" & "M" 

pumps and three rings for Group "L" pumps against the 

stuffing box bushings ( 125 ), staggering the joints. See 

Section Assembly, Section VI--C (page 16). The lantern 

ring (10'5) should then be inserted in the stuffing box. 

When it is in its proper position, it will be directly op

pmite the sealing inlet connection. 

After the lantern ring is in place, insert three more 

rings of packing, staggering the joints. Two extra rings 

of packing are furnished in each set of packing. The ex

tra ring for each side may be added as required. 

Insert gland packing (210) into recess in each gland 

half and trim off excess flush with face of each gland half. 

Now, insert lower half gland (107) into stuffing box. 

~un ½"~20 SAE nuts (355) about three-fourths the 

length of the threaded part of bolts (353) and place 

cupped washers (354) on gland bolts. 

Insert round, flattened end of gland bolts into re

cc~ses of bearing housing (134 or 166) on Model 3405, 

or into recesses of bearing housing cover ( 160) on Model 

C\,10(,. Thrc·Adcd portion of gland bolts bys on gland half. 

ln,c-rt 11[1pn half gl.111d into stuffing box. Place 

,uppc-d w;1shcr~ o"n the hmses on the- gland to hold the 

gbn<l halves together. 

Draw the gland nuts up evenly but not tight, 

2. Stuffing Boxes With Mechanical Seals: 

When mechanical seals are furnished they are install

at the factory and no further adjustments are required. 

When single mechanical seals are used, the water seal 

piping must be connected as explained in 11-D. 

When double mechanical seals are used, the water 

seal piping is omitted and the four holes in stuffing box 

and casing must be plugged. Cooling liquid from an out

side source must be piped to the gland opening~ at a pres

sure slightly more than the suction pressure of the pump. 

The two gland openings are tapped for ¼11 pipe. 

11-D. CONNECTION OF WATER 
SEAL PIPING. 

Water seal piping is required only when pump is op• 

erating under suction lift or when single mechanical seal 

is used. It is not necessary when pump is_ o1erating un

der suction head or when double mechanica seal is fur

nished, in which cases the four openings in the stuffing 

box and casing must be plugged. 

On all iron pumps or when the pump is handling 

hydro-carbons, solvents and similar liquids, a grease lub

ricator, using a non-solvent grease, should be fitted into 

the tapped opening in stuffing boxes (Fig. 12). 

Fig. 12 

If the liquid contains abrasives or paper stock par

ticles (white water applications) or is gritty, omit the 

water seal piping and plug the tapped openings in the 

casing. Pipe a clean water supply with a shut-off valve to 

each of the openings at the top of stuffing boxes at a 

pressure slightly higher than the suction pressure on the 

pump. 

The water seal piping, when required, is shipped sep

arately in the box of fittings accompanying the pump. 

When this piping is used, one end is attached to the 

tapped opening in the casing and the other end to the 

tapped opening on the top of the stuffing box with con

nectors furnished. See Sectional Assembly, Section VI--C. 

11-E. CONNECTION OF PIPING TO 
QUENCHING GLAND. 

The stuffing box gland can be operated with or with

ou_t quenching water. Quenching is recommended on ap

plications where the liquid pumped is: 
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STUFFING BOX GLAND ASSE~IBL Y - MODEL 3405-3406 

(a) Bearing Housing Showing Slots for Gland Bolt Heads. 

(c) Lay Gland Bolts on bottom half of Gland with bolt 
heads in bearing housing slots. Nuts and special cup 
washers should be all the way back on the bolts, 
toward the bolt heads as shown. 

(e) Slide cup washers over shoulders of gland flanges and 
tighten nuts evenly to provide proper pressure against 
stuffing box packing. Gland bolts do not screw into 
tapped holes in casing. Tapped holes in casing are for 
mechanical seal gland only when pumps are furnished 
with seals. 

(b) First Half of Stuffing Box Gland Installed. 

(d) Install top half of stuffing box gland over gland bolts 
and bottom half of gland. 

I 
Stuffing Box Gland 
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1. Model 3405 -- Between 180° F. and 250° F. when 
bearing housings arc not cooled and between 250° 
F. and 350° F., in addition to bearing housing 
cooling. 

2. Model 3406 - Between 180° and 250° F. 

3. Model 3416 - Between 250° and 350° F. when 
bearing housings are not cooled and between 350° 
and 400° F., in addition to bearing housing cooling. 

4. Volatile or toxic, in order to smother the gland leak• 
age, which then can be piped away. 

The quenching li<Juid must be from an outside 
source and should be piped with a flexible pipe, into the 
opming in the upper gland half and allowed to drain 
iroitto ch.1mber or pocket in lower half casing. When used 
fo,r cooling, the flow should be regulated as shown in 
S«tion 111-B. The openings in the gland halves should 
be installed in each quenching line. 

H-F.. CONNECTION OF BEARING 
COOLING WATER PIPING. 

Watu cooled bearing housings are furnished when 
@rdercd (Mooels 3405 and 3416 only). Bearing cooling 
should be used when the liquid pumped is: 

t. Model 3405 between 180° and 250° F. when gland 
qlllfflc:hing is not used and between 250° and 350° 
F., in addition to gland quenching. 

2. Modd 3416 between 250° and 350° F. when gland 
quenching is not used and between 350° and 400° 
P .• in addition to gland quenching. 

~ the Model 3405 - cooling water lines should be 
conn,ected io the %" pipe tap openings in the beating 
ho'l!lsiing,, as shown in the sectional assembly, Section 

VI--C. The inlet line should be at the bottom, and 
should have a shut-off valve installed to regulate flow. 
See Section 111-B for instructions for regulating cool-
ing water flow. 

On the Model 3416 - the cooling coils are installed 
as follows: 
1. Refer to Figure 3, which shows the installed cooling 

coil. 

2. 

3. 

4. 

5. 

Special fittings and tubing are in the box of fittings 
sent with the pump. 

Remove four - ¼" plugs from bearing end covers 
(109 and 119) - one plug from each side of each 
cover. The plugged openings are those below the 
openings for the constant level oilers. 

Screw ¼" pi}'e x ¼" 0.0. tube compression fittings 
into each oI the four openings. 

Push each ¼" 0.0. x 9" long copper tube through 
one fitting until it comes out the fitting on the other 
side. Center tubing so that equal lengths project 
from each side. Tighten nuts on compression fittings. 

6. Connect the ¼" pipe x ¼" 0.0. tubing elbow to 
each end of the copper tube. This provides ,_ ¼" 
pipe connection for cooling water piping. 

7. Connect cooling water. The inlet line should have a 
shutoff valve to regulate flow. 

11-G. CONNECTION OF DRAIN 
PIPING. 

Connect overflow outlets from stuffing boxes (located 
in casing near pump feet) to drain, and connect overliow 
from bedflate (located at pump end of bedplate) to 
drain. Al of 'the above overflow openings are tapped 
for ¾;, pipe. 

SECTION Ill - STARTING PUMP 

m-A. PRIMING. 
The purnf must always be fully primed and the suc

tion pipe fol of liquid before pump is started. 

lf pump is run dry, the rotating parts within the 
pump may seize to the stationary parts as they depend 
on the liquid being pumped for lubrication. 

Several different methods of priming can be used, de
• pending on the type of installation and service involved. 

Note: If the pump is being used to pump potable 
or drinking water, the priming line should be protected 
against back-siphonage by the installation of a check 
valve and an approved type vacuum breaker. 

] . Suction Supply Above Pump: 
When pump is installed as shown in Fig. 13, pump 

will prime itself. Open gate valve on suction and close 
discharge gate valve. Open air vent valveJ until all air iJ 
expelled and water flows through openingi. Close air vent 
valves, start pump, open discharge gate valve, and pump 
will continue to be primed for any future starting. 

This method is the simplest and, particularly for auto
matic o.reration, the safest. A float switch in the suction 
reservoir can be arranged to stop pump, should there be 
failure of liquid supply. 

2. Priming With Foot Valve: 
With pump installed on suction lift, with foot valve 

at end of suction line, priming can be done any of the 
following three ways: 

(a) From Some Outside Supply (See Fig. 14). 
Close discharge gate valve, open air vent valves and 
open valve in primary supply line until all air is ex
pelled and water issues from vent openings. Close 
valve in priming supply line, close air vent valves and 
start pump; then open discharge gate valve. 

(b) By Separate Hand or Manually Controlled 
Priming Pump (See Fig. 15). 

Close discharge gate valve (keep air vent valves 
closed) and open valve in line to priming pump. Ex
haust air from pump and suction piping until water 
flows from priming pump. Close valve in priming 
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supply, centrifugal pump may be primed by pumping 
liquid into casing until 1iquid comes out of the open 
air vent valves. As in Sectwn III-A2 (a) (page 10). 
In either of these methods (a) and (b), the pump 
will remain primed, provided foot valve is tight. Any 
failure, however, of foot valve when pump is standing 
idle, will permit the pump to lose its pnme. During 
long idle periods, the pump can also lose its prime 
through leakage from stuffing boxes. 

(c) BypaJsing Around Discharge Check Valve 
(See Fig. 16). 

Fig. 13 • 

Fig. 14 

1239-71-31 

Fig. 15 

line, start pump and open discharge gate valve. 
Or, by reversing connections on priming pump and 
extenJing priming pump suction to source of liquid 

(2]9-71-11 

VALVE 

Fig. 16 

This method can be used only when there is liquid 
under some pressure in the discharge line. The origi
nal prime must be effected from some outside source. 
After subsequent idle periods, open air vent valves 
and open valve in bypass line around discharge check 
and gate valves until liquid flows from air vent open
ings. Close air vent valves and bypass valve, start 
pump and open discharge gate valve. 

The valve in bypass can be left open, in which event, 
during idle penods, loss through foot valve is con
stantly replenished from discharge line. This system 
is used for automatic operation where idle periods 
are of short duration and there is no danger of ex
hausting all liquid from discharge line, due to a leaky 
foot valve. If the valve in the bypass is left open, as 
described above, the foot valve must be capable of 
withstanding static head pressure of the system. 

3. Priming by Ejector (see Fig. 17): 

On suction lift installations, an ejector, operated by 
steam, compressed air, or water under pressure, and con
nected to tapped opening in top of casing can be used 
to remove air from casing and suction line, thus priming 
the pump. 

Close discharge gate valve, open valve "'E" in steam, 
air or water pressure supply line. Open valve "S" in suc
tion pipe of ejector connected to pump casing. Air will 
be evacuated and liquid will be drawn up into suction 
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Fig. 17 

pipe and pump casing. When all air is evacuated, start 
pump, close valve .. S .. and valve "E", and open discharge 
gate valve. 

4. Priming by Automatic Primer Pump (see Fig. 18): 

Where there is a fluctuating suction lift that occasion
ally might drop below the normal limits of the rump or 
for installations where there is any quantity o air en
trained with the liquid being pumped, the system shown 
in Fig. 18 is very well adapted. 

A vacuum tank and a vacuum gauge can be installed 
near the primer pump and the vacuum switch set to auto
matically start or stop the primer pump according to the 
vacuum required to keep the system primed. 

P'ltllllllNG YALYl 

THUE: LIN(S MUST SLOftl: 
UPWAltD F 110111 P'UIIP' TO 
E:LllltlNATE: P~KlTS. 

Fig. 18 

111-B. REGULATION OF COOLING 
WATER FLOW. 

The supply of liquid to the water-cooled bearings and 
quenching glands should be regulated by valves in the 
supply line. Approximately½ G.P.M. lo each gland and 
l G.P.M. to each bearing cooling coil is sufficient. The 
cooling lines should be checked periodically to see that 
they have not become clogged. 

111-C. ADJUSTMENT OF STUFFING 
BOX GLAND. 

With pump running at rated speed, stuffing box 
glands can be adjusted. Draw gland nuts u_p evenly and 
only one-sixth of a turn at a time, allowing sufficient 
time between adjustments for the packing to adjust itself 
and the effect on the leakage to be observed. If any sign 
of heating is evident, shut off the pump and allow the 
boxes to cool. Several starts may be necessary before the 
boxes run cool. Do not back off the gland nuts on a hot 
box as this will usually result in liquid leaking between 
the outer edge of the packing and the stuffing box bore. 
It must be borne in mind that it takes newly-installed 
packing some time to "'run in" and that during this 
period, frequent attention and careful adjustments are 
necessary. See IV--A (page 13) for final adjustments of 
gland. 

111-D. ALIGNMENT - FINAL. 
Final alignment can only be accomplished after unit 

has been run under actual operating conditions for a suf
ficient length of time to bring the unit up to operating 
temperatures. 

After this warm-up period has elapsed, stop the unit 
and immediately disconnect the coupfing and check the 
alignment. 

Follow the alignment procedure as outlined in 1--C 
(page 4), with the exception of Paragraph 1--C 5 (page 
4), which allows for "growth" of the parts due to tem
perature difference between the driver and the pump. 
However, at the operating temperature, the unit will be 
in correct horizontal and vertical parallel alignment when 
a straight edge rests evenly on both halves of coupling 
rims at four points 90° apart. 

As cautioned in 1-C 6 (page 4), changing alignment 
in one direction may alter the alignment in another. 
Check thru each alignment procedure after making any 
alignment change. 

111-E. DOWELING. 
Doweling is not required in Group "S" and "M" 

pumps. On theseJumps, patented lock washers are fur
nished which ho! the pump and driver feet securely in 
place. 

On Group "L" pumps, the pump and driver should 
be doweled after installation is complete and the unit is 
in correct final alignment. Four #6 taper dowel pins are 
included in the box of fittings accompanying the pump. 
These pins have a taper of ¼" to the foot. The diameter 
at large end is .341" (approximately 11/32"') and the 
recommended drill size is 9 /32". 

Drill through two diagonally opposite feet of the 
pump and driver into the bedplate. Use a reamer with 
a taper of ¼" to the foot. Ream out the drilled holes so 
that dowels extend well into the bedplate but project 
above the pump and driver feet. 

If the operator so desires, the same size pins and 
method of dowelrng can be used on Series "S" and "M" 
pumps in addition to the patented lock washers. 

To determine the group of a particular size pump, 
see interchangeability list, Section VI~ (page I 6). 
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SECTION IV - OPERATION 

IV-A. STUFFING BOX. 

1. Stuffing Boxes With Packing Rings -

Less Quenching Gland and Grease Lubricator: 

Periodically inspect stuffing box to see that there is 

sufficient leakage to lubricate the packing and maintain 

a cool box. Never draw up packing so that the stuffing 

box heats, as this will cause damage to both packing and 

sleeve. Always draw up gland outs evenly and when 

pump is running. 

After pump has been in operation for some time and 

the packing has been completely run in, at least 40 to 60 

drops per minute of the liquid should be allowed to 

trickle from the stuffing box at all times for cooling and 

lubricating the packing and shaft sleeve. 

2. Stuffing Boxes With Packing Rings -

With Quenching Gland: 

The same precautions as described above apply. How

ever, the amount of leakage through the packing cannot 

be so readily ascertained, due to the quenching liquid. In 

most cases, the valve on the quenching liquid supply line 

can be shut off for a short period and the amount of 

leakage determined as in IV-A 1. In no instance should 

the gland be drawn up tight. 

3. Stuffing Boxes With Packing Rings -

With Grease Lubricator: 

Operation is the same as directed in IV-A 1 with 

the addition that the handle on the lubricator should be 

given a turn or two about every 100 hours off operation. 

4. Stuffing Boxes With Mechanical Seal: 

This type of box requires no attention other than to 

make sure that the circulating lines do not become 

clogged. 

IV-I. OPERATING AT REDUCED 
CAPACITIES. 

Do not operate a centrifugal pump at greatly reduced 

capacities or with discharge gate valve closed, because 

the energy required to drive the pump is converted into 

heat. If this condition exists over a long period, the tem

perature of the liquid in the pump may increase until the 

boiling point is reached. If this occurs, the rotating parts 

are exposed to vapor with no lubrication and they may 

score or even seize to the stationary parts; and further

more, if running clearances have enlarged due to wear, 

seizure may not take place. Continued operation under 

these conditions may create an explosive hazard due to 

the confined vapor under high pressure and temperature. 

To guard against possible damage, protective devices 

are available, such as: 

1. Liquid temperature relay or thermostat which 

will shut off the unit if the liquid temperat~re in the 

pume exceeds a predetermined maximum. This device 

guarcls against possible damage due to running the pump 

against a closed valve. 

2. Constant open by-pass orifice between the pump 

discharge and any check or regulating valve in the dis

charge line. The liquid through the orifice is returned to 

the suction source. The amount of liquid by-passed is a 

function of input horsepower and the allowable tempera

ture rise. This device also is insurance against damage 

due to running the pume against a closed discharge valve 

or very low flow conditions. 

}. Bearing temperature relay which will shut the 

unit down if the bearing temperature exceeds a pre

determined maximum. 

4. Low suction pressure control which will shut off 

the unit should the suction pressure drop below a pre

established minimum. 

A centrifugal pump should never be throttled for 

capacity adjustment on the suction side. 

IV-C. OPERATING AT REDUCED 
HEAD. 

On motor driven pumps, when discharge head or 

pressure is allowed to drop considerably below the rated 

point for any length of time, the motor should be 

watched for heating because the pump capacity increases 

rapidly with reduced head, as does horsepower consump

tion. If this condition is likely to persist, arrangements 

should be made either to manua1ly or automatically 

throttle the discharge valve to build up bead to a safe 

point. 

IV-D. OPERATING WITH SURGE 
CONDITIONS IN LINE. 

If pump is installed with a quick closing valve in dis

charge line that closes when pump is running, dangerous 

pressure surges may be built up that can cause damage 

to the pump or line. In services of this kind, some cush

ioning arrangement must be provided to protect the 

pumping equipment. 

IV-E. OPERATING UNDER 
FREEZING CONDITIONS. 

When exposed to freezing conditions and pump is 

standing idle, liq_uid inside the pump should be drained 

by removing drain plugs in bottom of casing and open

ing air cocks at top. Cooling water should also be drain

ed from the water-cooled bearing (if water-cooled bear

ings are used). 
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SECTION V TROUBLE CHECK LIST 

V-A. NO WATER DELIVERED. 

1. Priming - casing and suction pipe not completely 
filled with liquid. 

•2. Speed too low. 

3. Discharge head too high. Check total head 
(particularly friction loss). 

4. Suction lift too high (suction pipe may be too small 
or long, causing excessive friction loss), Check with 

gauge. 

5. Impeller or suction pipe or opening completely 
plugged. 

6. Wrong direction of rotation. 

7. Air pocket in suction line. 

8. Stuffing box packing worn or water seal plugged 
allowing leakage of air into pump casing. 

9. Air leak in suction line. 

10. Not enough suction head for hot water or volatile 
liquids. Check carefully as this is a frequent cause 
of trouble on such service. 

V-B. NOT ENOUGH WATER 
DELIVERED. 

1. 

•2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Priming - casing and suction pipe not completely 
filled with liquid. 

Speed too low. 

Discharge head higher than anticipated. Check total 
head (particularly friction loss). 

Suction lift too high (suction pipe may be too small 
or long, causing excessive friction Joss). Check with 
gauge. 

Impeller or suction pipe or opening partially 
plugged. 

Wrong direction of rotation. 

Air pocket in suction line. 

Stuffing box packing worn - or water seal plugged 
- allowing leakage of air into pump casing. 

Air leak in suction line. 

Not enough suction head for hot water or volatile 
liquids. Check carefully as this is a frequent cause 
of trouble on such service. 

11. Foot valve too small. 

12. Foot valve not immersed deeply enough 
(see Fig. 8, page 7). 

13. Mechanical defects: 
Wearing rings worn. 
Impeller damaged. 
Casing gasket defective. 

V-C. NOT ENOUGH PRESSURE. 

•1. Speed too low. 

2. Air in water. 

3. Impeller diameter may be too small. 

4. Mechanical defects: 
Wearing rings worn. 
Impeller damaged. 
Casing gasket defective. 

5. Wrong direction of rotation. 

6. Be sure pressure gauge is in correct place on dis
charge nozzle of pump and not on top of casing. 

V-D. PUMP WORKS AWHILE 
AND THEN QUITS. 

1. Leaky suction line. 

2. Stuffing box packing worn - or water seal plugged 
- allowing leakage of air into pump casing. 

3. Air pocket in suction line. 

4. Not enough suction head for hot water or volatile 
liquids. Check carefully as this is a frequent cause 
of trouble on such service. 

5. Air or gases in liquid. 

6. Suction lift too high (suction pipe may be too small 
or long, causing excessive friction loss). Check with 
gauge. 

7. Impeller plugged. 

V-E. PUMP TAKES TOO MUCH 
POWER. 

• 1. Speed too high. 

2. Head lower than rating, pumps too much water. 

3. Liquid heavier than water. Check viscosity and 
specific gravity. 

4. Mechanical defects: 
Shaft bent. 
Rotating element binds. 
Stuffing boxes too tight. 
Pump and driving unit misaligned. 

*5. Wrong direction of rotation. 

V-F. PUMP LEAKS EXCESSIVELY 
AT STUFFING BOX. 

1. Packing is worn or not properly lubricated. 

2. Packjng is incorrectly inserted or not properly 
run 1n. 

3- Packing is not right kind for liquid handled. 

4. Sleeves scored. 
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V-G. PUMP IS NOISY. 
1. Hydraulic noise - cavitation, suction lift too high. 

Check with gauge. 

2. Mechanical defects: 

Shaft bent. 

Rotating parts bind, are loose or broken. 

Bearings worn out. 

Pump and driving unit misaligned. 

•When connected to electric motors, check whether motor wiring is correct and receives full voltage. 

When connected to steam turbines, make sure that turbine receives full steam pressure. 

SECTION VI - CARE 

VI-A. LUBRICATION - BEARINGS. 

Grease Lubricated Bearings 

1. As specified in Section II-A, Model 3405 pumps 

with grease lubricated bearings ace lubricated at the 

factory for 2000 hours or three months service. 

DO NOT ADD GREASE AT TOO FRE

QUENT INTERVALS. It is suggested that ad

ditional or replacement lubricant be added only 

after 2000 hours operation or three month intervals. 

While shaft is revolving, insect grease through 

"Alemite" fittings (193) into bearing housing until 

grease appears through relief fitting (113), DO 

NOT ADD ADDITIONAL LUBRICANT AFTER 

GREASE APPEARS THROUGH RELIEF FIT

TING. 

2. The grease should be renewed in the Model 3405 

housings at least once annually. 

(a) Following an overhaul operation and when 

bearing housings contain no lubricant, proceed to 

grease the bearings as follows: Insert grease through 

"Alemite" fittings ( 193) into bearing housing until 

grease comes out the relief fitting. Turn shaft by 

hand several revolutions in both directions during 

the greasing operation. DO NOT ADD ADDI

TION AL LUBRICANT AFTER GREASE AP

PEARS THROUGH THE RELIEF FITTING. 

(b) Grease may be renewed in housings without 

removing rotating element as follows: Remove bear

ing end covers (109-119) and clean old grease from 

housing and covers using clean cloths soaked in 

kerosene. Insert grease through "Alemite" fittings 

(193) until new grease appears through the bear

ings. Wipe bearing housings clean again to remove 

all old grease displaced through the bearing. Re

place en<l covers and add grease through the 

"Alemite" fittings as described previously. 

3. The ball bearing grease should be of a sodium or 

lithium base, NGLI No. 2 consistency. DO NOT 

USE GRAPHITE. 

4. The following is the approximate grease capacity 

for each bearing housing in fluid ounces: 

Group "S" - 2 ounces. 

AND MAINTENANCE 

Group "M" - 3 ounces. 

Group "L" - 4½ ounces. 

Oil Lubricated Bearings 

1. On Model 3406 and 3416,umps, keep oiler bottle 

filled with correct grade o oil. Oiler will maintain 

constant oil level in bearing housings. 

2. Under normal operating conditions, a good grade 

of oil will be suitable for 6 months to one year 

between changes, as long as it is free from ~on

taminants. A small sample of oil should be dcamed 

from the bearing frame peciod:cally. Any cloudi

ness, turbiditr, discoloration or /resence of solids 

is evidence o contamination, an the oil should be 

changed immediately. 

VI-B. REPACKING STUFFING BOXES. 

1. To remove stuffing box gland assembly: Back off 

nuts (355). Slip the cupped washers (354) from 

bosses on gland, lift the upper gland half out of 

stuffing box and remove the gland bolts and lower 

gland half. This now affords unobstructed access to 

the stuffing box for repacking. 

2. Remove the three outer rings of packing with the 

aid of a packing hook. 

3. Remove split lantern ring by inserting a wire hook 

in the slots in the outer edge of the ring and pull

ing ring from box. 

4. Remove the remaining rings of packing with the 

aid of a packing hook. 

5. Remove all foreign matter from stuffing box. 

6. An alternate method of remo-.ing the packing and 

lantern ring is as follows: Remove the upper half 

casing. See VI-D 1, 2, 4, 5. Remove the packing 

and lantern ring from the stuffing box. This method 

permits the inspection of the shaft sleeve and the 

stuffing box bushing. If the shaft sleeves are found 

to be deeply grooved in the packing area, they 

should be replaced as it is oniy possible for the 

packing to do an efficient job when the sleeve sur

face is relatively smooth. 
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1109 

87 6 

84 8 
88 • 

4.5 1.75 .05-.15 0.75 
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Symbol 1000---Cast lron--Correspands to ASTM A278-S~T Class 25 

1003-Cast Iron-Corresponds to ASTM A278-59T Class 30 

REPLACEMENT SNAP RINGS (PART 361) 

(WALD£$ TYPE 5102 OR EQUAL) 

GROUP RING NO. 

s 
M 
L 

100 
137 
196 

PLIERS NO. 

2, 22, 4 OR 24 
4 OR 24 
4 24, 6, OR 26 

Vl-D. DISMANTLING OF PUMP. 

The basic instructions are for a Model 3405 pump. 

Where dismantling of the Model 3406 or 3416 pumps 

differ, the necessary supplementary instructions are in

cluded. 

1. 

2. 

3. 

4. 

5. 

6. 

Drain liquid from pump. 

Shut off and disconnect any auxiliary piping. 

Disconnect coupling. 

Remo\"e gland assembly from stuffing boxes. See 

VI--B (page 15). 

Jack and remove dowel pins from uprer half casing 

by use of hex nut proviaed on top o pins. Remove 

nuts from casing parting studs and loosen upper 

half casing (100) by screwing two bolts (½"-13 
threads) in holes provided in the flange. Lift off 

upper half casing, being careful not to injure the 

parting gasket. Use the lugs provided for lifting 

the upper half casing. DO NOT USE THESE 

LUGS FOR LIFTING ENTIRE PUMP. 

Remo\·e nuts from bearing cap studs and lift bear

ing cap (III) from unit. NOTE: THESE CAPS 

MUST BE REPLACED ON THE SAME END OF 

PUMP FROM WHICH THEY WERE REMOV

ED. They should be marked for identification be

fore disassembly. The shims under the bearing caps 
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REPLACEMENT GREASE & OIL SEALS 

(VICTOR OR EQUAL) 

Part No. GROUPS GROUP M GROUP L 

332 

332A 

332B 

333 

H 60222 K 60-454 K b0771 

H b0222 K 60-454 K 60771 

Kl 64284 Kl b3290 K 60810 

H b0284 K b0478 K b0810 

should be preserved and reused at reassembly. If 
lost or damaged, they must be replaced by shims 

1/64" thick. 

7. Carefully lift rotating assembly from unit and place 

on padded supports which will not injure the shaft 

sleeves. 

8. Note the distance from the end of the shaft to the 

face of the pump half coupling so that the coupling 

half can be correctly fositioned when reassembled. 

Pull the coupling ha! from pump shaft. 

9. Remove coupling key. 

10. Remove cap screws on each end co,·er and remove 

end covers (109 and 119) from bearing housing 

(134 or 166). Preserve end COYer gaskets (360). 

On the Model 3406 and 3416 the constant level 

oilers (251) must first be removed from both thrust 

and coupling end and the oil drained from the 

bearing nousings. 

I 1. Remove snap ring (361) from shaft. Use No. 4 

Waldes pliers. The Model 3416 has a shaft nut 

rather than a snap ring. 

12. Remove ball bearings (112 and 137) from shaft 

seat by the use of a bearing puller. Details of 

a recommended puller, capable of removing bear

ings from all three groups of pumps, are shown in 

Figure 19. Care must be used. Puller bar must be 

-18-

1.2.6-19 

( 

( 

C 



} 

Fig. 19 

square with shaft so that equal pressure is applied 

evenly to the circumference of the outer race of the 

bearing. A steady pressure must be applied to the 

puller screw. 

NEVER USE HAMMER BLOWS TO DRIVE 

SHAFT THROUGH BEARINGS. Protect bearings 

from dirt or other contamination. 

by a drift pin or piece of keystock a size smaller 

than the impeller key. 

20. Remove key from keyway. 

13. Slide ball bearing collar (237 off of shaft) (122). 

21. Unscrew and remove the rema1010g sleeve from 

shaft by hand or with a strap wrench. Shaft to 

sleeve threads are right hand. This completes the 

disassembly of the pump. 

14. 

15. 

16. 

17. 

18. 

19. 

Slide bearing housings from shaft. Remove deflec

tors ( 123) from both ends of shaft. On the Model 

3406, remove cap screws from bearing housing 

covers (160) on both bearing housings and lift out 

oil rings (114). Preserve bearing housing cover 

gaskets (360A). 

Slip casing wearing rings (103 or 127) from im

peller and off rotating element. 

Slide packing, lantern rings ( 105) and stuffing box 

bushings (125) off ends of shaft. 

Smooth the exposed portions of the shaft at the 

ends of the sleeves with fine emery cloth so that 

sleeves will not bind while being removed. 

The shaft sleeve (1266) must be removed first. This 

is the sleeve with the spanner holes. Loosen set 

screw in sleeve (if supplied) - previous design did 

not have set screws). Unscrew sleeve from shaft 

with a pin spanner or a strap wrench. Shaft to sleeve 

threads are right hand. DO NOT USE PIPE 

WRENCH! NEVER ATTEMPT TO REMOVE 

THE SLEEVE (104) WHICH HAS NO SPAN

NER HOLES UNTIL IMPELLER AND IMPEL

LER KEY ARE REMOVED FROM SHAFT. 

Tap the impeller (101) from shaft with a lead mall. 

Tap evenly around the impeller as near as possible 

to the shaft. DO NOT DRIVE AGAINST THE 

SEALING SURFACE ON END OF HUB. Do not 

let the key .. ride up" on the exposed curved por

tion of the sle<l runner keyway. 

Should the impeller key start to ··ride" as the im

peller is being removed, the key can be driven back 

VI-E. REASSEMBLY OF PUMP. 

The following directions are for use when the pump 

is completely dismantled and it is desired to reassemble. 

Figs. 21 and 22 illustrate the steps described in the fol

lowing. The basic instructions are for a Model 3405 

pump. Where reassembly of the Model 3406 or 3416 

pumps differ the necessary supplementary instructions are 

included. 

1. Check shaft to see that it is not bent or otherwise 

damaged, and that it is also smooth and clean. In

spect "O" Rings (412 and 412A). Replace if dam

aged. Position "O" Rings (412) inside shaft sleeves 

as shown in the sectional assembly, page 16. 

2. Determine the correct setting of the impeller and 

sleeves on the shaft in relation to the rotation of 

the pump. To do this, face the discharge flange of 

pump. The locking shaft sleeve must be on the right 

as shown in Fig. 20 and the impeller must rotate in 

correct relation to the casing as shown in the end 

views in Fig. 20. 

3. Mark the location of the keyway on the outside of 

both the impeller hub and the locking sleeve (104) 

at points "A" and "'ff' in Fig. 21 and 22 (pages 22 

and 23). These marks will be used later to indicate 

that the keyways are in line. 

4. Assemble the shaft· sleeve (104) that has a keyway 

in the threaded end but does not have spanner 

wrench holes. Turn sleeve in a clockwise direction 

on shaft until the dimension from the threaded end 

of the sleeve to the shaft shoulder at thrust bearing 

or outboard seat agrees with the dimension on Fig. 

22 for right hand or Fig. 21 for left hand rotation. 
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Fig. 20 

This dimension must be held as near as possible 
with the keyways in the shaft and sleeve in align
ment. 

For the Model 3416 substitute the following B 
dimensions for those shown on Fig. 21 and 22. 

Figure 21 

Group "S" 7-13/16" 
Group "M" 9-1/32" 

Group 'T' 10-3/4" 

Figure 22 

9-13/16" 
12-17 /32" 

16" 

If it is necessary to replace the impeller wearing 

rings on pumps so equipped, proceed as follows: 

(a) Remove old rings. Rings are held by press fit 
and also by 3 set screws in edge of impeller and 

ring. 

(b) Clean wearing ring seats and press on new 

rings. 

(c) Drill 3 holes ("F" drill, 11/16" deep, 120° 

apart), so that holes are half in impeller and half 

in ring. Tap holes (5/16"-18 tap, 3/8" deep). 
Screw set screws in hole, and lightly upset first 
thread to keep screw from backing out. 

(d) The impeller wearing rings are supplied 0.020-

0.030 inch oversize on the O.D. They should be 
turned to size after they are mounted on the im
peller. Turning to size after mounting is the pro
cedure used in the factory, and has the following 
advantages: 

(I) Eliminates possibility of runout. 

( 2) Eliminates distortion and expansion due to the 
press fit. 

(3) Permits the user to compensate for wear of the 

casing wearing rings, so that the casing wearing 
rings need not be replaced to restore original 
clearances. 

(4) Permits the user to select a special clearance for 
unusual operating conditions. 

The table of original clearances in section VI-G may 

be used as a guide in setting the final dimension of the 
impeller rings. If rings are 300 series stainless steel, or 

if extremely viscous liquids are being handled, the sug
gested clearance should be increased 0.005 inch. 

6. Insert impeller key (178) in shaft keyway. Turn 
sleeve (104) about a quarter turn, either way, so 
that key cannot enter keyway in tl,is sleeve until 
after impeller is checked for correct setting in 

casing. 

7. If the impeller diameter has been rut in the field, 
the impeller should be statically balanced and, if 
possible, dynamically balanced. Balancing can beef
fected by grinding on the outside of the shrouds 

near the periphery. 

8. Place "O"-Ring (412A) in groove in end of shaft 
sleeve (104). '"O"-Ring may have to be slightly 
stretched to fit. 

Note: Model 340~ pumps were previously supplied 
without ··o·· -rings ( 412A) in the ends of tht- shaft 
sleeves. On these pumps, coat the large ends of the shaft 
sleeves and the ends of the impeller hub with plastic 
thread compound, gasoila varnish, or white lead. Old and 
new style sleeves are interchangeable. "O" -rings ( 412) 
must be used between shaft sleeve and shaft whether ··o". 
rings (412A) are used or not. (This applies to step 10 
below also.) 

9. Slide impeller on shaft and tap in place against the 
sleeve with a lead mall. Tap evenly around the im
peller near the wearing ring surface. DO NOT 
TAP AGAINST THE SEALING SURFACE ON 
END OF HUB. 

10. Place "O"' Ring ( 412A) in groove in end of shaft 
sleeve (126)- Screw shaft sleeve on shaft up to key. 

11. Slip wearing rings (103 or 127) on impeller, being 
sure that the single lock on the upper half of ring 
is toward the center of the impefler. 

12. Place stuffing box bushings (125) on shaft and 
slide over shaft sleeves toward impeller. The single 
lock on the upper half of bushings must be toward 
the outside, away from impeller. 

13. If grease or oil seals (322, 333, 332A, or :,32B) are 
being replaced, make sure that the seals are installed 
so that the lips of the grease seals face outward, 
away from the bearings, and the lips of the oil seals 
face inward, toward the bearings. 

14. Make sure that all parts that are assembled inside 
the bearing housings, including the shaft, snap ring, 
bearing end covers, bearings and oil rings, are en
tirely free from dust and dirt. 

This is extremely important, as the life of a ball 
bearing can be drastically reduced if contaminated 

with even a small amount of dirt. All bearing as
~embly operations should be done in as dust-free an 

atmosphere as possible. All tools, as well as the 
hands, should be kept clean. 

If new ball bearings are being used, they should not 
be unwrapped until ready for installation and 
should not be cleaned or washed unless the protec-
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15. 

16. 

17. 

18. 

tive wrapper has been broken and dirt allowed to 

enter the bearing. 

If old bearings, or new ones that have been allowed 

to become dirty, are being used, clean thoroughly 

before installing as follows: Use a clean pail or re

ceptacle. Pour into it one or two quarts of clean, 

water-free kerosene. Dip the bearing into the kero

sene and spin slowly. Repeat until all traces of 

grease have been removed. Now blow dry with 

clean filtered compressed air, holding the two races 

together so that they do not rotate but allowing the 

inner race to rotate a few turns now and then to 

dislodge the kerosene from the retainer pockets. If 

the bearing is very dirty, it is advisable to rinse it 

in a second bath of clean kerosene. When the bear

ing has been blown dry, oil it immediately with a 

good grade of clean machine oil; especially the race 

grooves and balls to prevent corros10n or rust. 

Place deflectors (123) on shaft. On the Model 3406 

- Wipe a small amount of grease on oil seal lips 

(332B) and slide bearing housing covers (160) 

carefully over shaft and }?lace oil rings (114) on 

shaft against bearing housing covers (160). 

Wipe a small amount of grease on the grease seal 

lips in bearing housing (134 or 166). Place bearing 

housings on shaft and slide them along until they 

contact the shaft sleeves. Care must be taken not 

to injure the lips of the grease seals during this op

eration. A thin piece of shim stock, wrapped in

side the grease seal before sliding over the shaft 

will protect the seal lips and can readily be removed 

after the seal is past the shaft shoulder. 

Slide ball bearing collar (23 7) over thrust end of 

shaft ( 122) and push up against shaft shoulder. 

The thrust and coupling end ball bearings are the 

the same and can be installed on either end of 

shaft. Both bearings are installed in a like manner 

as follows: Apply a film of oil to the bearing seat 

on the shaft. Start bearing "square" and drive on 

about 1/8", keeping bearing square at all times. 

Use a driving sleeve as shown in Figs. 21 and 22. 

Note that the outside diameter of this sleeve should 

never be larger than the outside diameter of the 

inner race of bearing. Next slip the bearing hous

ing over the ball bearing toward the end of the 

shaft to eliminate any possibility of binding be

tween the outside of the bearing and the bearing 

housing bore. Now continue to drive the bearing 

solidly against the shaft shoulder. 

On the Model 3416 coupling end bearing is single 

row. Thrust bearing is a duplex bearing (two angu

lar contad bearings, specially matched) and must 

be mounted in "back-to-back" position. This is done 

on the bearing originally sent with the pump by 

having the stamped faces of the outer rings against 

each other. 

Both bearings are installed in same manner as the 

3405. 

Model 3416 uses the following bearings: 

19. 

20. 

21. 
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Coupling End 

Thrust End 

Group '"S'" Group '"M"' Group "L" 

305S 307S 310S 

7304PD-DB 7306PD-DB 7308PD-DB 

Place snap ring (361) in groove in shaft on thrust 

bearing end. Be sure that groove is clean and that 

snap ring seats in bottom of groove. Snap ring is 

flat on one side, tapered on other side. Flat side of 

ring must be against bearing. 

In the Model 3406 slide oil rings (114) toward 

bearing to the proper position in the bearing hous

ings. Bolt the beanng housing covers to the bearing 

housing, making sure that the oil breather fitting 

(113A) in the bearing cover is up when the double 

locks of the bearing housing are in the lowermost 

position. This fitting is used as a pressure release 

for the bearing housing. It must be in the vertical 

position or the bearing will not be properly oiled. 

(Thrust end bearing end cover is not installed un

til Step No. 22.) 

Oil shaft extension and slide coupling end bearing 

end cover (119) with gasket (360) in place, being 

careful not to injure grease seal {332). Turn end 

cover so that the small oil cup is in line horizont

ally with center of shaft when the double lock of 

the bearing housing are in the lowermost position 

(see Figs. 21 and 22). This oil cup is used as a pres

sure relief for the bearing housing. It must be in the 

horizontal position to facilitate the correct filling of 

the grease chamber. (Note that the location of this 

relief fitting is shown at the top in the sectional 

assembly, Section VI-C (page 16), only to show 

construction details.) Bolt the bearing end cover 

securely in place. 

On the Model 3406 - Turn end cover so that oil 

drain notch is at the bottom when the double locks 

of the bearing housing are in the lowermost posi

tion. This notch permits oil to drain from between 

the bearing and the end cover, maintaining proper 

oil circulation. 

On the Model 3416 turn the end cover so that the 

small oil cup is up when the double locks at the 

bearing housing are in the lowermost position. 

Be sure gasket (36o) is in place. Bolt bearing end 

cover to bearing housing. 

Install oil pipe (190) and constant level oiler (251) 

on the coupling end only. Be sure the oiler rests on 

cap screw, which projects from casing as shown in 

Figure 9, 

Assemble the pump half coupling on Group "S" 

pumps as follows: Put oil or white lead on shaft ex

tension and in the coupling bore. Insert pump half 

coupling key in shaft. Place the complete pump 

half coupling over end of shaft and align key with 

keyway. Place a solid object, such as a portion of 

a 2" diameter bar, against the end of the shaft op

posite the coupling end and drive coupling half on 

s~a~t with a lead mall. Note: - If a bearing puller, 

s1m1lar to that shown in Fig. 19 (page 19) is avail

able, it can be used on thrust bearing end to hold 

shaft when driving on coupling half. When using 

the puller for this purpose, draw the puller screw 
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up only finger tight so as not to inJure snap ring. 

Locate the coupling half in the same location on 

shaft as it was when removed. Never drive the 

coupling on shafft with the bearing end cover 

(109) in place as this may injure the ball bearing. 

21A. Assemble the pump half coupling on Groups "M" 

and "L" pumps as follows: Screw a 1/'l'' stud, ap

proximately 1 ¼" longer than the length of the 

coupling hub, into the end of the shaft. Insert the 

coupling key in shaft. Put oil or white lead on shaft 

and in the coupling bore. Place the complete pump 

half coupling in position over the stud and align 

the key and keyway. 

Place washers over the stud against the coupling 

hub and pull coupling on with a nut placed on the 

stud. Locate the coupling in the same location on 

the shaft as it was when removed. 

22. Bolt the thrust end bearing end cover (109 or 

190A) to the bearing housing. Be sure gasket (360) 

is in place. On Model 3405 pumps, be sure grease 

relief fitting is in a horii.ontal position as indicated 

in VJ-E Step 20. On Model 3406 pumps, be sure 

oil drain notch is at bottom as indicated in VI-E 

Step 20A. Install oil pipe (190) and constant level 

oiler (251) on thrust end. Be sure oiler piping rests 

on cap screw which projects from casing as shown 

in Fig. 9, pg. 7. 

23. Smooth up and clean casing wearing ring, stuffing 

box bushing and bearing housing seats in upper 

and lower half casing. The casing and bearing caps 

are precision bored so that hand scraping and fitting 

of the casing wearing rings, stuffing box bushings 

or bearing housings are not required. 

Inspect parting gasket and if torn or otherwise 

damaged, cut a new gasket of 1/64" sheet asbestos 

(Johns-Manville service sheet #60 or equivalent). 

The gasket should be removed while assembling 

rotating element. 

To cut a new gasket, lay the gasket sheet on the 

upper half casing parting flange, which will serve 

as a template. Strike the sheet with a ball peen ham

mer. This will cut the gasket against the edges of 

the casting, and around the parting stud holes. The 

gasket must cover the mtire surface of the parting 

flange, especially around the casing wearing ring 

locks, or internal leakage from high to low pressure 

zones in the pump may occur. 

Lower carefully the entire rotating element into 

the lower half casing. Be sure that the wearing 

ring, stuffing box bushing and bearing housing 

"locks" line up with the recesses in the lower half 

casing. The single "lock" on each of these parts 

must be on top so that when the upper half casing 

and the bearing caps, having only one recess each, 

are bolted in place, these parts are locked against 

rotation. 

With "locks" properly aligned, the rotating element 

should settle easily into place. If there is interfer

ence, the impeller may have to be tapped along the 

shaft until 1t lines up correctly. The sleeves may 

have to be backed off to do this. 

After the element has been properly seated in the 

lower half casing, tap impeller along shaft until the 

shoulders on the impeller are in the center of the 

space between the two casing wearing rings (103). 

In other words, dimension "C" and "D" - Figs. 

21 and 22 (pages 22 and 23) will be equal. 

Now tighten shaft sleeve (104) against impeller 

until the marks which were made previously line 

up, indicating that the keyways are in line. Check 

again the distance between the wearing rings and 

the impeller shoulders. If rubbing occurs, turn the 

shaft sleeve (104) one complete turn ahead or back 

as required. 

With the locating marks together, tap the key 

(178) from the opposite end of impeller into the 

shaft sleeve (104) until the end of the key is flush 

with the end of the impeller ( on end opposite 

sleeve 104). 

Tighten the shaft sleeve (126) securely against the 

impeller with a spanner or a strap wrench. Tighten 

set screw in sleeve (126) (if supplied - previous 

design did not have set screw). Be sure fiber insert 

is under set screw so that set screw will not burr 

shaft. 

Check the rotating elements for free turning by 

rotating slowly in one direction and then the other. 

The casing wearing rings and the stuffing box bush

ings should be seated in the lower half casing, and 

should remain stationary when the shaft is rotated. 

Jf they ride on the impeller or sleeves, it may indi

cate that the bearing housings, wearing rings or 

bushing surfaces in the lower half casing have not 

been properly cleaned of scale or other foreign mat

ter, or that there is too much eccentricity in the 

element, due to a bent shaft or other causes. If any 

of the above are evident, correct the cause and con

tinue to assemble as follows. 

26. Replace shims (1/64" thick) over bearing cap studs. 

27. Assemble bearing caps (111) and tighten the nuts 

evenly, being sure that toe bearing caps are re

placed on the same end from which they were 

removed. 

28. Check again for free turning of the rotating ele

ment. 

29. Place the parting gasket in pos1t10n over the studs 

on the lower half casing with the edges flush with 

the stuffing box bores and tight against the wear

ing rings and stuffing box bushings. 

30. Be sure that the "locks" on the stuffing box bush

ing and wearing rings are in their correct position 

with the single "lock" on top. 

Lower_ carefull_y_ the upper half _casing, which should 

settle into pos1t1on without resistance and then slip 

the dowel pins in place. 

Check the rotating element for free turning and, if 

no binding is apparent, tighten casing parting nuts 

alternately on each side of the pump starting from 

the center. The shaft should turn freely after all 

nuts are tightened. 
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31. Repack stuffing boxes and replace gland assemblies 

as outlined in 11-C. 

32. Check coupling alignment as outlined in 1-C 

(page 4). If the direction of rotation has been 

changed, see VI-F. 

33. Connect coupling as outlined in I-J (page 6). 

34. Grease or oil pump bearings as outlined in VI-A 

(page 15). 

35. Connect .iuxiliary piping, if used. 

36. Follow directions in Section III for initial oper

ating condition and for starting pump. 

VI-F. CHANGING ROTATION OF 
PUMP IN FIELD. 

The rotation of these pumps can be changed without 

using additionJl p.irts. The following steps should be 

followed: 

l. 

2. 

Disassemble pump as outlined in VI-D (page 18). 

Loosen dowel pins, if used, in pump feet and remove 

hold-down bofts. Lift lower half casing from bed-

plate. 

3. Turn lower half casing 180° so that suction and dis

charge flanges are reversed from previous position or 

turn bed~Iate 180° and leave pump casing in origi

nal position. See Fig. 22 (page 23), showing right 

and left hrnd pump. 

4. 

5. 

Replace lower half casing in this new fosition on 

bedplate and bolt in place. Do not dowe. 

Reassemble pump as outlined in Vl-E (page 19). 

6. Be sure that pump bearings are greased. See Section 

Vl--A (p.ige 15). 

7. Check alignment as outlined in Section I---C (pg. 4). 

8. Connect coupling as shown in Section I -J (page6). 

9. Follow dire(tions in Section Ill (page to), for initial 

operating conditions and for starting pump. 

VI-G. OVERHAUL OF PUMP. 

The pump should be opened and the interior in

spected for wear and excessive clearances approximately 

once each year. The period, however, may vary, depend

ing on operating conditions and severity of service. See 

Section VI-D (page 18) for disassembly and Section 

VI-E (page 19), for reassembly of pump. 

The following items should be checked: 

l. Wearing Ring Clearance: 

The original diametric clearance between the wear

ing rings Jnd the impeller is .010" to .014". 

The following is suggested as guide for allowable 

wear of wearing rings before replacement for 6" pump 

Jnd smaller: 

(a) Pumps of 50 feet or less T.D.H. (total dynamic 

head) - .030" to .035" total diametric clearance. 

(b) Pumps of between Sl and 100 feet T.D.H. -

.025" to .030" total diametric clearance. 

(c) Pumps of more than 100 feet T.D.H. - .020" 

to .025" total diametric clearance. 

For 8" pumps or larger, the following is suggested: 

(a) Pumps of 50 feet or less T.D.H. - .045" to 

.050" total diametric clearance. 

(b) Pumps of between 51 and 100 feet T.D.H. -

.035" to .040" total diametric clearance. 

(c) Pumps of more than 100 feet T.D.H. - .025" 

to .030" total diametric clearance. 

2. Fit of Impeller on Shaft: 

These parts are machined for a push fit. (The shaft is 

made .000" to .0015" smaller than the impeller hub 

bore) and the impeller should tap easily on the shaft. If 

the impeller does not tap on reaaily, the bore and shaft 

should be inspected to see that they are free from foreign 

matter or burrs. The fit of the key in the keyways should 

also be checked to see that it is not causing binding. The 

key should have a sliding fit on the sides and should 

have .004" to .016" clearance at the top. 

3. Clearance Between Shaft Sleeve (104 or 126) and 

Stuffing Box Bushing (125): 

The original diametric clearance is .008" to .012". If 

this clearance has increased to more than .030", the shaft 

sleeve, and at times, the stuffing box bushing should be 

replaced. 

4. Condition of Shaft Sleeves: 

If the outer surface of the shaft sleeve at the packing 

area is deeply grooved, the sleeve should be replacd. 

5. Condition of Shaft: 

Check shaft for straightness. If bent, it should be 

straightened. If otherwise damaged, it should be replaced. 

6. Condition of Impeller: 

Check the im~eller and replace if any of the follow-

ing conditions exist: 

(a) Excessive erosion, especially on the inlet of 

vanes. 

(b) Excessive wear on wearing ring surface. 

7. Condition of Ball Bearings: 

If the bearings are worn or damaged so that they 

have become loose or are noisy or rough when rotated 

they should be replaced. 

Vl-H. EMERGENCY BALL 
BEARING REPLACEMENT. 

If the thrust end ball bearing ( 112) has become worn 

and needs replacing and it is not desirable to overhaul 

the entire pump, the bearing can be replaced as follows: 

Note - This cannot be done on the coupling end 

unless the pump or the driver is removed from the bed

plate. 

l. On Model H06 pumps, remove oil pipe (190) and 

constant level oiler from thrust end bearing housing 

(134A). Drain oil from housing. 
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2. 

3. 

4. 

5. 

6. 

7. 

Remon, thrust bearing end cover (109 or 109A). 

Remon· snap ring (361 ). 

Remove bearing cap (I 11). 

Rotate bearing housing (134, 134A, or 166) 180° so 
that the two locks are on the top. 

Remove ball bearing as directed in VI-D 12 
throu~h 14 (pages 18 and 19). 

Thoroughly flush bearing housing, bearing end cov
er, snap ring, ball bearing collar, and end of shaft 
with clean kerosene. The slightest trace of dirt or 
grit may drastically reduce the life of a ball bearing. 
Examine the ball bearing collar. If the edges of the 
collar are rounded over, or if the collar is otherwise 
damaged, replace the collar. 

Examine the shoulder on the shaft against which the 
ball bearing collar bears. Shoulder must be square, 
and not rounded over. 

8. Assemble new ball bearing as follows: 

(a) Wipe a small amount of grease on the grease 
seal lips in the bearing housing. 

(b) Place bearing housing on shaft, with the double 
locks up, and slide it along to approximately its cor
rect location. 

(c) Slide ball bearing collar (237) over shaft end 
and push up to shaft shoulder. 

( d) Apply a film of oil to the bearing seat on the 
shaft. Start bearing "square" and tap on shaft up to 
the shaft shoulder. Use a driving sleeve as shown in 
Figs. 21 and 22. 

(e) Place snap ring (361) in shaft groove. Be sure 
that the groove is clean and that the snap ring seats 
properly. 

(f) Bolt bearing end cover (109 or 109A) to bear
ing housing. Be sure gasket (360) is in place. Posi
tion end cover as directed in Section VI-E Step 20 
so that grease relief fitting or oil drain notch is in 
correct location. 

(g) Align locks on bearing end cover with the 
grooves in lower half casing and rotate bearing end 
cover 180° so that the locks are at the bottom. 

(h) Assemble bearing cap (111) being sure that the 
1 /64" shims are in place, and that the prick punch 
marks on the cap and the casing are on the same 
side. Now tighten the nuts evenly. 

(i) Refill with grease or oil as outlined in VI-A 
(p;i.ge 15). 

VI-I. SPARE PARTS. 
To insure against possible long and costly "down

time" periods, especially on critical services, it is advis
able to have spare parts on hand. 

1. The most desirable parts to have on hand are the 
following: 

(a) "Rotating element." This is a group of assem
bled parts, including bearing housings, bearings, bear
ing end CO\'ers, grease seals, wearing rings, stuffing 
box bushings and all rotating parts, except coupling. 
(b) Stuffing box packing (106) - one set for two 
stuffing boxes. 

(c) Stuffing box gland packing (210) - one set for 
four gland hal\'eS. 

( d) Stuffing box gland halves (107) - four re
quired. 

With these parts on hand, pump can be easily and 
quickly reconditioned by replaong the worn parts. 

2. An alternate, though not as desirable as that stated 
above, is to have on hand parts that are most likely 
to wear and which can be used as needed. 

FoJlowing is a list of these suggested parts: 

(a) Stuffing box packing (106) - one set for two 
stuffing boxes. 

(b) Stuffing box gland packing (210) one set for 
four gland halves. 
( c) Shaft sleeve ( 104 and 126) - one each. 

(d) Ball bearings (112 and 137) - two required 
(both bearings being the same). 

(e) Snap ring (361) - one required. 

(f) Wearing rings (103) - two required; or 
(127 and 142 - two of each. 

(g) Shaft (122) - one required. 

(h) Impeller key (178) - one required. 

(i) Stuffing box bushings (125) - two required. 

(j) Stuffing box gland halves ( 107) --
four required. 

(k) Ball bearing collar (237) - one required. 

3. If it is not convenient or desirable to carrry the spare 
parts listed in items 1 or 2, the following list is sug
gested as a minimum for servicing the pump under 
ordinary conditions of wear: 

(a) Stuffing box packing (106) - one set for two 
stuffing boxes. 

(b) Stuffing box gland packing (210) - one set 
for four gland halves. 

(c) Shaft sleeves (104 and li6) - one each. 

(d) Ball bearings (112 and 137) - two required 
(both bearings being the same). 

(e) Snap rings (361) - one required. 

(f) Ball bearing collar (237) - one required. 

VI-J. INSTRUCTIONS FOR 
ORDERING SPARE PARTS. 

Repair orders will be handled with the minimum of 
delay if the following directions are followed: 

I. Give the Model No.,. size of the pump and serial 
number. These can all be obtained from the name 
plate. 

2. Write plainly the names, part numbers and material 
of the parts required. These names and numbers 
should agree with those on the sectional assembly 
(Section VI-C) (page 16). 

3. Give the number of parts required. 

4. Give complete shipping instructions. 
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1. 2. 7 Primary ,· and Secondary Fi re Water Pumps 

1.2. 7. 1 Identification 

Tag Number 

P705 

P706 

1.2.7.2 Description 

Description 

Primary Electric Fire Pump and 
Controller with controller pressure 
switch tag number PS 1511 

Secondary Diesel Fire Pump and Controller 
with controller pressure switch tag 
number PS1502 

1.2.7.2.1 Primary Electric Fire Pump and Controller (P705) 

Pump 

Manufacturer: 

Part Number: 

Motor 

Manufacturer: 

Part Number: 

Controller (with pressure 

Manufacturer: 

Part Number: 

Aurora Pump 
800 Airport Road 
North Aurora, Illinois 60542 

Mode 1 5-481 -17 

U.S. Electrical Motors 
Old Gate Lane 
Milford, Conn. 06460 

See Aurora Pump model 5-481-17 

switch tag number PS15ll) 

Metron Instruments, Inc. 
1051 So. Platte River Drive 
Denver, Colorado 80223 

Model M300 

1.2.7.2.2 Secondary Diesel Fire Pump and Controller (P706) 

Pump 

Manufacturer: Aurora Pump 
800 Airport Road 
North Aurora, Illinois 06542 

Part Number: Model Fl4TM 



Engine 

Manufacturer: 

Part Number: 

Cummins Engine Co. 
Columbus, Indiana 47201 

Model V-378-F2 

Controller (with pressure switch tag number PS 1502) 

Manufacturer: 

Part Number: 

1.2.7.3 Vendor 

Metron Instruments, Inc. 
1051 So. Platte River Drive 
Denver, Colorado 80223 

Model FD2 

Mclemore Pump & Equipment Co. 
4895 Joliet St. 
Denver, CO 80239 

1.2.7.4 Procurement Specification 

Stearns-Roger Specification Number D46.8 
(DOE Specification Number 40M700-14S) 

1.2.7.5 Piping Connections 

P705 

P706 

1.2.7.6 Operation/Maintenance 

P705 

P706 

See construction package 9, dwg no. 
40P70051 33155, s ht. P6- l 

See construction package 9, dwg no. 
40P7005l33246, sht. P6-2 

See attached Aurora Pump Manual, 912 section 
with motor, accessories, and controller data 
included. 

See attached Aurora Pump Manual, 915 section. 
with engine, accessories, and controller data 
included. 
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AURORA PUMP NO. o;:: PRINTS 

A UNIT OF GENERAL SIGNAL FOR APPROVAL 

800 AIRPORT ROAO · NORTH AURORA ILLl"JOIS •60542 8 FINAL 

4 ~££PR0.S 

SALES Off ICE: HC lEMORE PVNP~ £,.QU\ PNEJ\JT C..0 PO# ..A01 -104 
FACTORY ORDER NUMBER: _4-....,D=-.,0_-_(p.S""""'-"__,'7-'0=-'7~-----------------
JOB: ;so~A&-ChJE PILOT PLANT 
SERVICE: H0TOR-ORl\/El\.l Fl &E PUMP 
ENGINEER: STEAt2M.S-1<0GE12 E.NG.IN£ER.l~G CQgP. 
CONTRACTOR: SCe:ARNs-ROGER E"JGtr-JEERt'b.lG CORP 
SOLD TO: TOt,....1t-,,[S€:ND G. BQ:rrOM, IJ\..IC. PO# :Z.OQ! -c.:z. ,-,co 

' 
REFERENCE: PRO.:r£C.T · Ng_ C.2.1?00 

PUMP 

ONE NUMBER OF UNITS 5--481-17 
Z.90' 

SIZE 481 MODEL 4 POWERSERIES PUMPONLYCJ 

-~~O ........ Q.......,O ____ GPM -=--~-~---TOH _f~7_'1_Q~---RPM ROTATION: RH CJ LH ~ 

BASE: 

~STEEL 
DRIP RIM 

0 STEEL 

0 FABRICATED 
STEEL 

0 CAST IRON 
RING TYPE 

j50 HP. 

BY: ~ AURORA 

0 OTHERS 

CONSTRUCTION: 

8J STANDARD 
FITTED 

COUPLING: STUFFING BOX: CONNECTIONS 

~ STANDARD U MECHANICAL SEAL CJ THREADED 

LUBRICATION 

~ GREASE 

•----- 0 SPACER 

~ GUARD 

C STANDARD 

•-----
~ FLANGE U OIL 

~ 125# 

.3 

CASE CI 
IMP. P,1Z,Z. 
SHAFT.STL... 
SLEEVE BB,Z 
CASE RING BKZ 
IMP. RING __ 

~ PACKING 

:X LANTERN RING 

MOTOR 

0 250# 

•----

PHASE ~-HERTZ ,4l, 0 VOLTS I 770 RPM (q0 444TSFRAME 

~ ODP 

• TEFC 

0 XPROOF 

0 VERTICAL 

~ HORIZONTAL 

0 PART WINDING 

NOTE: MOTOR NOT MOUNTED 

U.S. Moro~fr 
MANUFACTURER 

AT FACTORY ON 
VERTICAL UNITS. 

SPECIAL REQUIREMENTS 
PUMP: Ct.l'!.TIFIED PcCs:FORMANCe: TE"-51:i NP.SH t:£5T: EbcOW MET~ f<:N G 

SY.StE:M ; AC.C.E5SQ&JE 5 Pe& AITAC: 1-1Et> ..:5KS-ET-S 

DRIVE: 

ELECTRICAL: MET&ON El!c;:'.E f>VHP CGr:-JT'ROh I- G:R: PE& AJT,:t>-,. c ...,,c-p 

Stti:r£T.S 
CERTIFIED SECTION: 912.. PAGE: 30.2, CURVE NUMBER: _2 '7PC - I I 9 ~-
PRINT: SPECIAL:------------- MAINTENANCE:------------

1(£VI~~ BY: ~f ,.,) °'1>DATE: la IL 7 I f;Q OFFICE: AL) '201"<':A 
1~~ o THIS~ WILL NOT BE P&ESSED FOR MANUFACTURING UNTIL APPROVAL IS P::-~EIVED. 

. PRINTS ARE NOT TO SCALE AND ARE CERTIFIED CORRECT ONLY FOR THIS ORDE ,. . L 
ORDERS SUBJECT TO ACCEPTANCE AT AURORA PU,\iiP, NORTH AURORA, ILLINOIS 

THIS ORDER CAN BE RELEASED FOR MANUFACTURING AS SHOWN: 0 AUTHORITY:-------

RELEASE FOR MANUFACTURING PER ATTACHED CHANGE ORDER: 0 OFFICE: _______ _ 

40130 (9-77) 
DATE: ________ _ 

-

-
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I----
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I 
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11 22x74 22 74-1/2 29-1/8 72-7/8 4-1/2 3/4 2 13/16 

20 
STEARNS-ROCER ENGINEERING CORP. 
PROJECT NO. 621700 

26x90 26 90-1/2 33-1/8 88-7/8 4-1/2 3/4 2 13/16 

SCLAR-C~[ FILOT PLANT NOTES: Dimensions are not specified as they va1·y 
with each motor manufacturer. UNIT 01\E 1. All dimensions in inches. 

2. Dimensions may vary ± 3/8. 
P.C. 2001 3. Nol for construction purposes unless certified. 

6. Discharge and Suction flange - American 
Standard flat face. 

LEFT HAND PUMP 
4. Coupling gap may vary 1/8" to l". 
5. Conduit box is shown in approximate location. 

115,CH O nu FLANGE UP " 11S PSI 

7. Three grout holes are provided In top of base. 
t D is 10-1/2" when using frames 324TS - 365TS. 
• D Is 12 when using frames 404TS - 445TS. 
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SECTION 9)2PAGE432 
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STEARNS-ROfER ENGI~EERING CORP. 
PRCJECT NO. 621700 

SECTION 6 ITEM 411 
DATED JULY 1980 
SUPERSEDES ITEM 411 
DATED JAIWARY 1973 SCLAR-C~E FILOT PLANT 

UI\IT Ct\E 
P.C. 2001 

INSTRUCTION MANUAL 
REPAIR 

SERVICE 

Your Aurora pump requires no maintenance other 
than periodic inspection, lubrication and occasional 
cleaning. The intent of inspection is to prevent 
breakdown, thus obtaining optimum service life. 

LUBRICATION OF BEARINGS 

Model 411 pump is available with two options for 
lubricating the shaft bearings. They are: 

1. Regreasable (standard) 
2. Oil Lubrication 

Regreasable bearings will require periodic lubrica
tion and can be accomplished by using the zerk or 
lubrication fittings in the bearing cartridge. Lubricate 
the bearings at regular intervals using a grease of 
high quality. Lithium, lithium soda or calcium base 
grease is recommended as lubricants for pumps oper
ating in both wet and dry locations. Mixing of different 
brands of grease should be avoided due to possible 
chemical reactions between the brands which could 
damage the bearings. Accordingly, avoid grease of 
vegetable or animal base which can develop acids, as 
well as grease containing rosin, graphite, talc and 
other impurities. Under no circumstances should 
grease be reused. 

Over lubrication should be avoided as it may result 
in overheating and possible bearing failure. Under 
normal application, adequate lubrication is assured 
if the amount of grease is maintained at 1/3 to 1/2 
the capacity of the bearing and adjacent space sur
rounding it. 

In dry locations, each bearing will need lubrication 
at least every 4,000 hours of running time or every 
6 to 12 months, whichever is more· frequent. In wet 

locations the bearings should be lubricated at least 
after every 2,000 hours of running time or every 4 to 
6 months, whichever is more frequent. A unit is 
considered to be installed in a wet location if the 
pump and motor are exposed to dripping water, to 
the weather, or to heavy condensation such as is 
found in unheated and poorly ventilated underground 
locations. 

Oil lubricated bearings are optional on all Model 411 

pumps. A fixt oil level is maintained within the 
bearing cartridge by an oiler which allows visual 
indications of reserve oil. 

MODEL 411 & 481 

At initial installation and before starting a unit that 
has been shut down for repairs or for any extended 
length of time, run enough 10/20 weight motor oil 
through the oiler to maintain a constant oil level to 
insure that the bearing will never be without an oil 
supply. Oil will have to be added at intervals to 
maintain a constant level in the oiler. This interval 
can only be determined by experience. 

Under working conditions, oil will breakdown and 
need to be replaced at regular intervals. The length 
of these intervals will depend on many factors. 
Under normal operation, in clean and dry locations, 
the oil should be changed about once a year. How
ever, when the pump is exposed to dirt contamination, 
high temperatures {200° F. or above) or a wet loca
tion, the oil may have to be changed every 2 or 3 

months. 

At times it may be necessary to clean the bearings 
due to accumulated dirt or deteriorated lubricants. 
This can be accomplished by flushing the bearing with 
a light oil heated to 180 to 200° F. while rotating it 
on a spindle. Wipe the bearing housing with a clean 
rag soaked 1.n a cleaning solvent, and flush all 
surfaces. 

Dry bearing thoroughly before relubricating. Com
pressed air can· be used to speed drying, but care 
should be taken not to let bearings rotate while being 
dried. 

Use normal fire caution procedures when 
using any petroleum cleaner. 

The motor which drives your Aurora pump may or 
may not require lubrication. Consult the manufac
turer's recommendations for proper maintenance 
instructions. 

REPAIRS 

The pump may be disassembled using the illustra
tions and text provided. Although c Jmplete disas
sembly is covered, it will seldom re necessary to 
completely disassemble your Aurora "ump. 

The illustrations accompanying the :: , sassem bly in
structions show the pump at various si:.ages of disas
sembly. The illustrations are intena· J to ai~ ::1 the 
correct identification of the parts ' ntionc ,r. the 
text. 

Inspect removed parts at disassembly to determine 
their reusability. Cracked castings should never be 

Q 1968 AURORA PUMP 

AWRORA, ILLIMOIS 
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MODEL 411 

reused. All packing and gaskets should be replaced 
with new ones at reassembly simply as a matter of 
economy; they are much less expensive to replace 
routinely than to replace as the need occurs. In 
general it is economical ·to return to the manufac
turer for repair only the motor and motor controller. 

A. Removing upper packing_gland. 

B. Pump assembly with upper casing, packing 
glands, and swing bolts removed. 

Disassemblv of the Pump. Disassemble only what is 
needed to make repairs or accomplish inspection. 
Proceed to disassemble the pump as follows: (See 
Figure 4.) 

1. Break electrical connection to motor or take 
similar steps to make certain drive unit will not be 
unintentionally energized during disassembly. 

2 

1.2.7-10 

C. Lower pwnp casing. 

2. Close such valves or t1ow-control devices nec
essary to make certain flow of liquid will not take 
place during disassembly. 

NOTE 

Discharge and suction piping need not be dis
turbed unless complete pump assembly is to 
be removed. 

-

3. Drain liquid from pump by removing plugs (1 -
and 2). Disconnect by-pass lines if applicable. 

4. Loosen and remove capscrews (6) securing 
upper casing (8) to remainder of pump assembly. 

NOTE 

If pump being disassembled is a size 4 x 5 x 
11 or larger, remove capscrew (7) also be
fore attempting to separate upper casing. 

000 0 0 '}olt..l:· 9 
, ·~·n 

D. Inboard rotating eleme::.t ,:om;:,or.ents ~e!"!'.oved il
lustrating disassembly order. 

5. Make certain all securing ca~scr<::ws are re
moved, then carefully remove uppE,r casing 18) •.1sing 
hoist or crane with sling attached to :::ast hooks. 

6. Remove gasket (9) and scrap€ mating surfaces 
of casing halves to remove piece~, of gasket which 
may have adhered in separatio::. ·::J.ke c~,re net to 
scratch or mar mating surfaces. 

7. Loosen setscrews in flexible coupling and slide' 
the halves apart. -
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MODEL 411 

8. Remove four capscrews (25) securing two bear
ing caps (26). Lift off bearing caps (26) and pins (27). 
Mark caps to insure correct replacement and orienta
tion on the respective bearing arms. 

9. Loosen and remove four nuts (18), washers 
(19), clamps (20); securing split halves of packing 
glands (21). Remove four swing bolts (22). 

10. Assuming that further work is required on the 
shaft and impeller assembly, use properly secured 
rope slings and hoist or crane as required to lift it 
from lower pump casing (69) and place it on suitable 
bench or work surface. 

0 

E. Sleeve and thrust washer removed. 

Take care not to dent or damage impeller 
and/or other parts. Use of a supporting 
cradle or work stand is recommended. 

NOTE 

Disassembly procedure from this point covers 
pumps having standard packing. If pump has 
mechanical · seals, refer to specific instruc
tions. 

11. Remove and discard rings of packing (23). 
Replacement with new packing is recommended when
ever pump is disassembled. 

12. Slide pump half of flexible coupling off shaft 
(65) remove key (24). Pry_ up on end of key so as not 
to damage shaft. If preferred, the key may be re
moved by carefully tapping from outer end with a 
brass drift or similar non-marring tool, using a 
small hammer. 

13. Remove casing wearing rings (26). 

14. If pump is grease lubricated remove zerks 
(10) and pipe plugs (12) from cartridge caps (32 and 
42). If pump has the oil lubrication option remove 
breather cap from top of cartridge caps and remove 
close nipples from bottom of cartridge caps. The 
remaining oil cups, street elbows and nipples are 
loose at tt.is point and can be removed as an assem
bly. 

15. Loosen and remove four capscrews (31) from 
cartridge cap (32). The outboard shaft end protector 
(29) may be removed from its recess in outboard 
cartridge cap at this time if necessary. 

1.2.7.11 

NOTE 

If the unit has a tandem shaft, protector (29) 
is not used. Remove slinger and capscrews 
(31). Slide cartridge cap (32) and grease seal 
off shaft. Press grease seal out of cartridge 
cap if it is necessary to replace this seal. 
Remove retainer ring (35) with a pair of Tru
arc pliers. Also remove gasket (34). 

16. Outboard bearing (38) is press-fitted onto 
shaft (65). To remove it place a puller on bearing 
cartridge (36) and pull cartridge, grease seal (37), 
and bearing from the shaft. The grease seal can be 
pressed from the bearing cartridge if it needs re
placing. On 6B and 7 Power Frames remove snap 
ring on inboard side of bearing. Then slide slinger 
(39), lantern ring (52), bushing (56) off shaft. 

17. Removal of inboard bearing is basically the 
same as for outboard bearing. Remove capscrews 
(41), slide slingers (40), cartridge cap (42), grease 
seal (43) and gasket (44) off shaft. 

18. Pull or press off bearing cartridge (45), 
grease seal (46), and bearing (47). Remove slinger 
(48), lantern ring (52), and bushing (56) from shaft. 

19. U unit has right-hand rotation, unscrew and 
remove outboard sleeve (57) first. Remove gasket 
(58). If unit has left-hand rotation unscrew and re
move inboard sleeve (64) first. Remove gasket (62). 

20. Key (63) holds impeller (59) and sleeve (64) if 
unit is right-hand or sleeve (57) for left-hand unit. 
These parts can be removed by pulling the impeller 
from shaft (65) and removing key (63) from its posi
tion in keyway and sleeve. Unscrew and remove the 
remaining sleeve and gasket. 

21. Disassemble wearing ring(.s) l61) loptional) 
from impeller (59) only if necessary. On powerframes 
5, 6B and 7, remove setscrews (78). Apply a puller 

I \ ,1~f a ~~\'/\,\~ ' ti. ' . .. \I ·'\., 
.-1_ ~ . ~ !'\J . · SPRING 

FLEXIBLE "/ \; DRIVE RING 
CUP ' ... RETAINER 

STATIONARY FLEXIBLE BELLOWS 
SEAT WASHER 

Figure 1. Mechanical :::ie:::d 

and gradually withdraw wearing ,:ngs ,61) from 
impeller (59). Wearing rings may r;,·:e ,o be ,2ut or 
trimmed off the impeller. If a lath'.: ts used ,0 trim 
rings off, use care not to clamp ir: ,,ell:ir ,oo tight 
and cause distortion. Also use c:· ,,. :1oc tc ~-,:;move 
any metal from impeller. 

22. Remove locking and locating ;;i::.:, \66, 6,, and 
68) from lower casing (69) only if repl:J.cemenc is 
necessary. 
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Figure 2. Locating Shaft Sleeve on Shaft, Right Hand Rotation 
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MODEL 411 

23. Nameplate (71) and its securing screws (70) 
should only be removed if replacement is necessary. 

Disassembly of Pumps with Mechanical Seals 

1. Perform disassembly procedures as previously 
given through step S. 

2. Loosen and remove four nuts (18) and washer 
(19) thus freeing swing bolts (22) to allow shaft and 
impeller assembly to be lifted from lower housing 
(69) with sling and hoist or crane as descriqed in 
paragraph 10 above. 

Use extreme care in moving this assembly, 
because ceramic seats can be cracked by 
sliding loose on shaft. To prevent this, wrap 
seal securely in shop cloth or other protec
tive covering to stop seal parts from sliding 
on shaft. 

3. With shaft and impeller assembly on a suitable 
bench, cradle, or work stand, loosen and remove pipe 
plug (12) from inboard cartridge cap (42). Remove 
grease zerk (10) and capscrews (41). Slide cartridge 
cap with grease seal (43) off end of shaft (65). Re
move gasket (44). 

4. Either puil or press bearing cartridge (45), 
grease seal (46), and bearing (47) off shaft. Remove 
slinger (48). · 

5. The one-piece gland (49) used with the mechan
ical seal assembly can now be removed from shaft. 
"O'' ring (50) can be removed from seal gland if 

desired. I~ 
6. Exercise great care in removing seal assembly 

(53) to keep from marring or otherwise damaging 
precision ground mating surfaces. 

7. Scribe a mark on shaft sleeves for relocating 
seal collar on reassembly. Leos en setscrews (55), 
securing seal collars (54) to shaft sleeves and slide 
them off. 

-8. Proceed with further disassembly of outboard 
ball bearing and seal assembly using the same basic· 
procedure. 

F. Ixnpeller removed from outboard ::-otating element. 

1.2.7.13 

9. After removal of mechanical seals proceed with 
balance of disassembly in the same manner as des
cribed for packing design. 

: = 
G. Removing bearing from shaft using conventior.al 

puller. 

REASSEMBLY 

Reassembly will generally be in reverse order of 
disassembly. If disassembly was not complete, use 
only those steps related to your particular repair 
program. 

1. Position locating pins (67) in lower casing (69), 
adding swing bolt pins (68) if •Jsed on your ?ump. In
stall wearing ring pins (66). Tap pins gently to seat 
them in place. If nameplate (71) was removed, in
stall it with screws (70). 

2. On a right-hand unit thread inboard sleeve (64) 
onto shaft (65) distance A (refer to Figure 2). On a 
left-hand unit thread outboard sleeve (57) onto shaft 
distance A (refer to Figure 3). When the sleeve is 
in position its keyway should align with keyway on 
shaft. Coat key and keyway with Loctite sealant grade 
CVV. Insert key (63) into keyways of shaft and sleeve. 
Tap key firmly in place. 

3. Coat inside diameter of impeller wearing rings 
(61) (optional) with Loctite sealant Grade AV and press 
them over hubs of impeller (59). Do not attempt to 
hammer impeller wear rings intO position, since they 
are a press fit. Use of an arbor press is preferred. 
However, placing a block of wood over the impeller 
wearing ring and pressing it in will work satisfactorily. 
For power frames 5, 6B and 7 only, two setscrews 
(78) will be ,installed by drilling imo wearing rings 
and impeller. The opposite surface of t..'1e impellAr 
should be protected from damage throl..!ghour :..'l<e 

procedures by resting it against soft wood on the s1.:r
face of work bench. 

Impeller wearing rings must be given special 
care because they are press fit. Be sure 
rings are positioned squarely ovf·r hubs of 
impeller. A softheaded hammer -:c,:1 be used 
to gently tap impeller wearing rir,.. into cor
rect alignment before they are r, -,, ssed into 
place . 

•• --= ======i ==::::z:i:::::;:~;;;;=:.:-::.. .... - j 

H. Shaft with sleeve and key in position. 
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MODEL 411 

MODEL 411 List of Parts (See Figure 4) 

1. Plug 31. Capscrew 51. "0" Ring 
2. Plug 32. Cartridge Cap 52. Lantern Ring 
6. Capscrew 34. Gasket 53. Seal 
7. Capscrew 
8. Casing 

35. Retaining Ring 
3 5A. Retaining Ring 

54. Collar 
55. Setscrew 

9. Gasket 
10. Grease Fitting 
12. Plug 
18. Nut 
19. Washer 
20. Clamp 

36. Cartridge 
37. Grease Seal 
38. Bearing 
39. Slinger 
40. Slinger 
41. Capscrew 

56. Bushing 
57. Sleeve 
58. Gasket 
59. Impeller 
61. Wearing Ring 
62. Gasket 

21. Gland Half 42. Cartridge Cap 63. Key 
22. Swing Bolt 
23. Packing 
24. Key 
25. Capscrew 
26. · Bearing Cap 
27. Pin 
28. Wearing Ring 
29. Protector 

43. Grease Seal 
44. Gasket 
45. Cartridge 
46. Grease Seal 
47. Bearing 
48. Slinger 
49. Gland 
50. "O" Ring 

NOTE 

64. Sleeve 
65. Shaft 
66. Pin 
67. Pin 
68. Pin 
69. Casing 
70. Drivescrew 
71. Nameplate 
78. Set screw 

WHEN ORDERING SPARE PARTS ALWAYS INCLUDE THE PUMP 
TYPE, SIZE, SERIAL NUMBER, AND THE PIECE NUMBER FROM 
THE EXPLODED VIEW IN THIS MANUAL. 

ORDER ALL PARTS FROM YOUR LOCAL AUTHORIZED DISTRIBUTOR, FACTORY 
BRANCH SALES OFFICE OR THE FACTORY AT NO. AURORA, ILLINOIS. 

4. Slide either gasket (62 or 58) onto shaft until 
it is squarely against shoulder of shaft sleeve that 
has been keyed in position. Slide impeller (59) after 
coating keyway with Loctite grade CVV onto shaft 
until it is firmly located against gasket and shaft 
sleeve. The remaining gasket is put on shaft and 
then the other shaft sleeve is threaded firmly against 
gasket and impeller. 

NOTE 

When assembling rotating element of a 411 
Model Pump is is important that the curve of 
the impeller blades is in agreement with 
pump rotation. (See insert in figure 4 .) 

Carefully check to see that proper shaft 
sleeve has been keyed into place for rotation 
of pump. U correct shaft sleeve is not keyed 
onto the shaft it can spin loose during opera
tion of pump and cause extensive damage. 

5. Install packing or mechanical seals and secure 
according to the following specific instructions. 

Standard Packing 

a. Slide a bushing (55) onto each end of shaft. 
The raised shoulder on these bushings must 
face away from impeller. 

1.2.7.15 

b. Pump sizes 2 x: 2-1/2 x: 9, 2 x 2-1/2 x 10, 
2 x 2-1/2 x 12 have one packing ring (23) in 
front of lantern ring (52). All other pump 

··- sizes have two packing rings in front of the 
lantern ring. Stagger joints of packing rings 
so that packing will not leak excessively. 

Mechanical Seal 

a. Single seal and balanced single seals 
I. Slide one seal lock collar with setscrews 

(55) facing the impeller onto each end of 
the shait. Position on scribe mark made 
during disassembly and lock in place. 

II. Put a light coat of liquid dishwashing 
detergent on the shaft sleeve. Check 
rotating parts of seal to ::-i ake sure t..'1ey 
are clean. Spread a lig::: coat of liquid 
detergent oninside diam":c"rs of flexible 
bellows and washer. 

III. Place the seal's spriru1 :::--ive ring, re
tainer, fleXible bellow~ ~,d washer on 
the shaft sleeve in rt: , "ctive order. 

IV. Thoroughly inspect C,' Jf se:, ~land 
(49) for burrs or nicks 'l c-.""ddam-
age seat of the seal. A;ip,/ 3. film of 
liquid detergent co seal seat and install 
it in seal gland cavity. Taking care to 
seat it evenly and squarely. 

7 



MODEL 411 

NOTE 

If it is not possible to insert seat with fingers, 
place a cardboard protecting ring, furnished 
with seal, over lapped face of seat and press 
into place with a piece of tubing haVing end 
cut square. Tubing should be slightly larger 
than diameter of the shaft. Remove card
board after the seat is firmly in place. 

Never place a mechanical seal into service 
after it has been used without replacing or 
relapping stationary seat and washer faces. 

V. Place "0" rings (50) around the seal 
glands and slide seal glands onto ends 
of the shaft. 

b. Double Seal 

I. Place one seal seat in collar (54), the 

other one fits into seal gland (49). 
These parts are set into their cavities 
in the same manner as they are with a . 
single seal. 

II. Place "0" rings (51) around collars 
(54) and put the collars with stationary 
seats facing away from impeller on ends 

of the shaft, then slide flexible bellows, 
washers, and springs on the shaft in 
order shown in figure 1, for each half 

of double seal assembly (53). 

m. Place "0" ring (50) around the seal 
glands (49) and slide seal glands onto 
ends of the shaft with stationary seats 

facing impeller. 

6. Place slinger (39) onto outboard end of shaft. 

7. Press grease seal (37) into bearing cartridge 

(36). Place outboard double row ball bearing (38) in 

bearing cartridge and press these parts onto out

board end of shaft. Snap retainer ring (35) in place 

to secure outboard bearing. Place gasket (34) and 

cartridge cap (32) in position and secure it with cap

screws (31). 
NOTE 

Both grease zerk holes in bearing cartridges 
and pipe plug holes in cartridge caps must be 
facing in opposite directions when assembled. 

8. Protector (29) can be placed in the cartridge 

cap or if unit has a tandem shaft, press grease seal 

into cartridge cap and slide a slinger onto shaft. 

9. Place slinger (48) on inboard end of shaft. 

10. Press grease seal (46) into bearing cartridge 

(45). Place inboard ball bearing (47) .in bearing 
cartridge and press this assembly onto inboard end 

of shaft. 

11. Press grease seal (43) into cartridge cap (42). 

Position gasket (44) and cartridge cap against bear-

s 

1.2.7.16 

ing cartridge and secure it in place with cap.;crews 

(41). Be sure t9 align grease zerk hole and pipe 

plug hole on opposite sides. 

12. Place slinger (40) onto shaft. Place grease 

zerks (10) in bearing cartridges and pipe plugs (12) 

in bearing caps. If pump is oil lubricated, breather 

tubes are placed in bearing cartridges and oilers 

With nipples and elbows are placed in cartridge caps. 

13. Slide casing wearing rings (28) over impeller 

wearing rings (61) and set rotating element into lower 

casing (69). Make certain the holes that are drilled 

in the bottom surface of the casing wearing rings are 

located over pins (66) previously set in lower casing 

(69). Grease zerks or breather tubes should face up. 

14. Install key (24) in motor end of shaft (65). 

Check positioning and alignment of packing rings or 

seal components and install swing bolts (22) and 

split gland halves (21) if pump has packing. Place in 

position clamps (20), washers (19), and nuts (18), 

securing loosely in place. Swing bolts (22) are set 

over pins (68) on 4 x 5 x 10 or smaller units. On 

larger units the swing bolts are held in place by cap

screws (7) after upper casing is in position. 

15. Place pins (27) into bearing cartridges. Place 

bearing · caps (26) in position and secure with cap

screws (25). 

16. · Position new casing gaskets (9) on lower cas

ing (69). Set upper casing (8) in place and secure it 

to casing halve (69) with capscrews (6). Pins (67) 

are used as a means of locating position of the two 

casing halves. 

17. On pumps larger than 4 x 5 x 10 thread in 

capscrews (7) making sure they are placed through 

the eye of swing bolts (22). 

18. Place drain plugs (1) and (2) back in casing 

halves. 

19. If lower casing was removed from the base, 

see section on Installation for proper methods of re

aligning pump to motor and piping. 

. 20. Replace any flushing or cooling lines that were 

removed. Connect electricity back to motor. 

STARTING PUMP AFTER REASSEMBLY 

Do not start the pump until all air and vapor have 

been bled and making sure that there is liquid in the 

pump to provide the necessary lubrication. 

NOTE 

Do not over tighten standard packir..; assem
bly before returning unit to operatic!,. 

Read operating instructions caref'uli ·; before 
starting pump. 

Jog the pump to check for proper rot~ ·;n. A;.1ow it 

to run for awhile, then gradually tighten , __ 1ts ,lB) un

til dripping has been reduced to its normal level. 
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SECTION2 ITEl'\2 
DATED JUNE 1963 

INSTRUCTION MANUAL 

GENERAL. The life of your Aurora pump can be 
extended considerably by carefully following the in
stallation instructions contained herein. Each step 
of the pump installation instructions plays a vital 
part in assuring long life, efficient operation, and 
reduced maintenance, from the initial location of the 
pump through prestarting directions. 

UNPACKING YOUR PUMP. The crate containing 
your pump should be opened immediately upon re
ceipt from the factory, and the pump generally 
inspected for damage and shortage of parts. Par
ticular attention should be given to the discharge and 
suction nozzle threads or flanges. Any damage or 
shortage of parts should be reported to the earn.er 
immediately. 

CLEANING. If your pump is to be installed im
mediately, it Will be necessary to remove the pro
tective covers from all openings, and to clean the 
exposed metal P!lrts thoroughly with white gasoline 

DISCHARGE TANK----~:::~ 

-S----~1 

DRIVER- D 

INSTALLATION 
FRAME MOUNTED 

or other suitable solvent to remove the preservative 
coating. ., 

STORAGE. If your pump is not to be put in service 
immediately it should be covered and stored in a 
clean dry area. The protective covers and preserv
ative should be left intact until the pump is put into 
service. For extended storage, the pump should be 
dried internally with hot air or some other suitable 
means, and once free of moisture, filled with a pro
tective fluid such as light oil or kerosene. Accor1-
ingly, at time of installation, the pump will have to 
be completely dismantled and thoroughly clear..,,::. 

PLANNlNG THE PUMP LOCATION. You probably 
have spent considerable time planning where your 
pump will be located. However you may have over
looked some factor which may affect your pump op
eration or efficiency. 

The pump should be located as close to the liquid 
source as possible so that l'1e suction line can be 

CHECK VALVE 

~':.:CT VAL'✓E 

STEAR~S-RO(ER ENGI~EERING CORP. 
PRCJECT NC. t21700 
SCLAR-C~E FILOT PLA~T 
LtdT Cf\E 
P.C. 2001 

FIGURE 1. RECOMME:-iDED LOCATION - SHORT DIRECT SUCTION 

@ 1963 A.UFIOA:A PUMP 
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FRAME MOUNTED INSTALLATION 

short and direct. It should be located in a clean, 
open area, where it is easily accessible for inspec
tion. lubrication, and repair. Pumps installed in 
dark, dirty areas or in cramped locations ·are often 
neglected which can result in premature failure of 
both the pump and the driver. 

Your pump should be located so that a hoist or crane 
can be used to move it without interference from 
piping. This factor is often overlooked in the ad
vance plaMing stage. 

Protect your pump against the possibility of flooding. 
Although water will not seriously damage the pump, 
the drive motor can be damaged, 

The pump should be located in an area where mois
ture, either from leakage through the packing or 
from condensation, can be adequately drained off. 
Moisture dripping on exposed metal or wood can 
cause rapid deterioration of the area. Also, wf!t 
floors produce safety hazards. 

Adequate provisions should be made for electrical 
wiring to the pump motor. A switch and overload 
protection should be installed near the pump unless 
it is impractical. The electrical conduit should be 
positioned in such a way as to preclude the possibility 
of moisture entering the conduit or the motor and 
causing short circuits. 

Outdoor installation will normally provide all of the 
above mentioned conditions. However it is advisable 
to provide a weather shelter for your pump. 

FOUNDATION. The foundation for your pump must 
be sufficiently rigid to absorb any Vibration and 
stress encountered during pump operation. A raised 

DISCHARGE TANK __ ..,.. 

DRIVER __ I 
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PUMP 

foundation of concrete is preferable for mo&t floor 
mounted pumps. The raised foundation assures a 
satisfactory base, protects against flooding, simpli
fies moisture drainage, and facilitates keeping the 
area clean. 

Your pump should be firmly bolted to the foundation, 
whether it is a raised concrete base, steelwork wall, 
or structural member. The mounting bolts or studs 
should be accurately located per the applicable 
Aurora dimension sheet. Foundation bolts should be 
enclosed by a sleeve 2 to 4 diameters larger than 
the bolt to allow movement for proper alignment 
with the pump mounting holes. Refer to figure 3. 

SHIMS 

FOUNDATION BOLT 

SHIMS 
GROUTING CLEARANCE 

FIGURE 3. FOUNDATION FOR FRA.l'viE 
MOUNTED PUMPS 

DISCHARGE PIPING 

SUCTION NOZZLE 

LONG-UNSUPPORTED 
SUCTION PIPING 

- ~ooT VALVE 
..-r/ ,. 

· STRAINER 

FIGURE 2. UNSATISFACTORY LOCATION - LONG INDIRECT SUCTION WITH NO SUPPORT 
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FRAME MOUNTED INSTALLATION 

If the pump is to be mounted on steelwork or other 
structure, adequate support should be provided to 
prevent distortion of the base plate or the structure, 
which could produce excessive strain on the pump 
casing and piping, and seriously affect alignment of 
the pump and driver. 

PREPARING TO INSTALL YOUR PUMP. Your pump 
and driver unit will .normally be mounted on a 
common base plate. The unit has been accurately 
aligned and securely mounted to the base plate at the 
factory. However, the alignment cannot be main
tained during shipping and the complete unit must be 
leveled and realigned at the time of installation. 

LEVELING THE PUMP. Leveling the pump will 
require enough shims to support the base plate near 
the foundation bolts, and at any points of the base 
plate carrying a substantial weight load. The shims 
should be large enough to allow a gap of 3/ 4" to 
1-1/2" between the base plate and foundation for 
grouting. 

The pump unit should be set on the foundation, being 
careful not to damage the threads on the foundation 
bolts. The flexible coupling halves should then be 
disconnected. The shims should be inserted and the 
pump leveled. A spirit level should be used on the 
faces of the flexible coupling halves, and on the sue-

DRIVER 

\ 
D 

PUMP SUCTION NOZZLE 

F1GURE 4. LEVELING PUMP UNIT WITH 
SPIRIT LEVEL AND SHORT LENGTHS OF PIPE 

DRIVER 

' D 

PUMP SUCTION 

FIGURE 5. LEVELING PUMP UNIT WITH 
SPIRIT LEVEL ON PUMP FLANGES 

tion and discharge flanges. If your pump has threaded 
nozzles, a short piece of pipe inserted in the nozzles 
will serve as a smooth surface for a leveling refer
ence point. The shims should be adjusted until the 
pump is leveled horizontally and vertically. Tighten 
the foundation bolts finger tight. 

INITIAL ALIGNMENT OF THE FLEXIBLE COU
PLING. The pump and. driver were accurately 
aligned at the factory. However, it is impossible to 
maintain this alignment during shipping and handling. 
Therefore it will be necessary for you to realign 
the pump and driver. Flexible couplings are not 
universal joints. They should not be used to com
pensate for misalignment of the pump and motor 
shafts. Their function is to transmit power from 
the driver to the pump while compensating for ther
mal expansion and shaft end movement. The coupling 
faces should be far enough apart so that they do not 
make contact when the motor shaft is forced to the 
limit of the bearing clearance toward the pump shaft. 

In order to properly align the coupling, you will need 
a taper gauge or set of feeler gauges, and a straight 
edge, or if available, a dial indicator. 

There are two types of misalignment encountered 
with flexible couplings: angular misalignment, in 
which the shafts are not parallel, and parallel mis
alignment where the shafts are parallel but not on 
the same axis. 

To check angular alignment, insert a feeler gauge or 
taper g.age at any four places 90° apart around the 

STRAIGHT EDGE------------1"----------. 

-----·;-
,, 

WEDGE OR 
ii 
ii J-•. _ 

THICKNESS GAUGE---u 

PARALLEL MISALIGNMENT ANGULAR MISALIGNMENT 

F1GURE 6. FLEXIBLE COUPLING ALIGNMENT 
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DIAL INDICATOR 

COUPLING HALVES 

PARALLEL 

DIAL INDICATOR 

COUPLING HALVES 

ANGULAR 

FIGURE 7. CHECKING ALIGNMENT WITH 
DIAL INDICATOR 

coupling halves. Insert shims under the driver feet 
until the same reading is obtained at all four check 
points. The pump and driver will then be in angular 
alignment. 

To check angular alignment with a dial indicator, 
clamp the dial indicator to the pump coupling haU 
so that ball on the indicator just rests on the face of 
the motor coupling half. A chalk mark should be 
made at the point where the ball contacts the coupling 
half. Both the pump shaft and the motor shaft should 
be rotated an equal amount so that the reading is 
taken at all check points with the ball on the chalk 
mark. Insert shims as required. 

To check parallel alignment, a straight edge should 
be held against the edges of the coupling halves at 
any four places 90° apart around the coupling. The. 
straight edge· should be parallel to the pump and 
driver shafts at all times. Insert shims until the 
straight edge lies flat against both coupling halves 
at all four check points. The pump and driver will 
then be in proper parallel alignment. 

To check parallel alignment with the dial indicator, 
the ball should rest on periphery of the motor 
coupling haU. A chalk mark should be made at the 
point of contact, and the shafts rotated equally so 
that the reading is taken with the ball on the chalk 
mark at all check points. Insert shims as required. 

NOTE 

Any adjustment to correct one direction of 
alignment may affect the other direction. 
Therefore, it is necessary to recheck both 
angular and parallel alignment after each 
adjustment. 

When the unit is properly aligned, the foundation 
bolts should be tightened, but not too firmly. Waste 
material should be stuffed into the sleeves around 
the foundation bolts, to prevent grout from filling the 
sleeves during grouting. 

GROUTING THE INSTALLATION. Grouting the base 
plate prevents lateral movement of the base plate, 
and improves the vibration absorbing characteristics 
of the foundation by increasing its mass. A wooden 
dam should be constructed around the base plate to 
contain the grout while it is being poured. The dam 
can be built .tight against the base plate, or slightly 
removed from it as desired. 

The entire base plate should be completely filled with 
grout. A non-shrinkable type grout, such as manu
factured by EMBCO is recommended. The grout 
should be puddled frequently to remove any air 
bubbles from the grout. 

The leveling shims can be grouted in place, or they 
can be removed after the grout has set usually from 
48 to 72 hours after pouring. 

After the grout has set, alignment of the unit should 
be checked and the foundation bolts firmly tightened 
down. 

PIPING. Your pump unit is now ready to be piped. 
The piping practices you follow will directly affect 
the efficiency and power consumption of your pump. 

. PIPE HANGERS 

0ISCHAP·:: TANK 

FIGURE 8. SUPPORTING PIPING 
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FRAME MOUNTED INSTALLATION 

Pay parti.cular attention to the seemingly insignificant 
details involved in piping your pump for they make 
the difference between a good and bad installation. 

SUPPORTING THE PIPE. Both the suction and the 
discharge piping should be independently supported 
near the pump. Liberal use of pipe hangers and sup
port blocks will prevent excessive strain on the 
pump casing and on the pipe joints. 

SUCTION PIPING. The suction piping should be 
short, but no less than ten pipe diameters in length, 
and direct with as few elbows and fittings as pos- · 
sible, to keep head loss from friction at a minimum. 
However, the suction pipe should provide a minimum 
uninterrupted length, equal to ten pipe diameters, to 

the pump suction flange. A horizontal suction line 
should have a gradual rise to the pump, and pass 
under any interfering piping. 

PIPE. The suction pipe diameter should be at least 
the same diameter as the suction nozzle on the pump, 
and preferably larger. Use of a smaller diameter 
pipe will result in loss of head due to friction. All 
joints must be tight to maintain prime on the pump. 

NOTE: GATE VALVE SHOWN IN VERTICAL POSITION 

FOR ILLUSTRATION PURPOSES ONLY 

DISCHARGE 

I 
DRIVER- D 

LONG RADIUS 
ELBOW 

FOOT VALVE 

SUCTION 

FIGURE 9. RECOMMENDED SUCTION LlFT 
PIPING - SHORT AND DIRECT 

GATE VALVE 

FIGURE 10. RECOMMENDED FLOODED SUCTION PIPING - SHORT AND DIRECT 

DRIVER ,-1 -----.--
0 

TAPERED REDUCER 

LONG UNSUPPORTED PIPING 

EXCESSIVE NUMBER 
.------ :)F ELBOWS 

L :,CESSIVE LIFT 

FIGURE 11. UNSATISFACTORY SUCTION LIFT PIPING - LONG A.'ID INDIRECT W1TH NO SUPPORT 
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DISCHARGE 

DRIVER 

l 
D 

FIGURE 12. UNSATISFACTORY FLOODED SUCTION PIPING - LONG AND lliDIRECT WITH NO SUPPORT 

ELBOWS. Long radius elbows should be used in 
place of standard elbows wherever possible, be
cause of their superior flow characteristics. For 
instance, head loss in a standard four inch elbow is 
equivalent to the head loss in a piece of pipe 11 feet 
long, while the head loss in a long radius elbow is 
approximately hall as much. Elbows should not be 
used at the suction nozzle, but if it is una,,,idable, 
they should be installed in a vertical position. El
bows installed in any position at the suction nozzle 
have a tendency to distribute the liquid unevenly in 
the impeller chamber, causing a reduction in ca
pacity, and creating an undesirable thrust condition. 

THE FRICTION LOSS IN A LONG RADIUS 
ELBOW IS APPROXIMATELY ONE-HALF 
THE FRICTION LOSS OF A SHORT RADIUS 
ELBOW. 

FIGURE 13. LONG VERSUS SHORT 
RADIUS ELBOWS 

REDUCERS. Eccentric reducers should be i:"'stalled 
directly at the suction nozzle, with the taper at the 
bottom to prevent air pockets from forming. Straight 
taper reducers should never be used in a horizontal 
suction line because of the air pocket that is formed 
at the leg of the reducer and the pipe. 

DISCHARGE PIPING. Discharge piping should also 
be short and direct as possible, with few elbows and 
fittings, to reduce head loss from friction. 

6 

1.2.7.22 

DRIVER PUMP 

INCORRECT 

DRIVER 
• 

D 

CORRECT 

DISCHARGE 

DISCHARGE 

/ 

SUCTION 

FIGURE 14. ELBOW INSTALLATION IN 
SUCTION NOZZLE 

NOTE: FOR ADDITIONAL DETAIL: SEE PAGE 12. J INCORRECT ' ' 

/ _, ________-: le: 
PUMP SUCTION CORRECT 

SPACER BETWEEN SUCTION AND E:lfo. ,,, PERMITS 
EQUAL FLOW OF WATER TO EAC~1 ~,. • OF DOUBLE 
SUCTION IMPELLER, PREVENTS ex,: 'E THRUST 
AND RESULTING WEAR ON BEAR!" . !:TC _____ ___. 

FIGURE 15. REDUCER BETWEEN 
ELBOW AND PUMP SUCTION NOZZLE 
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SUCTION 
AIR 

j D 
DISCHARGE~ET !~.; · , ~;r--··t ··· . <~ ECC= 

CHECK VALVE 

DRIVER 

\ 
DISCHARGE TANK 

INCREASER 

c:::::,-

TAPERED REDUCER 

F1GURE 16. UNSATISFACTORY INSTALLATION 
OF TAPERED REDUCER 

PIPE. The discharge pipe diameter should be the 
same as, or larger than, the discharge nozzle diam
eter. The size of discharge pipe to be used is 
dependent upon its application. 

The recommended pipe diameter can be obtained 
from your nearest Aurora Pump Sales Office. 

ELBOWS. Long radius elbows should be used in the 
discharge piping as well as in the suction piping to 
prevent excessive head loss due to friction. When
ever possible, elbows should not be installed directly 
at the discharge nozzle as the turbulence created by 
the elbow will affect pressure gauge readings. 

REDUCERS AND INCREASERS. An increaser should 
be installed at the· discharge nozzle if larger diameter 

CHECK VALVE 

DRIVER 

D 

FIGURE 17. RECOMMENDED DISCHARGE 
PIPING - SHORT AND DIRECT 

INCREASER DISCHARGE 

SUCTION 

LONG RADIUS ELBOW 

FIGURE 19. REDUCER A~D I!'-CREASER 
INSTALLATION 

DISCHARGE TANK~--- _. 

NO SUPPORT ;1 :- -,,: --·-=' 
,i ~ -
L-._ -:.--=. __ -=.--

".'E NUMBER 
:'._BOWS 

FIGURE 18. UNSATISFACTORY DISCHARGE PIPING - LONG W!TH EXCESSIVE ELBOWS A .. "1D JOINTS 
AND NO SUPPORT 
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discharge piping is used. Straight taper increasers 
and/or reducers are satisfactory in discharge appli
cations. 

EXPANSION JOINTS. Expansion joints are used pri
marily to prevent the transmission of piping strain, 
caused by thermal expansion and contraction, piping 
misalignment, pressure changes, or other causes, to 
the pump casing. They are also used to suppress 
any noise that may be transmitted through the piping. 

BELLOWS TYPE 
EXPANSION JOINT 

SUCTION . 

FIGURE 20. EXPANSION JOINT IN SUCTION LINE 

It is recommended that the flexible metal type of 
expansion joint be - used, because rubber expansion 
joints, while costing less, have a tendency to detP.
riorate, m_aking frequent replacement necessary. 

If an expansion joint must be used, an anchor or 
restraining device should be installed between the joint and the pump to prevent objectional forces from 
being transmitted to the pump. If an anchor is not 
installed at this point, a force equal to the area of the joint times the pressure in .the pipe is developed and transmitted to the pump. This force may exceed the allowable flange loading, and could result in damage to the pump or piping. 

DISCHARGE 

PIPE SUPPORTS 

F1GURE 21. EXPANSION JOINT IN 
DISCHARGE PIPING 

PIPE ALIGr.'MENT. Proper piping alignment is es
sential before connection is made. Piping alignment should never be achieved by force, this could pro
duce strain on the piping and the pump casing. Proper 
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supports should be installed for the piping to keep its 
weight off the pump casing. 

When flange bolts are used, line up the piping first, 
then loosely install flange bolts. Check the piping 
alignment, and tighten the flange bolts until all bolts are tightened securely. 

MISALIGNMENT 

----m::F~NG=OLTS 

INCORRECT 

CORRE_C_T---JI!.==F~NGE BOLTS 

PROPER NATURAL 
ALIGNMENT 

FIGURE 22. PIPE ALIGNMENT 

AIR IN PIPING. One of the most common conditions 
affecting pump efficiency is the formation of air 
pockets in the suction line. The air pockets are a 
result of high points and improper installation of 
elbows, reducers, and valves in the suction piping. 

For suction lift applications, lantern rings are re
quired to prevent air from leaking into the pump 
through the stuffing box, or at the joints. 

The pump packings or seal depend on the liquid being 
pumped for lubrication. Excessive air can prevent 
proper lubrication with resultant damage to them. 

DISCHARGE 
STRAIGHT TAPER REDUCER 

AIR POCKET 

INCORRECT 

:...,. __ _ 
+ SUCTION 

CORRECT 

I 
ECCENTR;-: ,\PE~ REDUCER 

F1GURE 23. AIR POCKETS IN REDUCER 
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- DISCHARGE AIR POCKET 

INCORRECT 

DISCHARGE 

CORRECT 

FIGURE 24. AIR POCKET IN ELBOW 

DISCHARGE AIR POCKET 

1•SUCTION 

INCORRECT 
D~ISCHARGE , 

~Tl~i,Mi/lff'®frh!M~ 
-~"·· - . ,,, - ~-~ 
·~ . , ,,, · CCR RE CT '~~ 

FIGURE 25. AIR POCKET IN HORIZONTAL 
SUCTION PIPING 

In suction lift applications the suction pipe in the 
liquid well must be sufficiently submerged to prev.ent 
exposure of the end of the pipe when the well is at 
its minimum level and to prevent vortexing action 
(whirlpool effect) of the liquid at the suction pipe, 
which will draw air into the pipe. Also, care should 
be taken to keep the suction pipe located away from 
the well inlet since the incoming liquid may be car
rying air bubbles. Another cause of air in the liquid 
is dropping of the liquid from too high a point into the 
well. · 

VALVES. Valves are an important part of your in
stallation, for they facilitate priming of the pump, 
and control the volume of the pumped liquid. 

SUCTION LIFT. In suction lift applications where 
the suction lift is low a foot valve can be installed, 
to maintain the prime on the pump. A foot valve is 
essentially a check. valve, allovring flow in one direc
tion only toward the pump. When the pump is shut 
down, the pressure of the liquid returning to the 
well,· causes the valve to close, retaining the liquid 
in the suction line. 

A slow closing check valve should be installed when 
the static discharge head is high. A foot valve should 
not be used under these conditions, as failure of the 
driver would allow the water to rush back rapidly 
thus causing a heavy water hammer. 

1.2.7.25 

OUTLET 

. 
INLET PORTS 

FIGURE 26. FOOT VALVE 

DISCHARGE 

--~ 

FlGURE 27. FOOT VAL VE INSTALLED 
WITH SCREEN 

Foot valves, when used, should b€ 
rather than multiple spring type. -
have a large inlet area, because t 
a foot valve is high. Install check 
indicated by arrow to ensure proper· 

FLOODED SUCTION. When the 
above the pump centerline, a flooc' 
tion exists, and a gate valve ts re" 

the liquid supply for pump inSpf.'!'" 
nance. The gate valve should I:> 
stem in a horizontal or dovmwarc ; 
formation of an air pocket in the va. 

Jf the flat type 
., valve should 
: riction loss in 

loot val ·✓es as 
·.stallat10n. 

· -1ld source is 
suction condi
·ed to shut off 

and mainte
.. llled with the 
wn t., prevent 

DISCHARGE VALVES. The discharge piping should 
include a check. valve and a gate valve. The check 
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SUCTION CHECK VALVE 

DISCHARGE PIPING 

FIGURE 28. GA TE VAL VE _AND CHECK VAL VE 

valve should be located between the gate valve and 
the pump. H an increaser is used in the discharge 
piping, the increaser should be installed between the 
pump nozzle and the check valve. The check valve 
protects against a reverse flow of the liquid if the 
driver fails. 

The gate valve is used in the priming operation, as a 
throttling valve to control pump volume; and to shut 
down the pump for inspection and maintenance. 

AIR VENT VALVE. Vent valves are installed at the 
high points in the pump casing to allow air or vapor 
to escape. These valves are used to release trapped 
air from the pump casing during priming and when 
pump becomes air bound. 

c;::==;»-- DISCHARGE 

FIGURE 29. AIR VENT VAL VE OR PLUG 

STRAINERS AND SCREENS. It is important to 
screen the suction piping to remove foreign matter 
that can clog the pump and impair its capacity, or 
stop it completely. Small particles such as sand, 
dirt, scale from inside pipe and other extraneous 
materials can get into the close clearance parts of 
the pump and cause considerable damage to the 
parts. 

Strainers should be selected so as to have a total 
area of holes equal to at least four times the suction 
pipe area. 

In applications where sticks, twigs, leaves and other 
large debris are present, a larger outside screen 

10 

1.2.7.26 

should be placed around the suction inlet to prevent 
choking of the strainer. This screen should ha.ve 
sufficient openings so that flow velocity does not ex
ceed two feet per second. 

PRIMING THE PUMP. Your pump will not operate 
satisfactorily until it is primed. All air must be 
expelled from the suction piping and pump casing, 
and replaced by the liquid to be pumped. There are 
several methods of priming pumps. The one you 
select will depend on your specific requirements. 

AIR VENT 
VALVE OPENING 

DISCHARGE 

SUCTION 

FIGURE 30. PRIMING BY HA.i."W 

FLOODED SUCTION PRIMING. This method of 
priming a pump is relatively simple. The liquid 
source is located above the pump, and all that is nec
essary to prime the pump is to open the air vent 
valve or plug in the pump casing, and to crack the 
gate valve in the suction line. The suction line and 
pump should be filled slowly until a steady stream of 
liquid is observed flowing from the iir vent. After 
your pump is operating, it is recommended that the 
air vent valve or plug be opened ag:.in to insure that 
all air has been expelled from the p:j r:i.p casing. 

FOOT VALVE PRl:vt:ING. A foot v,.Jve can be used 
for priming on suction lift appllcat,ons. The foot 
valve located at the bottom end or ,ciN of the suction 
piping, functions as a check valve , ,11ch allows flow 
in one direction only, toward the p~,7 

Initial priming is accomplished hy :_. ::-ipletely filling 
the suction piping and pump casrn, ; ,h tho?. liquid to 
be pumped. This can be done b:, -:,ov; .6 the air 
vent valve or plug at the top of the pu::i;;i casing and 
inserting a pipe nipple in the orifice, with an appro
priate increaser to accommodate a hose connection. 

-

-
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A priming line can also be inserted in the discharge 
piping between the check valve and the pump or the 
priming can be done with a bucket and funnel. The 
important thing is to completely fill the suction pipe 
and pump casing with liquid. 

When the pump is started, the vacuum created by 
pumping the priming fluid, combined with atmos
pheric pressure in the liquid well, forces liquid into 
the suction piping, thus opening the foot -:alve and 
keeping it open until the pump is shut down. When 
the pump is shut down, the liquid being pumped re
verses its flow, causing the foot valve to close, 
trapping the liquid in the suction piping and pump 
casing, thus maintaining a prime on the pump. 

VACUUM PRIMING. Vacuum priming consists of 
removing air from the pump casing and suction pip-
ing and drawing liquid into them by means of a vac-
uum creating device. The types of vacuum equipment 
range from a simple hand pump to complex central 
priming systems. Your specific priming require-

<ments will govern what type of vacuum primer to 
use. 

AIR EJECTOR. One type of vacuum primer is the 
air ejector. If liquid under pressure or steam is 
available, an ejector can be used. The ejector is 
connected to the air vent orifice. A stream of the 
ejecting medium is passed through the ejector creat
ing a vacuum in the ejector, and drawing air from the 
pump casing and suction piping. When liquid flows 
steadily from the ejector discharge pipe, the pump is 
primed. · 

GATE VALVES 

··--------!.: .. ~-~~-~ 
(OPTIONAL) ,r,'::) 
FOOT VALVE !??S ...... 1,.¼!l. 

FIGURE 31. PRIMING BY EJECTOR 

VACUUM PUMPS. Rotary or reciprocating pumps 
are frequently used as vacuum pumps. They fall into 
two categories, wet-vacuum and dry-vacuum. The 
principle of operation is essentially the same, how
ever, the dry-vacuum pump cannot accommodate a 
liquid and air mixture while the wet-vacuum pump 
can accommodate liquid, air or a combination of 
both. 

Vacuum pumps can be installed as part of a central 
priming system servicing many pumps, as an auto-
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STEAM ENTRANCE 

V 

DISCf,tARGE 

FIGURE 32. EJECTOR CUTAWAY 

AIR RELEASE VALVE 

FLOAT CONTROLS VALVE WHICH PERMITS 
AIR TO PASS, BUT CLOSES WHEN WATER 
CHAMBER FILLS. 

FIGURE 33. PRIMING BY VACUUM PUMP 

matic priming system, or as a ma, .dlly controlled 
independently driven pump . 

The suction piping of the vacuum ; 
to the air vent orifice on the pv 
The vacuum produced by the vacL 
air from the centrifugal pump ~ 

casing, and draws liquid from the : 
centrifugal pump. Dry- vacuum p. 
stalled so that no liquid is taken 
Installation of a water trap, or u-;:,0 

are recommended for dry vacuum :·· 

·: µ is connected 
to be p:-imed. 

:Jump removes 
·.'. m pipk,; and 
.. d we 11 rnto the 

must be in
the air pump. 

.1 vacuu:11 tank 

INDUCTOR PRIMING. On suction .. .,pp ,,;ations it 
may be desirable to prime your pumfi w:th a priming 
inductor. This type of primer is comprised of a 
liquid nozzle and an inductor at the foot end of the 
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should be wired in accordance with the winng dia-
gram found on the motor name plate. Be sure the 
voltage, frequency, and phase of your power supply 
corresponds with the name plate data. It is advis- A 
able to provide a separate switch and overload pro- W, 

FIGURE 34. PRIMING BY INDUCTOR 

suction piping. The nozzle and inductor are con
nected to a high pressure liquid supply such as a city 
water service. 

The pump is primed py opening the valve in the pres
sure line, which allows the liquid to flow through the 
nozzle into the inductor. The velocity of the high 
pressure liquid drives the liquid into the suction 
piping and up to the pump, priming it. 

ELECTRICAL WlRING. Normally, your pump will 
be supplied with an attached drive motor. The motor 

tection for your pump motor to protect against power 
failure in some other area. Conversely, if the pump 
motor develops electrical problems, it will be iso-
lated from other equipment. 

PRESTARTING INSTRUCTION. The coupling halves 
should be connected. Prior to connection however, 
the drive motor should be started to make sure the 
direction of roatation is the same as the direction 
indicated by the arrow on the pump casing. 

The suction and discharge piping should now be con
nected to the pump, and the pump primed. 

Do not operate the pump withbut liquid. Pump 
seals or packing depend on the li.;iuid being 
pumped for lubrication. 

Open or, close the various valves as required by 
your specific application. Start the pump and bring 
it up to operating temperature. After the tempera
ture has stabilized, the pump should be sh1Jt down 
and the alignment rechecked. It will be necessary to 
check the alignment with the coupling halves both 
connected and disconnected. 

Remember, any alignment adjustment made in one 
direction may affect the other direction so extreme 
care should be taken when final adjustment is made. 

Make sure all pump, motor and base plate mounting 
bolts are firmly tightened down. 

SPECIAL SUCTION PIPING SPECIFICATIONS FOR HORIZONTAL DOUBLE DISTANCE EQUAL 

SUCTION PUMPS FOR ADDITIONAL DETAILS SEE PAGE 6 TWICE DIAMETER 
OF INLET PIPE 

I I 

.~~:! .. ,E ... ;-;;;;;~l 
SUCTION ~~ 
~~u~i ~ 

' 

PATH OF WATE-ffrR'~----~-1_1 ~ .. ~:-~:: c_•~CTJ,~ ~ 
Discharge piping and suction piping Ir .. ~ -
should be supported close tc, the pump 
flange to prevent vibration and strain on 
pump casing. I~-,'." 
The suction pipe on horizontal double suction pumps, should not be installed so that there Is 
an elbow close to the suction nozzle unless the elbow is mounted vertically. There is always 
an uneven flow of liquid through an elbow and when the elbow is installed at any angle other 
than vertical more water will enter one side of the impeller than enters the other side. This 
causes ·a reduction in capacity and efficiency and creates an axial thrust load which may over 
heat and possibly cause rapid wear of the thrust bearing. • 
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INSTRUCTION MANUAL 

CENTRIFUGAL PUMP OPERATION. Centrifugal 
pumps operate under a wide range of conditions. 
The pump you have selected exactly fits your spe
cific requirements. Before putting your pump into 
operation however, there are certain basic ground 
rules that have to be followed to assure maximum 
efficiency, long pump life, and maintenance free 
service. 

Centrifugal pumps should never be started or run 
dry. Operating a pump dry can cause burning of the 
packings or seal, resulting in distruction of the pack
ings or seals, and possible scoring of the pump shaft. 
To prevent the pump from being run dry, the pump 
should be primed before starting it. 

A centri.fugal pump should not be throttled, or the 
volume controlled on the suction side of the pump. 
Throttling the pump on the suction side, not only re
duces the capacity, but also reduces pump efficiency, 
and more important, can cause serious damage to 
the pump due to ·cavitation. Cavitation occurs when 
the pressure at any point inside the pump drops be
low the vapor pressure of the liquid. The liquid 
flashes and forms vapor bubbles. These bubbles 
move along with the liquid into a higher pressure 
area, where the bubbles collapse or implode creating 
an area of low pressure. The implosion phenomenon 
is characterized by a crackling noise and sometimes 
by loud knocking as the vapor bubbles are collapsed. 
Repetition of this action causes a wearing away of 
the metal on the impeller and other parts of the 
pump, and if allowed to continue can result in se ri
ous damage to the pump. 

Pump capacity can be effectively controlled by use 
of a throttling valve in the discharge piping. Most 
centrifugal pumps can be operated for brief periods 
of time with the throttling valve closed without build
ing up excessive pressure or overloading the drive 
unit. In fact, a centrifugal pump operating against a 
closed discharge line at its rated capacity, actually 
requires less power to operate than it does when the 
throttling valve is open. 

The pump should never be started with the throttling 
valve completely closed however because a condition 
of water hammer could exist. The condition of water 
hammer is caused by an increase in pressure due to 
changes in velocity of the liquid flowing through the 
pipe line. When the velocity is changed by closing a 
valve or by some other means, the magnitude of the 
pressure produced is frequently much greater than 
the static pressure on the line, and may cause rup
ture or damage to the pump, piping, or fittings. 
Water hammer may be controlled by regulating valve 
closure, or the use of relief valves and slow closing 
check valves. 

OPERATION 
CENTRIFUGAL PUMP 

On pumps equippecl with packings. t!Jt·re slJ,,uld be 
sufficient leakage from the packrng t0 i:1sL;n:, lubri
cation of the packing a_ncl effective co•.•ling of tile 
stu.ffing box. The packing glands shoulcl alway,; be 
adjusted evenly and not too tightly. Over tightening 
the· packing can generate heat wluch will burn the 
packing and cause scoring of the shait. making it 
necessary to replace both the shalt and the pack1:1gs. 

Adequate precautions should be ta.ken to prevenc 
freezing of liquid in the pump when the pump 1s not in 
operation. If the re 1s any possibility of freezing. the 
water should be drained off by removal of the plugs 
provided in the pump casing. 

All mounting bolts a.ncl piping connections must be 
firmly tightened to prevent excessive vibration. leak
age, and possible damage to the pump. The mount
ing bolts are particularly important. If they are not 
firmly tightened. the base plate upon which the pump 
is mounted may deflect. causing a misalignment of 
the pump and the driver. 

STARTL.'IG THE PUMP. In orcler to start your 
pump. it will first be necessary to prime it. 

PRIMING THE PUMP. Your pump will not operate 
satisfactoril:, until lt is primed. All air must be 

DISCHARGE 

AIR 

.,,. 

-- SUCTIOr" 

FIGURE 1. PRIMING BY HA~D 

~ 1968 AURVR~ PUMP 

AURORA, li..LIN0!5 
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CENTRIFUGAL PUMP OPERATION 

expelled from the suction p1pmg and pump casing, 
and replaced by the liquid to be pumped. There are 
several methods of priming pumps. The one you se
lect will depend on your specific requirements. 

FLOODED SUCTION PRIMING. This method of 
priming a pump is relatively simple. The liquid 
source is located above the pump, and all that is 
necessary to prime the pump is to open the air vent 
valve or plug in the pump casing, and to crack the 
gate valve in the suction line. The suction line and 
pump should be filled slowly until a steady stream of 
liquid is observed flowing from the air vent. After 
your pump is operating. it is recommended that the 
air vent valve or plug be opened again to insure that 
all air has been expelled from the pump casing. 

DISCHARGE GATE 
VALVE 

FIGURE 2. FLOODED SUCTION PRIMING 

FOOT VALVE PRIMING. A foot valve can- be used 
for priming on suction lift applications. The foot 
valve located at the bottom end or foot of the suction 

DISCHARGE 

LIQUID SUPPLY 

_L 

FIGURE 3. PRIMING WITH A FOOT VALVE 

2 

OUTLET 

INLETS 

FIGURE 4. FOOT VALVE CUTAWAY 

p1pmg, functions as a check valve which allows flow 
in one direction only, toward the pump. 

Initial priming is accomplished by completely filling 
the suction piping and pump casing with the liquid to 
be pumped. This can be done by removing the air 
vent valve or plug at the top of the pump casing, and 
inserting a pipe nipple in the orifice with an appro
priate increaser to accommodate a hose connection. 
A priming line can also be inserted in the discharge 
piping between the check valve and the pump, or the 
priming can be done with a bucket and funnel.· The 
important thing is to completely fill the suction pipe 
and pump casing with liquid. 

When the pump is started, the vacuum created by 
pumping the priming fluid, combined with atmos
pheric pressure in the liquid well, forces liquid into 
the suction piping, thus opening the valve and keeping 
it open until the pump is shut down. When the pump 
is shut down, the liquid being pumped reverses its 
flow causing the v2.lve to close. The liquid is now 
trapped in the suction piping and pump casing, tllus 
maintaining a prime on the pump. 

VACUUM PRIMING. Vacuum priming consists of re
moving air from the pump casing a.id suction piping, 
and drawing liquid into them by rntans of a vacuum 
creating device. The types of ••;:•::uum equipment 
range from a simple hand pump :c complex ca!'ltral 
priming systems. Your specific ;:riming require
ments will govern what type of va,:...:um primer you 
use. 

AIR EJECTOR. One type of vac:~ . ·1 primer is the 
air ejector. If liquid under pre!: .-e, or steam is 
available, an ejector can be ..:.s The ejector is 
connected to the air vent orifict str• = of the 
ejecting medium is passed througr .:,e ,iectorcre
ating a vacuum in the ejector, and ctra·.11lng air from 
the pump casing and suction piping. When liquid 
flows steadily from the ejector discharge pipe, the 
pump is primed. 

-
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CENTRIFUGAL PUMP OPERATION 

EJECTOR 

FOOT VALVE 
(OPTIONAL) 

SUCTION 

FIGURE 5. PRIMING BY EJECTOR 

SPINDt:E 

AIR 
INLET 
FROM 
PUMP 

STEAM AND AIR 
DISCHARGE 

FIGURE 6. EJECTOR CUTAWAY 

VACUUM PUMPS. Rotary or reciprocating pumps 
are frequently used as vacuum pumps. They fall 

into two categories, wet-vacuum and dry-vacuum. 
The principle of operation is essentially the same, 
however, the dry-vacuum pump cannot accommodate 
a liquid and au mixture, while the wet-vacuum pump 
can accommodate liquid, air, or a combination of 
both. 

Vacuum pumps can be installed as part of a central 
priming system servicing many pumps, as an auto-

1.2.7.31 

AIR RELEASE VALVE - FLOAT CONTROLS VALVE WHICH 
PERMITS AIR TO PASS, BUT CLOSES WHEN WATER 

CHAMBER FILLS. 

VACUUM PUMP AIR DISCHARGE 

FIGURE 7. VACL"L'M PUMP PRI!vll:-;-G 

matic priming system. or as a manually controlled 
independently driven pump. 

The suction piping of the vacuum pump is connected 
to the air vent orifice on the pump to be pnmect. 
The vacuum produced by the vacuum pun:p removes 
air from the turbine pump suction piping and casing, 
and draws liquid from the liquid well into the tur
bine pump. Dry-vacuum pumps must be mstalled so 
that no liquid is taken into the air pump. Installation 
of a water trap, or use of a vacuum tank are recom
mended for dry vacuum pumps. 

INDUCTOR PRIMING. On suction lift applications 1t 

may be desirable to prime your pump with a pr:nung 

SUC7ltJi'~ 

NOZZLE 

FIGURE 8. I!>iDUCTOR PRL,1C\G 
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CENTRIFUGAL PUMP OPERATION 

inductor. This type of primer is comprised of a 
liquid nozzle and an inductor at the fo 1)t end of the 
suction piping. The nozzle and inductor a re con
nected to a high pressure liquid supply sue h as a 
city water service. 

The pump is primed by opening the valve in the 
pressure line. This will allow the liquid to flow 
through the nozzle and into the inductor. The ve
locity of the high pressure hquid drives the liquid 
into the suction piping and up to the pump. thus com
pletmg the priming operation. 

POSITION OF DISCHARGE GATE VALVE WHEN 
STARTL.'\G. The discharge gate valve should par
tially be closed when a high or medium head cen
trifugal pump is started, because this type of pump 
requires much less power with the gate valve closed, 
than when 1t is operated at rated capacity and head 
with the discharge gate valve open. As soon as the 

4 1.2.7.32 

pump is up to operating speed, the discharge gate 
valve should be opened to the desired position. 

POSITION OF SUCTION PIPING GATE VALVE. Ln 

flooded suction applications, the gate valve 1s opened 
at the time the pump is being primed. and will re -
main open for starting and operation. 

COOLA.N'T VALVES. Valves in the cooling liquid 
line should be opened prior to the pump's being 
started, and will remain open wtule the pump is in 
operation. Wlless it is desirable to check the rate of 
leakage from the stuffing box. 

SHUTTING DOWN THE PUMP. To shut down your 
pump, simply close the discharge gate valve and shut 
down the motor. If it is necessary for the pump to 
maintain its prime while it is shut down, it is ad
visable to install either a foot valve or a check valve 
in the suction piping. 

-
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INSTRUCTION MANUAL 
TROUBLESHOOTING 
CENTRIFUGAL PUMP 

Your Aurora Pump has been engineered and care
fully selected for your application. It should pro
vide years of trouble-.free service. However, any 
piece of machinery is subject to wear and occasional 
malfunctions. 

To help you quickly isolate and rectify any mal
function the following troubleshooting chart has been 
prepared. 

Frequent use of the chart to determine the cause of 
minor operating problems may prevent a major prob
lem or possible breakdown of your pump. 

STEARNS-ROCER ENGINEERING CORP. 
PRCJECT NO. 6217CO 
SCLAR-C~E FILOT PL~NT 
\:~IT CNE 
P .c. 2001 

e IHI AURO"'A Jl'UM~ 

AU .. 0 .. A, ILL.INOIS 
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CENTRIFUGAL PUMP TROUBLESHOOTING 

TROUBLE PROBABLE CAUSE REMEDY 

1. Pump fails to prime a. Air leaks in suction a. Clean and tighten all suction connec- -or loses its prime lines tions; relocate suction inlet in liquid 
source 

b. Suction strainer is b. Remove dirt, leaves or other material 

clogged from strainer. 

c. Suction lift is too high c. Re-evaluate pump requirements and 
correct suction conditions accordingly. 

Consult your local Aurora Pump Sales 

Office. 

d. Defective priming valve d. Replace valve. 

e. Defective packing or e. Replace packing or seal. 

seal 

2. No discharge from a. Pump is not properly a. Reprime the pump; refer to priming 

pump primed troubles and remedies. 

b. Total head is too high b. Re-evaluate head calculations; meas-
ure elevation differences between 
pump and liquid source, and pump and 

discharge point. Consult your local 
Aurora Pump Sales Office. 

C. Driver is not operating c. Check voltage of electric motor; check 

at rated speed steam pressure of steam turbine; 
check engine R.P.M.'s. Refer to ap-

plicable maintenance manuals for 
possible troubles and corrective ac-

tion. 

d. Impeller or discharge d. Back flush pump to clear obstruction; 

line is clogged disassemble pump and/or piping and 
remove obstruction. 

e. Wrong direction of ro- e. Check wiring against diagram on motor 

tation name plate and in controller; reverse 

any two power leads on a three-phase 

' motor; replace a single phase motor. 

f. Pump is vapor bound f. Provide additional pressure on liquid -
being pumped by elevating liquid 
source or pressurizing the supply tank. 

3. Pump does not de- a. Pump is not properly a. See 2.a. above. 

liver rated capacity primed 
b. Suction lift is too b. See l.c. abqve. 

high 
c. Excessive air in c. See l.a. above. 

liquid 
d. Air leakage through d. See l.e. above. 

stuffing box 
e. Driver is not operating e. See 2.c. above. 

at rated speed 
f. Impeller is clogged f. See 2.d. above. 

g. Wearing rings are g. Replace wearing rings. 

worn 
h. Impeller is damaged h. Replace impeller. 

i. Pump is vapor i. See 2.f. above. 

bound 

4. Insufficient pressure a. Excessive air in liquid a. See 3.c. above. 

b. Drive is not operating at b. See 2.c. above. 

rated speed 
C. Wrong direction or ro- c. See 2.e. above. 

tation 
d. Total head is too high d. See 2.b. above. 

e. Wearing rings are e. See 3.g. above. 

worn 
f. Impeller is damaged f. See 3.h. above. 

g. Casing gasket is de- g. Replace casing gasket. 

fective allowing_ inter-
nal leakage -

h. Liquid is vaporizing h. See 2.f. above. 

2 
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TROUBLE 

5. Pump starts then 
stops pumping 

6. Excessive power 
consumption 

7. Pump is noisy or has 
excessive vibration 

CENTRIFUGAL PUMP TROUBLESHOOTING 

PROBABLE CAUSE 

a. Air leaks in suction 
line 

b. Air pocket in suction 
line 

c. Water seal line is 
plugged 

d. Excessive air in 
liquid · 

e. Suction lift too 
high 

f. Defective packing or 
seal 

g. Pump is vapor 
bound 

a. Speed is too high 

b. Wrong direction of 
rotation 

c. Total head is too 
high 

d. Total head is too 
low 

e. Impeller is clogged 
f. Impeller is binding 

g. Motor shaft is bent or 
worn 

h. Driver and pump are 
misaligned 

i. Power frame shaft is 
bent 

j. Wearing rings are 
worn 

k. Packing is incorrectly 
installed 

a. Magnetic hum 
b. Motor bearings are 

worn 
c. Foreign material in im

peller 
d. Impeller is binding 
e. Motor shait is bent or 

worn 
f. Driver and pump are 

misaligned 
g. Power frame shaft is 

bent 
h. Foundation is not rigid 

i. Worn bearing in power 
frame 

j. Impeller is damaged 
k. Lack of lubrication in 

power frame 
l. Pump is not properly 

leveled 
m. Piping is not supported 

n. Pump is cavitating 
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REMEDY 

a. See 1.a. above. 

b. Reprime the pump; eliminate air 
pocket conditions. 

c. Remove obstruction from water line. 

d. See 1.a. above. 

e. See 1.c. above. 

f. See l.e. above. 

g. See 2.f. above. 

a. Internal electric motor wiring is in
correct; replace motor; refer to ap
plicable driver maintenance manuals 
for possible troubles and corrective 
action. 

b. See 2.e. above. 

c. See 2.b. above. 

d. Re-evaluate head conditions; correct 
as required. Consult your local 
Aurora Pump Sales Office. 

e. See 2.d. above. 
f. Relieve strain on casing; adjust im-

peller clearance. 
g. Replace motor shaft. 

h. Realign driver with pump. 

i. Replace shaft. 

j. See 3.g. above. 

k. Install packings correctly; replace if 
necessary. 

a. Consult motor manufacturer. 
b. Replace bearings. 

c. Remove foreign material. 

d. See 6.f. above. 
e. See 6.g. above. 

f. See 6.h. above. 

g. See 6.i. above. 

h. Strengthen foundation " .. :,ge method 
of mounting pump un .. 

L Replace bearing. 

j. See 3.h. above. 
k. Lubricate power fra-' . .irings; re -

place bearings if da, . 
l. Check levelness of •· 

m. Provide support for s... ·1 a, . dis-
charge piping. 

n. Re-evaluate pump application; consult 
local Aurora Pump Sales Office. 

3 



GENERAL INSTALLATION, OPERATION 
& MAINTENANCE INSTRUCTIONS 

SAFETY FIRST 

High voltage and rotating parts can cause serious or fatal in
jury. Safe installation, operation and maintenance must be 
performed by qualified personnel. Familiarization with and 
adherence to NEMA MG2, the National Electrical Code, and 
local codes is recommended. It is important to observe 
safety precautions to protect personnel from possible injury. 
Personnel should be instructed to: 

1. Avoid contact with energized circuits or rotating parts. 
2. Disconnect and lock out all power sources before initia

ting any maintenance or repair. 
3. Act with care in accordance with prescribed procedures 

in handling and lifting this equipment. 
4. Be sure unit is electrically grounded in accordance with 

code requirements. 
5. Be sure equipment is properly enclosed to prevent access 

by children or other unauthorized personnel in order to 

prevent possible accidents. 
6. Be sure shaft key is fully captive before unit is energized. 

7. Avoid contact with capacitors until safe discharge pro
cedures have been completed. 

8. Most units are shipped without oil. Always be sure oil 
lubricated units are filled with correct oil to proper level 

before operating. 
9. Provide proper safeguards for personnel against rotating 

parts and applications involving high inertia loads which 

can cause overspeed. 
10. Avoid extended exposure to equipment with high noise 

levels. 
11. Be familiar with the equipment and read all instructions 

thoroughly before installing on equipment. 

INSPECTION AND HANDLING 

Inspect unit to make sure no damage has occurred during 
shipment. Check Nameplate for correct speed, horsepower, 
voltage, Hertz and phase for conformance with power sup
ply and equipment. WARNING: Units should be lifted using 
all eyebolts or lugs if provided. These eyebolts or lugs are 
provided for lifting this unit only and must not be used to 

lift any additional weight. Lifting angle must not exceed 15 
degrees with shank of eyebolt. If not provided, eyebolts to 
be used must be per ASTM A489 or equivalent. All eyebolts 
must be securely tightened. Be careful not to touch over
head power lines with lifting equipment. Failure to observe 
this warning may result in serious personal injury or property 
damage. 

STORAGE 
Units should be stored indoors, in a clean, dry location. 
Winding should be protected from excessive moisture ab
sorption. NOTE: If motors are to be stored for over one 
year, refer to U.S. Electrical Motors. If gear and belt trans

mission units are to be stored for over six months, refer to 
U.S. Electrical Motors. 

LOCATION 
Units should be located in a clean, well-ventilated area for 
maximum life. WARNING: Units should be located in a 
suitable enclosure to prevent access by children or other un
authorized personnel to prevent possible accidents. 
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MOUNTING 

Mount units on a firm, flat surface sufficiently rigid to pre

vent vibration. 

Drive belts and chains shou'ld be within recommended I imits 

of tightness. Coup! ings should be properly aligned and 
balanced. For drive recommendations, refer to drive or 
equipment manufacturers or U.S. Electrical Motors. For 
application of drive equipment, refer to NEMA MG 1. 

Motors have been dynamically balanced using a half key the 

same length as the full key shipped with the motor. If pulley 

length is less than this key length, rework long key by re

moving one-half of excess length between pulley and end of 
key to maintain balance. 

Do not restrict motor ventilation. Unless otherwise specified 

on Nameplate, motor is designed for operation in 40°C 

(104°F) maximum ambient temperature. NOTE: Motors 

operating under rated load and ambient conditions may feel 

hot when touched; this is normal and should not be cause 

for concern. When in doubt, measure frame temperature and 
con fer with nearest office. Standard grease lubricated units 
can be operated in minimum ambient of -25'F. Special 
lubricants are required for temperature outside this range. 

If unit has been stored in a damp location, dry out 
thoroughly before operating. 

WARNING: Guards should be provided for all exposed 
rotating parts to prevent possible personal injury. Keep fin

gers and foreign objects away from ventilation and other 
openings. Applications involving HIGH INERTIAL LOADS 

may damage this equipment due to motor overspeed during 
shut down. Such application should be referred to U.S. 

Electrical Motors. 

CAUTION: Do not force drive coupling or other equipment 

onto shaft, as bearing damage may result. 

POWER SUPPLY AND CONNECTIONS 

The power supply must agree with valu~s on Nameplate. 
Terminal voltage should not vary mo,~ than ± 10% of 
Nameplate voltage at rated frequency. unbalanced line 

voltage, even a small amount, will cau~e overheating. Do 

not exceed the continuous rated operatI~q current on the 
Nameplate. Starting controls and overloa.·: :··,otection should 

be properly sized in accordance with the '::·ional Electrical 

Code and the control manufacturer's rec' · ~1endations. 

Motor connections should be made by to: ·. rig instructions 
on connection diagram. Determine o, · :,n of rotation 
before connecting driven equipment. Ne · ection of rota· 
tion label if supplied. Rotation may t ~rsed on three 
phase motors by interchanging any 1 . ~ conriections. 

On two phase motors, interchange ,.. I P..-2: and on 
single phase motors interchange leads '.)nn- _tion dia-
gram on motor. Wiring of units, contr, ... :w .. grounding 
shall be in accordance with local and Nat,cnal Electrical 
Code requirements. WARNING: Failure to properly ground 
unir may cause serious injury to personnel. Where unex
pected starting could be hazardous to personnel, do not use 
automatic reset starting devices. 
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SlEARNS-ROGER ENGINEERING CORP. 
PRCJECT NO. 621700 
SCLAR-C~E FILOT PL~NT 
Ut\lT Of\E 

OIL LUBRICATION P.C. 2001 

Most oil lubricated units are shipped without oil. Add oil 

of the correct viscosity for the ambient temperature, per 

Nameplate on unit, to proper level. 

Make certain an oil with mild EP additives is used on 

wormgear units. 

Refer to Nameplate or Lubrication Instruction Plate for oil 

viscosity and oil change interval. Refer to list for recom

mended oils. WARNING: For applications in the food and 

drug industry (including animal food), consult the petroleum 

supplier for lubricants that are acceptable to the Food and 

Drug Administration and other governing bodies. 

MAINTENANCE 

Inspect units at regular intervals. Keep units clean and 

ventilaticn openings clear of dust, dirt or other debris. 

Lubricate units per this operating instruction folder and 

instruction plate on unit. Excessive lubrication may damage 

the unit. Do not over grease! WARNING: Disconnect all 

power sources to the unit and discharge all parts which m;;y 

retain an electrical charge before attempting any mainten

ance or repair. Screens and covers must be maintained in 

place when unit is in operation. Motor for use in hazardous 

locations - class l & l l Installation: Repairs of these 

motors must be made by the manufacturer or authorized 

service station approved by the manufacturer and U. L. to 

maintain the U. L. Listing. The U. L. Listing applies to the 

electrical motor only and not to the belt or gear transmis -

sions or other devices that may be connected to the motor. 

VARIDRIVE UNITS 

Do not turn control wheel while unit :s not operating as 

this may cause damage to the unit. Handwheel position is a 

relative speed indication only. Use direct speed sensing 

accessory for precise speed indication. Units eauipped with 

electric remote speed indicator accessory are not calibrated 

at the factory and must be calibrated at site. Refer to cali

bration instructions with meter. 

VARIDRIVES equipped with ENDOLUBE construction do 

not require lubrication of the sliding Varidiscs. 

VARIDRIVES equioped with splined shafts re'.:,uire monthly 

lubrication for B hour/day 5erv1ce, and semi-monthly for 24 

hour/day service. (For complete instructions for entire drive, 

refer to the lubrication instruction plate on unit.) Operate 

VARIORIVE through its entire speed range weei<ly WARN

ING: Do not force control wheel beyond speeci limit, shown 

on N2~en 12re. The mechanism and belt are designed for the 

rater .. aed and horsepower shown on the Nameplate. 

Opera,1on beyond these limits may result 1n damage to the 

belt and mechanism and possible injury to personnel. The 
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covers on the frame case must not be removed or left off 

while unit is in operation. Do not attempt to disassemble 

or repair the driven pulley discs because high spring tension 

may be released causing injury to personnel. Refer to 

authorized Service Center. Refer to VARIDRIVE Installa

tion and Maintenance Manual for complete belt changing 

instructions. 

For additional detailed information, request specific product 

installation and maintenance manual from U.S. Electrical 

Motors, Milford, Conn_ 06460_ 

RENEWAL PARTS AND WARRANTY SERVICE 

When inquiring for renewal parts call the nearest U.S. 

Electrical Motors Service Department (Los Angeles, Calif., 

or Milford, Conn.) or Parts Stocking Distributors. For war

ranty service call the nearest U.S. Electrical Motors Service 

Station. Give them complete Nameplate data including 

serial number, etc. 

LUBRICATION INSTRUCTIONS 

Some small motors have sealed-for-life bearings which re

quire no relubrication. Regreasable bearings are shipped 

with a high quality, wide temperature-range grease in the 

bearings. 

Motors can be re greased by stopping the motor, removing 

drain plug and pumping new grease into fillhole. f'lun motor 

with drain plug removed to discharge excess grease. Replace 

drain plug. 

Units tha, operate at speeds greater than 1800 RPM ,hould 

be lubricated on a more frequl'!nt maintenance 3chedule de

pending on duty cycle. Use a low pressure grease gun and 

avoid overgreasing. 

SU0G~Srcu R~GREAS1r-;G iNTERVALS 

SERVICEt---M_O_T_O~R-~_O_R_S_E?~O_W_E_R_..., 

A 

8 

C 
D 

SERVICE 
SYMBOL 

A 

8 

C 

D 

UNDER50I 50-100 I00U~ 

1-2 Yr, 1 Yr. 

I Y•. 1 Yr i 6 Mos.. 

I Yr 

4 Moi 

TYPES OF SERVICE 

Infrequent operot,on or light 

dutv 1n clean ofmo~phere-

12-24 Hn-"Ooy, h,::o..-y dury, or 

Heawy dury in dirry, duity loca. 

tions; high ombients; moisture 

lode.-. 01mo!.Phere: "ibrot;or. 

\ 
j 



RECOMMENDED GREASES 
The following table lists recommended products which should be used for regreasing motors. -MANUFACTURER TRADE NAME Of GREASE MANUFACTURER TRADE NAME OF GREASE 

us. E11crr1cal Mo1ors 's~ n) aJJ4l Lubr,p1a1e Otv., F,~ke Bros. Relu1H1g ILi Mu111-Lvbt A. 
Amtr1can 011 Co. IL) Amohth =2 MacMillan Perroleurn Co. ILi All P1JrQOH Grease 2 18021 
Arlan11c R,cnf1etd Co. Ill L11hohne EP2 Mam•r lubr1canu Co. ILi LubnkO L 206 
C,r,es S1N1ce 011 Ca fli C,rgo Tro1an H-2 Mob,i Oil Co ILi Mob1lu.1 2 
Conr1nenral 011 Co Ill Conoco Super STA Grease Pf!n,,z'.l1I Unrred ILi Mulll-Puroose Lube 705 
Gertv Q,1 Co. ILi Veedol All-Purpose Ph111,os P!rroleum Co. ILi Pta,11,os IB & RB Grease Z 
G..,1t 011 Coro Ill Gulfcrown 2 or Gulf1111 A Shell 0,1 Co ILi Alvan1• = 2 
E. F_ Hougtiron & Co. ILi Co-.molube 2 Standard Q,1 Co. of Calif. Inc ISynl SRl 0 2 °' BRB· 2 
Euon 'LI Un,re11 N2 Srandard 011 Co. at Ohta ILi Bearmg Gard 
JH Lube. Inc. ILi CB-2 O,•as1 Sun Q,I Co. ILi Ptemg, 42 
Kevuone Ou, , P!nnwaU Corp. ill l(evsione GrtaSI!' =81 L.qht rexaco t11c. ILi Premium R 8 = 2 
Lubr1cattoo Engineers, Inc. Ill 187 Alm,sol Elec. Mtr. i.ube Vilvohne 01v .. Ashland 011 Inc I LI Vil l1rh: 2 EP 

Ill L,1h,um ISvn) Svnthetu: 

RECOMMENDED OILS 
For use in Svncrogears (Parallel Shaft) and Vertical (Includes T/E, Etc.I Pump Motors. Refer to Lubrication 
I nstruct1on Plate for proper viscosity of oil required for operating temperatures. 

MANUFACTURER TRADE NAME OF OILS 

145-175 ssu 180-240 ssu 280-360 ssu 
@100 F @100 F @ 100 F 

AGMA #1 AGMA #2 

U.S. Electrical Motors Viscolube R772101 Oil Viscolube R772103 
Ame,ican 011 Co Rvkon Ind. Oil 15 Rvkon Ind. Oil 21 Rykon Ind. Q,I ~1 
Atlantic R,chf1eld Ca. Ouro S-150 ~uro S-200 Curo 5·315 
Cito 0,1 & Grease Co . Inc. Pawnee R&O Ind. 0,1 A.5 Pawnee R&O Ind. 8 Pawnee R&O Ind. D 

Cities Serv.ce 011 Co. C,1go Pacemaker T · 15 Citgo Pacemaker T·20 C,1go Pacemaker T ·30 
Ct;ntmental Oil CJ. Conoco Turbine Oil Light Conoco Oectol Light Medium Conoco Oectol Medium 
Famous Lubricants, •nc. Orange Fluid Oil :;mo MC 
Geny Oil Co. Veedol A1urbrio 50 Veedol A1urbrio =60 

Gulf Q,1 Corp. Harmony Oil 44 Harmony 47 Harmony 53 
E. F. Houghton & Co. Hvdro.Qrive MIH Light Hvdro-Orive Ml H 10 Hvdro,Orive MIH 20 
Enon Teressr,c 43 or Nu10 43 Teresmc 4 7 or Nuto 4 7 Teresstic 52 or Nu10 53 
Keystone 01v . ."Pennwalt Corp. KLC 6 KLC 5 KLC•4A -Lubricar10n Engineers. Inc. 6401 Monolec Turb,ne 011 L,gh1 6402 Monolec 6403 Monolec Turb,ne 011 Heavy 
Lubnplate 01v F,ske Bros Refining Lubriplate Hydraulic 011 = 0 Luboplate Hydraulic Oil = 1 Lubnplare Hydraulic 011 = 2 
Mob,I 011 Co. DTE Q,1 797 DTE Medium DTE 011 Heavy Med,um 
P1tnnzod Un,rerJ Pennbell = 1 Pennb@il = I Pennbell ::: 2 

Phillips Petroleum Cu Magnus 0,1 150 Magnus Q,1 315 
Shell 011 Co. Tellus 27 Tellus 29 Tellus JJ 
Standard Oil Ca. of Calif .. Inc Chevron OC Turbine il32 Chevron OC Turbine #46 Chevron QC Turbine #68 
Standard 0,1 Co of Ohio lndustron 44 lndusrron 48 lndustron 53 

Sun 0,1 Co. Sunv,s 916 Sunvis 921 Sunvos 931 
Texaco, Inc. Regal A (R&OI Regal 8 (R&OI Regal PC (R&OI 
Un,on Oil Co. of Cahf. rl:ed line -:'"urbine 150 Union Turbine Oil 215 Union Turbine Oil 315 
Valvoline 01v, Asn1and Oil Inc Valvo11ne ETC I 5 Valvol1ne ETC 20 Valvoline ETC 30 

For use 1n Syncrogears (Parallel Shaft) and Vertical (Includes TIE. Etc.I Pump Motors. Refer to Lubrication 
Instruction Plate for orooer viscosity of oil required for ooerating temperatures. 

MANUFACTURER TRADE NAME OF OILS 

490-700 ssu 700-1000 ssu 80-105 ssu 
@ 100 F @ 100 F @210 F 

AGMA :J AGMA :4 AGMA =5 

U.S. E!l:'Ctrtcal Motors V,scolube R 772105 
American 011 Co. Rv,on hid 0,1 51 Rv•on Ind. Oil 95 Rykon Ind. Oil 150 
A!lan1,c A1chf1eld Co. Curo S·600 Dura S·900 Dura S 1000 
C,110 Oil & Greasl' Co. 1nc. Pawnfe R&O Ind E Pawnoe R&O Ind. F Pawnee R&O Ind G 

C111as St!rv1ce Oil Co C,1go P.icemaktir T-SIJ Citgo Pacemaker T 75 C,1go ?,comaker T· 100 
Continental 011 Co Conoco Dec1ol Heavv Conoco Oecrot Heavv Conoco Dectol Special Heav\l 
Famous Lubricants. tnc. Orange Fluid 011 = 500 Orange Flu,d 0,1 = 800 
Gmv 011 Co. 1/eedol Aturbno = 10 Veedol Arurbr10 = 71 

Gulf 011 Corp 11armcny 69 Harmony 76 Harmony 97 
E. F. Houghton & Co. Hydro Or1vP. MIi-i 30 Hvdro•Orive Ml H 40 Hydro-Orive Mt H 50 
Exxon Teress11c 65 Teressuc as or Nuro 76 Teress1ic 85 or Nu10 93 
Keystone Div., Pennwalt :orp KLC•4 KLC 3 KLC·2 
Lubrication Erig1neers, !nc. 640'1 Monolec Turb. Q,I E,1. Heavy 6204 Monoler Air Comp. 011 Heavy 
:..ubriplate Div , Ftske Bras. Refining Lubnplate Hydraulic 011 = 3 Lubr1p1are Hvdraul1c 011 =4 
Mob,t 011 Co. DTE 011 Heavy Medium DTE JII BB DTE Oil 88 
1-1!!,-,,,zo,I Un,ted i:>ennbell = 3 Penn bell = ~ Pennbell = 5 

~,ilips Petroleum Co. Magnu, Q,r 465 Magnus 0,1 1000 Magnus Q,t I 000 
Shell 01; Co. Tellus 41 Tellus 69 Tellus 71 
S1andara 0,1 CJ. ol Cahf . Inc Chevron QC Turbu•• #100 Chevron DC Turbine #150 Chevron QC Turb,ne #220 -Standard 011 Co .,f Ohio l11dustron 66 ln.Justron 30 I ndustron 100 

Sun 0,1 Co Sun1J1S 951 Sunv1s 975 Sunvis 999 
Tex:tco. Inc. q,gai FI R&Oi Regal G IR&OI Regal H IR&OI 
Un10n Oil Co. of Ca11f Union Turbine Oil 700 Union Turbine Oil 1000 Union Turbine Oil 1000 
Val1JOltf1P. 01·.1 A.snland O•i lnr. Vah.-olin~ ETC 70 Valvnl1f1P. ETC 100 Valvol1ne ETC': 180 

1.2.7.38 
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RECOMMENDED WORM GEAR OILS 

First Refer to Lubrication Instruction Plate for Proper Viscosity of Oil Required for Operating Temperature 
Second Select One of Many Brands Listed 

MANUFACTURER TRADE NAME OF WORM GEAR Oil 

280-400 ssu 70-100 ssu 125-150 ssu 
@ 100 F @210 F @210 F 

AGMA=2EP AGMA=SEP AGMA•7EP 

U.S. Electrical Motors Viscolube 160441 Viscolube 503180 
American Oil Co. Amogear Compound ::: 1 Amogear Compound= 3 Amogear Compound :::: 5 
Atlantic Richfield Co. Pennant EP S-1000 Pennant EP 2450 
Cato Oil & Grease Co., Inc. Worm Gear Lube 80 ( 1628) Mystic JT-7 GL-5 (1663) Mystic JT-7 GL-5 (16631 
Cities Service Oil Co. Trojan Compound L-00 Tro1an Compound L-2 Trojan Compound L-3X 
Continental Oil Co. Conoco Mil Gear L-IO0 Conoco Mil Gear L-136 
Famous Lubricants, Inc. Gear Life PB 3 Gear Life PB 6 
Getty Oil Co. Apreslube 80 Apreslube 90 
Gulf Oil Corp. EP Lubricant 55 EP Lubricant 75 EP Lubricant 145 
E. F. Houghton & Co. MP Gear Oil 80 MP Gear Oil 90 MP Gear Oil 140 
Exxon Spartan EP 0 Spartan EP 3 Spartan EP 5 
Keystone Div., Pennwalt Corp. SR3 SRl 
Lubrication Engineers, Inc. = 600 Almasol Trans-Worm Lube -=601 Almasol Trans-Worm Lube = 602 Aimasol Trans-Worm Lube 
Lubriplate Div., Fiske Bros. Refining Lubriplate APG 90 lubriplate APG 140 
Mobil Oil Co. Mobil Compound AA Mobil Compound O 0 Mobil Compound FF 
Non-Fluid Oil Co. Non-Fluid Oil =S-581 Non-Fluid Oil -=S-583 
Pennzoil United Pennzoil Worm Gear Oil 410 Pennzoil Worm Gear Oil 420 
Phillips Petroleum Co. All Purpose Gear Oil 80 All Purpose Gear Oil 90 All Purpose Gear Oil 140 
Shell Oil Co. Macoma 33 Macoma 72 or 73 Macoma 75 or 76 
Standard Oil Co. of Calif., Inc. Chevron NL Gear Compound 68 Chevron NL Gear Lubricant 220 Chevron N l Gear Compound 460 
Standard Oil Co. of Ohio Gearep 80 Gearep 90 Gearei) 140 
Sun Oil Co. Sunep 90 Sunep 150 
Texaco, Inc. Meropa 1 Meropa 2 Meropa 5 
Union Oil Co. of Calif. Union Extra Duty NL Gear Lub . 2EP Union Extra Duty NL Gear lub . SEP Union Extra Duty NL Gear Lub. 7EP 
Valvoline Div., Ashland Oil Inc. Valvoline EP Gear Compound-= 30 Valvoline EP Gear Compound = 70 Valvoline EP Gear Compound -= 200 

NOTE: The recommended lubricants listed above are compounded worm lubricants containing non-corrosive extreme pressure additives. DO NOT USc 
lubricants containing sulfur and/or chlorine extreme pressure additives which are corrosive to worm gear bronze. The oil bath ,n worm gear cases may 
reach a temperature of 200 F (94°C) without alarm. 

U.S. ELECTRICAL MOTORS 

WORLD 
HEADQUARTERS 
Milford, Connecticut 

CALIFORNIA 
(San Francisco) 

CALIFORNIA 
(Orange) 

ILLINOIS 

TENNESSEE 

TEXAS (Dallas) 

DIVISION OF EMERSON ELECTRIC COMPANY 

OFFICES 

Old Gate Lane, Milford, Conn. 06460 (203) 878-9311. 

1380 Kifer Rd., Sunnyvale, Calif. 94086 (408) 732-7111. 

1740 West Katella Ave., Suite G., Orange, Calif. 92667 (714) 632-9752 

1505 Birchwood Ave., Des Plaines, Illinois (312) 296-9300 

3276 Democrat Road, Memphis, Tenn. 38118 (901) 365-2360 

3441 Halifax St., Dallas, Texas 75247 (214) 630-9061 

1.2.7.39 I~ 
f:Ml:AS • III 

U.S. ELECTRICAL MOTORS 
DIVISION OF EMERSON ELECTPIC CO 

125 OLD GATE LANE 
MILFORD CONNE::::T1cur C6"60 



( ITEM NO. an 
_LO 
_t_O 
_3 ~ I 
_!_~ I 
_LO 
_6 • 
_7 • 
_LO 
_9 • _,_o D 
-1.L • 
-11...• 
-1.LD 
_1_4 0 
__!LO _171 I 

18 I 
_1_9 • 
__iq_~ 

I 
-1L. 
_n_O 
-1L• 
-1!..0 ~• 
-1L• 
-1L• 
--1LD 

29 • ~• 
_31.• 

·F. 0. NO. 400- (?>5 '70 7 

AURORA PUMP 
A "UNIT CF GENERAL SIGNAL 
800 AIRPORT ROAO,NORTH AURORA. IU.INQIS •60542 

FIRE PUMP ACCESSORIES LIST 
DESCRIPTION SIZE REMARKS 

ECCENTRIC REDUCER 2501b 

CONCENTRIC INCREASER 2501b 

CONCENTRIC INCREASER 1251b {,.1< 5 
ECCENTRIC REDUCER 1251b P, ,c (,,. 

OUTSIDE HOSE MANIFOLD 
3000-3500 GPM HOSE VALVE HEADER 1251b FOR VERTICAL 

TURBINE 

3000-3500 GPM HOSE VALVE HEADER FOR SPLIT CASE 

40004500 GPM HOSE VALVE HEADER 1251b 

125 I b FLANGE STRAIGHT TEE 
REDUCING TEE STD. 12s·& 2so· 

SET 2-1/2 HOSE VALVE W/CAPS & CHAINS NATL. STD. THREAD 
BLIND FLANGE STD.. 125 LB C. I. 
AUTOMATIC BALL DRIP VALVE 
UMBRELLA HOOD UNDERWRITERS COCK 
AIR COCK 
SUCTION AND DISCHARGE GAUGES ¼,.~ 

AIR RELEASE VALVE (FLOAT OPERATED) ½'' 
MAIN RELIEF VALVE 
CASING RELIEF VALVE ·¾· 

SWING CHECK VALVE (Used as autcmauc 
air release valve) 

OPEN WASTE CONE I 
ENCLOSED WASTE CONE 

I 

I 

i 

I 
SPLASH SH I ELD tmlZOOAL POWER SERIES NO._j 
SPLASH SH I ELD . VERTICAL POWER SER I ES NO._ ! 

I 

I I 
: 

I 
I 

I 
I 

--~ .~ ! 

ITEM NO 

1 

2 

3 

4 

5 
6 

7 

a 
9 
10 

11 

12 

13 

14 

15 

17 
18 

19 

20 

21 

22 

23 
24 
25 

26 
27 

28 

29 
30 

31 

DATE I z.-ro · dO 
STEARNS-ROGER ENGINEERING CORr. 
PROJECT NO. 621700 
SGLAR-C~E ~ILOT PLANT 

1.2.7.40 UNIT ONE 
P.O. 2001 

-

-

-



-
AURORM 

-

-

SUBMITTAL DATA· 

FIRE PUMP 

PUMPS ACCESSORIES 

1.2.7.41 



I ITEM NO. an 
_1 • 
_2 • 
_LO 
_LD 
_5 • 
_6 • 
_7 • 
_8 • 
_9 • 
_1_0 • 
_1_1 • 
_1_2 • 
.!.LO 

_1_4 • 
_1_5 • 
_1_7 • 
_1_8 0 
_1_9 • 
__iiL • 
_2_1 • 
_n_O 
-1.L• ~• 
-1LD 
-1LD 
_J]_ • ~• _?_Lo 
-1JL0 
.ll_• -·-

F. 0. NO. ________ _ 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
BOO AIRPORT ROAD• NORTH AURORA. ILLINOIS• 60542 

FIRE PUMP ACCESSORIES LIST 
DESCRIPTION SIZE REMARKS ITEM NO 

ECCENTRIC REDUCER 2501b 1 

CONCENTRIC INCREASER 2501b 2 

CONCENTRIC INCREASER 1251b 3 

ECCENTRIC REDUCER 1251b 4 

OUTSIDE HOSE MANIFOLD 5 

3000-3500 GPM HOSE VALVE HEADER 1251b FOR VERTICAL 6 TURBINE 

3000-3500 GPM HOSE VALVE HEADER FOR SPLIT CASE 7 

4000-4500 GPM HOSE VALVE HEADER 1251b 8 

125 I b FLANGE STRA I GHT TEE 9 

REDUCING TEE STD. 125•& 250* 10 

SET 2-1/2 HOSE VALVE W/CAPS & CHAINS NATL. STD. THREAD 11 

BLIND FLANGE STD .. 125 LB C. I. 12 

AUTOMATIC BALL DRIP VALVE 13 

UMBRELLA HOOD UNDERWRITERS COCK 14 

AIR COCK 15 

SUCTION AND DISCHARGE GAUGES 17 

AIR RELEASE VALVE (FLOAT OPERATED) 18 

MAIN RELIEF VALVE 19 

CASING RELIEF VALVE 20 

SWING CHECK VALVE (Used as automatic 
air release valve) 21 

OPEN WASTE CONE 22 

ENCLOSED WASTE CONE 23 

SPLASH SHIELD tmlZONTAL POWER SERIES NO. - 24 

SPLASH SHIELD VERTICAL POWER SERI ES NO. - 25 

26 

27 

28 

29 

30 

31 

DATE ______ _ 

. 1.2.7.42 

-• 



-----------------~---- -------------- - -

ECCENTRIC REDUCER 
A CD CONCENT:IC INCREASER © 

- --- - - -- -- -

--------

t- L -1 
# 

250. FLANGES 
# 

250 FLANGES size 
A H l 
4 ~ 7 

5 4 8 
~ 8 
3 s 

6 4 9 
~ M 

4 11 
a 5 11 

fi 1 I 

10 6 12 
B 12 

6 
6 11 12 8 14 i---

10 

A 
CONCENTRIC INCREASER 

ECCEN;RIC REDUCER © 
(::1---=-:_:--:-_7_-::--_____ _j .... 

--------------
--I---L ~ 

~p 
~Lj B 
# 

125 FLANGES 

4 3 7 

5 8 B 

6 9 
JO 

8 11 
12 

10 12 14 

12 14 16 

16 18 18 12 19 

NOTE: ALL DIM. ARE BY VENDOR STD'S. 16 12 18 
1.2.7.43 



OUTSIDE HOSE MANIFOLD fS\ 
125 & 250#FLANGES' ~ 

2- 2 1/2 
NPT. TAP 

g 

...----.------.~BOLT BOLT 

TAPS 

NO. 
BOLTS 

8 

12 

6" 

HOLE 
SIZE 

7/8 

7/8 

CIRCLE 
DIA. 

9-1/2 

10-5/8 

2 HOSE VALVE CONN. 

BOLT BOLT 
FIG. NO. HOLE CIRCLE 
SIZE BOLTS SIZE DIA. 

8 7/8 11-3/4 

12 13 

8" 
4 HOSE VALVE CONN. 

90"APART 

BOLT BOLT 
FIG. NO. HOLE CIRCLE 
SIZE BOLTS SIZE DIA. 

125# 12 1 14-1 /4 

250# 16 1-1/8 15-1/4 

10" 
6 HOSE VALVE CONN 

TAPS 60" APART 

12n 
8 IIOSE VALVE CONN. 

BOLT BOLT 
FIG. NO. HOLE CIRCLE 
SIZE BOLTS SIZE DIA. 

125# 12 1 17 

260# 16 1-1 /B 17-3/4 
NOTE: ASSEMBLY CONSISTS OF 10" HEADER,6-VAi:vi: 

CONN., 10x12 ADAPTER, 2 VALVE CONN. 

3000-3500 GPM HOSE VALVE 
HEADER 125#& 250#FLANGES 

4 2-1/2 NPT STEEL 
COUPLINGS 46° 

APART 

12 CONNECTIONS 

8 2-1/2 NPT 
STEEL COUPLINGS 

EVENLY SPACED\ 

r -~:::==:::.:::::::::.:! 

FIG. 
SIZE 

A 

I 
~ 

NO. 
BOLT 
HOLES 

BOLT BOLT 
HOLE CIRCLE 
SIZE DIA. A B 

SEE CHART 

C D 

125# 12 1 17 10-1/2 12-3/4 22-1/2 1-9/16 

3000-3500 GPM HOSE HEADER 
125#FLANGE 

4-2-1/2 NPT 
STEEL COUPLINGS......._ , 

46°APART ......_ 

8-2-1/2 NPT 
STEEL 

COUPLINGS 
EVENLY SPACED 

\ 

12 CONNECTIONS 

16-1-1/8 DIA./ 
HOLES ON 
21-1/4 DIA. 

® -• 
2-3/8 

24 REF 

4000-4500 GPM HOSE HEADER (.'\, 
12!i/l & 251!1!'. FLANGES ~ 

8-2-1/2 NPT 
STEEL 

COUPLINGS 
EVENLY SPACED 

16 CONNECTIONS 

_, 0 ,. 

-1•-~ 

IJ 
NO. BOLT 

FIG. BOLT HOLE 
SIZE HOLES SIZE 

·• 

BOLT 
CIRCLE 

SIZE 

250# 16 1-1/4 17-3/4 10-1 /2 12-3/4 23-1/8 1-9/16 /" 1.2.7.44 
126LB 16 1-1/8 21-1/4 
250LB 20 1-3/8 22-1/2 

NOTE: ALL DIM. ARE BY VENDOR STD'S. 
-- ------- - -- --- -



125#FLANGED STRAIGHT TEE 

A B 
1-1/2 4 

2 4-1/2 
2-1/2 5 

3 5-1/2 
3-1/2 6 

4 6-1/2 
5 7-1/2 
6 8 
8 9 

10 11 
12 12 
14 14 
16 15 
18 16-1/2 
20 18 
"L"L 22 

2 1/2 HOSE VALVE 

W/CAPS & CHAINS ® 
<§>® 

APPROVED 

2 11r--;--
N. P. T. 

A 
175 PSI 2 1/4 
300 PSI 2 5/16 

NOTE: ALL DIM. ARE BY VENDOR STD'S. 

AMERICAN NATIONAL 
STANDARD FIRE HOSE 
COUPLING SCREW THREAD 

C MAX. MAJOR DIA.(0.D.) 
OF MALE THREAD 
3.0686 DIA. 
7 1/2 THREADS PER INCH 

B C D 
2 VB 10 1/4 6 
2 5/B 11 6 

1.2.7.45 

REDUCING TEE STD, 

r A~ A~1 A +\-=h-
A ------1 A 

© ---+---t+--- • +--+--+-t--

SIZE A 
Bx6xB 9 
5x5-x3 7-1/2 
6x4x3 8 
6x6x4 8 
8x6x4 9 
8x8x4 9 
Bx8x6 9 

1 Ox8x6 11 
10x1 Ox6 J I 
10x10x8 11 
12X12x8 12 
12x12x6 12 
l 2x8xB 12 
6x4x4 B 
Bx6x6 9 
8x4x6 9 
8X4X8 9 
Bx6x3 9 

10X10X4 11 
14X14x8 14 

SIZE A 
6i6•3 8 1/2 
6JC6•4 B 1/2 
8•6.r8 10 
8•8•4 9 
8•8•6 10 

10 .. 10-0 11-1/2 
5 X5 X3 B 

1 Oxl Ox6 11-1/2 

NOTE: SIZE INDICATED 
AS FOLLOWS 

~ 
~ 

# 
BLIND FLANGE STD. 125 C.I. 

SEE TABLE FOR 
NO. & DIA. 

OF BOLT HOLES· 

@ 

l~l~r ~LANGE SIZE 

3 3x7 1/2 
4 4x9 
5 5xl 0 
6 6X11 
8 8x13 112 

10 10x16 
~12 12x19 

N u 'ti 

3/4 7 1/2 6 
15/16 9 7 1/2 
15/16 10 8 1/2 

1 11 9 1/2 
1 1/8 13 1/2 11 3/4 
1 3/16 16 14 1/4 
1 l/4 19 17 

•SIZES 12 AND LARGER HAVE DISHED FACES 

¼ht~~ 1~8Lts 
3/4 4 
3/4 B 
7/8 8 
7/8 B 
7/8 8 
1 12 
1 '2 



AUTOMATIC BALL DRIP VALVE 

AIR COCK 

SUCTION GAUGE 0-3•-VAC. 
0-300"PRESS. 

® 

@ 

1/4 NPT 

UMBRELLA HOOD UNDERWRITERS COCK 

1/2 NPT 

1.2.7.46 

® • 
• 

@ 

.. 
DISCHARGE GAUGE 

0 - Joo• PRESS 

• ALL UNITS 150.AND OVER WILL 
BE FURNISHED WITH o-soo-GAUGE 

NOTE: ALL DIM. ARE BY VENDOR SYD'S. 



• AIR RELEASE VALVE (FLOAT OPRTATEOl@ 

....... \ 1/2 NPT OUTLET EQUALIZER 

~ \ /CONNECTION 

,e 
-

~~5/8D1A7 

SIZE A B C D 
1/2 6 1 5/8 2 1/2 
3/4 6 1 5/8 2 3/4 
1 6 7/8 1 7/8 2 1/4 1 

CASING RELIEF VALVE 

D NPT 

NOTE: ALL DIM. ARE BY VENDOR STO'S. 

6-11/16 

@ 

1.2.7.47 

MAIN RELIEF VALVE ® 
STANDARD 

125 lb INLET FLANGE 
125 I b OUTLET FLANGE 

OPTION 
250 lb INLET FLANGE 

INLET 

<&> 
APPROVED 

SIZE A 
3X3 21 1 /4 

3½X3½ 21 5/8 
4X4 22 5/8 
5X5 29 1/4 
6X6 36 
BxB 23 3/4 

SIZE A B 
3/8 I 7/8 1 3/8 
1/2 2 1/4 1 5/B 
3/4 2 11 /11 1 7/8 
1 3 3/16 2 1/4 

1 1/4 3 11 /16 2 5/8 
1 1/2 4 1/4 2 7/8 

2 5 1/8 3 1/4 
2 1/2 6 1/16 4 

3 7 3/8 4 3/8 

R r. 
5 7 8 6 1/8 
5 7/8 6 1/8 

6 7/16 6 5/8 
7 9/16 8 5/8 
8 1/2 9 3/8 
12 3/4 B 

® 



OPEN WASTE CONE 

ZE A B C 
3x5 3 10 5 
4XB 4 11 B 

6 x10 6 14 10 
8x14 8 18 14 

DIA. 

FLANGE NO BOLT BOlT 
~PH 0CIR:~~£ ~17F BOLTS I AM £8. 

3 4 3/4 6 
4 8 3/4 7 1/2 
5 8 7/8 8 1/2 
6 8 7/8 9 1/2 
8 e 7/8 11 3/4 
10 12 1 14 1/4 

14 12 1 1/8 18 3/4 

POWER A 8 SERIE~ 
2 12 16 3/4 
3 12 19 3/4 
3 14 20 3/4 
4 14 22 1/4 
5 1B 26 1/4 
5 18 27 1/2 

. -· 

NOTE. ALL OIM. ARE BY VENDOR STO'S. 

BOlT BOLT 
FUNG£ ND HOLE CIRCLE 

....fillE _ _fillLTS SIZE DIAMETER 
3 
4 
5 
6 
8 
10 
14 

: 1.2.7.48 

4 3/4 6 
8 3/4 7 1/2 
8 7/8 8 1/2 
8 7/8 9 1/2 
8 7/8 11 3/4 
12 1 14 1/4 
12 1 1/8 18 3/4 

GPM SIZE A 8 ·C 0 
500 3x5 3 10 1 1/4 5 3/4 

750-1000 4x8 4 11 2 6 7/16 
1500-2500 6x10 6 14 2 1/2 9 5/16 
3000-4500 Bx14 8 16 2 1/2 9 

SPLASH SHIELD 

FOR YERTICLE PUMPS 

POWER A B SERIES 
2 12 8 
3 14 10 
4 14 10 
5 ~7 1/2 13 

E 
5 
8 

10 
14 



-
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---------- AURORA FLOW ELEMENT 
UNIVERSAL VENTURI TUBE 

SECTION 920 PAGE 20) 
DATED JULY 1978 
SUPERSEDES PAGE 201 
'oATEO MAY 1974 

A~~B 

2-1/4" NPT 
PRESSURE 

CONNECTIONS 
ST. ST. TYPE 

303 ASTM 
DES. A582 

T=3/4" FOR STD. 125# FLANGES - T=l" FOR OPT. 250/f FLANGES 

FIRE MAX. CLEARANCE 
PUMP TEST 

CAPACITY FLOW MODEL 
G.P.M. G.P.M, A 

500 & 1490 6B 6 
750 

- 1000 2000 6C 6 -
1500 & 4000 SC 8 
2000 

2500 & 6000 lOC 9 
3000 

3500 TO 9000 12C 10 
4500 

NOTES: 

1. All dimensions in inches. 
2. Dimensions may vary: 1/32. 
3~ot for construction purposes unless certified for approval. 
4. Mounting ........ Between 125 #ASA Flanges (Std.) 

Between 250 #ASA Flanges (Optional) 

B C D E 

12 7-1/2 6 3.610 

12 7-1/2 6 4.359 

15 8-3/4 8 5.810 

17 10 10 7 .258 

20 11-1/2 12 8.711 

SlEARNS-ROGER ENGINEERING CORP. 
PROJECT NC. 62l700 
SCLAR-C~E PILOT PLANT 
U~IT ONE 
P.C. 200l 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 

UL 
_1/ 

800 A.IRPOAT RO~O-NQATH AUROAA.ILUN015•60542 
FM Approver:: UL '-• ",ed 

1.2.7.49 



SECTION920 PAGE202--- AURORA FLOW INDICATOR---------
DATED MAY 1974 WELL TYPE MERCURY MANOMETER 

L H 

OVER SCALE 
FLUID CHECKVALVE"i 

20-1,/2" \I ,. ,. 
1:-

L 

8" 

I 

NOTES: 

1. All dimensions in Inches. 
2. Dimensions may vary :1:: 1/8. 

Hcl/4" NPT HIGH 
PRESSURE CONN. 

L=l/4" NPT LOW 
PRESSURE CONN. 

3 VALVE 
MANIFOLD 

7/16" 0.D. x .200 I.D. 
GLASS TUBE 

I J/16" DIA. MOUNTING 
HOLES 

45-1,12" 

NON-BREAKABLE 
TRANSPARENT COVER 

SCALE ZERO 
ADJUSTMENT 

Jo-1/2" 

I" 
1/4" NPT 

FILL PLUG 

I =Fr ===-.... .__ ___ ~ 1/4" NPT 

1-3/16" OPEN 
rt STREAM FLOW 

I" CLOSED DRAIN PLUG 

STEARNS-ROGER ENGINEERING CCRP. 
PRCJECT NO. 6217C0 
SCLAR-C~E FILOT PLA~T 
litdT CNE 

3. Not for construction purposes unless certified for approval. P.C. 2001 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
800 AIRPORT ROA0°NORTH AURORA. ILLINOIS •60542 
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-.--------- AURORA FLOW METERING ---SECTION 920 PAGE 111 
SYSTEM DATED JULY 1978 

INSTALLATION AND OPERATION SUPERSEDES PAGE 111 
DATED APRIL 1978 

VALVE "E" 

~ 
AIR VENT PLUG ·'C" 

CONTROL VALVES 

-,~rna,: .. , 
~--.:,c: -- • FLOW 

UPSTREAM 

INSTALLATION FLOW ELEMENT 

A. Handle carefully on outside surface only. 
8. Center flow element in pipe line and clamp between flanges. Gaskets are 

integral with element. Pressure connections should be positioned on horizontal 
axis to eliminate accumulation of air. · 

C. Direction of arrow must agree with flow direction. 

FLOW INDICATOR 

A. 

B. 

C. 

0. 

E. 
F. 
G. 

Mount the flow indicator vertically at a convenient reading height. Be certain 
indicator is level. Check with level on side and front of case. 
Connect the flow element flange pressure taps through valves to the flow 
indicator with 1 / 4 inch pipe or 1/2 copper tubing and fittings as shown. 
UP,stream or high pressure tap connects to the well of the indicator at the "H" 
connection point. Downstream or low pressure tap connects to the flow 
indicator at the "L" connection point. 
Maintain a definite up or down grade of at~east 1/2 inch per foot of length with 
the connecting pipe or tubing. Avoid rises or drops that would allow air or dirt 
to collect. If unavoidable, provide blow off valves at these points. 
If 90° bends are necessary, use plugged tees or crosses for easy rodding. 
Ream ends of piping to avoid inward flares. 
Clean out piping before making final connections. 

FLUID 
FILL PLUG 

"F' 

"L" I' 

~ 
H. Anchor piping securely to prevent transmitting vibration from main line to flow 

1 

indicator. ./ 
STREAM FLOW / 

FLUID DRAIN VALVE 

OPERATION 

A. Close both valves "O" and "E". 
B. Open flow indicator control valves, "L", "B" and "H". 
C. Remove air vent plugs "A" and "C". 

"H" 
~ 

"B" 

SCALE 
ADJUSTMENT 

SCREW 

D. Slowly open valves "D" and "E" to fill the flow indicator and piping with water until it flows from the vent 
openings. All the air in the system must be eliminated. STEARNS-ROGER ENGINEER ING CORP. 

E. Closevalves"O"and"E". PRCJECT NO. 621700 
F. Replace vent plugs "A" and "C". SCLAR-C~E PI LOT PLANT 

G. Remove fluid fill plug "F' and fill with mercury. ~NIT ONE 

H R I fl .d 1·11 I "F" .c. 2001 . ep ace u1 , p ug . 
I. Set zero scale graduation to the meniscus by turning the scale adjustment screw on the tlow indicator 

Lock the adjustment screw. 
J. Open valves "D" and "E" to put flow indicator under pressure. 
K. Close flow indicator bypass valve "8". 
L. Read water flow rate as indicated by the indicating fluid column. 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 

~· ·1f'·. ~ ,~· 

800 AIRPORT ROAD-NORTH AURORA. ILLINOIS 0 60542 FM Approved UL Listed 
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SECTION 920PAGE112 -----AURORA FIRE svsrEr11 _____ _ 
DATED JULY 1978 FLOWMETER 
SUPERSEDES PAGE 112 
DATED APRIL 1978 

INSTALLATION WITH FLOWMETER 
DISCHARGE PIPED BACK TO 

PUMP SUCTION 

Flow 
Element X Th.ree Valve 

Manifold X -

Opt. Auto 
Air Relief 

X Supplied with Flowmeter System 
All connecting tubing and piping 
by others. 

Pump Test 
Control Gate Valve , 

L 

Valve System Isolation Gate Valve 

d 
(Open Full For Test) 

Flow \ 
• Flement • ...,_ 
o--i so~ 

I ~ I D I 

3/4" 
Purge--+111-----~ 
Valve 

. TO DRAIN ** 

' + 

+ Upstream meter pipe must be schedule 40, same size as flow element. 
• Minimum length of straight pipe for physical installation 

requirements as well as to insure high accuracy. 
•• Sustained operation of pump in the test mode requires minimum 

purge flow to drain = Maximum pump BHP = (GPM). 
5 

., 

Over Scale 
Fluid Check 

Valve X 

Flow 
/lndi~ator 

Q,. 
a:: 
0 
u 
(.:) 

z 
a:: w ,_ 
w z 
Z Cl 
- 0 _, 
I.? 0 Q,. 
z r--
w - ,_ 

NO 
a:: -c _, 
w -
~ • u.. -oo 0 
CX: Z 1.1.J 0 
I £ '-' r,,, 

V) I'- u £ 
~u,u 
a:: UJ c:: 
<( -, Cl. t- • 
UJ(.;J..J-U 
,- c:: w ..::: • 
V) ~ V)::, Q,. 

-system 

<&>® 
FM Approved UL Listed 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
800 AIAPOAT AOAO, NOATH AUAOAA. ILUNOIS · 60 542 
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-



-

-

_.,_ _____ AURORA FIRE SYSTEM-- SECTION 920 PAGE 113 

DATED JULY 1978 
SUPERSEDES PAGE 113 
DATED APRIL 1978 

FLOWMETER 

INSTALLATION WITH 
FLOWMETER DISCHARGE 
PIPED BACK TO 

.=====,F~lo:w~-=;=~=~;===r 

SUPPLY TANK OR 
. RESERVOIR 

Element X 

X Supplied with Flowmeter System 
All connecting tubing and piping 
by others. 

Three Valve ,90~ 
Manifold X 

Over Scale ! 
Fluid Check~ 
Valve X 

' It 

! -

Flow 
Indicator X 

• 
~ 

System Isolation Gate Valve 
(Open Full For Test) 

CX: 
0 
u 
!,.!) 

z 

Supply..._-

Flow 
Element 

• 
------50-----.1 

Fire System 
Flow meter 

~ 

t 
D 

\ 
+ 

\. 

+ Upstream meter pipe must be schedule 40, same size as flow element. 
• Minimum length of straight pipe for physical installation 

requirements as well as to insure high accuracy. 

AURORA PUMP 
A UNIT OF GENEAAL SIGNAL 
800 AIR~ORT ~OAO-NORTH AURORA, ILLINOIS-60542 

1.2.7.53 
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w ... 
U,j z z <[ 

-o _,J 
c.., 0 0-
z r-
w ....... 

N • 
ex: .a ..J 
w -r..:; •0.. _. 

o • o 
o:::zw 0 
I -,::: cwN 

V-H- U Z 
ZWILJ 
O:::UJO::: 
<-, <[ ..... 

wO..J -o .... :,::. •..::: • 
v,a,v,:;,o. 

System -
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AURORA PUIWP 
A UNIT OF GENERAL SIGNAL 

ENGINEERING DEPT. 
NORTH AURORA, ILLINOIS· 60542 

FIRE PUMP CONTROLLER 

FIRE PUMP F.O. II 400- y.5'"707 

FIRE PUMP CONTROLLER 

x COMBINATION MANUAL-AUTOMATIC • 

PRIMARY RESISTOR TYPE 

PART WINDING TYPE 

LIMITED SERVICE TYPE 

WITH TIMER 

WITHOUT TIMER 

C.B. INTERRUPTING CAPACITY 22 000 
I AMPS 

FoR , :,a H.P. -1770 R.P.M. 

3 PHASE 60 CYCLE 4{,0 

0- 300 I RANGE PRESSURE SWITCH 

__.I Z..___ __ II SUCTION PRESSURE 

,f: c,,J/ c:e-i....eG~ VALVE:ST"~e.T" 

SPACE: HE-"T"~ 
~'<. F",\.IUJ~ srART 

VOLTS 

BY: '#w 
DATE: - f 'Z. ' I o - ,SO 

STEARNS-ROGER ENGINEERING CORP. 
PROJECT NO. 621700 
SCLAR-C~E FILOT PLANT 
UNIT ONE 
P.G. 2001 

1.2.7.55 '5, .... , .. 
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CONNECTION 

~ 

0 0 0 
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I·'' f.. ., • ,\... t 
ccJ ,, 
ti 
:~ 

--------------~,-------------------------------· TOLE.RANCE 
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.XX + .OJ - .XIX :. .005 
ANGLES :t o0 JO' . 
REMOVE BURRS & SrWI.P CORNE.";tS I

t. OUTLINE OlhlENSlONS 

.

. ELECTRIC FIRE PUMP CONTRO\..U. SIZE 

ACRoss THE LINE ANO PART 8.. I 04 31 c -e 
i WINDING ,__..,_.A..._---------~~.~. 
1 SCAtE SH~!T 

'·#IF · £ c:...J 

cooe IOENT NO. <-0071 
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I DATA SHEET M-300 

FOR ELECTRIC MOTOR DRIVEN FIRE PUMPS 

M300-7-75 

ACROSS - THE - LINE TYPES 

SERIES M300 

COMBINED MANUAL AND AUTOMATIC 

SERIES Ml00 

MANUAL NON-AUTOMATIC 

METRON FIRE PUMP CONTROLLERS 

Metron Fire Pump Controllers conform to all 
requirements of Chapter 7, Notional Fire Protec

tion Association Pamphlet 20, Standard for Cen

trifugal Fire Pumps. They ore listed by Under
writer's Laboratories and approved by Factory 

Mutual Engineering Corporation. 

Sizes range from 15 to 400 horsepower, 208 

to 600 volts, 60 Hz. These controllers ore for use 

on Across-the-Line type installations. 

Only the highest quality components, all U.L. 
listed, ore used throughout to assure the best 

possible reliability. The cabinet is fobricoted 
of heavy gauge reinforced steel with drip-proof 
hood. All field wiring and service conne:tions 
may be made from the front, allowing the con

troller to be mounted flush against a wall. 

The controller is completely wired, assembled 

and tested at the factory before shipment. 

STEARNS-ROGER ENGINEER[NG 
PRCJECT NO. 621700 
SCLAR-C~E FILOT PLANT 
L'"'IT CI\E 

CORP~® 
P .. C. 2001 

1.2.7.59 . 
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STARTING 
All series M300 Combined Manual-Automatic Controllers have 

provision for automatic starting from the pressure switch. Optional 
starting methods include supervisory power failure, deluge valve 
switch, dry pipe valve switch, etc. Manual starting is accomplished 
by means of the start pushbutton or emergency start lever on the 
controller, or remotely by actuation of pushbutton stations. Series 
MlOO Manual-Non-Automatic Controllers have no provision for auto
matic start and must be manually stopped after manual starting. 

STOPPING 
Stopping the motor after it has been automatically started 

(Series M300) may be either manual or automatic. If the controller 

is supplied for automatic stop, a running period timer is included 
which keeps the motor running for a preset period of time even 
though the demand switch actuates only momentarily. When the con
troller is specified for manual stop the running period timer may be 
jumpered or deleted, and once started, the motor will continue to 
run until manually stopped. If the motor has been started by any of 
the manual start methods, it will have to be manually stopped. 

ALARMS AND SIGNALS 
In addition to the power available pilot lamp on the controller, 

terminals on the terminal bar provide a signal for remote audible 
or visual alarms indicating that the controller has operated into a 
pump running condition or loss of line power to the motor contactor. 

SERIES A\300 
Combined Manual-Automatic Across-The-Line 

0 CIRCUIT BREAKER (DISCONNECTING MEANS). This is a mag
netic trip-type breake.r which provides protection against over. 
current conditions caused by locked rotor or instantaneous 
short circuit. Interrupting capacity must be determined in 
advance based upon recommendations by the power company 
and consulting engineer. This rating takes into account the 
maximum possible short circuit current at the pump room. 
The breaker 1s externally operable by means of a handle and 
will trip free of the handle with the trip pushbutton. 

G) ISOLATION SWITCH. A heavy duty, U.L. listed, non-automatic 
circuit breaker used to isolate the incoming service power from 
the rest of the controller. It is horsepower rated and is ex
ternally operable by means of the isolation switch handle. A 
spring latch is provided in the closed position requiring a 
two-hand operation to open the switch. This is to prevent the 
switch being inadvertently opened under load. 

G) PILOT LAMP. Indicates that incoming power service is con
nected, the isolation switch and circuit breaker are closed, and 
that power is available at the motor starter contacts ready for 
starting. 

© MANUAL START ANO STOP PUSHBUTTONS. These are mounted in 
the door, readily accessible for manually starting and stopping 
the controller. 

G) CONTROL RELAYS. These are heavy duty industrial-type relays 
and timing devices, all U.L. listed. providing utmost reliability. 
Relays and timers are used in control circuits for such func
tions as automatic starting from pressure switch, deluge or 
dry pipe valve switches, supervisory power failure, sequential 
starting, etc. 

© MOTOR CONTACTOR. The motor starter contactors are supplied 

in various ratings up through size 6 depending upon motor 
horsepower. Automatic actuation of the contactor is made by 
means of the pressure switch or other external demand 
switches. Manual starting is accomplished with the start 
pushbutton on the controller or a remote start station. In ad
dition, manual mechanical closure of the contactor may be 
made under emergency conditions by means of the externally 
operable lever which includes a mechanical latch. 

0) EMERGENCY START LEVER WITH LATCH. 

@ WIRING DIAGRAMS. Permanently mounted on door, instruction 
manual in pocket. 

(!) PRESSURE SWITCH. This pressure switch is provided on auto
matic start models for automatic starting upon drop in water 
line pressure. The switch has calibrated, independently ad
justable high and low setpoints. 

® RUNNING PERIOD TIMER. (USED WITH AUTOMATIC STOP CON
TROLLERS.I Prevents frequent starting and stopping of the 
motor due lo momentary actuation of the pressure switch or 
other demand signal. In accordance with pamphlet 20, this 
timer keeps the motor running after automatic start for a 
pre-set length of time, specified as 1 minute for each 10 
horsepower of the motor, or a maximum of 7 minutes. This 
timer can be omitted on manual stop controllers, or ii may be 
disconnected by removing a jumper. 

@ FIELD WIRING. Terminal bar for field wiring of remote alarms. 
remote starting methods, and other control functions. 

@ CUBICLE. Fabricated of heavy gauge reinforced steel. Chassis 
is mounted a minimum of 12 inches from floor to prevent pos
sible damage from flooding. When specified, the legs can 
be omitted and wall mounting brackets supplied. 

1 .2.7.61 

STEARNS-ROCER ENGINEERING CORP. 
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U:NERAL. When ordering any controller always specify motor 
horsepower, actual operating 110ltage, and interrupting capacity of 
circuit breaker. Also make sure that optional features are specified 
when applicable. II is advisable that the local authority having 
jurisdiction be consulted when quoting in order to assure that • 

acceptable equipment is supplied on each particular job. It is 
especially important that the correct interrupting capacity of the 
circuit breaker be determined. This rating is normally supplied 
by the engineering firm in conjunction with the power company. 

COMBINED MANUAL-AUTOMATIC ACROSS THE LINE 

M-300 ACROSS-THE-LINE ELECTRIC FIRE PUMP CONTROLLER 
CIRCUIT •RU.KEIi '"I" CIRCUIT HU.KEIi "'C'" 

20I v. 220/2'11 V 430/410 V 550/100 Y 201 V 220/2'11 V 430/410 V 550/100 V NP 50,000 50,000 35,000 25,000 150,000 IS0,000 100,000 75,000 I.C. I.C. I.C. I.C. I.C. I.C. I.C. I.C. 

15 S2'710 $2710 $2710 $5100 $5100 
20 2710 2710 2710 $2710 5100 5100 $5100 
25 2710 2710 2710 2710 5100 5100 5100 $5100 
JO 2710 2710 2710 ~710 5100 5100 5100 5100 
40 3230 3230 2710 2710 5620 5620 5100 5100 
50 3230 3230 2710 2710 5620 5620 5100 5100 
60 3760 3760 3230 3230 6150 6150 5620 5620 
75 3760 3760 3230 3230 6150 6150 5620 5620 

100 4630 4630 3230 3230 6150 6150 5620 5620 
125 6090 6090 3760 3760 7610 7610 6150 6150 
150 6090 6090 3760 3760 7610 7610 6150 6150 
200 6090 4630 3760 7610 6150 6150 
250 6090 6090 7610 7610 
300 6090 6090 7610 7610 
350 7520 7520 9040 9040 
400 7520 7520 9040 9040 

lll'TIONS: 

; ~~]~~tf sr~::~·:·~~:~}l~{:i~,l'.If ,\l'.('.{i,~f [~~l,='f )=I"t :-:]:-][ ;:~-~i ! !15 ~!! 
S. Sequential Slatting Timer for Multiple Pump Installations ................................................................................................................................. Add $145.00 List (1-50 sec. Adj. Delay Between Controllers/ 

g:;::} :::;;~;'P~~r;:d · Tlmef~:~~'.1"£t;g g~ni~::.~[ .5.~1.~ ... ~.0.~.n·t··::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::&:~~~l f ~:gg ~!l Hema-JR, 4 or 12 Enclosures ... Consult Factory 
Nea1e11elaturt, for a 100-N.P., 4IO ¥., 3~0 A.I.C. controller, the carnet medel number 
WNld be 111300-IOMIOI. 

Series M-100, Manual Non-Automatic same as Series M-300, except that all automatic start methods are 
omitted as well as the running period timer. Deduct $200.00 list from Series M-300 in box prices above. 
OPTIONS: Only Option "E" is available with M·lOO control. 

Nema-3R, 4 or 12 enclosures ..• Consult Factory. 

~~:~~::::~ 
.:,,;,,,I .'",!!W -11"::.l ,f ~ •,., 

:·.~~: it'~, 
·1..,, . ·,.; 

MANUAL-NON-AUTOMATIC ACROSS-THE-LINE 
These controllers are the same in all respects as the series 

M300 except that all automatic starting and stopping methods 
are omitted. The controller is started only by manually operating 
the start pushbutton on the controller, a remote start station, or 

the emergency start lever. Once started, the motor can be 
stopped only by manual means at the controller. The pressure 
switch and running period timer are always deleted on the series 
M 100 non-automatic controllers. 

} • J ,,.,,. ' ... ~, 
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PART I 

GENERAL DESCRIPTION 

The basic function of the Fire Pump Controller is to start the pump motor to maintain the water system pressure. 

This may be accomplished in automatic controllers, Series M300, M400 and M420, by automatically starting the 

pump motor upon drop in pressure in the water main or from a number of other demand signals. Manual 

controllers, Series MlOO, M200 and M220 must be started manually while the automatic controller can be started 

automatically or manually. All can be started by remote manual means, but cannot be stopped remotely. The 

automatic controller can be set to stop automatically or require manual stop after an automatic start. 

/ 

STEARNS-ROtER ENGI~EERING CORP. 
PRCJECT NO. 621700 
SCLAR-C~E FILOT PLA~T 
UNIT CfllE 
P .c. 2001 

1 

1.2.7.64 

-

-

-



-

-

PART II 

FUNCTIONS 

1. Automatic Starting From: 

a) Drop in water line pressure. 

b) Deluge valve operation. Option D 

c) Loss of remote alarm power, Option P 

2. Alarm and Signals: 

a) Remote indication of pump operation. 

One set of normally open and one set of normally closed contacts located in the controller operate 

when the pump is running. 

b) Loss of power to controller. 

cl 

di 

One set of normally open and one set of normally closed contacts located in the controller operate 

when power to the controller is off. 

Pilot light on controller. 

This light is on whenever bo'th the isolation switch and circuit breaker of the controller are closed 

indicating that the controller is set for operation. 

Engine lockout 

When dual drive systems (pump can be driven by either the electric motor or internal combustion 

engine) are used, the preferred method of operation is to drive the pump with the electric motor 

unless power is not available for the motor. A normally open auxiliary contact on the motor 

contactor is provided to prevent the engine from starting if the electric motor is running. 

el Electric motor lockout. 

The electric motor lockout is generally used on dual drive sets in conjunction with engine lockout 

above. If the engine is running due to ·a power outage, or other reasons, the electric motor should be 

locked out until the engine is stopped. 

3. Sequential Starting: 

This optional feature is provided for multiple fire pump installations. This provision times the start of 

the pump motors by a preset time interval so that all motors do not come on at once. 

4. Principal Components of Controller: 

a) Isolation switch 

1.2.7.65 
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b) Circuit Breaker 

c) Contactor 

d) Pressure Switch 

The incoming power line is connected directly to -the isolation switch. From there, power is fed to the 
circuit breaker and then to the contactor. Both the isolation switch and circuit breaker are normally closed. 
The contactor is operated either manually or automatically to start the motor. 

STEARNS-ROGER ENGl~EERING CORP. 
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PART Ill 

INSTALLATION 

The Fire Pump Controller has been assembled and wired at the factory with the highest workmanship standards. 
All wiring and functions have been thoroughly tested to assure correct operation when properly installed. Before 
operating the controller, perform the Initial Installation Start-up Procedure, Part IV. 

The cubicle should be well grounded according to local standards. Make sure that all applicable external control 
wires are connected to appropriate terminals as shown in Controller Hookup, External drawing. If deluge valve is 
not used, the terminals for this. must be jumpered (see Controller Hookup, External drawing). Failure to make the 
proper connections will cause the controller to malfunction. Connection from the contactor to the motor may be. 
done after the test procedure is completed. The contact ratings of the remote and alarm signal circuits of the 
controller are shown in Controller Hookup, External drawing. 

After installation has been completed, perform the Initial Installation Start-Up Procedure, Part IV. before 
operating the controller. 
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PART IV 

INITIAL l~JSTALLJ'.TION START•UP PROCEDURE 

A. General: 

All but the final functional test can be made with the motor disconnected. This will eliminate the need for 

starting and _stopping the motor several times during the test procedure. 

If the output connections from the contactor to the motor were made on initial installation, disconnect 

them for the first part of the Initial Installation Start•Up Procedure. Refer to Controller Hookup, External 

drawing for nomenclature of all controls. 

The controls and their functions are as follows: 

• 
a) Isolation Switch: 

This switch is connected in the circuit between the line ·and the circuit breaker. Its function is to 

disconnect the main power to the controller. 

b) Circuit Breaker: 

The circuit breaker is located between the motor contactor and the isolation switch. Its function is to 

protect the line from damage due to a short in the load. 

e) Emergency Contactor Lever: 

This control is used to start the fire pump in case of any malfunction within the control circuits. 

d) Start Button: 

This pushbutton starts the pump motor by exciting the contactor coil so that it closes. 

e) Stop Button: 

This control is to stop the pump motor by opening the contactor coil circuit, thereby disconnecting 

the current to the pump motor. 

B. Series M100 Manual Non-Automatic: 

1. Close isolation switch and measure voltage at output of isolation switch. Voltage should be the same 

as incoming line voltage. 

2. Close circuit breaker and measure voltage at input of motor contacto·r. Voltage should be the same as 

in Step 1. Pilot light on controller should be on. 

3. Push manual start button. Motor contactor should close. Measure voltage at output of contactor. It 

should be the same as in Step 1. Remote pump operating alarm should be energized. 

4. Push stop bunon. Motor contactor should open. 

STEARNS-ROGER ENGINEERING CCRP. 
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5. Push trip button on circuit breaker. Remote power available alarm should indicate loss of power. 

6. Connect output from contactor to pump motor. 

7. Close circuit breaker. 

8. Push st~rt button. Motor should start. 

9. Push stop button. Motor should stop. I 

C. · Seril!s M200 Manual Primary Resistance Start: 

The start-up procedure is the same as for the Series M 100. There are two con tac tors instead of one and a set 

of starting resistors. The smaller starting contactor is connected in series with the resistors to reduce the 

voltage to the motor for a preset time. After this preset time delay, the larger or main contactor will close 

in parallel with the smaller contactor and resistors and thus apply full voltage to the motor. 

If the motor is not connected for this test, there will be no voltage drop across the resistors and f_ull voltage 

will appear at the output terminals of the contactors as soon as the starting contactor closes. 

O. Series M220 Manual Part-Winding Start: 

E. 

The surt-up procedure is the same as for the Series M 100. There are two contactors for part-winding start. 

One contactor will close immediately on demand, and the other will close after a preset time delay. Full 

voltage will be present at the output of both contactors. 

Series M300 Combined Manual Automatic: 

1. Close isolation switch and measure voltage at output of isolation switch. Voltage should be the same 

as incoming line voltage. 

2. Close circuit breaker and measure voltage at input of motor contactor. Voltage should be the same as 

in Step 1. Pilot light on controller should be on. 

3. Push start button. Motor contactor shou!d close. Measure voltage at output of contactor. It should be 

the same as the incoming line voltage. Remote pump operating alarm should .be energized. 

4. Push stop button. Motor contactor should op~n. 

5. Drop water pressure at water inlet to controller so pressure switch will close. Motor contactor should 

close. Allow water pressure to return to normal. If control!er is set for automatic stop, set running 

period timer for 1 minute for each 10 h.p. rating of motor, but not to exceed 7 minutes. Motor 

cont;ictor should open after this time period. If controller is set for manual stop, push stop button. 

Motor contactor sho•Jld open. 

6. Re:,eat Step 5 except momentarily open deluge vaive switch in;tead of dropping pressure to close 

press1.ire switch." 

7. Connect output from contactor to pump motor. 

8. Close circuit breaker. 

- G -
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9. Push start button. Motor should start . 

10. Push stoiJ button. Motor should s!op. 

F. Series M400 Combined Manual-Automatic Primary Resistance Start: 

The start-up procedure is the same as for the Series M300. There are two contactors instead of one and a set 

of starting resistors. The starting contactor is co11nected in series with the resistors to reduce the voltage to 

the motor for a preset time. After this preset time delay the main contactor will close in parallel with the 

starting contactor and resistors &nd thus apply full voltage to the motor. 

If the motor is not connected for this test, there will be no voltage drop across the resistors and full voltage 

will appear at the output terminals of the contactors as soon as the starting contactor closes. 

G. Series M420 Combined Manual-Automatic Part-Winding Start: 

The start-up procedure is the same as for the Series M300. There are two contactors for part-winding start. 

One contactor will close immediately on demand, and the other will close after a preset time delay. Full 

voltage will be present at the output of both contactors. 

H. Sequential Starting: 

Where sequential starting is used, set the sequential start relays for approximately 10 second intervals. 

Perform Initial Installation Start-Up Procedure for appropriate controller above and check for sequential 

timing on automatic starts. Sequential starting is bypassed by manual starting. 
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PARTV 

OPERATION OF CONTROLLER 

After the installation and test procedures are completed, the controller is ready for normal operation. 

A. Manual Controller: 

Isolation switch and circuit breaker should be closed. Controller is now ready for manual operation. The 

controller is started by pushing the start button. If for some reason the motor fails to start when the start 

button is pushed, the emergency manual lever may be moved to the on position. This lever must be 

manually locked in the on position or it will retu~ to off when released. This lever is for emergency use 

only. 

B. Automatic Controllers .,... (All types): 

C. 

The isolation switch and circuit breaker should be closed. For a sequential start controller and sequential 

start, timing relay TR3 should be set for approximately 10 second intervals. Local requirements may 

dictate different time settings. For controllers set for automatic stop, set the running period timer to 1 

minute for each 10 H.P. rating of motor but not to exceed 7 minutes. 

Emergency Manual Operation: 

Emergency manual operation is provided in case of failure of control circuitry. This lever is manually 

moved to the on position and must be manually latched in the on position or it will return to off when 

released. The lever should be moved from the OFF position to the ON position in as quick a motion as 

possible to prevent burning the contacts. The circ:.Jit breakP' should be tripped to disconnect circuit before 

releasing emergency lever. This lever is for emergency use only. A mechanical interlock switch is connected 

to the emergency lever to operate the contactor electrically when all circuitry is functioning properly. This 

is provided to prevent inadvertant slow closing of contactor and burning of contacts. 

8 -
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A. Introduction: 

PART VI 

SEQUENCE OF OPERATION 

The explanation of the sequence of operation will start with the assumption that the controller has been 

properly installed, all external connections have been made and the isolation switch and circuit breaker are 

closed. In other words, the controller is operational. The pilot light should be on. 

All wiring on the primary side of the transformer CT-1 will be referred to as the primary circuit. All wiring 

on the secondary side of transformer CT-1 will be referred to as the secondary circuit. 

B. Manual Operation: 

a) M100, M200 and M220 Manual Controllers. 

bl 

For manual operation there is a start button switch on the controller and terminals for an optional 

remote start switch located ·elsewhere. These switches have normally open contacts which close to 

energize CR-3. CR-3 locks in on its own N.O. contact and stays energized until the stop button is 

depressed. The N.O. contact of CR-3 in the primary circuit closes the circuit to the motor contactor 

to start the motor. On models M200 and M220 CR-3 also energizes a time delay relay TR-2. After a 

preset time delay N.O. contacts of TR-2 close to energize the second or run contactor. 

To stop the controller manually, the stop push button switch is depressed. This breaks the circuit to 

the coil of CA-3 and it is de-energized. At the same time the N.O. contact of CR-3 in the primary 

circuit opens and de-energizes the motor contactor(s) and stops the motor. 

M:300, M400 and M420 Combined Manual-Automatic Controllers. 

Manual operation of the combined manual-automatic controllers is the same as for the manual 

controllers. The electrical sequence is different in that the N.O. contact of CR-3 does not energize the 

contactor coil directly, but energizes the coil of CR-2. and a N.O. contact of CR-2 in the primary 

circuit energizes the motor contactor. On models M400 and M420 ,CR-3 also energizes a time delay 

relay TR-2. After a preset time delay N.O. contacts of TR-2 close to energize the second or run 

contactor. 

C. Automatic Operation - (Pressure Switch): 

On drop of water pressure the N.O. contact in the pressure swi'tch closes energizing the coil of CR-2. CR-2 

locks in on its N.O. contact in the secondary circuit. At the same time the N.O. contact in the primary 

circuit energizes the motor contactor to start the motor. In controllers with sequential starting, TR-3 is 

energized by the pressure switch starting its timing cycle and at the end of the time period, a N .0. contact 

of TR-3 closes energizing CR-2. A N.O. contact of CR-2 in the primary circuit closes and energizes the 

motor contactor as above. On Models M400 and M420 CR-2 also energizes a time delay relay TR-2. After a 

preset time delay N.O. contacts of TR-2 close to energize the second or run contactor. 

On controllers set for automatic stop, a running period timer is used to keep the motor running for a preset 

time period regardless of whether the contact of the pressure switch has opened. This is accomplished by 

keeping CR-2 (or TR-3) locked in through the N.C. contacts of the timer until the timer times out and 

these contacts open. 

1.2.7:"/2 
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On controllers set for manual only stop, a jumper is removed preventing the timer motor from operating, 

thus CR-2 (or TR-3) is held in the energized state. The controller must be stopped with the manual stop 

pushbutton switch which breaks the circuit to CR-2 (or TR-3).. The N.O. CR-2 contact in the primary 

circuit opens and stops the motor. 

D. Automatic Operation - (Deluge Valve): 

The deluge valve switch is a N.C. switch. When it opens, CR-4 is de-energized. The N.C. contacts of CR-4 in 

the automatic circuit close and energize CR-2 (or TR-3) .. The remaining sequence to start and stop the 

motor is the same as_ automatic operation with the pressure switch closing. 

E. Remote - Pump Running Signal: 

One N.O. and one N.C. contact is available for remote indication that the pump is running. 

F. Remote - Power Available Alarm: 

One N.O. and one N.C. contact are available for remote indication of loss of line power. 

G. Engine Lockout - (Option E) - For Dual Drive Installations: 

H. 

A N.O. auxiliary contact on the motor contactor is provided to prevent an engine type controller from 

starting if the electric motor controller is running. Circuitry for this is provided in the engine controller. 

Electric Motor Lockout (Option M): 

Terminals are available to connect to an external switch to lockout the electric motor. This may be 

necessary, when the engine is running on dual drive systems, low suction cutoff, etc. 

The external switch will close to energize CR-6. A N.C. contact of CR-6 will break the circuit to CR-2 (or 

TR-3) and stop the motor. 

I. Power Faiiure Start (Option P): 

On loss of reliable source of 120V AC, Relay CR-5 will be de-energized. The N.C. contact of CR-5 will close 

and start the electric motor in the same mar.ner as for drop in water pressure described above. 
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1S1 
- CBt 

MC 
PL1 
M~A 
CRt 
CR2 
CR3 
CR4 
CRS 
CRS 
TR1 
TR2 
TR3 
PS1 
est 
CS2 
CT1 

PART VII 

NOMENCLATURE 

Isolation Switch 

Circuit Breaker 

Mo·tor Contactor 
Pilot Light 
Motor Contactor Auxiliary Contacts 

Power Available Relay 

Control Relay 
Manual Start Relay 
Deluge Relay (Option D) 

Power Failure Start Relay 

Electric Motor Lockout Relay 

Run Period Timer 
MC2 Delay Timer 
Sequential Start Timer 
Pressure Switch 

Stop Switch, Manual 

Start Switch, Manual 
Control Transformer 
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A. 

B. 

FIRE PUMPS 
ELECTRIC MOTOR DRIVE 

CERTIFTID PERFORMANCE TEST PROCEOORES 
(Fonn A-60006 is used for recording data) 

F.S-41 

_The Hydrostatic Test (see procedures) should already have been ac
complished (Hydrostatic test procedures a.re from the Q.C. Manual. 
A copy is provided here) • 

The C=,Jihrated test rotor is m:>unted with pump. 

C. 'Ihe pump is piped into the Pos. Pressure System. Proper gauge pipe 
must be on. suction & discharge. 

D. A properly sized suction & discharge gauge is selected. The gauges are 
then calibrated against the dead-weight testor or t'"le calibrated ira.ster 
gauge. A mark of "OK" or a correction is recorded on the_ test sheet 
(fonn A~60006) along with the gauge number. The gauges are then placed 
on the proper gauge pipe. (See gauge calibration Procedures) . Record on 
the data sheet as gauge distance, the vertical distance, in feet, between 
the centerlines of the s,.1cticn and discharge gauges. 

E. The test fonn CA-60006) is completed with the following infor.re.tion: 
Pump size and type (If the pump is being tested of a construction ot'1er 
than a called for on the order, tl-iis rwst be recorded under "rerrarks") , 
impeller number, impeller diameter, impeller tips (plain or sharoened) 
pump serial numbP._r and F. 0. number. 

F. The rotor calibration number, make, horsepower, R.P.M. is then recorded 
on the test form. 

G. Pump rati..1g i..'1forira.tion is taJ<:en from the order and recorded. Also, 
the nameplate is checked for complete and accurate inforrrE.tion. 

H. The Electrical Power Measu."'ement equipment is recorded on data sheets. 
Be sure to record proper ratio of watt:meter. (See Power Measure~ent ?.:°".Jc2ci.::es). 

I. The pump should be connected and ready to operate. 

1.2.7.77 
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Start test pump, bleed air from pump and discharge manifold and 
calibrate flowmeter. (See instructions on "Flowmeter Calibration"). 

l<. Set pump at duty point specified on order •. Set pressure and read 
flow. Record this infonna.tion on the V. I. P. test data ca...""Ci. Th.is 

·card should be corrpletely filled out. If the duty stated on the order 

is met, and the pump is operating Sl"IXX)thly, proceed with perfonnance 

test. If duty is not met or pump does not seem to be operation 
properly, check with supervisor. 

L. Return pump to shut-off setting and record the following inforrration: 

Discharge gauge.· reading, . suction gauge reading (Mark if this reading 

is positive (+) or negative (-), flowmeter reading, wa:ttrneter reading, 

and R.P.M. 

~J .. 

M.. Continue _taking test points at diffe...""'ent flow setti.."'lgs (approximately in 

inCI"elle1ts ·of 10 on flowneter) until the maximum wattmeter reading 
is, passed and/or extreme cavitation is encountered. One test point 
should be a 150% of rated flow. · 

-- N. · -Throttle suction valve-until -15 is showing on suction gauge. (Pump should 

be operating at near free delivery). 

0. Observe and record on separate data sheet the discharge pressure, the 
suction pressure (-15. O) , and the flowmeter read.i.-ig. 

P. 'Throttle back on discharge until a small increase in disd1arge pressure 

is made. Again set suction at -15 and record readings as above. 

Q. Continue as a.l:x:>ve until the flow point of 150% of t11e :-ated flow is 

passed. Example: pump is rated at 1000 G?M, 100 PSI. 150% of 1000 

GPM is 1500 GPM. Test with -15,0 suction was started withoumo rurm.nl! 
wide open. Keep taking test point, eadl wit!-\ slight i..l'lcrease in dis-

charge pressure, until a flow reading of less than 1500 GPM is observed. 

-

-

R. Return pump to duty point if operation seems alright, return to shut-off -

setting. Al.ways stop pump at shut-off point. This is because the flow-

meter should always be kept full of water. 

1.2.7.78 
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S. Rerrove or shut-off suction and discharge gauges. Turn off power to test 

pump. Turn off power to Pos. , Pressure Pump. 

T. Analyze test for compliance to requirements. Chec.1< with supervisor if 

needed. (See procedures for analyzing tests). 

U. Record test in test log and place test nl.U?lber on data sheet along with 

date and teclmician initials. Mark test data sheet as Fire Pumo Test 

. in "Remarks" column. If suction or discharge gauge pipes differ from ptmtp 

suction or discharge sizes this must be recorded on test sheets. Also, 

nark make and size of IWtor for job. 

V. Test Data Sheets IIDJSt be complete with 1:he following inforrration: 

Impeller Number 
Impeller Diameter 
Impeller Tips 
Pump Serial Number, F .o. Number, or AFD Project Nu!I>.ber 

~tor Infonnation 
Pump Rating Infonna:tion (Except AFD Projects) 

Wa:ttmcter Make . 

Test Number, Date and Tech.'1ician Initials 
'Suction & Discharge Gauge Pipe sizes (If different frcm Pt.ml?) . 

Suction & Discharge Gauge Number (Gauge marking of "OK" or a correction value) 

Barometer Reading · 

Rem3.rks column should carry the type of test and ar.y other I""-m:ir-k as applic=.ble. 

(See procedu..---es for the type of test) 

Minimum of S test points wi t"-1 inf orr.aticn as follor.rs: 

Discharge Pressure 
Suction Press1Jre (rerked head ( +) or lift (-) 

Gauge Distance (Vertical Distance between suction gauge and discharge gauge 

centerline. If discharge gauge is highest, number is positive (+). If 

suction gauge is highest, number is negative(-}. 
Flowrneter readings ar.d full scale setting 
Watt reading and proper ratio 
RPM Readings 

-·--- ---- ... ·-----

W. Rerrove equipment and pump from test set-up. 

x. Hydro Test Pump to t",:ice t'l-ie shut-off point, but never less than 250 PSI. 

1.2.7.79 

Y. Tag PLl!il? "Hold for Approval" and return to shop for moLL'iti.'ig with its 0wn 

m::,tor. Also mark hydraulic and hydro as OK, initial and date. 
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After pump and m:>tor is rounted, run a check te!:it". 
rated condition and maximum horsepower draw point. 
volts, and power factor and RPM. 

Take readings at shut-off 
Record rrotor amps, watts, 

NOTE:. This applie!:i only to pumps with rotors of which we are capable of 
operating properly. 

Rerrove pump nan test and place in, ''rbld for Approval"area. 

------- ------- - ---

, 1.2.7.80 
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AURORA PUMP 
A UNIT OF GENERAL SIGNAL CORPORATION 

Quality Control Department 
North Aurora, Illinois 

ES-34 

PREPARED BY: __ Q~•;.__;C~-~D~ep~a~r~t~m~e~n~t __ 

CHECKED BY: 

QCP ___ 2...,;;9 ______ _ 

------------ Page No. 1 of 2 Rev. ----
Date ------------------

. PROCEDURE: Hydro Test Stand MACH. #3220 

PUMP MODELS: Spltt Case. Sewage Pump~ End Suction 

1. Remove the pump to be tested from the conveyor, truck or skid, using 

2. 

. the electric hoist provided for this purpose, and place it on the 

proper pedestal, or in the case of sewage or end suction pumps, position 

it so that all air can be eliminated from the pump. 

Attach the air vent tube assembly· at the highest point in order to vent 

--.~11 air from the pump.- Remove pipe plugs where necessary. -- -------------- --- -----· . -- ---- ·-----. CAUTION All air must be vented from the pump before hydrostatic ___ --------------

pressure is applied. 

2.1 Close off suction and discharge openings using flanges or pipe plugs 

provided for this purpose. 

2.2 Adjust the packing for minimal leakage on packing type pumps. 

2.3 Attach the pump filler hose (quick coupling attached to the submersible 

pump.) 

2.4 Write the pump model and serial number on For:n QC-43. 

2.5 While the pump is being filled with water, set u~ another pump, or pumps, 

on adjacent cest fixtures, as per preceeding instructions. 

2.6 After water begins flowing fro~ the air vent cube, close the petcock 

on che air vent tube assembly. 

2. 7 Disconnect the filler hose.• 1.2.7.81 
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AURORA PUMP 
A UNIT OF GENERAL SIGNAL CORPORATION 

Quality Control Department 
North Aurora, Illinois 

ES-34 

PREPARED BY : _ __,,Q_. __,c ..... _D;;.e;;;;;pr;;,,;a;;.r;;..t::;,;m;;.;c:;.;n,;,.;t;;..__ 

CHECKED BY: 

QCP 29 ___ ,....;;; ________ _ 
Page No. 2 of 2 Rev. ----
Date --------------

· 2.8 The No. 1 test station is marked Oto 110, No. 2, 110 to 185, 

No. 3,185 to 260. Take the BEAD FEET from the pump nameplate or the 

pump order and compare it vi.th these three stations. 

2.9 Connect the hose from the coinciding station. 

2.10 Visually check the pump for leaks. Carefully check the casing, seals, 

"O" rings, gaskets, studs, capscrews, pipe plugs or fittings. If any of 

the above leak, reject the pump and attach a red rejection tag. 

2.11 Back off the packing gland nuts (only if packing type pump) and let 

- ---the-hydrosratic .. pressure· blov the packing out· 1Jntil some ·leakage occurs. 

This is to prevent the shaft from scoring on initial starting of the pump. 

2.12 Remove the pressure hose from the pump. 

2.13 Open the vent tube assembly petcock to release the pressure. 

2.14 Remove the drain plugs to drain the pump. 

2.15 Remove the vent tube assembly. 

2.16 Remove the test flanges or plugs. 

2.17 Remove all trapped water remaining in the pump. 

2.18 Replace all pipe plugs. 

2.19 Record findings (accept or reject) on Form QC-43, and the reason if rejected. 

2.20 

2.21 

If rejected, return to Assembly department for correction. 

If accepted, place the pump on the conveyor for mounting or painting. 

I 

, 1.2.7.82 
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TEST IAB PROCEOORE 

NPSH TEST (VACUUM BREAK OFF) 

1. Run full perf. , cold water test. 

2. Throttle suction so the following suction lift gauge readings are obtained. 

Run test from wide open to near shut-off for each lift condition. 

- 5' Li.ft 
- 10· 1 Li.ft. 
- 15' Lift 

. - 20' Wt 
- 25' Lift 

.. - 27 .' Li.ft 

3. Plot cold water test (Refer to Fig. l)· 

4. Superimpose break off tests on cold water test. 

5. . .. Calculate NPSH. The required NPSH can be calculated from the followir1g 

.. formula ·croR F.ACH BREAK OFF POINT). 

NPSH 
.. , R 

= 

2 
B~P. + H • V 

s + i.S - VP 
--,,S,--.'":'G-•. ---- 2g 

WHERE-B.-P.-·--=-Banmtetric-press-in-inches of Mercury x 1.133 = 

H 
s 

2 
V 

2 
2g 

V.P. = 

feet of water -

= Suction head (If suction gauge reading) 

= Velocity head , This value is taken f:'-om t11e flow. 
at the break off point from cold water ,,curve,

through the_suction'FiEe si:e only. 

Vapor Pressure (feet of water) for 70°r water this 

= • 89 feet of water & is usually neglected. 

S. G. = Specified Gravity (on a cold water break off test t1iis 

is 1.0) 

· 1.2.7.83 
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6. The NPSH eurve can now be plo-ted (use two (2) cycle semi-log paper to plot NPSH curve. NPSHR for any flow for this diameter can be selected. 

--.·-:-=-------------

\ 
I 

' 

\ 
\ \ 

l Point 

. v.2 . 
This cap used to find -2 and ·g 
calculate NPSHR for this flow point 

suet. pipe size only 

I I 
"'- -~ ·- I l I 

\.- I I 
I 

NPSH 

~::_· _____________ 2.1..~--L.ift -25-'--Lift:120'-Lift 

I 
;.. . ·."-:..·:-- .... 
~-~ir••·~ 

I . 

Fig. 1 -------------------·- -····. ------··· -· ---
·NPSH - HOT WATER 

7. Test can also be ran using hot water. This is accomplished by running a cold water test & tests at various temperatures up to boiling. 
Temperature should be as follows: 

170°F 
1S0°F 
190°F 
200°F 
206°F 
212°F (Boiling) 

! 1.2.7.84 
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To analyze this type of test, proceed as for Vac Break Off except use correct values for S. G. and V. P. These values vary with temperature. 

. Teaip. .,._ 

60, 
70 
80 
85 
90 

100 
110 
120 
130 
1,0 

150 
151 
152 
153 
lk 

0..26 
0.36 
0.51 
0.60 
0.'10 

0.95 
1.27 
1.69 
2.22 
2.89 

3.'n 
Ul 
3.90 
4.00 
'-10 

155 , .. 2,,. 
156 · 4.31 157 ,.,1 
158 4.52 1.59 '-63 160. ._,,, 

PROPERTIES OF .. WATER 

0.59 
0.89-
1.2" 
l.4-
L6 

2.2 
3.0 
3.9 
5.0 
6.8 

s-peclAe Cirav\ty 
(Water at 39-2"1' ·· = IJIOO) 

o.999:. 
0.998. 
0.997" 
OJl96 
0.995 .. 
0.993. o.99r 
0.989 
0.986 
0.983 

Temp. ·r. 

196 
196 
197 
198 
199 · 

200 
201 
202 
203 
204 8.8 0.981 9.0 0.981 206 9.Z 0.980 206 9.4 · 0.980 20'7 9. 7 0.979 · 208 
209 9.9 0.979 210 10.1 0.9'79 211 10., 0..978 212 10. 7 0.9'78 213 10.9 . 0.9'78 21' --· ·- _ ___________ ll.2---·· --------o.97'T __________ . . . -

Absolute • S-llk Cravit Vapor PTas1.1re· ( Water at J:i.i• Psi. Ft. Water = 1.0001 

10.38 24.9 0.964 
10.60 25.4 0.964 
10.83 25.9 · 0.963 
11.06 26.6 0.963 
11.29 27.l 0.963. 
11.53 27.6. 0.963 
11.77 2S.2 0.962 
12.01 28.8 0.962 
12.26 29.4 0.962 
12.51 30.0.~ 0.961 
12.'77 30.6· 0.961 
13.03. 314._ 0.960 
13.30 32.0 0.960 
13.57 32.6 0.960 
13.84 . 33.2 0.959 
1U2 33.9 0.959 14.41. 34.6 0.958 14.70 35.4 O.S58. 14.99 36.2 o.957 16.29 .... ---- 37.0 ---o.ss1 ------1&1· ----·,.as • ll.5 0.9'7'7 162 4.9'T 

163 5.09 164 5.21 
165 
166 
167 
168 
169 

170 
171 
172 
173 
174 
175 
176 
177 
178 
179 

180 
181 · 
182 
183 
184 

185 
186 
187 A.. -- 188 W. ..-1s9 

'-/ 190 
191 
192 
193 
194 

5.33 
5.4.6 
5.59 
5.72 
5.85 

5.99 
6.13 
6.27 
6.42 
6.56 

6.71 
6.87 
7.02 
7.18 
7.34 

'7.51 
7.68 
7.85 
8.02 
8.20 

8.38 
8.57 
8.76 
8.95 
9.14 

9.34 
9.54 
9.75 
9.96 

10.17 

11.7 0-9'77 12.0 0.976 12.3 0.97B 
12.6 
12.9. 
13.3 
13.6 
13.9 

lU· 
14.5 
14.9 
15.2 
15.6 

15.9 
.16.3 
16.7 
17.l 
11., 

17.$. 
is.a: 
18.7 . 
19.l. 
19.5 

20.0 
20.4 
20.9 
21.4 
21.S 

22.:1. 
22.B 
23.3 
23.8 
24.3 

0.9'i6 
0.975 
0.9'75 
0.974 
0.974 

0.9'1'4 . 
• o.973 

0.973 
0.973 
0.972 

0.972 
0.972 
0.971 
0.971 
0.971 

0.970, 
0.970 
0 . .970 
0.969 
0 . .969 

0.969 
0.968 
0.968 
0.967 
0.967 

-· 0.966' 
• 1 1 2 7 85 0.966 ' . . . 0.965 

0.965 
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r- AURORAPUMP 
~ A UNIT Cfll GENERAi.. SIGNAi.. 

CERTIFICATE OF COMPLIANCE 

I b.ereby certify that Pump Serial Number 4D0-65707 b.as been "VIP,. 

Hydrostatically Tested in compliance to specification at 303 P. S. I. and found to 

be· built witb. structurally sound castings. During the time th.is pump was 

tested, n~ escape of fluid th.rough the external surfaces of tb.e pump was seen. 

#R~ Ft:JQ.. W ren Randall 
Manager of Quall ty Control 

December 11, 1980 
Date 

JC;lkp4/l 

i 1.2.7.86 
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TURBINE FIRE PUMP 

DIESEL DRIVE 
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AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
900 A1 .. PQRT R0A0 •N0RT,. AUR0RA. ILL>N015 ·60542 

NO. Of !'IRINTS 

FOR APPROVAL 

8 FINAL 

4R£PR.0.S 

SALES OFFICE: M~Lwo& Pu MP~ e:Qu1eNe:NT co. Po# Aa1-10G. 
FACTORY ORDER NUMBER: _.:..;":ti:G-....C--..... t;,~5~2~0-4-c, ___________________ _ 
JOB: SO LAJ2 - 0 NE:, . :Pt LOT -:PLANT • 
SERVICE: DIESEL FIRE YUNP 
ENGINEER: 5TEA12,NS- ROC--ER ENGalblEE::B\h,.,)c; cogp, 
CONTRACTOR: .SIFA"&h...l.S- &QGE,R, ELIG I NEE:R I NG CQRB 
soLo To: roa,..,, Nse:"-lt> ~ BQ:CTQN, 1N c. Po# .zoo, -cz noo 
REFERENCE: PP.O.::f £,CI N ~ CZ. I 700 

PUMP 
NUMBER 

o ____ N___,E ____ OF UNITsEPIZ.5S FJ4TM SIZE __,,1.,,,.0,:;.,;0-...,0""-__ GPM 2..9..5' 
"' , TOH __.J_7~'.S-..::0~ __ RPM 

DISCHARGE 
..... 1-7=A~C=--a8...__HEAD 

8
,, 

--"'=----COLUMN 

COMPANION 
_______ FLANGE 

~ THREAD 

SEPARATE SOL. OILER 
______ BASEPLATE _____ VOLTAGE 

1,/ ,, 

0 FLAN~E _______ TUBE I /2_ SHAFT 

BOWL NUMBER O CONE 
__._E .... l"-6: ..... T ........ Mi..;.J.jHu... _____ ASSEMBLY 3 OF STAGES 

41 7 B:RQJ,ZE ~ BASKET STRAINER 

-

.... v.__-...::=3 ........... 7..,.,a .... -_.F ..... 2.,____ MODEL 

BY: ~ AURORA 

0 OTHERS 

ENGINE 
__ g_>-=--<,...._.O ........ O_. __ RPM CUM~IN:S MANUFACTURER -

GEAR DRIVE N.R.R. 

,;;;;:AM..._..A:::1R~1 ,..L..,L..:0~-- MFR. _ __.,'-"2..5=-c.;:;.s~ ____ SIZE ,3 : 2. RATIO ______ ROTATION 

FURNISHED BY: rgAURORA O OTHERS 

SPECIAL REQUIREMENTS 
PUMP:Ct;&:rlEl§JJ pe;;gE:0'2.H.ANCC:: IESTj t-l'l'DRQSTATJC TE$Tj BRONZE SQWL We;A:;? 

J:.JN G.S ; A.Cc E S.SORle:S :PER A:cIACMS:D SHE.US 

ENGINE: ACc;.,c;:ssoR•e:s PE& A.TTAC,He;o .;:5He:£T.$ 

ELECTRICAL' METBQN FI KE PUMP C..ON TRQLb ff g 'Pe:g ATT"AC. HEP ,5H EET.s 

CERTIFIED sEcT10N: 915 PAGE·-3,o.:g~.as1 cuRvENuMBER: ~~- 130:3a4: 
PRINT: S?ECIAL: ______________ MAINTENANCE: ____________ _ 

~v,sED ~/ , o.--- . / .~ A· ~~o.., A 
r"Z.--(C-80 BY:'6y½,/ 1:i,UDATE.w/Z],oO OFFICE:.J!:::u.!V:..!'S:=...::..il>ld~~--------

w./w THIS ORDER WILL NOT aE PROCESSED FCA MANUFACTURING UNTIL APPROVAL IS RECEiVED. 

{7'- PRINTS ARE NOT TO SCALE AND ARE CERTIFIEi:l COFIRECT ONLY FOR THIS ORDER. ALL 
ORDERS SUBJECT TO ACCEPTANCE AT AURORA PUMP, NORTH AURORA, ILLINOl:3. 

THIS ORDER CAN BE RELEASF.D FOR M.~NUFACTURING AS SHOWN: 0 
RELEASE FOR MANUFACTURING PER ~TTACHED CHANGE ORDER: CJ 

40150 1 l - 7~) 1.2.7.90 

AUTHORITY: _______ _ 

OF~ICE:---------
DATE: _________ _ 
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SECTION 915 PAGE202------AURORA MODEL F------------...,_ 
DATED NOVEMBER 197S VERTICAL FIRE PUMPS 
SUPERSEDES PAGE 202 GEAR DRIVEN - AMARILLO 
'"TEO APRIL 1975 SUMP INSTALLATION 

DISCHARGE HEAD DIMENSIONS 
DISCH cc 

t 
GG 

HEAD BB GG HH JJ KK LL MM NN RR ss 
SIZE MIN MAX 

sa. 
• 

- 17ACA8 15-1/4 20-1/4 8 4 6 1-11-1 - 8 17 22 l 13 15 
20AC10 10 21 24-1/2 20 26 l 13 18 ,n !'\ 7 1-1 /.1 

25AC12 12 22 25 24 33 1-3/32 17 22 12 6 8-1/4 1-f/4 
12025AC10 10 21 24-1/2 20 26 l 13 18-1/8 10 5 7 1-114 
25Ll45 14 22 25 30 34 l 18 42 15 1-1/2 23-5/1 1-1/4 

SI 
PUMP AND SUMP DIMENSIONS GE 

PUMP TT FOR ADD'L YV zz 
GPM MODEL NO, OF STG. TT' uu vv WW xx MIN, MIN, 

STGS, 
500 Fl2EL 39-7/8 4 7 14 8 24 12 7 
750 Fl2EH 50-1/2 4 9-1/8 15 8 24 12 8 - 1000 Fl4TM 44-1/3 3 9-3/4 15 8 24 12 8 - 1500 Fl4R 58-1/4 3 13-3/8 20 10 25 12 10 I 

2000 Fl6EH 52 3 12 18 10 24 12 9 
2500 Fl8EH 45 2 14 21 10 24 12 11 
3000 FlBEH 43-5/8 2 14 21 10 24 12 11 
3500 to F20K 54-5/8 2 18-1/4 23 12 33 12 l:.l 
4500 

GEAR ORI VE MFR. GPM AHO DISCHARGE HEAD SIZE 
AMARILLO 

MAX EE FF 500 7511 1000 15110 2000 2500 3000 asoo 4500 MODEL AA DD pp 
HP DIA. KEYl'IAY 4000 

60 GO 2g 11-1/2 16-3/4 1-1/2 cl~ Sq. 
17ACAS NR :--'R ,u ~o 28-1;2 11-1,2 lG-3/4 1-,/'l 3, r3 Sc. 'IR 

100 100 B-1/2 11-1 /2 16-3: 4 1-i/S .J/8 Sc. 17ACA3 
17 ACA3 :--R 11'.R 

~1.2:::i 125 2.9-J; :3 11-1/2 18-3/4 J-7/16 ~1 S So. J, . .>,Cd :--R ~R 
150 1;;0 33-3/4 13-3/4 20-3/4 2-7/16 ~,, SrJ. 20.V''O 

20AC 10 NR 200 200 33-3/4 13-J/4 20-3/4, ~-7/16 ,J1 3 ScJ. NR JUAClO cOAClO 
275 27.5 43-7 IS 16 25-1/2 2-15116 J/-l: ;;:r, 20"jA( 10 :-rn 2023AC10 2023AC10 J75 3,,5 -t3-.5/8 16 25-1/2 2-15 116 J/-t ~n. XR 2-5AC12 
--t5V 450 43-5/8 16 25-1 /2 3-31-t 7 1 S So. NR 25ACl2 25LHS 
600 600 50 IS Z6-3/4 3-3/4 7 /S Sq. :-R NR Xll 

2'1OTES: 
rn I!ffiICATES NOT REQUIRED. 
,LL DINl'S. lN INCHES UNLESS OTHERWISE SPECIFIED. 

"'SS" NPT IS CONNECTION FOR ENGINE COOLING PIPING LOOP. STEAMNS-RU~EK ENGINttK!NG 
PP..CJECT NO. 621700 

CUIO-'. 

~-~ I ~-~-SCL,AR-C~E FI LOT PLANT 
~--"""""-lfllliNI T CNE 1.-.1.l.-t.·~1.i •• ·a-w· .. '/•'-i•·wp.c. 2001 

1.2.7.91 



_,._ ________ AURORA MODEL f ____ _ 
SECTION 915 PAGE J51 
DATED JULY 1978 VERTICAL FIRE PUMPS 

ENGINE DRIVEN· AMARILLO GEAR DRIVE SUPERSEDES PAGE 361 
DATED FEBRUARY 1977 

IASE 
4-7 /8 DIA. H9LES HA HB HC HE HF WT. 

NO. LBS. -
HC •- HF HB -•;c ~ 
-------G MAX.----:==-::::=1-. __ 

~ 
l 29 42 6 27 30 175 

- 2 29 62 10 27 42 221 
3 30 66 10 28 46 305 

IMPORTANT 
"J" DIMENSION PLACES ENGINE SHAFT IN 
LINE WITH GEAR SHAFT. CONCRETE PAD 
SUPPLIED BY OTHERS. 
THE IDEAL WORKING ANGLE FOR THE 
DRIVE SHAFT IS Jo TO 5o. 
"J" WITH* REQUIRES ELEVATION OF PUMP. 

D DIA. SHAFT 
WITHE KEYWAY 

-

HEAT EXCHANGER LOOP (UNION TO 
UNION) BY AURORA PUMP, REMAINDEF 
OF P1 Pl NG BY CUSTOMER. 

A 

J - SUPPLIED BY OTHERS 
CENTERLINE OF BASE 

MOUNTING HOLE 

=._L/flOOR LINE 

.. 
11 z.a •• ~t-l-" ~ T' t N <ia IISCN -- ' -ISMOGIL DITIIOIT -••' , .. , NEAO IIAII H&R 

111'11 MODEL IU N, IIODIL N v-m-n 11-111-n'v-11 .. , ...... , NT-tll-FI NT-t•,Z VT•1111-F - .... - 1114-
IUI tlll 1111 1111 

500 Fl~EL 17ACA8 60 60 ,s-1;; l•I/~ 1-1/8 1·1/8 !IR NR !IR NR l•l/, l·l/4 )/R NR 
30 ,u 
;o .,, 

l•I/• l·l/8 l•l/4 SR 
7,'.iO Fl:.i:t:H 17ACAd 100 100 ,s-1n l·l/8 NR NR NR NR l-1/~ 

,-.. 
SR ,-- l-1/-1. uo l•o INR7 NR 

17ACA8 
100 100 

.!G-1/2 l·l/8 1-1/S l·l/.f, l-1/~ 1-1/..f. 
1000 F L;iT\' 1.:s l~.S SR SR NR NR NR NR 

,uACl0 L;O 1.;o J.l-J/-4 ' NR ... ,, ; li-1/.,1! SH o-1, J. 

l':'Al.:A:t u, uo I .:6-l/..! rf--14 SR NR 
1-1/, SR 

"" 130 I NR 1--J!:.iL.=. i.:.oo ruR .!OAClO ,uu ,uu Jl-J, -4 SR SR o-1 ~ ~-1 ~ 
NR 1'1R SR 6-1/2 

I SR NR -.!0~$AC10 .!73 ,10 J.1•1/S NR 5•7/S 8•7/8 ft-7/ij 

i .!.OA.ClO ioo 200 Jl•J/~ •Ht~ &-1/2 NR 
NR 

6-.L/:Z 

i :!000 Fl6EH .. ,., ... >IR NR NR 3-71~ 8-7/~ SR NR NR ~ ~0~SACl0 ,,, J75 I 
:w-l/;J, ' l<R SR SR 1-J,~• NR 

l0AC10 l'lO .l.00 31-3/, 8-J/2 6-1/2 NR NR ~ 2500 Fl8EH .,a .,, NR SR NR 'J-11'i •· ' NR NR >IR -i.'8 
l02SAC10 

J7o J7> 
3-1-1/, NR SR · NH 1-'1<' " 

l7S '75 l~-3/4 SR 
3000 F'18EH Z5ACU J7> J75 38 NR SR )/R SR NR 

NR 2-1/8 1-R NR NR NR 
;so ••• 

3~00 315 315 38 ~ ~ouo FilUK 2~AC12 ,:;o ••" SR NR NR SR SR NR NR )IR SR SR 
000 600 .o •-1/8 

Ji.; 31j ,. i2-1/8 
1'500 F20K ~SLHS J.;o ~ .... o )IR SR ,11 NR NR SR NR NR NR NR 

,oo l.>Ou •• ""7r.T7r 

SOTlS· ENIINI ENGINE D l 
1, SR {NOIC . .\Tl::.S NOT Rt:QCIRED. IIF'II. IIODlL l 
.l.. ALL Dl~l'S, IN ISCHES UNLl::SS OTHCR\\'ISt SPECIFtEO, 

I C INL KEVWIY 

3. NOT FOR CONSTRUCTION PURPOSES UNLESS CERTIFIED. - V-3Tl-~I 
•· HEAT EXCHANGER LOOP PIPING IS 1- l/4" EXCEPT FOR V-3 8-F2 21-3/1 10-3/11 4 2-1/2 1/8 SQ. 

VT-I Tl0-F £NGINE WHICH IS 2". - IY•504•F 
CUMMINS 

N•ISS•F 
-H5•P'l u-1/• 11•7/11 •-112 2-3/4 3/4 SQ. 

NT•OOO•n 

VT-l710•F 31-T/I l T•T/8 5 3 3/4 SQ • 

1034-Tll0 18-15/11 
DETROIT lU-M•l•n :15-1/4 

~ 
5-3/4 2•1/4 5/8 SQ. 

1064-Tll0 

11>84-TOIO 34-11/11 10 3•15/11 I SQ. 

STEARNS-ROGER ENGINEERING CORP. 

~~ I !-~
PRCJECT NO. 621700 
SCLAR-C~E PILOT PLANT 

)l}·j/ ...... , .. / •• \ ... 1•-- Ui\lT ONE 
P.C. 2001 1·2·7·92 

G I ENGINE I ~11°1.:~ , MAI . •DTM ' LIS. 

I~ 

21-11/11 "2-7/~ 

21-t/16 48•3/8 
32-ll/115. 

31.;1• j a "800 
,1-11, ~ 1! · l/4 

• ,.3/4 !8-7/8 ! 53-l/4. I .ooo 1 

tSl•\5/IS• 30·3/4 11':"'5 
34•l/8 i :,7-ll :&, Jl-)J; 1910 

ti9•l :s • 31-t/2 2330 

i T2•1/8 l•S•l/2 ' 43-1/4 2930 

-

llSl 
NO, 

I 

2 

J 

l 

2 -
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---------1000 G.P.M. FIRE PUMP---sEcnoN914 PAGE 403 

t
w 
w 
LL. 500 

I 

C 
<( 
w 
:::c 400 
tJ -~ 
<( 
Z 300 
> 
C 
..J 
<( 
I- 200 
0 
1-

100 

I 

~ 75 ---- HP~ -- -- ,.._ 

' 

200 

ELECTRIC MOTOR DRIVE DATED MAY 1979 

I 

! i 

SUPERSEDES PAGE 403 
DATED APRIL 1975 

IMP. PATT. NO. - 14TMH 
CASE PATT. NO. - l4TM4 

F14TM 
1770 R.P.M. 

I 

I 

100 .... 125 t _,.. ... I : I i ....... 
\ I .... HP ,....m,. .... , 150 ..,_r, : ~e_ ....... -- ..... 76"' I I 

..... I HP -....J I ,~ 
r,.._ '-- -- ' : I 

I .... ...... ,__ 
I ..... J I r... 76~ I i 

..... ..... "":!lo ... 
..... ~ .... .. .~ 

..... \ ~ 
,.. I .... 

~ -J i 1',,/ I r, ..... 
r-- ... I ...., I ' 'f,.. I ........ ... I/ I l I ..... ' 

.., -~ , 
' !'"'J ..... ........ I 

60ft I '1~ I ' ""'- I I/ / ..... I ...... 
..... .J " I .,._.,.. ,.,_ ..... ......... 

r-r I 11-~ ,.._ r. ,.. .......... 
I i if 75" ........... ..... I 

I I : I\. J '"10.. 1 r-, ... ... ..... I 
! 1, ... ,;:-

I I I I 

I I I I 

I I 11 
I 1000 1500 I I 

I I I ! I J I I ! I I ' 
400 600 800 1000 1200 1400 1600 1800 

CAPACITY-G.P.M. 9PC· 130386 

• 

STEARNS-ROGER ENGINEERING CORP. 
PRCJECT NO. 621700 
SCLAR-C~E PILOT PLANT 
Ul'ilT C~E 
P .C. 200 l 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
800 AIRPORT ROAQ,NORTH AURQRA. ILLINOIS-60542 

1.2.7.93 
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,~ .... ·,. 

,' ... 

l 

CLOSE COUPLED.,,hJL;'.,,i .. VERTICAL···;,,,, --•; ··• ., 

TURBINE 
PUMPS 

• 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
800AIRPORT ROAf>•NOR'THAURORA.IUJNOIS•eo542 

1.?.7_:;.; 

-

-

-
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A1crara Puinp 
RECOMMENDED SPAR€ PARTS LIST 

OPEN/ENCLOSED LINESHAFT CONSTRUCTION 

FACTORY ORDER ~UMBER 4GO -l.S70C.. 

QUANTITY DESCRIPTION 

1 

1 

1 

z, 

Nl< 

1 

1 

z 

1 

THRUST BEARING FOR DRIVER 

RAOIAL SEARING FOR DRIVER 

·TUBE CONNECTOR 

PACKING eox BEARING 

SET SQUARE PACKING 

PACl<ING GLAND 

TOP COLUMN FLANGE GASKET 

LINESHAFT BEARlNG 

TUBE ADAPTOR BEARING 

DISCHARGE CASE CAP 

DISCHARGE CASE BEARING 

INTERMEDIATE BOWL BEARING 

SUCTION CASE SEARING 

SOWL WEAR RING 

IMPELLER WEAR RING 

PUMP BOWL SHAFT 

PA~KHJ!i SOX GASKET 

N'S \NDICATES: 

NQr ""Re:au, &e:n 

AUAOAA ;:>UMP• 900 A IA POAT ;::IC.• N. AUAOAA, ILL.JNOIS 60542 • TE'L.. :31:2-859-70CO 
VEATI-L.IN5•P.O. SOX -,300.L..A P~ENTE, CALIF. 9-,749.TEL.. 213-330-34-,-, 

1.2.7.95 
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AURORA 1100 SERIES 
REPAIR PARTS LIST 

RIGHT ANGLE GEAR DRIVE 
ENGINE ASSEMBLY 

,,,~ 
/ 

/ /// 

,,,,. 

/ 

/ C: 53 
--- -- -- -- --- --- --- ---

38 

IOU flCl PllCl lll• IIU -HI llCl•• lllU IPW PUTI 

~ 1976 AURORA PUMP. NORTH AURORA. ILLINOlS 

-- ---

t~1 itJ :~~:.~.~~~~-~i~~~~J 

--- --- --- --- --- -- -- --- --- -- --- --- -- ---

// 

-- --- ---

/ 
// 

--- --- ---
// 

/ 
// 

/ 

SlEAR~S-RO(ER ENfl"EERING CCRP. 
FRCJECl NC. t217CO 
SCLAR-C~E flLOT PL,~T 
llf\lT Cf\f 
P.C. ,001 

11 

1---19 

20 

-21 

27 

~✓28 
8--_--..J 

~1.~= 
~ 

- -
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AURORA 1110-1130 SERIES 
REPAIR PARTS LIST 

AC CAST SURFACE DISCHARGE 
HEAD ASSEMBLY 

360-------- 348 

324 

325~ 

v~~ 
: I 11~~ 

328 329 , 330 

316---I 
336 335 

I 
t 

I 

334 

. -

370 

-------371 • 
Q. 
ex; 

351 

-------372 ~ 
t,:, 
z -1% 
w ,-
I.I.I .,:. 
~ ,q_ -o...., 
I.;) 0 u. 
z r-
u.J - ,-

N • 
a:. ,u --
1.U -(,.;,J • ,.. ~ 

0 Q 0 
0:,1.U 0 

I L """"~,_. 

"'' .... '-'' ~WIU 
a:: w 1% 

c 1976 AURORA PUMP, NORTH AURORA, ILLINOIS < -, Cl. ,- • 
WU-'-1-i 
,... ~I.I" • 
V,Q.V);.JQ. AURORA PUMP 

A UNIT 0~ Cl• N • AAL • ICINAL 

-, 1.2.7.97 -- ------------
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AURORA 1110-1120-1130 SERIES 
REPAIR PARTS LIST 

THREADED COLUMN PIPE 
ASSEMBLY FOR OPEN 

LINESHAFT 

D 
ij 

Hlt PICI PIICI -•111-•n ·-•--11 ..... ,un 
• 1976 AURORA PUMP. NORTH AURORA. ILUNOIS 

t~1:tJ ~;:,;;~==~;~;] 

-

D D 
~ ij ~ ~ ~ 

-
• 

0. 
a. 
u 
u 

C) 

.z .... 
0:: 
w 1-
w .it!:. 
~ Cl, 

-0-1 
C, u 0. z,... 
w .... I-

N • a. '(} _, 
w -
\.:I • ~ -uu 0 
a:zw o 
I L 1.1,1 '" 

VI .,_1.,1 <t:. 
~u,u 
a. w a. 
<l-,<lt-. 
wu...1-u 
t-c;i:;u, • 
VI a.. V1;.) ~ 

(ID 

~ 

CX) 
a, 
.....: 
~ ... 



! ... .. 
io & C :« 0 -"'::zs 0 c:: - '"m • ! I n .,.z.,, • 
~ I oor-> -, I ~ i :a_- -

1 > Ill r-~zllo 
; i c: ~ I • C: ::::c '" .,, .!.. 

h • 1 

z .. 402 I: :au,> -
j = Zm;:ii :== 

I~ Oi .... . .,,,..,..~ . 
i I -c u, -

: D • ' 
@-••a 

.,, '"-f c::. '~. ,.1 ::D • '"c>~ o • z ' 0 -

Ii; I ~ I u, ~"' en ... 
I~ >'I/ ~ ' :< !! 
I, ,- I 

§ ! fi-417 -1m: "' 5 
: ~ 'I 

L.___; 

439 ~ - ~ 
t 

402 • @-••a 
fi-417 

439 ~ 
~ 

402 • @--418 
'CY 

- u--417 
~ 439 STE.6Pf\S-RCfEP ENGlf\EERING CCRP. 

~ 
PFlCJECT NC. ~217CO 
SCLAR-OE FI LCT PLAf\T 
LflIT C"E 

1.2.7.99 F .C. ~co 1 
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363--~ 
364-© 

AURORA 1100 SERIES 
REPAIR PARTS LIST 

FOUNDATION ANCHOR 
BOLT ASSEMBLIES 

363--~ 
364 ® 

SlE~R~S-RCfEP ENGI~EERING CCRP. 
P~CJECT NC. ~217CO 
SCLAR-C~E fllOT PLA~T 
L1'IT C1'f 
F.c. ;co1 

~ 1976 AURORA PUMP, NORTH AURORA, lll/NOIS 

AURORA PUMP 
A UNIT OF Gl!NERAI. SIGNAL 
800 Al,-.POAT RQA.O•NORTH AUAQFIIA !LLINOIS-805,42 

1.2.7.101 

®•--363 
®-364 
®--366 
®----367 



-----------AURORA 1100 SERIES--secnoN 
PART CESCRIPT10N DATED 
DRIVER ASSEMBLY 

(1-99) 

PIECE PART PIECE 
NO. 

PART 
DESCRIPTION NO. 

1 
2 
3 
4 
5 
SA 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

DESCRIPTION 

SCREW. Lock 
NUT, Adjusting 
KEY. Nut 
SHAFT. Driver 
BEARING. Thrust 
BEARING. Radial 
MOTOR. Bectric 
CAPSCREW. Driver 
BUSHING, Stabilizer 
ADAPTER. Plate 
CAPSCREW. Adapter 
CAPSCREW, Coupling 
·COUPLING. Half 
SETSCREW. Coupling 
KEY. Shaft 
KEY, Shaft 

· COUPLING. Half 
SETSCREW. Coupling 

· NUT, Coupling 
SCREW, Lock 
NUT, Adjusting 
KEY, Nut 
BRACKET, Gear Drive 
CAPSCREW, Bracket 
GUARD. Coupling 
SCREW, Guard 
BEARING. Thrust 

.. 

STEA~~S-R 
FPCJECT 1' 
SCLiR-OE 
L~IT Cl'.E 
F.C. ;o 

I 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
'Jl 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

DRIVE. Gear 
CAPSCREW. Gear Drive 
BUSHING. Stabilizer 
KEY. Shaft 
SETSCREW. Coupling 
COUPLING, Flexible 
SHAFT, Flexible 
COUPLING. Flexible 
SETSCREW. Coupling 
KEY. Shaft 
ENGINE. Combustion 
GUARD, Coupling 
CAPSCREW. Guard 
KEY. Shaft 
SETSCREW, Coupling 
COUPLING. Half 
INSERT. Coupling 
COUPLING. Half 
SETSCREW, Coupling 
KEY. Shaft 
MOTOR. 8ectric 
GUARD. Coupling 
CAPSCREW. Guard 
SHAFT. Gear Drive 
SLINGER. Shaft 
CAPSCREW, Coupling 
NUT, Coupling 

CGEP ENGl~EERING CCPP. 
C. f217C0 . 

FILCT FLJ"T 

01 

c 1976 AURORA PUMP. NORTH AURORA. ILLJNOIS 

AURORA PUMP 
A UNIT OF GENEJ:ZAL siGNAL 
100 AIAl'Olff l'IQA0 •NOlll'n< AUIIO"A. •WNOIS •4054'2 

1.2.7.102 

PAGE 
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...... r--------AURORA 1100 SERIES
PART DESCRIPTION 

COUPLING ASSEMBLY 
(100-199) 

PIECE 
NO. 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

PART PIECE PART 
DESCRIPTION NO. DESCRIPTION 

COUPU NG. Shaft 
KEY. Shaft 
CAPSCREW. Coupling 
COUPLING. Half 
SETSCREW, Coupling 
RING. Split Thrust 
SPACER. Coupling 
NUT. Couplin8 
CAPSCREW. oupling 
NUT, Adjusting 

110 SCREW, Nut 
111 COUPLING. Half 
112 SETSCREW. Coupling 
113 NUT. Coupling 
114 KEY.Shaft 
115 BRACKET, Driver 
116 GUARD. Coupling 
117 SCREW. Guard 
118 CAPSCAEW, Bracket 
119 WRENCH. Adjusting 

. 

. 

~ 1976 AURORA PUMP. NORTH AURORA, ILLINOIS 

AURORA PUMP 
A UNIT CJF GENEAAL SIGNAL 

1.2.7.103 

. 

• 
Q. 
ex. 
0 
\,.I 

u 
z -~ 
I.U 1-
1.U .::. 
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- 0 _, 
~ u Q. 
z,-.. 
I.U - .... 

NO 
ex. "" ... 
I.LJ 
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uu 0 
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a:. I.U a:. 
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I.U u _, - u 
-cx.\..14'. 
VI Q. VJ ..J Q. 



.... --------AURORA 1100 SERIES
PART OESCRIPTJON 

PIECE 
NO. 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

214A 

215 
216 
217 
218 
219 
220 
221 . 
222 
223 
224 
225 
225A 
226 
227 
228 

229 
230 
231 
232 
233 
234 
235 
236 
m 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 

PART 
DESCRIPTION 

CAP. Tank 
CUP. Cap 
SCREW. Clip 
GASKET, Cap 
TANK. Lube 
FlmNG. Gauge 
GLASS.Gauge 
SCALE. Gauge 
RODS. Protector 
VALVE. Gauge 
PLUG. Drain 
SUPPORT. Tank 
BUSHING. Tank 
NIPPLE. Tank 
VALVE. Solenoid, 
General Purpose 

VALVE. Solenoid, Ex-
plosion Proof 

VALVE. Shut Off 
FlmNG. Tube 
TUBING, Lube 
CAPSCREW. Support 
GASKET. Support 
COLLAR. Sleeve 
SETSCREW, Collar 
NUT, Gland 
WASHER. Gland 
GLAND, Sealing 
PACKING, Ring 
BUSHING. Gland 
RING. Lantern 
PACKING. RJn~ 
SEAL ASSEM LY, 
Mechanical 

GASKET, Seal 
SLEEVE, Shaft 
GASKET. Sleeve 
STUD. Gland 
CAPSCREW. Gland 
CAPSCREW. Housing 
PLUG. Drain 
ELBOW. Fitting 
FITTING, Lube . 
BUSHING. Fitting 
ELBOW, Fitting 
FITTING. Tube 
TUBING. Drain 
FITTING. Tube 
BUSHING. Head 
HOUSING. Sealing 
BEARING: Housing 
GASKET. Housing 
SLINGER. Shaft 
LOCKNUT. Tension 

SEALING INSERT ASSEMBLY 
(200-299) 

PIECE PART 
NO. DESCRIPTION 

249 CAPSCREW. Nut 
250 GASKET, Nut 
251 NUT. Tension 
252 GASKET. Housing 
253 PLUG. Connector 
254 CONNECTOR, Tube 
255 BUSHING, Co:inector 
256 FITTING. Tube 
2':j/ GASKET. Collar 
258 COLLAR. Lock 
259 SETSCREW. Collar 
260 WRENCH. Adjusting 
261 CAP, Tank 
262 GASKET, Cap 
263 CLAMP, Cover 
264 COVER. Tank 
265 GASKET, Cover 
266 TANK. Lube 
2ol STRAP. Tank 
268 BOLT. Strap 
259 NUT. Strap 
270 SUPPORT, Tank 
271 BUSHING, Tank 
272 NIPPLE. Pipe 
273 TEE. Pipe 
274 NIPPLE. Pipe 
275 CLAMP, Pipe 
276 HOSE. Pipe ' 
m CLAMP. Pipe 
278 NIPPLE. Pipe 
279 VALVE. Shut-Off 
280 PIPE. Connecting 
281 SCREW. Machine 
282 SPACER. Collar 
283 BUSHING. Pipe 
290 PACKING INSERT. 

291 
AssemblX 

SEAL INSc:RT. 
Assembly 

292 TUBE TENSIONING. 

293 
Assembly 

294 COIL ASSEMBL V 
294A COIL ASSEMBL V 
295 MANUAL LUBRICATOR 

ASSEMBLY 
295A AUTOMATIC LUBRI-

CA TOR ASSEM8L Y 
2958 AUTOMATIC LUBRI-

CA TOA ASSEMBLY 
296 WASHER. Strap 
297 ELBOW. Valve 
298 RING. Retaining 

<§ 1976 AURORA PUMP. NORTH AURORA. ILLINOIS 

AURORA PUMP 
A UNIT OF GENEJ:IAJ.. SIGNAL 
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_._ ________ AURORA 1100 SERIES-

PIECE PART 
NO. DESCRIPTION 
300 SCREW. Cover 
301 COVER. Box 
302 GASKET. Cover 
303 CONNECTOR. Cable 
304 BOX. Electrical 
305 CAPSCREW. Box 
306 GASKET. Sox 
307 SUPPORT. Box 
308 .BOLT. Lifting 
309 PLUG. Airline 
310 aaow. Discharge 
311 BOLT. Elbow . 
312 GASKET. 8bow 
313 HEAD. Discharge 
314 NUT. Elbow 
315 GUAAD. Coupling 
316 SCREW. Guard 
317 VALVE. Air Relief 
318 NIPPLE. Valve 
319 BUSHING. Valve 
320 PLUG. Suction 
321 PLUG. Vent 
322 PLUG. Discharge 
3Z3 CAP. Vent . 
324 PLUG. Vent/Pre-lube 
325 GAUGE. Air 
326 CAP, Valve-
327 VALVE. Air 
328 BUSHING. Valve 
329 TEE. Gauge 
330 SUPPORT, Gauge 
331 BUSHING. Fitting 
332 FITTlNG, Tube 
333 TUBE. Airline 
334 DECAL. Head 
335 NAMEPLATE. Head 
336 PIN. Nameplate 
337 BUSHING. Fitting 
338 FITTING. Tube 
339 TUBING. Drain 
340 ATTING. Tube 
341 TEE. By-Pass 

PART DESCRIPTJON 
HEAD ASSEMBLY 

(300-399) 

PIECE PART 
NO. DESCRIPTION 
342 SUPPORT, By-Pass 
343 ATTlNG. Tube 
344 TUBING. Sy-Pass 
345 FlTTlNG. Tube 
346 ELBOW. Fitting 
347 GAUGE. Discharge 
348 NUT, Flan?ie 
349 GASKET. lange 
350 FLANGE. Companion/ 

351 
Bushing 

SOLT. Flange 
352 NUT. Coupling 
353 CLAMP, Couplin~ 
354 RETAINER. Couping 
355 GASKET, Coupling 
356 RETAINER. Coupling 
357 CLAMP, Coupling 
3.58 BOLT. Coupling 
359 GASKET. Plate 
360 CAPSCREW. Plate 
361 PLATE. Head 
362 GASKET. Base 
363 NUT, Foundation 
364 WASHER. Foundation 
365 PLATE. Base 
366 WASHER, Foundation 
367 NUT. Foundation 
368 SOLT. Foundation 
369 STUD. Flange 
370 GASKET. Flange 
371, FLANGE. Top Column 
372 NUT, Flange 
373 CAPSCliEW. Flange 
374 SOLT. Seal 
375 PIN. Cotter 
376 PLUG. Seal 
377 CAP. Seal 
378 GASKET. Seal 
379 AET AINER. Seal 
380 SHAFT. Head 
381 PLUG. Drain 

~ 1976 AURORA PUMP, NORTH AURORA. ILLlNOIS 
.,,. - -~ AURORA PUMP i II...•· I 

I A UNIT OF GENEJ:IAL SIGNAL I - -~ 
I l I! ,7_ • I } I - I. ' .J'- 300 AIIOPQIIIT JOOAO • N0Rl'H AUI00R4. lLUNOIS • 4054 2 I 
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..... --------AURORA 1100 SERIES
PART DESCRIPTION 
COLUMN ASSEMBLY 

(400-499) 

PIECE 
NO. 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 

PART 
DESCRIPTION 

PIPE. Top Column 
TUBE. Top Enclosing 
COUPLING SHAFT 
KEY. Coupling 
CAPSCREW, oupling 
CAP. Coupling 
RING. Split Thrust 
SPACER. Coupling 
RING, Split Thrust 
CAP. Couplina 
CAPSCREW. oupling . 
KEY, Coupling 
SHAFT, Top 
NUT. Flange 
STABILIZER, Tube 
RING, Retaining 
WASHER. Thrust 
BEARING .. Shaft 
RETAINER, Bearing 
RING, Spacer 
SLEEVE. Shaft 

' COLLET, Sleeve 
COUPLING. Pipe 
GASKET, Flange 
PIPE. Top Column 
TUBE, Top Enclosing 
BOLT, Flange 

SlE,,Pf\S-RC 
FPCJECl NC 
SCL,,R-C"E 
L"IT C"E 
P.C. 200 

I 

PIECE 
NO. 

427 
428 
429 
430 
431 
432 
433 
434 

435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 

PART 
DESCRIPTION 

NUT, Flange 
TEE. Discharge 
NUT, Flange 
GASKET. Flange 
FLANGE. Companion 
BOLT, Flange 
TUBE. Intermediate 
PIPE. Intermediate 
Enclosing 

PIPE. Column 
TUBE. Enclosing 
GASKET, Flange 
BOLT, Flange 
SHAFT. Line 
VAL VE. Check 
PIPE. Lower Column 
SEARING. Aed:.icing 
TUBE. Lower Enclosing 
CLAMP. Cable ' 
CABLE. Power 
SPLICE. Cable 
ELEVA iOR. Pipe 
GROMMET. Cable 
GUARD. Cable 
LOCKWIRE, Coupling 
LOCKWIRE. Couoling 

fEP E~Glf\EERING CCPP. 
• t217CO 
FlLGT FL,,I\T 

1 

I I 
® 1976 AURORA PUMP, NORTH AURORA, ILUNOIS 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
800 AIIIIPOAT ROAD-NORTH AURDll!A. JWNOIS •50542 
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-----------AURORA 1100 SERIES._ 
PART DESCRIPT1ON 

-;,..• .· ?l!:CE 
NO. 

500 
501 
502 
503 
504 
505 
506 
507 
508 
509 

' 

' 

i 

PART 
DESCRIPTION 

CAPSCREW. Case 
NUT. Case 
GASKET. Flange 
STUD. Case 
FLANGE. Adapter 
COUPLING, Adapter 
PLUG. Lubrication 
ADAPTER. Tube 
CAP. Discharge 
SEAL. Shaft 

. 

DISCHARGE CASE ASSEMBLY 
(500-599) 

PIECE 1

1 

PART 
NO. DESCRIPTION 

510 SLINGER. Shaft 
511 CASE. Discharge 
512 PLUG. Relief 
513 BEARING, Discharge 
514 COLLAR. Bearing 
515 SETSCREW. Collar 
516 SPACER. Ring 
517 CAPSCREW. Adapter 
518 CAP, Adapter 
519 GASKET; Adapter 

STEAR~~-RC · GEP ENGlt-.EEqJNG COPP. 
t:2l7CO PRCJECT ~C. 

SCLAR-CH F ILOT FL.~I\T 
Udl Ct-.E 
F.C. LOO l 

I 

~ 1976 AURORA PUMP, NORTH AURORA. ILLINOIS 

AURORA PUMP 
A UNIT CF GENEAAL. SIGNAL. 

800 AIAPOA-:' AOAO-NOAT!-< "-UAOIOA. 1u.JNOI$ ,dO!_.:Z 

1.2.7.107 



_._--------AURORA 1100 SERIES
PART DESCRIPTION 

PIECE 
NO. 

600 
601 
602 

603 
604 
605 
606 
607 
608 

609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 

PART 
DESCRIPTION 

COUPLING, Shaft 
KEV, Coupling 
CAPSCREW /MACHINE 

SCREW. Coupling 
CAP, Coupling 
RING. Split Thrust 
SPACER. Coupling 
RING, Split Thrust 
CAP, Coupling 
CAPSCREW /MACHINE 

SCREW. Coupling 
KEV, Coupling 
SHAFT. Pump 
BEARING, Upper 
GASKET, Bowl 
BOWL. Top 
PLUG. Relief 
BEARING. Lower 
SEAL. Bearing 
SCREW. Collar 
COLLAR, Thrust 
RING, Split Thrust 
KEY. Impeller 
COLLET. Impeller 
RING. Upper Bowl 
RING. Upper Impeller 
IMPELLER. Bowl 

STEiRt\S-RGf 
PHJECT fl.C. 
SCLiR-OE F 
t:~IT C~E 
F.C. ~00 I 

I 

BOWL ASSEMBLY 
(600-699) 

PIECE 
NO. 

625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
635 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 

PART 
DESCRIPTION 

PROPELLER, Bowl 
RING. Lower Impeller 
RING, Lower Bowl 
RING. Split Thrust 
COLLAR. Thrust 
SCREW. Oollar 

· BOWL. Intermediate 
STUD. Bowl 
NUT. Bowl 
CAPSCREW, Bowl 
COLLET. Sleeve 
SLEEVE. Stabilizer 
STABILIZER. Interstage 
BEARING. Stabilizer 
RING. Retaining 
DRIVER. Collet 
REMOVER. Collet 
SETSCREW. Ring 
LOCKWIRE. Coupling 
LOCKWIRE, Coupling 
DRIVER. lmoeller 
SETSCREW: Impeller 

FASTENER SET. Bowl 

ER ENGI~EERING CCRP. 
t217CO 

ILOT PLl.f\T 

© 1976 AURORA PUMP, NORTH AURORA, ILUNOIS 

AURORA PUMP 
A UNIT OF GENERAL. SIGNAL 
800 AJAP0AT Pl0A0·"0ATM AUAOfllA. IWN0IS •5054,Z 

------
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----------AURORA 1100 SERIES
PART DESCRIPTION 

SUCTION CASE ASSEMBLY 

PIECE 
NO. 

700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
7'23 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 

(700-799) 

PART PIECE PART 
DESCRIPTION NO. DESCRIPTION 

SETSCREW. Locking 
STUD. Case 
RING. Suction 
COLLAR. Protecting. 
SETSCREW. Collar 
BEARING. Suction 
CASE, Suction 
NUT. Case 
CAPSCREW. Case 
COLLAR. Protecting 
SETSCREW. Collar 
GASKET. Housing 
CAP. Housing 
CAPSCREW. Housing 
PLUG. Lubrication 
COUPLING. Suction 
PIPE. Suction 
COUPLING. Strainer 
STRAINER. Suction 
CAPSCREW. Strainer 
SCREW. Strainer 
BODY. Valve 
SCREW. Stop 
DISC. Valve 
GASKET. Valve 
WEIGHT. Valve 
SCREW. Weight 
STRAINER. Valve 
SCREW. Strainer 
UMBRELLA. Suction 
UMBRELLA. Halt 
UMBRELLA. Halt 
WASHER. Umbrella 
NUT. Umbrella 
CLAMP. Umbrella 
WASHER, Clamp 

736 NUT, Clamp 
737 KEY. Coupling 
738 COUPLING. Motor 
739 SETSCREW. Coupling 
740 SCREW. Coupling 
741 ADAPTER, Bracket 
742 STUD, Adapter 
743 NUT. Adapter 
744 CAPSCREW, Adapter 
745 BRACKET. Motor 
746 GUARD. Coupling 
747 SCREW. Guard 
748 STUD, Motor 
749 KEY, Coupling 
750 NUT. Motor 
751 CAPSCREW. Motor 
752 MOTOR, Submersible 
753 STABILIZER, Motor 
754 CAPSCREW, Stabilizer 
755 NUT, Stabilizer 
756 ROD. Stabilizer 
757 CAPSCREW 
758 WASHER. Rod 
759 NUT. Rod 
760 NAMEPLATE. Suction 
761 SCREW. Nameplate 
762 VESSEL. Suction 
763 PLUG, Gauge 
764 . PLUG, Drain 
765 PLUG. Vent 
766 GASKET, Cover 
767 COVER. Vessel 
768 CAPSCREW, Cover 
769 
770 CHECKVALVE. 

Assembly 

STEARf'.5-RO~ ER ENGI~EERING CCRP. 
• t2 l 7C0 FHJECT NC 

SCL.4R-OE F ILOT PL~NT 
t.:1'·IT C~E 
P.C. LOO l 

I I 
© 1976 AURORA PUMP. NORTH AURORA, ILLJNOIS 

AURORA PUMP 
A UNIT OF GENEi:IAL SIGNAi-

1.2.7.109 



I ITEM NO. an 
_J_• 
-1...0 ~o 
-L• _LO 
_j_ • _]_• _Lo 
_!_~ 1 

_!!_~ 
1 

11 

-11..• 
_!LO 
-1L• 
-1LD 
_!l._~ 1 

~• 
-~ 1 

1 · _12...0 
_j]___~ 1 
-1LD 
_ll_~ 1 

-1!..D 
-1LD 
--1L• 
--1L• 
_lL• ~o -1!!_8 

31 

F. a. NO. 4Go - Gs 70 <, 

AURORA PUMP 
A UNIT CF GENERAL SIGNAL 
800 AIRPORT ROAO•NORTH AURORA. ILUNOIS •60542 

FIRE PUMP ACCESSORIES LIST 
DESCRIPTION SIZE 

ECCENTRIC REDUCER 2501b 

CONCENTRIC INCREASER 2501b 

CCIICENTRIC INCREASER 125Ib . 
ECCENTRIC REDUCER 125Ib 

OUTSIDE HOSE MANIFOLD 
3000-3500 GPM HOSE VALVE HEADER 125Ib 

3000-3500 GPM HOSE VALVE HEADER 

4000-4500 GPM HOSE VALVE HEADER 125Ib 

125 I b FLANGE STRAIGHT TEE 4.,.4,..4 
REDUCING TEE STD. 125•& 250• 8•8"4 
SET 2-1/2 HOSE VALVE W/CAPS & CHAINS 

BLIND FLANGE srn. 125 LB C.I. 
AUTOMATIC BALL DRIP VALVE 
UMBRELLA HOOD UNDERWRITERS COCK 
AIR COCK 

DISCHARGE GAUGE 1/..<.,.d 

AIR RELEASE VALVE (FLOAT OPERATED) 
MAIN RELIEF VALVE 4,,4 
CASING RELIEF VALVE 

SWING CHECK VALVE I -1/..2." 
OPEN WASTE CONE 
ENCLOSED WASTE CONE 5,.4 

SPLASH SHI ELD tllUZIMAL . 
SPLASH SH I ELO . VERTICAL 

I 

SlEARNS~ROGER ENGINEERING CORP. 
· PRCJECT NO. 621700 

SCLAR-C~E PILOT PL~NT 
UNIT ONE 
P.O. 2001 1.2.7.110 

REMARKS 

FOR VERTICAL 
TURBINE 

FOR SPLIT CASE 

NATL. STD. THREAD 

CL-"''r'TOf....l 

1Usad u autamauc 
air release valve) 

POWER SERIES NO._ 
POWER SERIES NO. 

ATE 12.- tO -BO 

ITEM ND 

1 
2 
3 
4 

5 

I s 
7 

8 

9 
10 
11 

12 

13 
14 -
15 
17 
18 

20 

I 2, 
22 
23 
24 

! 25 
26 

i 27 
' 28 

29 

30 

31 

-
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F. 0. NO. _________ _ 

AURORA PUMP 
A UNIT OF GENERAL SIGNAL 
800 AIRPORT ROAD•NORTH AURORA. ILLINOIS •60542 

FIRE PUMP ACCESSORIES LIST 
I ITEM NO. OT' DESCRIPTION SIZE REMARKS ITEM NO 

_1 • ECCENTRIC REDUCER 2501b 1 

_z_D CONCENTRIC INCREASER 2501b 2 

_LO CONCENTRIC INCREASER 1251b 3 

_LO ECCENTRIC REDUCER 1251b 4 

_5 • OUTSIDE HOSE MANIFOLD 5 

_6 • 3000-3500 GPM HOSE VALVE HEADER 1251b FOR VERTICAL 6 TURBINE 

_7 • 3000-3500 GPM HOSE VALVE HEADER FOR SPLIT CASE 7 

_8 • 4000-4500 GPM HOSE VALVE HEADER 1251b 8 

_9 • 125 I b FLANGE STRAIGHT TEE 9 

_1_0 • REDUCING TEE STD. 125•& 250• 10 

_1_1 • SET 2-1/2 HOSE VALVE W/CAPS & CHAINS NATL. STD. THREAD 11 

_1_2 • Bl I ND FLANGE STD .. 125 LB C. I . 12 

'LD AUTOMATIC BALL DRIP VALVE 13 

_1_4 • UMBRELLA HOOD UNDERWRITERS COCK 14 

_1_5 D AIR COCK 15 • 
_1_7 • SUCTION AND DISCHARGE GAUGES 17 

_I_B 0 AIR RELEASE VALVE ( FLOAT OPERATED) 18 

_1_9 • MAIN RELIEF VALVE 19 

_lQ_ • CASING RELIEF VALVE 20 

_2_1 0 SWING CHECK VALVE (Used as automatic 21 air release valve) 

_n__O OPEN WASTE CONE 22 

-1LD ENCLOSED WASTE CONE 23 

~• SPLASH SHIELD IOHZ~TAL POWER SERI ES NO. - 24 

-1LD SPLASH SH I ELO VERTICAL POWER SERIES NO._ 25 

--1LD 26 

_1]_ • 27 

~o 28 

29 • 29 

~• 30 

.!!_O 31 

DATE ______ _ -
1.2.7.112 



I, 

• 

ECCENTRIC REDUCER 

A CD CONCENT:IC INCREASER © 
---- - - - -- ---

- -- -

,- L ... I 
# 

250. FLANGES 
# 

250 FLANGES 

A 
CONCENTRIC INCREASER 

ECCEN;RIC REDUCER 0 
- - - - --- -

--------
--1· --L ---....t 

4 3 7 

5 8 

6 9 

B 11 

10 12 

12 14 

16 10 18 
NOTE: ALL DIM. ARE BY VENDOR STD'S. 

1.2.7.113 

~p 
~Lj B 
# 

125 FLANGES 
SI 

8 

16 18 

18 12 19 
16 12 18 



, .. -----------------------------
OUTSIDE HOSE MANIFOLD '5\ 

125&250#FLANGES' ~ 

~---BOLT BOLT 

3000-3500 GPM HOSE HEADER 
125#FLANGE ®, 

2 1/2 
NPT TAP 

2- 2 1/2 
NPT. TA.P 

NO. 
BOLTS 

8 

12 

HOLE 
SIZE 

7/8 

7/8 

CIRCLE 
DIA. 

9-1/2 

10-5/8 

s• 
2 HOSE VALVE CONN. 

BOLT BOLT 
FIG. NO. HOLE CIRCLE 
SIZE BOLTS SIZE DIA. 

8 7/8 11-3/4 

12 13 

8" 
4 HOSE VALVE CONN. 

TAPS 90°APART 

BOLT SOLT 
FIG. NO. HOLE CIRCLE 
SIZE BOLTS SIZE DIA. 

125# 12 1 14-1/4 

250# 16 1-1/8 15-1/4 

10• 
6 HOSE VALVE CONN 

TAPS 60" APART 

12" 
8 liOSE VALVE CONN. 

BOLT BOLT 
FIG. NO. HOLE CIRCLE 
SIZE BOLTS SIZE DIA. 

9 125# 12 1 17 

260# 16 1-1/8 17-3/4 

NOTE: ASSEMBLY CONSISTS OF 10" HEADER, 6 VALVE 
CONN., 10x12 ADAPTER, 2 VALVE CONN. 

3000-3500 GPM HOSE VALVE 
HEADER 125#& 250#FLANGES 

4 2-1 /2 NPT STEEL 
COUPLINGS 46° 

APART 

12 CONNECTIONS 

8 2-1/2 NPT 
STEEL COUPLINGS 

EVENLY SPACED\ 

NO. 
FIG. BOLT 
SIZE HOLES 

BOLT BOLT 
HOLE CIRCLE 
SIZE DIA. A B C D 

125# 12 17 10-1/2 12-3/4 22-1/2 1-9/16 

4-2-1/2 NPT 
STEEL COUPLINGS......._ , 

48°APART -.....: 

8-2-1/2 NPT 
STEEL 

COUPLINGS 
EVENLY SPACED 

\ 

12 CONNECTIONS 

16-1-1/8 DIA. 
HOLES ON 
21-1/4 DIA. 

2-3/8 

24 REF 

4000-4500 GPM HOSE HEADER (a\ 
125fl&25Q#FLANGES ~ 

8-2-1/2 NPT 
STEEL 

COUPLINGS 
EVENLY SPACED 

FIG. 
SIZE 

125LB 

16 CONNECTIONS 

-IO I 

NO. SOLT BOLT 
BOLT HOLE CIRCLE 

HOLES SIZE SIZE 

16 1-1/8 21-1/4 

250# 16 1-1/4 17-3/4 10-1/2 12-3/4 23-1/8 1-9/16 1.2.7.114 250LB 20 1-3/8 22-1/2 

NOTE: ALL DIM. ARF RY VFNOOR ~rn·~ 

• • 
I 
Ji 

- l 

1 

- I 



t 

., 

l25#FLANGED STRAIGHT TEE 

A B 
1-1/2 4 

2 4-1/2 
2-1/2 5 

3 5-1/2 
3-1/2 6 

4 6-1/2 
5 7-1/2 
6 8 
8 9 

10 11 
12 12 
14 14 
16 15 
18 16-1/2 
20 18 
22 22 

2 1/2 HOSE VALVE 

W/CAPS & CHAINS ® 
~® ,o~---

AMER1cAN NATIONAL 
APPROVED STANDARD Fl RE HOSE 

,--

C COUPLING SCREW THREAD 
IAX. MAJOR DIA.(0.D.) 
OF MALE THREAD 
3.0686 DIA. 

2 
l/r-+--+-- ---+lm#f.;......L 7 1/2 THREADS PER INCH 

N. P. T. 

A B C D 
175 PSI 2 1/4 2 VB 10 1/4 6 
300 PSI 2 5/16 2 5/8 1 1 6 

NOTE: ALL DIM. ARE BY VENDOR STO'S. 1.2.7.115 

© -----+-~~-~---+--"'-'-~ 

SIZE A 
8x6x8 9 
5x5i3 7-1/2 
6x4x3 8 
6x6x4 8 
8x6x4 9 
8x8x4 9 
8x8x6 9 

1 Dx8x6 1 1 
1ox1 oxs 1 1 
1ox1ox8 11 
12xl2x8 12 
12X12X6 12 
12x8x8 12 
6x4x4 8 
8x6x6 9 
8x4x6 9 
8X4x8 9 
8X6X3 9 

1Dx1Dx4 11 
14X14X8 l4 

BLIND FLANGE STD. 

SEE TABLE FOR 
NO. & DIA. 

OF BOLT HOLES· 

SIZE A 
6•6•3 8 1/2 
61(6•4 8 1/2 
8•6•8 10 
8•8•4 9 
8•8•6 10 

1011'10•8 11-1/2 
5X5X3 8 

1ox10x6 11-1/2 

NOTE: SIZE INDICATED 
AS FOLLOWS 

~ 
~ 

# 125 C,I, 

@ ~---+ ---1-- u w 

l! = 
~l~r nANGE SIZE N u w Bh~Pf rn8i~1 

3 3x7 l/2 3/4 7 1/2 6 3/4 4 
4 4x9 15/16 9 7 1/2 3/4 8 
5 5x10 15/16 10 8 1/2 7/8 8 
6 6X 11 1 11 9 1/2 7/8 B 
8 8xl 3 1/2 l 1/8 13 1/2 11 3/4 7/8 8 

10 10x16 I 3/16 16 14 1/4 1 12 
i-i12 12x19 1 1/4 19 17 1 12 
• SIZES 12 AND LARGER HAVE DISHED FACES 



AUTOMATIC BALL DRIP VALVE 

@ 
~---1/2 NPT 

~I 

AIR COCK 

SUCTION GAUGE 0-30"'VAC. 
0-3011'PRESS. 

® 

1/4 NPT 

UMBRELLA HOOD UNDERWRITERS COCK 

1/2 NPT 

1.2.7.116 

® 

@ 

• DISCHARGE GAUGE 
0 - Joo• PRESS 

• ALL UN I TS 150111AND OVER WI LL 
BE FURNISHED WITH 0-600.GAUGE 

NOTE: ALL DIM. ARE BY VENDOR STD'S. 

1 

.• 
I 

-



AIR RELEASE VALVE !FLOAT OPRTATEOI@ 

6-11/16 

I.., 
. SIZE A B C D 

1/2 6 1 5/8 2 1/2 
3/4 6 1 5/8 2 3/4 
1 6 7/8 t 7/8 2 t/4 1 

@ 

CASING RELIEF VALVE 

., D NPT 

NOTE: ALL DIM. ARE BY VENDOR STO'S. 
1.2.7.117 

MAIN RELIEF VALVE ® 
STANDARD 

125 lb INLET FLANGE 
f 25 I b OUTLET FLANGE 

OPTION 
250 lb INLET FLANGE 

INLET 

~ 
APPROVED 

SIZE A 
3X3 21 1/4 

3½X3½ 21 5/8 
4X4 22 5/8 
5X5 29 1/4 

6X6 36 
8x8 23 3/4 

SIZE A B 
3/8 I 7/8 1 3/8 
1/2 2 1/4 t 5/8 
3/4 2 11 /lE 1 7/8 
1 3 3/16 2 1/4 

1 1/4 3 11/16 2 5/8 
1 1/2 4 1/4 2 7/8 

2 5 1/8 3 1/4 
2 1/2 6 1/16 4 

3 7 3/8 4 3/8 

R C 
5 7 8 6 1/8 
5 7/8 6 1/8 

6 7/16 6 5/8 
7 9/16 8 5/8 
8 1/2 9 3/8 
12 3/4 8 

® 



OPEN WASTE CONE 

lE A B C 
3X5 3 10 5 
4X8 4 11 8 

6 xl 0 6 14 10 
8114 I 11 14 

DIA-

FLANGE NO BOLT BOLT 

\:171: BDL TS ~~H D~~~~~R 
3 4 3/4 6 
4 8 3/4 7 1/2 
5 8 7/8 8 1/2 
6 8 7/B 9 1/2 
8 e 7/8 11 3/4 
10 12 1 14 1/4 

14 12 1 1/8 18 3/4 

POWER 
A B SERIES 

2 12 16 3/4 
3 12 19 3/4 
3 14 20 3/4 
4 14 22 1/4 
5 18 26 1/4 
5 18 27 1/2 

NOTE. ALL DIM. ARE BY VENDOR STO'S. 

FUNGE 
SIZE -r 

4 
5 
6 
8 
10 
14 

BOLT BOLT 
ND HOLE CIRCLE 

BOLTS SIZE DIAMETER 
4 3/4 6 
8 3/4 7 1/2 
8 7/8 8 1/2 
8 7/8 9 1/2 
8 7/8 11 3/4 
12 1 14 1/4 
12 1 1/8 18 3/4 

GPM SIZE A B ·C D E 
500 3x5 3 10 1 1/4 5 3/4 5 

750-1000 4X8 4 11 2 6 7/16 8 
1500-2500 6x1( 6 14 2 1/2 9 5/16 10 
3000-4500 8x14 8 16 2 1/2 9 14 

SPLASH SHIELD 

FOR YERTICLE PUMPS 

TT 
B 

I~ 
~J 
__J 

POWER A B SERIE~ 

2 12 8 
3 14 10 
4 14 10 
5 n 11~ 13 

1.2.7.118 
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Clayton 50G (Globe) 

DIMENSIONS 

~ -----A I 

Note: 

PILOT-OPERATED 

Thc Cla\'ton 5() Prc,,urc Rclid \'ahe i, a Jiaphragm 
type: \'al,:e d.;,i~neJ 10 m:1in1.,in .:,111,1.1111 up,1r.::,m prc,
\ur.: lo cl,"e l1111i1,. Thi, val,c i, a h~Jr.111lically-opc:ra1c:J. 
pilu1-i:on1r,,lli:J. 111,,,lulaling type:. II i, u,c:J ,..herc pr,1h
lc:ms arc eni:,111n1ereJ iri prc,surc rclicf. su,1aining b,1,:k 
prcs~urc. or in unloaJing fun..:1i,1n, 1n a by-p.i,, ,y,tem. 
In operation. the ,·alvc i, actua1.:J hy line prc,surc through 
a pilot contnil \ysi.:m. ,•p,:ni_ng i.i.,1 to maint.iin ,1eaJy 
linc prc,,1irc hut ..:l,1,ing graJu;illy 10 prc\'en1 ,urgc~. 
Operation is complc1dy automati.:. anJ prcssurc ~cttinss 
ma>· be c::bily chang..:J. 

SPECIFICATIONS 

SIZES Globe: I¼ • - 3 • screwed; 
2" - 16" flanged 

- A"gle: I Vz • - 3" screwed; 
2" - 10· flanged 

CLAYTON 

• 0. 
er 
0 
u 
c.:> z -c:: 

50 

UJ 1-
UJ z z ci 
- 0 ..J 
t." 0 0.. z ,... 
w .... q .. 

t'-10 a: ,0 ..J 

UJ -ENO DETAILS 12S and2SOANSI 816.I t.:1 • c. ~ 

PlESSUR! lATINGS 

TEMPEIATUIE RANGE 

MATEIIALS 

ADJUSTMENT IANGES 

12S class - 175 p~i l\ta:1:. 
2SO class • 300 psi Max. 

00 O 
a: :zw 0 
I C:Wr-.. 

vi 1- 0 Z 
ZUIO 
a: u., IX 

Water,Air,to +1so-F. !\Ii~ ci ~:: ~ 
1-0::WZ I 
V) ~ V) => 0.. .\fain rnlw: hod_\' & c-o,·er: 

Cast Iron AST~1 A.is 

,\fain ,·afre trim: 
Brass QQ-B-626 
Bronze ASTM 861 

Pilot c-orrrrol .r_\'.rtem: 
Cast bronze AST!\1 862 with 
303 Stainless Steel trim 

Orher marerialr available: 
Cast Steel, Bronze, Aluminum 

.-1 n1ilahl,· i11 rite fn/lo.,·i11g 
re/i<"/ prc.u11re ran.1:rs: 
0 10 75 p\i 

•ff ,·a!n• J'Mi,;,,,., irrdirnro,. is used .fU 

/nrm EX IOI for additional height to be 
added to dimension ··c·. 

20 10 200 p,i• . 
! (!~! :.J JO0 p~.: J, 

"Suppli..:J unk\, tllh,:rv.i,,: ,p.:c,r'1.:J 
tSupplicll ,,n ,pccial orJcr al c.\tr..1 c,,,1 

DIMENSIONS IN INCHES t VALVE SIZES IN INCHES-. l'/4 & l'lz z Z•lz 3 4 6 8 10 12 14 1( 
SCREWED ENOS 7¼ 9', 11 

A 125 & 150 FLANGED 9!, II 
12 1/z 
12 15 20 25111 291,'. 34 39 411, 

250 & 300 FLANGED 10 11¼ 1314 15% 21 2Ha 31 1,'i 35 1(2 40½ 43 1:z 
8 41/1 4½ 4 41;, 5¼ 7 ,, ,a 10 12 14 !6l,1 171,, 
C 101/1 11 1.z 12 
D z 2'-'1 21/a 

12 12 
3•;. 411. 

12 1/z J5l!, 18 21 "a 25 27 
6 7% 91, !0 1 i 12',, I 51 I 

SCREWED E ~OS 3 I' ,, 4J. 51/1 51;, 
E 125 & 150 FLANGED 41., 5111 6 71_.'z IIJ 12 Io jJ I I 
__ :'.S.Q._£_~l~NGED 5 5" I 6'' I 7'• 101 ·• I) I ' l 5' 

G J 1/, 5 l/ 8 g1_;, 9 11 13 14 lb l, 1.., j ., ' 
1.2.7.119 
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CLA-VAL CO. INSTALLATION/ OPERATION/ MAINTENANCE 

PRESSURE RELIEF, PRESSURE SUSTAINING & BACK PRESSURE VALVE MODEL 50-01 SERIES 

INTRODUCTION 
This manual titled the 50-01 Serles Pressure Relief Pressure Sus
taining or Back Pressure Valve contains information for installa
tion, operation and maintenance of the valve and control system. 
The Clayton 50-01 is an automatic valve designed to maintain con
stant upstream pressure to close limits. It is a hydraulically oper
ated, pilot controlled, modulating type valve. It is used where pres
sure relief pressure sustaining or unloading functions in a bypass 
system are required. 

In operation the valve is actuated by line pressure to a pilot con
trol system, opening fast to maintain steady line pressure but 
ctosfng gradually to prevent surges. Operation is completely auto
matic and pressure settings may be easily changed. 

INSTALLATION 
1. Allow sufficient room around the valve to make adjustments 

and for disassembly. 

2. It is recommended that a gate or block valve be Installed above 
the inlet side of the valve. Straight relief valve applications do 
not usually require a gate or block valve on the downstream 
side. This is particularly true if the primary function is surge 
control or pressure relief where the valve discharges to 
atmosphere. 

3. When a back pressure function is involved in the installatlon a 
gate or block valve should also be installed on the downstream 
side of the valve to facilitate isolating the valve for preventive 
maintenance. 

NOTE: BEFORE THE VALVE IS INSTALLED, PIPE LINES 
SHOULD BE FLUSHED OF ALL CHIPS, SCALE AND FOREIGN 
MATTER. 

4. Place the valve in the line with flow through the valve in the 
direction indicated on the inlet plate or by flow arrows. Check 
all fittings and hardware tor proper makeup and that no ap
parent damage is evident. 

5. Clayton Valves operate with maximum efficiency when 
mounted in horizontal piping with the cover UP; however, other 
positions are acceptable. Due to size and weight of cover and 
internal components of six inch valves and larger, installation 
with the cover up is advisable. This makes periodic inspection 
of internal parts readily accessible. 

OPERATION ANO START-UP 
1. Prior to pressurizing the valve assembly make sure the neces

sary gauges to measure pressure in the system are installed 
as required by the system engineer. A Clayton X101 Valve Posi
tion Indicator may be installed in the center cover port to pro
vide a visual indication of the valve stem position during start• 
up adjustment. 

CAUTION: During start-up and test a large volume of water 
may be discharged downstream. Check that the downstream 
venting Is adequate to prevent damage to personnel and equip
ment. All adjustments in pressure should be made slowly. If 
the main valve closes too last it may cause surging in up
stream piping. 

2. If shutoff cocks (isolation valves) are Installed, open cocks 
(see schematic). 

3. Loosen jam nut on strainer valve assembly and turn adjusting 
stem clockwise until it seats. Turn stem counterclockwise 1/• 

to 1/z turn and tighten jam nut. 

4. Remove cap on the CAL Pressure Relief Control, loosen jam 
nut and turn adjusting screw clockwise until spring is fully 
compressed. This puts the control in lull closed mode and will 
cause the main valve to close when system is pressurized. 

5. ff a downstream block valve is installed, slowly open this valve. 

6. Partially open upstream block valve. The main valve should 
close. 

7. Carefully loosen tube fittings at highest points and bleed air 
from system. Carefully loosen the plug at top ol cover as
sembly, or if an Indicator is installed, loosen the pipe plug at 
top of Indicator. Bleed air from cover and tighten plug. Tighten 
tube fittings. 

8. Open fully the upstream block valve and turn the CRL adjust• 
ing screw slowly counterclockwise until you begin to hear a 
lfow through the control. The main valve should start to open. 
If the pressure is below the required relief setting refer to the 
spring chart (Drawing No. 47117) and turn the adjusting screw 
clockwise the number ol turns reQuired for the proper setting. 
Lock the jam nut and replace cover. 

An observation of the pressure relief setting should be made 
during a usage cycle and the controls readjusted if required. 

MAINTENANCE 
1. Clayton Valves and Controls reQuire no lubricaticn or packing 

and a minimum ol maintenance. However, a periodic inspec
tion schedule should be established to determine how the 
fluid handled is affecting the efficiency of the valve assembly. 

, 
2. Repair and adjustment procedures of the main valve and con

trol components are included in separate sections of this 
manual. Accessory components are fisted for reference. 

3. Refer to the Service Suggestions Chart to identify operation 
symptoms. 

SERVICE SUGGESTIONS 

SYMPTOM PftOBABLf CAUSE REMEDY 
Mam vatve Inlet pressure betow sening ot pilot Reset pilot valve. If change ,n 
worn open valve. sening by tampering. seal cap 

with wire ano lead sea1. 
Pilot vall/e stuck cf0sed. Mineral Disassamble an a ctean. 
deposrt or foreign material betWeen 
aisc retainer and power unit tloOy. -Pilot valve Cliaphragm ruptureel or Disassemble and reolace 
diaphragm nut loose. Welter caning Cliaphragm. Tighten nu1 
out ot the vent hole 1n COiier. 
Main valVe stuck c!Osed. Mineral Disassemble main valve. c!ean 
budauo on stem. Stem damaged. pans and I or replace damaged 

parts. 
Main valve Inlet pressure above seltlng ot pilot Reset ptlol valve. 
won·1 ctose valVe. 

Clogged needle vatve. Disassemble ana clean. 
Pilot valve stuck open. Mineral Cleposrt Disassemble anel clean 
or foreign matenal uncer dise retainer 
or unaer diaphragm assembiy. 
Mam valve sruck ooen. Mineral Disassemble and clean . 
buildup on stem. Foreign matenal 
lle!Ween seat and disc assemo1y. 
Mam valve oiaphragm rupturea. Disassemole and reolace. 

vaive leaks Pilot valve disc "Norn out. Disassemble ana replace. 
continuous1y Mam valVe Clise 'Nam out or small Disassemble ar.a replace. 

break in ma,n valve diapnragm. 

-
N-50-01 (Fl1-79) 0 Copyrlgllt 197'9 Cl A VP.L CO ·• 1.2.7.120 CLA-VAL CO . . Vewport Beach, California 
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CVCL 1®34 DIST. CODE 002 SHEET OF 2 

cg a I CLA-VAL co. I ~T--- --- 1 •~v. ,..,...,. .....a-.~ 50-01 79488 
,..,,.. OIi v-.YC ANO,.... .. CA.,.,_.a DC-

PRESSURE RELi EF VALVE ""''""'"il-30-78 JO 

(EQ.UI PPED CONTROL) 
Ct«'O. //-30-78 c: # 

WITH CLOSING SPEED -·a. 11-30-i~ ~~ 
----HOT FIMNISH£D IIY CL.A•VM.C:0. ---------O'TIOIUL /l'UTUIIES 

(F 
REMOTE ~ -SENSING -

-~ 
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.. • .. . ";t-.... r:::: 
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0 
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NO. 
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2 X42N-2 STRAINER & NEEDLE VALVE 1 

> ;: u 3 CRL PRESS. REL. CONTROL I .. uJ Ill ii 
It u -. .. 

~ Q 

<t: 
a; 
0 
uJ 
a; 

<Ji OPTIONAL. ,..ATU"'• • Ul""l""IX ADD T'D CATALQCII NUM••" 
0 8 CK2 COCK (ISOLATION VALVES) 3 uJ 
VI F REMOTE SENSING -> H DRAIN TO ATMOSPHERE uJ 
a; <; r.v F"ll'lW CONTRnl (CJPFN I NC) 1 

a .. I ., u 
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• CVCL 1 2 3 '+ 

PRESSURE RELIEF VALVE 

(EQUIPPED WITH CLOSING SPEED CONTROL) 

OPERATING DATA 

C4TAl.00 NO. 

50-01 

SHEET 2 OF 2 
OIIAW'ING NO. 

79488 
I ~EV 

oaa,oN 

1. PRESSURE RELIEF FEATURE: 
PRESSURE RELi EF CONTROL (3) IS A 11NORHALLY CLOSED" CONTROL THAT RESPONDS TO 
HAIN VALVE INLET PRESSURE CHANGES. AN INCREASE IN INLET PRESSURE TENDS TO OPEN 
CONTROL (3) ANO A DECREASE IN INLET PRESSURE TENDS TO CLOSE CONTROL (3). THIS 
CAUSES HAIN VALVE COVER PRESSURE TO VARY AND THE HAIN VALVE MODULATES (OPENS 
AND CLOSES) MAINTAINING A RELATIVELY CONSTANT PRESSURE AT THE HAIN VALVE INLET. 
WHEN INLET PRESSURE IS LOWER THAN THE SET POINT OF CONTROL (3), CONTROL (3) 

CLOSES. THIS PRESSURIZES THE HAIN VALVE COVER CHAMBER AND THE HAIN VALVE CLOSE 
PRESSURE RELIEF CONTROL (3) ADJUSTMENT: TURN THE ADJUSTING SCREW CLOCKWISE TO 
INCREASE THE SETTING. 

11. CLOSING SPEED CONTROL 

111. 

1 V. 

NEEDLE VALVE (2) CONTROLS THE CLOSING SPEED OF THE HAIN VALVE. TURN THE 
ADJUSTING STEH CLOCKWISE TO HAKE THE HAIN VALVE CLOSE SLOWER. DO NOT CLOSE 
VALVE (2) COMPLETELY OR THE HAIN VALVE WILL NOT CLOSE. (SUGGESTED INITIAL 
SETTING OF NEEDLE VALVE IS t/4 TO 1/2 TURN OPEN.) 

OPTIONAL FEATURE OPERATING DATA: 
SUFFIX 11B11 (ISOLATION VALVES) CK2 COCKS (Bl) AAD (82) ARE USED TO ISOLATE 
THE PILOT SYSTEM FROM HAIN LINE PRESSURE. THESE VALVES HUST BE OPEN DURING 
NORMAL OPERATION. 
SUFFIX 11F11 (REMOTE Pl LOT SENS! NG) 
REMOTE SENSING PRESSURE IS OBTAINED FROM A POINT UPSTREAM OF THE HAIN VALVE 
INLET. (SENSING PRESSURE IS OBTAINED FROM THE HAIN VALVE INLET IF SUFFIX 11F1 

IS NOT SPECIFIED). 
SUFFIX 11H11 (ATMOSPHERIC DRAIN) 
PILOT SYSTEM DRAIN LINE IS DISCHARGED TO ATMOSPHERE. (PILOT SYSTEM DRAIN 
LINE IS CONNECTED TO THE HAIN VALVE OUTLET BOSS IF SUFFIX 11H11 IS NOT SPECIFIED). 
SUFFIX 11 S" (OPENING SPEED CONTROL) 
FLOW CONTROL (S) CONTROLS THE OPENING SPEED OF THE HAIN VALVE. TURN THE ADJUST 
ING STEM CLOCKWISE TO HAKE THE HAIN VALVE OPEN SLOWER. 

CHECK LIST FOR PROPER OPERATION: 
[ ] SYSTEM VALVES OPEN UPSTREAM AND DOWNSTREAM. 
[ ] AIR REMOVED FROH THE HAIN VALVE COVER ANO PILOT SYSTEM AT ALL HIGH POINTS. 
[ J CK2 COCKS (Bl) .AND (S2) OPEN (OPTIONAL FEATURE). 
[ ] PERIODIC CLEANING OF STRAINER (2) IS RECOMMENDED. 
[ ]. NEEDLE VALVE (2) OPEN 1/4 TO 1/2 TURN. 
[ ] REMOTE CONTROL LINE PROPERLY CONNECTED (OPTIONAL FEATURE). 
[ ] ATMOSPHERIC DRAIN LINE PROPERLY CONNECTED (OPTIONAL FEATURE). 

1.2.7.122 
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CLAYTON~umtlllcVALVES INSTALLATION/OPERATION /MAINTENANCE . ' 

HYTROL REMOTE CONTROL VALVE Clayton 100-01 Clayton 100-01 

DESCRIPTION 
The Clayton Hytrol Valve is the basis for Clayton Automatic Valves. It is a 
hydraulically operated, diaphragm actuated, globe, or angle pattern valve. 
This valve consists of three major components, the body, diaphragm 
assembly and cover. The diaphragm assembly Is the only moving part. 

The body contains a seat Insert that forms a tight seal with the body. The 
diaphragm assembly uses a disphragm of nylon fabric bonded with syn
thetic rubber. A synthetic rubber disc, contained on three sides by a disc re
tainer, forms a seal with the valve seat when pressure is applied above the 
diaphragm. The diaphragm assembly forms a sealed chamber in the upper 
portion of the valve, separating operating pressure from line pressure. 

INSTALLATION 

1. Before valve is Installed, pipe llnes should be flushed of all 
chips, scale and foreign matter. 

2. It is recommended that either gate or block valves be Installed 
on both ends of the Clayton Hytrol Valve to facilltate Isolating 
the valve for preventive maintenance. 

3. Place valve in the line with flow through the valve In the direc
tion indicated on inlet plate or by flow arrows. 

4. Allow sufficient room around valve to make adjustments, and 
for disassembly. 

OPERATION, OPEN-CLOSED SERVICE 

When equipped with a three way control valve the Clayton Hytrol 
Valve either opens wide or closes tight. 

INLff OUTLff 

VALVE OPEN 

The Clayton Hytrol Valve opens fully when there is no pressure in 
the cover chamber above the diaphragm, and there is at least five 
psi line pressure at the valve inlet. 

INI..ET OUTLIET 

VALVE CLOSED 

The Clayton Hytrol Valves close when the line pressure is directed 
into the cover chamber above the diaphragm. An independent 
operating supply may be used if its pressure is equal to, or greater 
than, pressure at the valve inlet. 

FIGURE 2 

N-100-01 (R2-79) © COPYRIGHT 1979 CLA-VAL CO. 1.2.7.123 

5. Clayton Hytrol Valves operate with maximum efficiency when 
mounted in horizontal piping with the cover UP, however, other 
positions are acceptable. Due to size and weight of cover and 
Internal components of 6 Inch valves and larger, installation 
with cover UP Is advisable. This makes periodic inspection of 
Internal parts readily accessible. 

6. If a pilot control system Is Installed on the Hytrol Valve, use 
care to prevent damage. If necessary to remove fittings or com
ponents, be sure they are kept clean and replaced exactly as 
they were. 

7. After the valve Is installed and the system Is first pressurized, 
vent air from the cover chamber and tubing by loosening fit
tings at all high points. 

OPERATION, MODULA TING SERVICE 

Modulating action can be obtained by installing a factory design
ed control system to the basic Clayton Hytrol Valve. Various types 
of modulating control systems are available to control pressure, 
flow rates and liquid levels. 

.OOULATI ... 

VALVE CLOSED 

When the modulation control 
closes suttlciently to direct a 
great enough pressure into the 
cover chamber to overcome 
opening forces of llne pressure, 
the main valve closes. 

VALVE MODULATING 

..ODUL.AT'INQ 

VALVE OPEN 

When the modulating control 
opens to a point where more 
pressure is relieved from the 
cover chamber than the restric
tion can supply, cover pressure 
is reduced and the valve opens. 

The main valve modulates to any degree of opening in response to 
changes in the modulating control. At an equilibrium point the 
main valve opening and closing forces hold the valve in balance. 
This balance holds the valve partially open, but immediately 
responds and readjusts its position to compensate for any 
changes in the controlling condition. 

FIGURE 3 

CLA-VAL CO. Newport Beach, Californw 



TROUBLE SHOOTING 

The following trouble shooting information deals strictly with the 

"Hytrol Valve". This assumes that everything but the main valve 

Itself has been completely Isolated, i.e. each part of the control 

system is hydraulically blocked from the main valve. All trouble 

shooting is possible without removing the valve from the llne. 

SERVICE SUGGESTIONS 

SYMPTOM •PROBABLE CAUSE REMEDY 

Fails to Closed cocks In control Open cocks. 

close system, or in main llne. 

Lack of cover chamber Check upstream pres-
pressure. sure, strainer, tubing, 

cocks, ·needle valves for 
restriction. 

Diaphragm damaged. Replace diaphragm. 

(See note) 

Dlapnr:im assembly Clean and pollsh stem. 
lnoperat ve. Corrosion or Replace any defective 
excessive scale build up part, damaged, badly 
on valve system. eroded. 

Mechanical obstruction. Remove obstruction. 
Object lodged in valve. 

Worn disc. Replace disc. 

Badly scored seat. Replace seat. 

Falls to Closed isolation valves Open valves or cocks. 

open or cocks In pilot system, 
or in main line. 

Insufficient llne Check pressure. 
pressure. 

Diaphragm assembly Clean and pollsh stem. 
Inoperative. Corrosion Replace any defective 
on valve stem. part, damaged, badly 

eroded. 

•Assuming control system Is functioning properly. 

NOTE: The following method will determine if there is a 
damaged diaphragm without removing the valve cover. Put 

pressure into the valve and close all control lines to the 

valve cover chamber. Remove a fitting on the valve cover; if 

there is continuous flow out of the cover chamber through 

this opening, the diaphragm is damaged. or the diaphragm 

assembly on the stem is loose. 

Freedom of Movement· 

1. Shut off pressure to the control system. On larger valves this 

can be done simply by closing cocks in the control system. On 

the smaller valves without shutoff cocks, it is necessary to 

shut off the main line pressure while disconnecting and block

ing off the control system. 

CAUTION: Care should be taken when doing the above since 

removal of pressure from the cover chamber while pressure ex

ists in the valve body will permit th_e valve to open wide. This 

will either permit a high flow rate through the valve, or the 

downstream pressure will quickly Increase to a point close to 

or equal to the inlet pressure. In some cases, this can be very 

harmful. Where this is the case, and there are no block valves 

In the system to protect the downstream piping, it should be 

realized that the valve cannot be serviced under pressure. 

Steps should be taken to remedy this situation before pro

ceeding any further. 

Usually, there is a block valve within close proximity 

downstream which can be closed to prevent the high inlet 

pressure from getting into the downstream piping even though 

the Hytrol valve is permitted to go wide open. Once it is clear 

that a wide open valve can be tolerated, then the trouble 

shooting can proceed. 

2. Disconnect all control lines to the valve cover and leave fittings 

In cover open to atomosphere. 

3. With the cover vented to atmosphere and pressure in the valve 

body, observe the open cover tapping for signs of continuous 

flow. If the flui_d appears to flow continuously there is a good 

reason to believe the diaphragm is either damaged, or it is 

loose on the stem. In either case, this is sufficient cause to 

remove the valve cover and investigate the leakage. If there is 

no continuous flow, you can be quite certain the diaphragm is 

sound and the diaphragm assembly tight. 

4. If the valve has a valve position Indicator, observe the indicator 

to see that the valve opens wide. Mark the point of maximum 

opening. 

5. If the valve isn't equipped with an indicator, the trouble shooter 

should install one. This is part of the indispensable equipment 

the service man should have. 

6. Re-connect enough of the control system to permit the ap

plication of inlet pressure to the cover. Open cock or valve so 

pressure flows from the inlet into the cover. 

-

7. While pressure is building up in the cover, the valve should go 

closed smoothly with out any hesitations. There is a hesitation 

in every Hytrol valve closure, however, which can be mistaken A 
for a mechanical bind. The stem will appear to stop moving -

very briefly before going to the closed position. This slight 

pause is caused by the diaphragm flexing at a particular point 

in the valve's travel and not caused by a mechanical bind of 

some kind. 

8. When closed, a mark should be made on the indicator cor

responding to the "closed" position. The distance between the 

two marks should be approximately .28 x valve size. 

EXAMPLE: The stroke on a 4• valve is 4 x .28 or 1.12 inches 

from full open to full close. 

If the stroke is very much different than that calculated, there 

is a good reason to believe something is mechanically restric

ting the stroke of the valve at one end of its travel. If the flow 

doesn't stop through the valve when in the indicated "closed" 

position, the obstruction probably is between the disc and the 

seat. If the flow does stop, then the obstruction is more likely 

in the cover. In either case,'operation of the valve two or three 

times by alternately applying and relieving pressure is a good 

idea. Sometimes this will serve to dislodge a foreign object 

from the seat, or clear whatever is obstructing the valve move

ment. If this is not successful, then the cover must be remov

ed, and the obstruction located and removed. 

Tight Sealing 

If the trouble-shooting to this point has disclosed no problems 

relative to freedom of movement or a damaged diaphragm, the 

only other problem of any concern is whether or not the valve 

shuts off tight under the conditions of operation. If it does not 

shut off tight, check disc and seat for wear. 
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MAINTENANCE 

Preventive Maintenance 

Clayton Hytrol Valves reQuire no lubrication or packing and a 
minimum of maintenance. However, a periodic Inspection 
schedule should be established to determine how the fluid veloci
ty as well as the substances occurring in natural waters, such as 
dissolved minerals, colloidal and suspended particles, are effec
ting the valve. Effect of these actions or substances must be 
determined by inspection. 

Disassembly 
The Hytrol Valve inspection or maintenance can be accomplished 
without removal from the line. Shut off all pressure to the valve, 
both line, and independent operating pressure when used. 

WARNING Maintenance personnel can be injured and equipment 
damaged it disassembly is attempted with pressure in the system. 

1. After pressure has been released from the valve and cov.er 
chamber, remove the controls and tubing. Obtain a schematic 
of the assembly or note and sketch position of tubing and con
trols for reassembly. 

2. Remove cover nuts (2) Figure 6 and remove cover. If the valve 
has been in service for any length of time, chances are the 
cover will have to be loosened by driving upward along the 
edge of the cover with a dull cold chisel. See Figure 4. When 
block and tackle or a power hoist is to be used to 11ft valve 
cover insert proper size eye bolt in place of the center cover 
plug (4) Figure 6. Pull cover straight up to keep from damaging 
bottom seat and stem. 

/

Dull Cold Chisel (Angle upward 
as much as possible) 

FlGURE 4 

3. Remove the diaphragm and disc assembly from the valve body. 
With smaller valves this can be accomplished by hand, pulling 
straight up on the stem so as not to damage the seat or i.:em. 
On large valves, an eye bolt of proper size can be Installed in 
the stem and the disc assembly can then be lifted with a block 
and tackle or power hoist. 

4. The next item lo remove is the stem nut. Examine the stem 
threads above the nut tor signs ot mineral deposits or corro
sion deposits. If the threads are not clean, use a wire brush to 
remove as much of the residue as possible. Attach a good fit
ting wrench to the nut and give it a sharp "rap" rather than a 
steady pull. Usually this is sufficient to loosen the nut for fur
ther removal. On smaller valves where the entire diaphragm 
assembly can be removed, hold the stem in a vice equipped 
with soft brass jaws and following the same suggestion out
lined above. 

CAUTION: DO NOT USE A PIPE WRENCH OR VICE WITHOUT 
SOFT BRASS JAWS ON THE UPPER OR LOWER END OF THE 
VALVE STEM. This practice scars the line finish on the stem, 
and no amount of careful dressing can restore the stem to its 
original condition. 

1.2.7.125 
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5. After the stem nut.has been removed, the diaphragm assembly 
breaks down Into Its component parts quite easily. Removal of 
the disc from the disc retainer can be a problem if the valve has 
been In service for a long time. Using two screwdrivers in
serted along the outside edge of the disc usually will ac
complish Its removal. Care should be taken to preserve the 
space washers (18) particularly if no new ones are available for 
reassembly. 

6. The only part left In the valve Is the seat ring which ordinarily 
does not require removal. If, however, it is badly worn and 
replacement is necessary, it can be removed. For s• and 
smaller valves obtain a seat driver X109 from the factory. On a· 
and larger valves, the seat is held in place by a number of flat 
head screws. After the screws have been removed, the seat 
can be loosened from the body quite easily using a piece of 
angle or channel iron with a hole drilled in the center. Place it 
across the body so a long bolt or stud can be inserted through 
the center hole in the seat and the hole in the angle iron. By 
tightening a nut an upward force is exerted on the seat. See 
Figure 5. 

Angle or Channel Iron~ 

\ 

a· and Larger 

FIGURE'S 

Lime Deposits 

Nut or Bolt Head 

One of the easiest ways to remove lime deposits from the val,e 
stem is to dip it in a 5-percent muriatic acid solution just long 
enough for the deposit to dissolve. This will remove most of the 
common types of deposits. If the deposit is not removed by acid, 
then a fine grit (400) wet or dry paper can be used with water. If the 
build-up of deposits on the valve stem is a consistent problem. 
there are stems that have been sleeved with a plastic material call
ed Oelrin that have been very successful in eliminating lime 
deposits that tend lo form on the 'lalve stem. These stems are 
available in new valves and as a replacement part for existing 
valves. Contact your Gia-Val Co. representative for complete 

details. 

Inspection of Parts 

After a valve has been disassembled, each part should be examin
ed carefully for signs of wear, corrosion, or any other abnormal 
condition. Usually, it is a good idea to replace the resilient parts 

(diaphragm and disc) unless they are free of signs of wear. Any 

parts which appear doubtful should be replaced. 

NOTE: If a new disc isn't available. the existing disc can be turned 
over, exposing the unused surface for contact with the seat. 

CLA-VAL CO. Newport Beach, California 



Reassembly 

1. Reassembly Is the reverse of the disassembly procedure. If a 
new disc (17) has been installed, it may require a different 
number of spacer washers (18) to obtain the right amount of 
"grip" on the disc. When the diaphragm assembly has been 
tightened to a point where the diaphragm cannot be twisted, 
the disc should be compressed very slightly by the disc guide. 

Excessive compression should be avoided. Use just enough 
spacer washers to hold It firmly. 

2. Make sure the stem nut is made up very tight. Failure to do so 
could allow the diaphragm to pull loose and tear when sub
jected to pressure. 

3. Re-Install the diaphragm assembly in the valve, and llne up the 

diaphragm holes with the stud or bolt holes on the body. On 
larger valves with studs, It may be necessary to hold the 
diaphragm assembly up while stretching the diaphragm over 

the studs. 

4. Put spring in place and replace cover. Make sure diaphragm is 
lying smooth under the cover. 

5. Tighten cover nuts firmly using a cross-over pattern until all 

nuts are tight. 

6. Re-install the pilot system and tubing exactly as It was prior to 
removal. 
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Test Procedure for Valve Assembly 

There are a few simple tests which can be made in the field to 
make sure the valve has been assembled properly. 

1. It is possible to check the diaphragm assembly for freedom of 
movement by Inserting a rod Into the threaded hole in the top · 

of the valve stem and lifting the diaphragm assembly manually. 
The rod should be threaded on one end and have a "T" bar 

handle of some kind on the other end for easy gripping. The 
diaphragm assembly should move freely without any signs of 
sticking or grabbing. Due to the weight of the diaphragm 
assembly this procedure is not possible on valves larger than 
10·. 

2. On the larger valves, the same determination can be made by 
very carefully introducing a low pressure (less than five psi) 
into the valve body with the cover vented. The diaphragm 
assembly sould lift easily without any jerkiness, and then set
tles back easily when the pressure Is removed. 

3. To check the valve for drip-tight closure, a llne should be con
nected from the inlet to the cover, and pressure applied at the, 
Inlet of the valve. If properly assembled, the valve should hold 
tight with as low as ten psi at the Inlet. 

4. With the llne still connected from the inlet to the cover, apply 
full working pressure to the Inlet. Check all around the cover 

for any leaks. Re-tighten cover nuts if necessary to stop leaks 
past the diaphragm. 

ITEM 

2 
3 
4 
5 
7 
8. 
9 

10 
11 ' 
13 
14 
15 • 
16 ' • 
17. 
18 • 
19 
20 
21 
22 
23 
24 
25 
26 

PARTS LIST 

DESCRIPTION 

Cover Retaining Screw 
(3/8" thru 4" Sizes Only) 

Cover Retaining Nut (6" and Larger) 
Cover Plug 
Center Cover Plug 
Pipe Cap (16" Size Only) 
Cover Bearing Screw (16" Size Only) 
Cover Bearing Gasket (16" Size Only 
Cover Bearing 
Cover 
Spring 
Stem Nut 
Diaphragm Washer 
Diaphragm 
Disc Retainer 
Disc 
Spacer Washer 
Disc Guide 
Stem 
Seal Screw (8" & Larger Only) 
Seat 
Body Stud (6" and Larger) 
Body Plug 
Body 
0-Ring. Seat 

• RECOMMENDED SPARE PARTS • • FOR 3/8" · 1" SIZE ONLY 

When ordering parts specify: 
• All nameplate data • Description • Size 
• Item Number • Material 

-

-

-
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CLA YTON®tlli!!Jll!llllt VALVES . -·PA~TS "t.1ST· . ,· . '' 
• • \ ~ • ~ ,. ~ - STRAINER AND NEEDLE VALVE ASSEMBLY Clayton X-42N-2 

SIZE STOCK NUMBER 

68372 

3/9 NPT 

,,e 

i 2-§MAX. 

-

ITEM DESCRIPTION MATERIAL PART UNIT 
NO. PRICE 

1 Jam N~u Sit Brz 57798-01 

2 llonMt S.S. 87910 

3 "0" Rlnc--Bonnat Syn Rub 00713 

4 Stam S.S. 67907 

5 "0"' Rlns-Starn Syn Rub 00708 

6 Pluc-f'lpe 1/4 Brass 67847-02 

7 Strainer Plue s. s. 67911 

I "0" Rlnl'-f'!uc Syn. llulo. 00751 

9 ScrNn Monal 68373 

10 Body Rd B" 67905 

11 Pluc-f'lpe 1 /8 Brass 67560-01 

12 Plue-I"!.,. 3/8 Brass 57660--03 

- PRICES SUBJECT TO CHANGE WITI!OUT NOTICE • F.O.8. NEWPORT BEACH, CALIFORNIA EFFECTIVE 4-15-77 

When ordering parts. specify: • All r1amaplat• dara 

• lr.m Number 

• Desaiption 

• Material 

• Part Number 

PL-X42N-2 (R4) PATENTS 1ssueD AND/OR f'fN0ING LITHO IN U.S.A. CLA·VAL CO. Newport Beach, Califoniia 
1.2.7.127 



co CLAYTON®~VALVES INSTALLATION/ OPERATION/ MAINTENANCE 

PRESSURE RELIEF CONTROL Clayton CRL -
DESCRIPTION 
The Clayton Pressure Relief Control Is a direct-acting, sprtng
loaded, diaphragm type relief valve. It may be used aa a Hlf• 

contained valve or as a pilot control tor a Clayton Hytrol Valve. It 
opens and closes within very close pressure limits. 

INSTALLATION 
The Pressure Relief Control may be Installed in any position. The 
control body (7) has one inlet and one outlet port with a side pipe 
plug (24) at each port. These plugs.are used for control plumbing 
or gauge applications. The Inlet in the power unit body (6) Is the 
sensing line port. A flow arrow Is marked on the body casting. 

OPERATION 
The pressure Relief Control Is normally held closed by the l'Cr--e of 
the compression spring above the diaphragm; control pressure is 
applied under the diaphragm. 

When the controlling pressure exceeds the spring setting, the 
disc is lifted oft Its seat, permitting flow thrpugh the control. 

When controlling pressure drops below spring setting, the spring 
returns the control to its normally closed position. 

ADJUSTMENT 
The Pressure Relief Control can be adtusted to provide a relief set
ting at any point within the range stamped on the data plate. 

Pressure adJustment Is made by turning the adtustment screw (9) 
to vary the spring pressure on the diaphragm. Turning the adjust
ment screw clockwise increases the pressure reQuired to open 
the valve. Counterclockwise decreases the pressure reQUired to 
open the valve. 

When pressure adjustments are complete the jam nut (10) should 
be tightened and the protective cap (1) replaced. If there is a prob
lem of tampering, lock wire holes have been provided in cap and 
cover. Wire the cap to cover·and secure with leed seal. 

DISASSEMBLY 
The Pressure Relief Control does not need to be removed from the 
ltne tor disassembly. Make sure that pressure shut down is ac• 
companied prior to disassembly. If the Pressure Relief Control is 
removed from the line for disassembly be sure to use a soft jawed 
vise to hold body during work. 

Refer to Parts List Drawing for Item numbers. 

1. Remove cap (1), loosen jam nut (10) and tum adjusting scraw 
counterclockwise until spring tension is relieved. 

2. Remove the eight screws (4) holding the cover (3) and power
unit body (6). Hold the cover and powerunit together and place 
on a suitable wor1< surface. 

3. Remove the cover (3) from powerunlt body (6). The spring (12) 
and two spring guides (11). 

4. Remove nut (13) from stem (19) and slide off the bellevllle 
washer (14), the upper diaphragm washer (15) and the dia
phragm (16). 

5. Pull the stem (19) with the disc retaintr, assembly (21) through 
the bottom of powerunit. The lower diaphragm washer (17) will 
slide off of stem top. 

6. Remove jam nut (23) and disc retainer assembly (21) from stem. 
Use soft jawed pliers or vise to hold stem. The polished 
surface of stem must not be scored or scratched. 

7. The seat (22) need not be removed unless it is damaged. If re
moval is necessary use proper size socket wrench and turn 
counterclockwise. 

1.2.7.128 

~ COPYRGHT 1979Cl..A-IIAI.C0. 1.,1TMO IN U a.A 
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S.. PL-CAL on IWntN sJd• to, PART ITEM Re'-tlce 

INSPECTION 
Inspect all parts for damage, or evidence or cross-threading. 
Check diaphragm and disc retainer assembly for tears, abrasion, 
or other damage. Check all metal parts for damage, corrosion, or 
excessive wear. 

REPAIR AND REPLACEMENT 
Minor nicks and scratches may be polished out using fine 
emery or crocus cloth. Replace all "O" rings and any· damaged 
parts. 

When ordering replacement parts, be sure to si:,ecify parts 11st 
item number and all name plate data. 

REASSEMBLY 
In general, reassembly Is the reverse of disassembly, however, 
the following steps should be observed: 

1. Lubricate the "O" ring (18) with ,. good grade of watel'l)roof 
grease, Dow Corning 44 medium grade or eQual. Use grease 
sparingly and install "O" ring In powerunit body (6). 

2. Install stem (19) in powerunit body (6). Use a rotating motion 
with minimum pressure to let stem pass through "O" ring. 

3. Install "O" ring (5) at top of stem (19). Place lower diaphragm 
washer (17) on the stem with the serrated side up. Position 
diaphragm (16), upper diaphragm washer (15), with serrations 

down, and belleville washer (14), with concave side down. 
Secure assembly with nut (13). Make sure stem slides freely in 
powerunit body. 

4. Position powerunlt body (6) as shown on parts list drawing A 
(top view). W 

5. Continue reassembly as outlined In disassembly steps 1 
through 3. 

SERVICE SUGGESTIONS 

SYMPTOM PROBABLE CAUSE REMEDY 

Fails IDOl)lffl. Cantrolling pm.sure Bad< all adjuSbng 
1DO low. screw until vaMt opens. 

Fails 1D Ol)8l'I with Mecllanical abstructill1, Qisassemola, locate, 
S!lring can- cormsion, scale build-up and l'8IT10ll8 
pr8SSl0l'I l'ffl"IIMld. on Siem. abslruaion. scale. 

Laakagefnmet,1- Diaphragm damage. llisassem01e, replaO! 
er -.em hoie wnen damaged diaphragm. 
CDl1IJ1jljng pres-
sure is applied. 

Loose diaphragm figt,tenu~ 
assembly. diaphragm wasllel'. 

F• to dose. No spring C01'11p19SSion. Re-se1 pressure 
adjustment. 

Fails to dose will1 Mechanical obslr'Uction. Disassemble. IOCate 
spring aJIT1pressed. and remove obslrucnon. 

CLA·VAL CO. Newport Beach, California 
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C 0 CLAYTON~~~&VALVES 

PRESSURE RELIEF CONTROL 

7.13 

I 
I 

PARTS LIST 

Clayton CRL 

SIZE 

STOCK NUM8ERS 

SPRING 
RANGE 

0 • 75 PSI 
20 • 200 PSI 

100 · 300 PSI 
0 · 75 PSI 

20 · 200 PSI 
100. 300 PSI 

t-. - ·--· ~ -JF~::JL.;.~ 
-" 

PARTS LIST 

ITEM DESCRIPTION QTY. ITEM DESCRIPTION 

1 C.p 1 11 Sprtnc Gulde 

NUMBER 

79222-01 
79222-02 
82809-01 
79229-01 
79229-02 
86005-01 

QTY. 

2 
1. C.p (100-300 "I) 1 11 Sprtnc Guide (100-300 PSll 2 

I 

l. 11 
DIA 

2 

2 

2 

3 

3 

"' 
5 

' 7 

7 

I 

9 

9 

10 

10 

Nameplate (0-75 PSI) 1 

Nameplate (~200 PSII 1 

Nameplate (100-30() PSI) l 

Cover l 

Cover (100-300 "I) l 

Sc,- a 
G-ftlnc 2 

Powerunlt Body 1 

Body-½# 1 

Body-¾# l 

0-Rlnc 1 

Adlustlnc Sc,- l 

Ac1Jo_stlnc 5c,- 1 
(1 300 PSI) 

Jam Nut 1 

Jam Nut (100-300 PSI) l 

12 SprlftC (0-75 PSI) 1 

12 Spnnc (20-200 PSI) 1 

12 Sprinc (100-300 PSI) 1 

13 Nut 1 

14 Belleville Washer 1 

15 UPP-• Dlaphracm Washer 1 

16 Dlaphrairm l 

17 Lower Dlaphr• cm W• -her 1 

18 0-Rlnc 1 

19 Stem 1 

20 <MIine 1 

21 DiK Ratalnar Auembly I 

2:? Seat 1 

23 Jam Nut 1 

24 Pipe Plup 2 

When ordering parts specify: • All nameplate data 

• Item Number 

• Dftcription 

• Material 1.2.7.129 __________________ ... 
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CLAYTON tl/%1J111£l!lt VAL VE S 

SHUTOFF COCKS - CK SERIES 

CAT. NO. CK2 

(2 WAYl 

ITSM 
NO. 

2 
3 

" 5 

CAT. NO. CK3 

(3 WAY) 

CIIE9CIUP'TION 

Nut 
Washer 
Plug 
Stop Pin 
Body 

WHEN ORDERING PARTS, SPECIFY: I;:::"' NO. I 1.2.7.130 ITEM NO. 

4 

DESCRIPTION 

Nl:W~OltT, • EACH • C:AL.IP'OIIINIA 

CAT. NO. CK4 

(4 WAY) 

I ALL NAMEPLATE DATA OR 
NOS. STAMPED ON ASSEMBLY 

CLA-VAL CO. 

-

-

-
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ITEM 
NO. 

1 

2 

3 

4• 
5* 
6* 
7 

• 
'* 10 

CLAYTON®a&~ VALVES 

OESCRIPTION 

Cap 

Jam Nut 

S.at 

Gasut 

Disc 

Sp,tns 

Snap !tins 

Acljustlns Stem 

"O'' Rlns 

Hou• inc A•--ffllll:, 

2.34 

QUAN. 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

When ordering parts specify: 

FLOW CONTROL 

WITH DISC O'IN 
FOi ••f•EE FLOW" 

+ 
AH FLOW 

ADJUSTING STEM 
(TUIN CLOCXWISI! TO 
INClEASE IESTIICTIONI 

RESTRICTED 

FLOW 

3/8 - 18 NPT 

.91 

• All nameplate data • Description 

• Item Number • Material 

PARTS LIST 

Clayton CV 3/a,, 

MATERIAL 
STOCK 

FORMERLi 
NUMBER 

Bronze Body 
97015·01A C-5464 

Stainless Steel Trim 

Stainless Steel Body 
and Trim (303) 97015·02J 37104 

Bronze Body 
Monel Trim 97015·03G 37161 

FIE! FLOW 

• Part Number 

*Recommended Spare Parts 

L,ITHO IN US A 

1.2.7.131 
CLA·VAL CO. Newport Beach, California 
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AURORA PUMP 
A UNIT CF GENERAL SIGNAL 

ENGINEERING DEPT. 
NORTH AURORA, ILLINOIS· 60542 

RIGHT ANGLE GEAR DR !VE 

MODEL 125 S 

RATIO .3.: 2. 

NON-REVERSE RATCHET. 

OR 

MFG c .4MlM3 t< 1 0 RIGHT ANGLE GEAR DRIVE, 

:Z G. 00 / t '7 so RPM WITH 
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DATE: f"Z.-tO -c:50 

1.2.7.133 

STEARNS-ROGER ENGINEERING 
PROJECT NO. 621700 
SCLAR-C~E PILOT PLANT 
Ul'.IT ONE 
p .C. 20 0 l 

CO~P. 

SP-10'9H 



· 1.2.7.134 

STEARNS-ROEER ENGl"EERING 
PROJECT NO. 621700 
SCLAR-Ct\E PILOT PLjNT 
Ut\lT ONE 

2001 

CORP. r;1 
rr.l 

AMARILLO GEAR COMPANY - P.O. BOX 1789 • 2401 SUNDOWN LANE - A/C 806 622-1273, TWX 910-898-4128 - AMARILLO, TEXAS 79105 



-

-

-
2 

OUTSTANDING HIGHLIGHTS OF 
AMARILLO'S PACE-SETTING DESIGNS 

Full size cover to 
accommodate excess 

headshaft length 

Postive pressure oil 
distribution system to 

bearings and gears 

Casehardened alloy steel 
gears designed to provide 

maximum service 

Oil level sight glass 
expedites routine 

inspection. Standard on 
all except Model 20 

Available with 
hollow or solid 

vertical shaft 

Non reverse clutch 
furnished with standard 
and combination drives. 
Available on solid 
shaft drives. 

Bearing design life 
---- exceeds AGMA 

recommendations 

Rigid castings designed 
to insure correct gear 
alignment under 
full load 

Cooling coils furnished as 
standard equipment in 
Model 100 and larger 
drives. Available in all 
others on special order 

Every Drive Factory Tested Prior To Shipment To Assure Superior Performance 
1.2.7.135 
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The Amarillo Gear Company enters the forty-fifth product;on year with the most adaptable selection of drives to 

date. Fifteen standard models are available, ranging from 20 to 1200 HP'. This range of sizes, available with a wide 

range of ratios, provides one of the largest selections in the industry. Amarillo Right Angle Gear Drives were developed 

primarily for the irrigation industry as a replacement for the quarter-turn belt drives. However, greater numbers of 

drives for industrial applications are being presented. This widespread acceptance is a direct result of "Amarillo's" -

~ reliable, efficient and economic operation. 

~ Standard Drives Are Factory Mutual Approved for Use With Vertical Fire Pumps 

-

SELECTION OF THE PROPER DRIVE 
Several factors must be considered in the selection of a right angle drive to obtain maximum performance from mini

mum investment. The following information is presented to assist in making your selection: 

EFFICIENCY: Through the use of high quality gears and bearings, transmission efficiency ranges from 94% to 97% 

varying with speed, horsepower and thrust. Actual efficiency values will be furnished upon request. 

GEARS: All drives are furnished with spiral bevel gears, designed in accordance with AGMA (American Gear Manu

facturers Association) standards for both strength and surface durability, employing a minimum service factor of 1.50 

at rated horsepower. This service factor applies to both speed increasing and speed decreasing drives. 

THRUST BEARINGS: 

When possible, full advantage is taken of the thrust produced by the gears to provide maximum thrust ratings. This 

factor, in turn, requires either a minimum external downthrust or thrust bearings arranged to handle thrust in both 

directions. Thrust ratings of our standard drives are listed in Tables 3 and 5. Three types of thrust bearing arrange

ments are offered. They are explained as follows: 

TYPE SL (Limited Thrust) drives are intended for shallow setting applications or for any application that does not 

produce a constant downthrust while operating. These thrust bearing arrangements will also handle continuous 

upthrust equal to 50% of the maximum downthrust rating. · 

TYPE S (Standard Thrust) drives produce maximum downthrust ratings which are adequate for most deep well 

applications. Type S gear drives are arranged for momentary conditions of zero downthrust or upthrust. If ex

ternal thrust is less than the minimum values shown in Tables 3 and 5 for other than momentary conditions, a Type 

SL drive or a Type SH drive with opposed thrust bearings should be selected. 

TYPE SH (Heavy Downthrust) drives have stacked thrust bearings for extreme thrust conditions. Type SH gear 

drives are arranged for momentary conditions of zero downthrust or upthrust. If external thrust is less than the 

minimum values shown in Tables 3 and 5 for other than momentary conditions, contact the factory for recom

mendations. When Type SH drives are supplied with opposed thrust bearings, the Type S maximum thrust ratings 

apply. 

The thrust bearing options offered in Tables 3 and 5 are adequate for most irrigation and industrial applications. Special 

thrust bearing arrangements can be provided for unusual conditions that are not covered by Tables 3 and 5. 

MODEL DESIGNATION: The model number designates the basic horsepower rating at 1760 RPM pump speed. The 

number is preceded by one of the following letter designations to define the type drive: 

SL Standard Hollow Shaft Drive with Limited Thrust Capacity 

S Standard Hollow Shaft Drive with Standard Thrust Capacity 

SH Standard Hollow Shaft Drive with Heavy Thrust Capacity 

SSL Solid Shaft Drive with Limited Thrust Capacity 

SS Solid Shaft Drive with Standard Thrust Capacity 

SSH Solid Shaft Drive with Heavy Thrust Capacity 

C Combination Drive 

CS Combination Drive with Solid Vertical Shaft 

D Double Drive 

Example: S 60 designates a Model 60, standard vertical hollow shaft gear drive with standard thrust bearing. 

SH 60 designates a Model 60, standard vertical hollow shaft gear drive with heavy thrust capacity. 

All orders are processed immediately upon receipt; however, to obtain the best possible service, the following infor

mation should be supplied when ordering: 

Model Number and Type 

Ratio ( or input and output speed) 

Coupling Bore in Hollow Shaft Type 

Vertical Shaft Dimensions for Solid Shaft Type 

-

Rotation Required A 
Motor Base Diameter for Combination Type W 
Flexible Shaft and Flange Requirements 

Please see pages 12, 13 and 14 for all Information on Models 1000 and 1200. 
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RATIOS AND ROTATIONS: The ratio of a drive is defined as the ratio of the horizontal input speed to vertical output 

speed. For example, a 2: 1 ratio would have a horizontal speed of twice the vertical speed. There are four 

rotational schemes available as shown in figure 1, 2, 3, and 4. Figure 1 is denoted as standard rotation. 

Figures 2, 3, and 4 are special rotation, being manufactured only on order, and are not subject to cancellation 

without charge for completed parts. CW-Clockwise; (CW-Counter-clockwise. 

FIGURE 1 

HORIZONTAL-CW 
VERTICAL-CCW 

FIGURE 2 

HORIZONTAL-CW 
VERTICAL-CW 

t 

FIGURE 3 

HORIZONTAL-CCW 
VERTICAL-CCW 

_.._ 

i) 0 ! 
6 
0 

FIGURE 4 

HORIZONTAL--CCW 
VERTICAL-CW 

RATINGS: Only bearings of major manufacturers are used in the Amarillo drives. Average bearing design life far 

exceeds that specified by the AGMA. 

The permissible loading varies with the speed, and in borderline cases, up to l 0% overloading is permitted before 

the warranty is voided. This overloading condition should be used with the knowledge that a corresponding reduction 

• 

- of 25% to 30% in bearing life may be expected. -

-

Tables 3 through 6 provide a means of rapid selection for most drive applications. The ratings given in these tables in-

clude a 1.5 service factor which is adequate for continuous operation of a deep well turbine or centrifugal pump driven 

by a multi-cylinder engine. Should speeds other than those listed be required, consult Table l. Drives for special 

applications should be referred to the manufacturer. Our engineers will provide any necessary assistance in making 

your selection. 

Vertical Shaft 
R.P.M. 

430 

580 

690 

720 

870 

960 

1160 

1460 

1760 

HORSEPOWER AND THRUST BEARING RATINGS 
TABLE l 

Percent of Percent of Vertical Shaft Percent of 
Rated Horsepower Thrust Capacity R.P.M. Rated Horsepower 

37% 160% •2000 105% 

46% 145% *2200 111% 

52% 137% *2400 116% 

54% 135% '2600 122% 

61% 126% ''2800 128% 

66% 122% *3000 133% 

75% 115% *3460 146% 

88% 106% "3600 150% 

100% 100% 

Percent of 
Thrust Capacity 

96% 

93% 

90% 

88% 

86% 

84% 

80% 

79% 

cooling coils should be specified for Models 40, 60, and 80 operating with vertical speeds exceeding 1760 RPM. The factory 
should be consulted on Models 375 through 750 if vertical speeds exceed 1760 RPM. 

Please see pages 12, 13 and 14 for all information on Models 1000 and 1200. 
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AG 

CD 

I I 

/ 

.: 

, 
/.,-

4- ·xc· TAPPED HOLES 
l" DEEP IN BASE FLANGE • 

. I 

~~-'j_: 
~T:_) ; 4-"BF"HOLES IN 

BASE FLANGE 

XA 

.,/':=;: __ :_ 

- - BX 

r-. '] 
D 

OIL FILL PLUG 
"XE=NPT 

KEY WAY 

- N· -

OIL DRAIN PLUG 
"Xf~NPT 

.. 

•• 

NON REVERSE COUPLING 

\\ 

COUPLING DIMENSIONS 
TABLE 2B 

BX BORE.' 

I BZ I XD 

I 

MODEL 
MAXIMlJM Gte 

BY 
I 

NoM- l(EYWAY 
XL 

1NAL 0.CTUA 

20 I 1001 • X s 0-32 ,, 11i ,~ 
40A 14 I 251 4 X ~ • - 20 I~ I I~ -!~-1 408 14 I 251 4 )( ~ 4 

- 20 1g ·;r ,, 
60 1, 1.501 e X 16 .-2012• 2 l2 1 

80 1, 1.501 iX~ ~ -20 2 I 2 
I ;,; i • 

100 12 1.501 §x16 ~ -20 2; 2 l', 
11~ i X ~ ~ 20 I 22 

-, 
125 I 6ffi 2;. ~-·i 150 2 2.001 ~ )( ~ ~ -20 2 I 3 , 

'; 1 
200 2 2.001 ~ X ~ I ·20 2 I 3 4 2 " 
275 2,1 2 438 ~ )( 11 , 

-16 3! 3 • . " 
375 2,. 2.438 ~ x,1 ' -16 3~ 3 • B ,, 
450 21~ 2438 ~ X ,i ' -16 3' 3 • . 4 " 
600 2,1 2438 ~ )(~ ' -16 3 I 3 9 

R . " 
750 2'' 2938 i X ij 3> 7 

16 4 16 

\ 
s MODEL 200 I, SMALLER. 

NOT APPLICABLE TO 

Smaller coupling bores and metric 

1i1e, ortt supplied 01 requested. 

"'Model 20, l :3 ratio, maximum 

coupling bore 7 /8". 1 MODELS 20, 40,60,1, 80 
<' 1 UNLESS ORDERED WITH 
, -~ __ , COOLING COILS 

~i ~:~~o;\\.I, · """ ,,. • """' 
. 
J{_(~I); /;~ ;"g~~~~~G•::!::T 

1 _ •COOLING WATER 

7•.· \.9-~--_,_------ J:} , / INLn."xK=NPT 

' -T - 't) , ' I 

: I XH 

Model 20, 1 :3 ratio, no! availoble 
with Fig. 2 or Fig. 3 rotation. 

* *Model 150, 1 :3 ratio, maximum 
coupling bore 1-11/16". 

•••Model 275, 2:5 ratio, maximum 
coupling bore 2-3/16". 

tContact factory for maximum coup
ling bores for oil gear drives with 
Fig. 2 or Fig. 3 rotation with 1 :2, 
2:5 or 1 :3 ratio, 

BB _ 0 _ I 
BE 

I 

I 
XG 
I 

~ j 11 I 
~ .L ---~ ~J + --~-·--·---___l_-·-~ 

AK BD * COOLING WATER INLET-' 
"XK~NPT. 

- xv - xw - - * COOLING WATER OUTLET 
"XK=NPT 

TABLE OF DIMENSIONS - STANDARD DRIVE 

TABLE 2A 
HORIZONTAL StiUT U TYPt: SL TYPE S TYPE SH 

MODEL D N Noll-
AJ AK BB BO BE BF XA XB XC 

INAl. ACTUAi KEYWAY AG CD AG CD AG CD 

20 61 2s tl 1.249 ,ixt 16l 131 t6l 13: 11l 141 91 8.250 ,! 10 ~ 7 109 
8 8 8 16 

40A 8~ 4i I~ 1.499 i x,l 2,: 18 21: 18 23 19l 99 8.250 ~ 12 ; I ,s, 
40B B~ 4i I~ 1.499 i Xi 21: 18 21: 18 23 194 14% 13.500 4 162 :i '! 15~ 

60 I I~ 4l ,Ji 1.499 f Xi 28 231 28 231 29i 24~ 141 13.500 I 16~ 3 161 4 4 

BO I I~ 41 Ii 1.874 i )( i 29~ 24,l 28~ 23ii 30l 25,1 14: 13.500 I 16~ : II 16l 
4 4 

100 II~ 41 I~ 1.874 i Xi 29l 24;j 2eJ 23~ 3ol 25,1 14% 13.500 I 16~ : 16J • 4 

125 II~ 4~ 2~ 2.436 ii xi 30~ 25~ 29j .!4~ 31~ 26 141 13.500 I 16t l 18l 4 

150 131 sl 2~ 2.436 ixl 35~ 30i 331 29l 35i 319 18l 13.500 I 20 
,, I 20: 141 i·ll·NC 4 e 16 

200 131 51 2 ,1 2.436 I xi 35~ 30:,i 33, 29~ 35i 3,e !Bl 13,500 I 20 1' II 20: 14: :·II-NC 
• 4 8 16 

275 16 6 2•S 2936 : x: 43! 36~ G4 :s,; 433 38 23 13.500 I 24~ le :1 t25~ 141 j·II-NC 
16 4 

375 16 6 2~ 2.936 ?xi 43l 36, 43j 38 469 38l 23 13.500 I 24~ le li tz5~ 14t j·ll·I\£ 4 

450 16 6 31 3,749 •x~ 43! 36~ 431 38 469 38! 23 13.500 I 
24~ 19 :l 'T25~ 14: 3-11·1'£ 4 

600 18 6 3% 3.749 ~ X 16 48 41g 50 42 23 13.500 4 242 'e :i t26l 14% i·ll·NC 

750 21 8 4 3.998 IX~ 62! sol 62 sol 28, 22.CXXl I 30~ 1l 13 36' 26 l-10-NC 4 16 8 

XE XF XG XH )(J XK xv xw 

" " :i e 8 
I 14 2 2 

2 2 I~ 
3 I lj 3 2 3 3~ 41 
4 2 8 4 

: I lj 3 2 i 39 4' 
2 4 

l l 
1: 3 2 

= 39 4' 
2 4 

l 
I Ii 3 2 i 3a 4~ 2 

: i 29 4~ 2i 
I 5 5 2 

l I 2~ 4t 2i t 5 5 

: : 113 41 2? 
3 73 1' 16 2 4 4 4 

4 ; 1:1 4z 2: : 1: 1: 
3 3 I 13 41 d 3 73 1: 4 4 16 2 4 • 
~ 4 1:i 6 2e : el 

·-;r 
84 

~ : 2: &~ ,: 3 8 8~ 4 4 

* Horizontal shaft dimensions shown for Model 450 apply to ratios in Table 4 only. Consult factory for dimensions of all others. 

"XA" dimensions shown apply to ratios in Table 4 only. Consult factory for dimensions of all others. 

Please see pages 12, 13 and 14 for all information on Models 1000 and 1200. 

1.2.7.138 5 

-

-

-



TABLE 3 
NOTE: Drives that are rated at 1760 RPM vertical speed ARE NOT LIMITED to 1760 RPM. See Table 1. 

- I DOWNTHRUST CAPACITY IN POUNDS 

Vertical HOLLOW SHAFT SOLID SHAFT COMB. 
MODEL Shaft H.P. Type SL Type S Type SH Type SSL Type SS Type SSH Type C RPM Rating 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

1160 15 0 978 797 2358 797 3680 0 978 0 2358 0 2358 

20 1460 18 0 901 760 2173 760 3392 0 901 0 2173 0 2173 
1760 20 0 850 700 2050 700 3200 0 850 0 2050 0 2050 
3460 30 0 680 534 1640 534 2560 0 680 0 1640 0 1640 

1160 30 0 1495 1138 3565 1138 5520 0 1495 0 3565 0 3565 
40 1460 35 0 1378 1055 3286 1055 5088 0 1378 0 3286 0 3286 

1760 40 0 1300 1000 3100 1000 4800 0 1300 0 3100 0 310C 

960 39 0 2074 1490 5002 1490 7320 0 2074 0 5002 0 5002 

60 1160 45 0 1955 1422 4715 1422 6900 0 1955 0 4715 0 4715 
1460 53 0 1802 1331 4346 1331 6360 0 1802 0 4346 0 4346 
1760 60 0 1700 1250 4100 1250 6000 0 1700 0 4100 0 4100 

960 52 0 3904 2085 6954 2085 11224 0 3904 0 6954 0 6954 

80 1160 60 0 3680 1991 6555 1991 10580 0 3680 0 6555 0 6555 
1460 70 0 3392 1846 6042 1846 9752 0 3392 0 6042 0 6042 
1760 BO 0 3200 1750 5700 1750 9200 0 3200 0 5700 0 5700 
960 66 0 3904 2101 7198 2101 11224 0 3904 0 7198 0 7198 

100 1160 75 0 3680 1991 6785 1991 10580 0 3680 0 6785 0 6785 
1460 88 0 3392 1856 6254 1856 9752 0 3392 0 6254 0 6254 
1760 100 0 3200 1750 5900 1750 9200 0 3200 0 5900 0 5900 

720 68 0 5535 3135 7965 3135 12420 0 5535 0 7965 0 7965 
960 83. 0 5002 2722 7198 2722 11224 0 5002 0 7198 0 7198 

125 1160 94 0 4715 2560 6781 2560 10580 0 4715 0 6781 0 6781 
1460 110 0 4346 2387 6254 2387 9752 0 4346 0 6254 0 6254 
1760 125 0 4100 2250 5900 2250 9200 0 4100 0 5900 0 5900 
720 80 0 6750 3520 9180 3520 14243 0 6750 0 9180 0 14243 0 9180 
960 98 0 6100 3234 . 8296 3234 12871 0 6100 0 8296 0 12871 0 8296 150 1160 112 0 5750 3059 7820 3059 12133 0 5750 0 7820 0 12133 0 7820 - 1460 132 0 5300 2864 7208 2864 11183 0 5300 0 7208 0 11183 0 7208 

1760 150 0 5000 2700 6800 2700 10550 0 5000 0 6800 0 10550 0 6800 

720 107 0 6750 3531 9180 3531 14243 0 6750 0 9180 0 14243 0 9180 • 960 131 0 6100 3242 8296 3242 12871 0 6100 0 8296 0 12871 0 8296 200 1160 150 0 5750 3072 7820 3072 12133 0 5750 0 7820 0 12133 0 7820 
1460 176 0 5300 2864 7208 2864 11183 0 5300 0 7208 0 11183 0 7208 
1760 200 0 5000 2700 6800 2700 10550 0 5000 0 6800 0 10550 0 6800 

720 147 0 8100 3920 13973 3920 25650 0 8100 0 13973 3920 25650 
960 180 0 7320 3600 12627 3600 23180 0 7320 0 12627 3600 23180 CONSULT 275 1160 206 0 6900 3410 11903 3410 21850 0 6900 0 11903 3410 21850 

1460 241 0 6360 3169 10971 3169 20140 0 6360 0 10971 3169 20140 FACTORY 
1760 275 0 6000 3000 10350 3000 19000 0 6000 0 10350 3000 19000 

580 172 0 8700 4871 27550 4871 36250 0 8700 0 15008 4871 27550 
720 201 0 8100 4586 25650 4586 33750 0 8100 0 13973 4586 25650 

375 960 246 0 7320 4209 23180 4209 30500 0 7320 0 12627 4209 23180 CONSULT 1160 281 0 6900 3979 21850 3979 28750 0 6900 0 11903 3979 21850 FACTORY 1460 329 0 6360 3702 20140 3702 26500 0 6360 0 10971 3702 20140 
1760 375 0 6000 3500 19000 3500 25000 0 6000 0 10350 3500 19000 

580 207 0 8700 5583 27550 5583 36250 0 8700 0 15008 5583 27550 
720 241 0 8100 5236 25650 5236 33750 0 8100 0 13973 5236 25650 

450 960 295 0 7320 4807 23180 4807 30500 0 7320 0 12627 4807 23180 CONSULT 1160 337 0 6900 4545 21850 4545 28750 0 6900 0 11903 4545 218~0 
1460 395 0 6360 4232 20140 4232 26500 0 6360 0 10971 4232 20140 FACTORY 
1760 450 0 6000 4000 19000 4000 25000 0 6000 0 10350 4000 19000 

580 275 0 11600 6259 36250 0 11600 0 15008 6259 36250 
720 321 0 10800 5885 33750 0 10800 0 13973 5885 33750 
870 367 0 10080 5568 31500 0 10080 0 13041 5568 31500 CONSULT 600 960 393 0 9760 5404 3C500 CONSULT 0 9760 0 12627 5404 30500 

1160 449 0 9200 5109 28750 FACTORY 0 9200 0 11903 5109 28750 FACTORY 
1460 527 0 8480 4765 26500 0 8480 0 10971 4765 26500 
1760 600 0 8000 4500 25000 0 8000 0 10350 4500 25000 
580 344 0 11310 6959 36250 0 11310 0 15008 6259 36250 
720 401 0 10530 6535 33750 0 10530 0 13973 5885 33750 

- 870 458 0 9828 6177 31500 
CONSULT 

0 9828 0 13041 5568 31500 
CONSULT 750 960 491 0 9516 6001 30500 0 9516 0 12627 5404 30500 

1160 561 0 8970 5674 28750 FACTORY 0 8920 0 11903 5109 28750 FACTORY 
1460 659 0 8268 5296 26500 0 8268 0 10971 4765 26500 -1760 750 0 7800 5000 25000 0 7800 0 10350 4500 25000 

Please see pages 12, 13 and 14 for all Information on Models 1000 and 1200. 
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TABLE 4 

NOTE: Drives that are rated at 1760 RPM vertical speed ARE NOT LIMITED to 1760 RPM. See Table 1. 

VERTICAL 
MODEL SHAFT 

RPM 
1:1 10:11 5:6 4:5 

ll60 1160 967 

20 1460 1460 1217 
1760 1760 1467 
3460 3460 2883 

1160 1160 967 
40 1460 1460 1217 

1760 1760 1467 

960 960 864 800 768 

60 1160 1160 1044 967 928 
1460 1460 1314 1217 1168 
1760 1760 1584 1467 1408 

960 960 864 800 768 

80 1160 1160 1044 967 928 
1460 1460 1314 1217 1168 
1760 1760 1584 1467 1408 

960 960 864 800 768 

100 1160 1160 1044 967 928 
1460 1460 1314 1217 1168 
1760 1760 1584 1467 1408 

720 720 650 600 576 
960 960 867 800 768 

125 1160 1160 1048 967 928 
1460 1460 1319 1217 1168 
1760 1760 1590 1467 1408 

720 720 650 597 576 
960 960 867 796 768 

150 1160 1160 1048 960 928 
1460 1460 1319 1210 1168 
1760 1760 1590 1458 1408 

720 720 650 597 576 
960 960 867 796 768 

200 1160 1160 1048 960 928 
1460 1460 1319 1210 1168 
1760 1760 1590 1458 1408 

720 720 656 623 576 
960 960 875 830 768 

275 1160 1160 1058 1003 928 
1460 1460 1331 1263 1168 
1760 1760 1605 1522 1408 

580 580 529 502 464 
720 720 656 623 576 

375 960 960 875 830 768 
1160 1160 1058 1003 928 
1460 1460 1331 1263 1168 
1760 1760 1605 1522 1408 

580 580 529 502 461 
720 720 656 623 573 

450 960 960 875 830 764 
1160 1160 1058 1003 923 
1460 1460 1331 1263 1161 
1760 1760 1605 1522 1400 

580 580 521 486 461 
720 720 646 603 573 
870 870 781 729 692 

600 960 960 862 804 764 
1160 1160 1041 972 923 
i460 1460 1310 1223 1161 
1760 1760 1579 1475 1400 

580 565 521 486 
720 700 646 603 
870 846 781 729 

750 960 933 862 804 
1160 1128 1041 972 
1460 1421 1310 1223 
1760 1712 1579 1475 

1.2.7.140 
• Model 20 1:3 ratio not available with Figure 2 or Figure 3 rotation. 

ENGINE RPM 

3:4 2:3 5:8 

870 773 
1095 973 
1320 1173 
2595 2307 

870 773 
1095 973 
1320 1173 

720 640 597 
870 773 721 

1095 973 908 
1320 1173 1094 

720 640 597 
870 773 721 

1095 973 908 
1320 1173 1094 

720 640 597 
870 773 721 

1095 973 908 
1320 1173 1094 

540 480 
720 640 
870 773 

1095 973 
1320 1173 

540 480 
720 640 
870 773 

1095 973 
1320 1173 

540 480 
720 640 
870 773 

1095 973 
1320 1173 

540 480 450 
720 640 600 
870 773 725 

1095 973 913 
1320 1173 1100 

439 392 363 
545 486 450 
726 648 600 
875 783 725 

1105 985 913 
1332 1188 1100 

439 392 363 
545 486 450 
726 648 600 
878 783 725 

1105 985 913 
1332 1188 1100 

432 383 360 
536 475 447 
648 574 539 
715 634 595 
864 766 719 

1087 964 905 
1311 1162 1091 

429 383 
533 475 
643 574 
710 634 
858 766 

1080 963 
1302 1162 

Please see pages 12, 13 and 14 for all information on Models 1000 and 1200. 

4:7 1:2 4:9 2:5 

580 
730 
880 

1730 

667 580 
840 730 

1012 880 

545 480 398 
659 580 481 
830 730 605 

1000 880 730 

545 480 398 
659 580 481 
830 730 605 

1000 880 730 

545 480 398 
659 580 481 
830 730 605 

1000 880 730 

409 360 320 293 
545 480 426 391 
659 580 516 473 
830 730 649 595 

1000 880 782 717 

409 360 320 293 
545 480 426 391 
659 580 516 473 
830 730 649 595 

1000 880 782 717 

409 352 318 291 
546 470 425 388 
660 568 513 468 
830 715 646 590 

1000 862 778 711 

330 284 
409 352 
546 470 
660 568 
830 715 

1000 862 

330 284 
409 352 
546 470 
660 568 
830 715 

1000 862 

327 285 
406 353 
490 427 
541 471 
654 569 
823 717 
992 864 

327 276 
406 342 
490 414 
541 456 
654 551 
823 694 
992 837 

-
1:3* 

387 
487 
587 

1153 

387 
487 
587 

320 
387 
487 
587 

320 
387 
487 
587 

240 
320 
387 
487 
587 -
CONSULT 
FACTORY 

CONSULT 
FACTORY 

CONSULT 
FACTORY 

CONSULT 
FACTORY 

CONSULT 
FACTORY -

7 
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TABLE 5 
NOTE: Drives that are rated at 1760 RPM vertical speed ARE NOT LIMITED to 1760 RPM. See Table 1. 

Vertical 
MODEL Shaft H.P. 

RPM Rating 

1160 15 

20 1460 18 
1760 20 
3460 30 

1160 30 
40 1460 35 

1760 40 

960 39 

60 1160 45 
1460 53 
1760 60 

960 52 

80 1160 60 
1460 70 
1760 80 

960 66 

100 1160 75 
1460 88 
1760 100 

720 68 
960 83 

125 1160 94 
1460 llO 
1760 125 

720 80 
960 98 

150 1160 ll2 
1460 132 
1760 150 

720 107 
960 131 

200 1160 150 
1460 176 
1760 200 

720 147 
960 180 

275 1160 206 
1460 241 
1760 275 

580 172 
720 201 

375 960 246 
1160 281 
1460 329 
1760 375 

580 207 
720 241 

450 960 295 
1160 337 
1460 395 
1760 450 

580 275 
720 321 
870 367 

600 960 393 
1160 449 
1460 527 
1760 600 

580 344 
720 401 
870 458 

750 960 491 
1160 561 
1460 659 
1760 750 

DOWNTHRUST CAPACITY IN POUNDS 
HOLLOW SHAFT SOLID SHAFT 

Type SL Type S Type SH Type SSL Type SS Type SSH 
Min. Max. Min. Max. Min. Max. ~in. Max. Min. Max. Min. 

0 978 797 2358 797 3680 0 978 0 2358 
0 901 760 2173 760 3392 0 901 0 2173 
0 850 700 2050 700 3200 0 850 0 2050 
0 680 534 1640 534 2560 0 680 0 1640 
0 1495 1138 3565 1138 5520 0 1495 0 3565 
0 1378 1055 3286 1055 5088 0 1378 0 3286 
0 1300 1000 3100 1000 4800 0 1300 0 3100 

0 2074 1490 5002 1490 7320 0 2074 0 5002 
0 1955 1422 4715 1422 6900 0 1955 0 4715 
0 1802 1331 4346 1331 6360 0 1802 0 4346 
0 1700 1250 4100 1250 6000 0 1700 0 4100 

0 3904 2085 6954 2085 11224 0 3904 0 6954 
0 3680 1991 6555 1991 10580 0 3680 0 6555 
0 3392 1846 6042 1846 9752 0 3392 0 6042 
0 3200 1750 5700 1750 9200 0 3200 0 5700 

0 3904 2101 7198 2101 11224 0 3904 0 7198 
0 3680 1991 6785 1991 10580 0 3680 0 6785 
0 3392 1856 6254 1856 9752 0 3392 0 6254 
0 3200 1750 5900 1750 9200 0 3200 0 5900 

0 5535 3135 7965 3135 12420 0 5535 0 7965 
0 5002 2722 7198 2722 11224 0 5002 0 7198 
0 4715 2560 6781 2560 10580 0 4715 0 6781 
0 4346 2387 6254 2387 9752 0 4346 0 6254 
0 4100 2250 5900 2250 9200 0 4100 0 5900 
0 6750 3520 9180 3520 14243 0 6750 0 9180 0 
0 6100 3234 8296 3234 12871 0 6100 0 8296 0 
0 5750 3059 7820 3059 12133 0 5750 0 7820 0 
0 5300 2864 7208 2864 lll83 0 5300 0 7208 0 
0 5000 2700 6800 2700 10550 0 5000 0 6800 0 
0 6750 3531 9180 3531 14243 0 6750 0 9180 0 
0 6100 3242 8296 3242 12871 0 6100 0 8296 0 
0 5750 3072 7820 3072 12133 0 5750 0 7820 0 
0 5300 2864 7208 2864 11183 0 5300 0 7208 0 
0 5000 2700 6800 2700 10550 0 5000 0 6800 0 
0 8100 3920 13973 3920 25650 0 8100 0 13973 3920 
0 7320 3600 12627 3600 23180 0 7320 0 12627 3600 
0 6900 3410 11903 3410 21850 0 6900 0 11903 3410 
0 6360 3169 10971 3169 20140 0 6360 0 10971 3169 
0 6000 3000 10350 3000 19000 0 6000 0 10350 3000 
0 8700 4871 27550 4871 36250 0 8700 0 15008 4871 
0 8100 4586 25650 4586 33750 0 8100 0 13973 4586 
0 7320 4209 23180 4209 30500 0 7320 0 12627 4209 
0 6900 3979 21850 3979 28750 0 6900 0 11903 3979 
0 6360 3702 20140 3702 26500 0 6360 0 10971 3702 
0 6000 3500 19000 3500 25000 0 6000 0 10350 3500 
0 8700 5583 27550 5583 36250 0 8700 0 15008 5583 
0 8100 5236 25650 5236 33750 0 8100 0 13973 5236 
0 7320 4807 23180 4807 30500 0 7320 0 12627 4807 
0 6900 4545 21850 4545 28750 0 6900 0 11903 4545 
0 6360 4232 20140 4232 26500 0 6360 0 10971 4232 
0 6000 4000 19000 4000 25000 0 6000 0 10350 4000 
0 11600 6259 36250 0 11600 0 15008 6259 
0 10800 5885 33750 0 10800 0 13973 5885 
0 10080 5568 31500 0 10080 0 13041 5568 
0 9760 5404 30500 CONSULT 0 9760 0 12627 5404 
0 9200 5109 28750 FACTORY 0 9200 0 11903 5109 
0 8480 4765 26500 0 8480 0 10971 4765 
0 8000 4500 25000 0 8000 0 10350 4500 
0 11310 6959 36250 0 11310 0 15008 6259 
0 10530 6535 33750 0 10530 0 13973 5885 
0 9828 6177 31500 0 9828 0 13041 5568 
0 9516 6001 30500 CONSULT 0 9516 0 12627 5404 
0 8970 5674 28750 FACTORY 0 8920 0 11903 5109 
0 8268 5296 26500 0 8268 0 10971 4765 
0 7800 5000 25000 0 7800 0 10350 4500 

Please see pages 12, 13 and 14 for all information on Models 1000 and 1200. 
1.2.7.141 

Max. 

14243 
12871 
12133 
11183 
10550 

14243 
12871 
12133 
11183 
10550 

25650 
23180 
21850 
20140 
19000 

27550 
25650 
23180 
21850 
20140 
19000 

27550 
25650 
23180 
21850 
20140 
19000 

36250 
33750 
31500 
30500 
28750 
26500 
25000 

36250 
33750 
31500 
30500 
28750 
26500 
25000 

COMB. 

Type C 

'-\in. Max. 

0 2358 
0 2173 
0 2050 
0 1640 

0 3565 
0 3286 
0 3100 

0 5002 
0 4715 
0 4346 
0 4100 

0 6954 
0 6555 
0 6042 
0 5700 

0 7198 
0 6785 
0 6254 
0 5900 

0 7965 
0 7198 
0 6781 
0 6254 
0 5900 
0 9180 
0 8296 
0 7820 
0 7208 
0 6800 • 0 9180 
0 8296 
0 7820 
0 7208 
0 6800 

CONSULT 
FACTORY 

CONSULT 
FACTORY 

CONSULT 
FACTORY 

CONSULT 
FACTORY 

CONSULT 
FACTORY -
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TABLE 6 

NOTE: Drives that are rated at 1760 RPM vertical speed ARE NOT LIMITED to 1760 RPM. See Table 1. 
,-------..-------,rr-----------------·-·----·----··-·- ·---··-·• -- ---

MODEL ENGINE RPM 
t-----,------,-----r-----.----r----,---~ ------ -·---··-·-- ---- .. 

VERTICAL 
SHAFT 
RPM 

11:10 6:5 5:4 4:3 3:2 8:5 7:4 ! 2:1 9:4 I 5:2 
l====t=====#====i====i===i===i===~;====±==:=:l:==:±=::.:===-i 

20 
1160 1392 1547 1140 I 1 : -- -- : 

1460 1752 1947 2190 II 

1~~g 2112 2347 2640 I I - ' -- .. -
1160 1392 1557 1740 l ---7 2011 - 2320 : 

40 1460 1752 1947 2190 [ I 2539 , 2920 i 

1------+--1_7_6_0 _ ___, ___ -4--_2_11_2_~--~2_3~7 2640 ! 3061 : 352_0 __ --f------- -- . 
960 1067 1152 1200 1280 1440 1544 ' 1690 1920 ' 

1160 1289 1392 1450 1547 1740 1866 j 2042 2320 ' 
1460 1622 1752 1825 1947 2190 2348 25.70 2920 1·, 

1760 1956 2112 2200 2347 2640 2831 3098 3520 
1-----+------ifl-----+----4-------+--_j ·--------- - -- --- --" -- -r -

960 1067 1152 1200 1280 1440 1544 1690 1920 !' 

1160 1289 1392 1450 1547 1740 1866 I 2042 2320 
1460 1622 1752 1825 1947 2190 2348 2570 2920 !. 

1760 1956 2112 2200 2347 2640 2831 3098 3520 

60 

80 

960 1067 1152 1200 1280 1440 I i - -- ---r --
1160 1289 1392 1450 1541 1140 1, 

1460 1622 1752 1825 1947 2190 
1160 1956 2112 2200 2341 2640 I 100 

I 
720 797 864 900 960 1080 1267 I 1440 
960 1063 1152 1200 1280 1440 1690 1920 

1160 1284 1392 1450 1547 1740 2042 2320 
1460 1616 1752 1825 1947 2190 2570 2920 

125 
1760 1949 2112 2200 2347 2640 3098 3520 

t----t--------,ft----+---+---+---+---+----4--· --+--- __ .._I ___ 1 -·-- ----

120 191 869 900 960 1080 1158 1261 1440 I 1136 

150 

200 

275 

960 1063 1159 1200 1280 1440 1544 1690 1920 , i 2315 
1160 1284 1400 1450 1547 1740 1866 2042 2320 i I 2798 
1460 1616 1762 1825 1947 2190 2348 2570 2920 '1 i 3521 
1760 1949 2124 2200 2347 2640 2831 3098 ; 3520 -

~~g 1b~j 1 ~~g l~gg l~~g- H~-g-1-----•- }~~b I f ~1g-t~------~ -- -
1160 1284 1400 1450 1541 1140 2042 I 2320 1· 

1460 1616 1762 1825 1947 2190 2570 2920 
1760 1949 :?124 2200 2347 2640 3098 I 3520 i -- . __ ,__ -r --
~~g 1b§~ I 1~f~ l~gg l~~g }~:g };~~ }~~b I }~~g '11~8 

1160 1272 1341 1450 1547 1740 1856 2042 2320 I 2610 
1460 1601 1688 1825 1947 2190 2336 2570 : 2920 ! 3285 
1760 1930 2035 2200 2347 2640 2816 3098 : 3520 I -

1767 
2356 
2847 
3584 

1------t-----++----+----+----+-----l . - - - ·-·-·•---· - . l 

580 636 671 725 773 870 928 1020 I 1183 Ii 1305 1424 
1767 
2356 
2847 
3584 i 

720 790 833 900 960 1080 1152 1266 1467 1620 
960 1053 1110 1200 1280 1440 1536 1688 , 1958 I 2160 

375 1160 1273 1341 1450 1547 1740 1856 I 2040 II 2366 ) 2610 
1460 1601 1688 1825 1947 2190 2336 2568 2978 3285 

~---+--1-:-:-~----,~-1-::-:~f--2-:-;-:-l--2-:-~-~-l--2-;-:-:_,__2::~ ·--~:~:-- :~:~:,-:::~- --, 1311 

720 790 833 900 951 1067 1152 1266 1467 1628 
.a50 960 1053 1110 1200 1269 1422 1536 1688 1958 2170 I 
... 1160 1273 1341 1450 1533 1719 1856 204012366 2623 

1460 1601 1688 1825 1929 2163 2336 2568 2978 3301 
1 760 1930 2035 2200 2326 2607 2816 3095 3590 -

1-----+--5-8-o---ifl---64-6--+-6-9_2_-+-_1_2_9-+--i66- --- 859- ----928 - io20 - 1183 -- - 1311 

720 802 859 905 951 1067 1152 1266 1469 1628 

600 

750 

870 969 1038 1093 1150 1289 1392 1530 1775 1967 
960 1010 1146 1206 1269 1422 1536 1688 I 1958 2110 , 

11150 1293 1385 1458 1533 1719 1856 2040 2366 2623 I 
1460 1627 1743 1835 1929 2153 2336 2568 I 2978 3301 : 
1760 1961 2100 2212 2326 2607 2816 3095 ! 3590 , - ' 

580 646 692 779 879 9~29·-t 1183·-t---~ 
120 802 859 967 1091 1151 I i~77 I 1469 : 
870 969 1038 1168 1318 1403 ! 1544 · 1775 i 
960 1070 1146 1289 1455 15:i8 · 1703 1958 , 

1160 1293 1385 1558 1758 1871 II 2058 ; 2366 j 
1460 1627 1743 1961 2212 2355 2590 I 2978 I 

1160 1961 2100 2363 2661 2839 
1 

- I 3590 I 
-----l-·----·-·· 

Please see pages 12, 13 and 14 for all information on Models 1000 and 1200. 
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1436 
1783 
2377 
3872 
3615 

1436 
1783 
2154 
2377 
2872 
3615 

I 3:1 

3480 
4380 

2880 
3480 

·-
2880 
3480 

2160 
2880 
3480 

2160 
2880 
3480 

2160 
2880 
3480 

1740 
2160 
2880 
3480 

1769 
2196 
2928 
3538 

1769 
2196 
2654 
2928 
3538 

1771 
2198 
2656 
2931 
3541 

- i 
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-
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GIB 

KEVWAV 

SLIDING CLUTCH 

13y· T-o 
HOLES f DEEP 

BAS£ FLANGE DRILLING 

COMBINATION DRIVE 
In response to the need for utmost reliability, a combi

nation drive may be specified. This drive is normally 

installed with an electric motor top-mounted for 

constant service. In the event of power failure or 

motor failure the drive is simply converted for engine 

or turbine operation by lowering the integral sliding 

clutch into drive position. No additional pins or bolts 

are required for this conversion. These combination 

drives may be furnished with either solid or hollow 

shafts. Consult combination drive operation manual 

for installation instructions. 

L i 
I 
I 

'i, 

0 

I 

•• 

.. 

ID 
ID 

SD 

MODEL D 

C20 6) • 
C40A 8' 2 

C408 8~ 

C60 I I~ 

C80 ~1J 
CI00 I I~ 

Cl25 I I~ 

Cl50 13~ 

~~~(}__ 13' 
1--~ 

C275 16 ... --
075 16 

C450 16 

C600 1B 
-------- ---

C750 21 

.J Combination Clutch - Sub-Assembly 
Clutch Shown Disengaged 

TABLE OF DIMENSIONS - COMBINATION DRIVE 
TABLE 7 

HORIZONTAL SHAFT U BX soR[ 
N AJ AK BB BO BE BF XA XB XC XL XM XN XO XO XR XS XT XAJ XAK XBD XBF Nao, 

ACTUAL Kf:YWA'Y MA.IC IMUM INAL 

2' 1' .l X~z 9' 8250 ' 10 
, 

' 10; • 12~ 12~ 5~ s! ' 1' ' 1• • . 1249 • , . • ,. 
)2 2 2 

,. 
4> 1' 1.499 ~xl 9' 8250 ' 12 " ' 1s: • 16~ 16 6~ 7 " 2 " 1' • 2 • • , . ,. " 8 • 4 

4i I~ 1.499 ~ )(~ 14! 13 500 I 16i " II 
15i 9 16~ 16 6~ 7 " 2 

, 
II • ,. 16 ll 8 8 • 

4' ' 1' ~)(~ 14l 1350(; ' 16; ' " 16! 9 
20~ 18 71- d ) 

2~ 
3 

1' • 2 1.499 • 4 16 32 If • • 2 

_t~~ I 16; ' II 
16~ 

-----. -20[ 
~---.- -,ii 1' ' 2! ' 

-~- •-----•- a• -----
1' 4' I 7 I 874 141 13.50C 18 • ,___!_ • 4 .. )2 • 4 • 2 ··--

~4} 
~- -

) ) 4' I 7 1874 l x~ 13.500 ' 16~ 
) II 16~ • 20~ 18 1:i 7l 2! II . 8 • • .. )2 • • • 2 

41 21 2.436 ~xi, 14~ I350C I 16~ 
) II 

18~ 9 
21~ 18 7' 9 ' 2~ 

) 
1" ' .. 4 • .. )2 2 4 . 16 

s: 2~ 2.436 ix~ 18~ 13.500 I 
20 I~ 

II 
20~ 14~ ~-II-~ • 25~ 20 9 10 1 

21 
7 2 .. • ,. 32 8 8 

2 .~ 
-->--- --- I I~ :~ 20; 141 i•II NC l, 25i 7 2' ' 5' 2436 ix~ 18~ 13.500 20 20 9 10 8 8 2 -~ • 4 

6 2 I~ 2936 l x ~ 23 13.500 ' 24; II " t_z~l 14~ i-ll·NC • )2 i 27 12 II 1 1' 3 I I 21~ • • 8 16 )2 • ' -- -·-·I---· -- -··13 --~ g ~l;-N( 6 2 :i 2936 l X l 23 13.500 I 2+4' 1' t 2s; 14l • 32~ 27 12 II~ II 3' I 2 11 ~-!!__ . 2 8 1• )2 8 2 ---- -- ---
24~ 2~ 6 3~ ~.749 ~x~ 23 13.500 I II :i it25; 14l ~-II-NC • )2 ~ 27 12 I I~ I~ 3l I • • )2 

6 3l 374C: ~x~ 23 13.500 I 24~ I~ 
I) 

26! 14i ij·ll·NC • 34! 27 12l 111 11 31 11 
21~ ~· • 10 )2 2 e 2 e 

28~ 301 ll()-NC B 4 3.998 1x! 22000 l I~ :i 36~ 26 ,. 30 16~ 15 I~ 4 II 2~ • 
Model C20, ratio 1:3, maximum clutch bore ¼ "; Model C150, ratio 1 :3, maximum 1-11 / 16". Consult factory for maximum 
clutch bore for Fig. 2 and Fig. 3 rotation. Model C20, 1:3 ratio, not available with Fig. 2 or Fig. 3 rotation. 

'''* Horizontal shaft dimensions shown for Model 450 apply to ratios in Table 4 only. Consult factory for dimensions of all others. 

10 

"XA" dimensions shown apply to ratios in Table 4 only. Consult factory for dimensions of all others. 
Please see pages 12, 13 and 14 for all Information on Models 1000 and 1200. 
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MODEL 

20 

40A 

:r 
<{ 

I 

D 

61 

8~ 

N 

21 

• -AMARILLO. • --
• ===· 

4 "BF" SIZE HOLES 
IN BASE FLANGE 

OIL DRAIN 
··xF: NPT 

SOLID SHAFT DRIVES 
Amarillo Right Angle Gear Drives can be furnish

ed as shown with Vertical Solid Shaft. See Table 

3 and 5 for thrust capacity. Also available with 

top output shaft or with top output shaft and 

motor stand. 

COOLING WATER 
-Ou1 LfT "XK""· NPT 

INLET 
0

XK'NPT 

TABLE OF DIMENSIONS - SOLID SHAFT DRIVE 
TABLE 8 

HoR1ZOffTAt.. Su&f T U AG 
~E 

XU - ~n...,, 'fyPC SS 
AJ AK 83 BO l,IF •• XB XC XE XF XG XH XJ .. xv xw AH -- C E ox DZ 

, .. ACTUAL YP[ SSL T,P£ SSH tlrilAL AcTUA(. KtT•Y 

I~ I 24~ i •iz 132 142 9• -2~ ,1 10 • ' ,o: , : li 2: I 999 !x~ J J IJ 2' • 16 • • • II • 
1499 re2 19! "250 

I 12 
,, 

' ~ I ,, 4' ,, 1249 l ' 
,, 4 . . • II 

-

-

•i I~ :-l 9, 15i .a xiz 
---· 

,. ,. -} -~ ... • 
'• lxi 182' 19! 14! ' 162 :: " ,,: J 4' ,, ,, 

408 e, 4i 1499 3500 
,, 1.249 ~ X ik , 4 • .. • . • . • • "' 

60 II~ 4' 

'• 
1499 l x .1 221 24 ••J 13.!>00 I 16* J II 16J i 2 ,1 3 2 I 3, 4~ 41 't 1,499 Ix ,i i i 1,i 4 . . II 

80 112 41 I' 1.874 ixi 24 25 14! 13 !>DO I 
162 ' " t6! ' I ,a 3 2 ' 3, 4~ 42 '• 

1499 : xl J ' 1,1 4 . . . ,. . 2 • • • 
100 111 4' 1' 1.874 :xi 24 25 14! 13500 I t62 i " 16) ' 2 ,: 3 2 ' 3, 4' 42 

'• 
1.499 l x ol l ' 1,l 4 . • . 16 • • • • 

125 II 2 4' 2' 2436 i•~ 24 25 14~ 13 !>DO 16? l " ,eJ ' ' ,i 3 2 ' 3~ 4' 4' 1" 1687 : X ,\ ' ' 1,1 4 

' 
., ' .. • ' • . ' 

,. • • 
150 13! 5~ 2' 2436 I xii 2si 29 312 1ei 13.500 ' 20 I. " 20! 14! :-11-~ ! ! 2~ 42 2a ' 5 5 41 ,:a 1937 t x~ i i ,,t 4 

"' . .. 2 

200 131 5~ 2~ 2436 txi 2ea 29 ''* 18~ 13.!>00 I 20 '• 
II 20! ,.1 i·ll·NC ! f 2, •l 21 ' 5 5 41 ,:a 1937 2 -~ i i ,, 

4 . .. ' 275 16 6 2:: 2936 :x: 341 37~ 35! 23 13.500 I 24j ,, " 25~ 14J f11NC ;I ' I~ 42 2: • 1: 11 5 21 2.374 i•l I I 2 4~ . • ,. • ~ - -- -i~ Jxi 34: 57~ 55~ 
I 

242 I~ ,, 141 i ll·NC 
J J di 21 ' 11 11 21 ix.1 I I 375 16 6 2 9lS 23 ll.!>00 • ., 252 • • 4t • 5 2 374 2 4l 

450 16 6 ll 3.749 ··~ 34. 572 55~ 23 13.!,00 I 24l 1' '! 252 14i :-11-NC : 5 1'' 4' 21 l 1: 1: 5 21 2374 jXi ' ' 2 •• . • ,. 
4 

,. 2 • • 
600 18 6 3i 5.749 • X .. :11'2 23 13.!>00 . 1242 '• ii 26, 14j ill·NC 1 ! I~ 6 2. l 8~ 8~ 5 21 2.374 ixl I i 2 42 

750 21 8 4 3998 ... 45 452 ,si 2000 . ~. I~ :i 360 26 l·IO·NC ' 3 2,1 .. ,: J B el s 2:l 2936 : xi I I 2' 5' . . • 2 2 ., 2 

• Horizontal shaft dimensions shown for Model 450 apply to ratios in Table 4 only. Consult factory for dimensions of all others. A 
"XA" dimensions shown apply to ratios in Table 4 only. Consult factory for dimensions of all others. W 

Please see pages 12, 13 and 14 for all information on Models 1000 and 1200. 
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- Vertical HP Shaft 
RPM Rating 1:1 
580 460 593 
720 535 736 
870 611 889 
960 654 981 

1160 747 1185 
1460 877 1491 
1760 1000 1798 

TABLE l 0. MODEL l 000 POWER RA TINGS* 

SEE TABLE 13 FOR RA TINGS OF MODEL l 000 
WITH 7:4 AND GREATER DECREASING RATIO. 

DRIVER RPM 
5:6 4:5 3:4 2:3 4:7 1:2 
487 464 429 383 327 276 
605 576 533 475 406 342 
731 696 644 574 490 414 
806 768 710 634 541 456 
974 928 858 766 654 551 

1226 1168 1080 964 823 694 
1478 1408 1302 1162 992 837 

6:5 4:3 3:2 
690 784 879 
857 973 1091 

1036 1176 1318 
1143 1297 1455 
1381 1568 1758 
1738 1973 2212 

• These ratings include a 1.5 service factor for continuous operation of a turbine or centrifugal pump driven by a multi-cylinder 
engine. When selection is to be made with a service factor other than 1.5 the ratings may be modified accordingly. 

4-JV"TAPPED HOLES i.' DEEP 

TABLE 11. THRUST RA TINGS 

- Vertical TYPE SL TYPES TYPE SH 
Shaft 

AG 

CD 

'' 
BB 

I 

I l I 
\~ '- -~- o'I Q 

~ 

~] 

. : I 
I·; i 

,sJ I ___ ; 

I---~----

AK 
BO 

D 

XA 

- -~- I 
BE 
I 

1J 

OIL FILL PLUG 
"XE~NPT 

,--- KEYWAY 

" \--,--~-• ' 
' - f u 
}-~~' ! 

- -N -

OIL DRAIN PLUG 
"XF~NPT 

NON REVERSE COUPLING 

' · 1 
I 

_J 

~PM Min. Max. Min. Max. Min. Max. 

580 0 11310 8374 36250 8374 46183 
720 0 10530 7846 33750 7846 42972 
870 0 9828 7416 31500 7416 40345 
960 0 9516 7194 30500 7194 39043 

1160 0 8970 6800 28750 6800 36656 
1460 0 8268 6342 26500 6342 33950 
1760 0 7800 6000 25000 6000 31900 

• 

- TABLE l 2- MODEL 1000 DIMENSIONS (Ratios Shown in Table 10 only) 
Hor11onol 

M O DE l O N t------,~-~---i A G A J 
Nominal Actual K1yway 

Shatt 
AK BB BD BE BF co XA xe XC XO XE XF XG XH XJ XK 

BX ,e 
XL Wt1;ht MAX 

1000 21 8 4 7;16 2 16 3000 

Ne: for construction-Request certified prints. 

12 1.2.7.145 
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Vertical HP Shaft 
RPM Rating 7:4 

250 255 444 

340 316 603 

430 373 763 

580 460 1029 

720 535 1277 

870 611 1544 

960 654 1703 

1160 747 2058 

1460 877 2590 

1760 

TABLE 13. MODEL 1000 POWER RATINGS* 

7:4 AND GREATER DECREASING RATIOS 

SEE TABLE l O FOR OTHER RATIOS 

DRIVER RPM "1'.l 
HP Driver HP 

2:1 9:4 5:2 3:1 7:2 Ratimz RPM Ratine 
509 560 619 763 882 218 1016 218 
693 762 842 1038 1200 270 1381 270 
876 963 1065 1313 1518 318 1747 318 

1181 1299 1436 1771 2047 392 2356 392 

1467 1613 1783 2198 2541 456 2925 456 
1772 1949 2154 2656 3071 521 3534 
1956 2150 2377 2931 3388 

2363 2598 2872 3541 

2974 3270 3615 

Cl•' 5'.l 
Driver HP Driver 
RPM Ratine: RPM 

1143 201 1269 

1554 249 1726 

1966 293 2183 

2651 362 2945 

3291 421 3655 

* These ratings include a 1.5 service factor for continuous operation of a turbine or centrifugal pump driven by a multi-cylinder 
engine. When selection is to be made with a service factor other than 1.5 the ratings may be modified accordingly. 

• \_'9y" TAPP[D 

HOLE5. toE(P 

NON REV ER& COUPLING 

01 L DA.I.IN PllJG 

"XF~NPT 

COOLING WAT[R ~ 
INLET AN0OUTLET,'6 

"XK~NPT 

TABLE 14. THRUST RATINGS 

Vertical TYPE SL rrYPE S 
Shaft 

Max. ' DDlA Min. ' 

250 0 35264 

340 0 31829 

430 0 29433' 

560 0 26638 

720 0 24786:' Consult 

870 0 23271 , , Factory 

960 0 22520 I 

1160 0 21143 1 I 

1460 0 19583
1 

1760 0 18400' 

TABLE 15-MODEL 1000 DIMENSIONS (Ratios Shown in Table 13 only) 
MODEL 0 • 

1000 17 6 

Not for construction-Request certified prints. 

• Consult Factory 

•• 88 

22. ooo 114 so~ 
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TABLE 16. MODEL 1200 POWER RATINGS* 

Vertical 1:1 4:3 3:2 7:4 2:1 5:2 3:1 4:1 5:1 6:1 

Shaft HP Driver HP Driver HP Driver HP Driver HP Driver HP Driver HP Driver HP Driver Hp Driver HP Driver 
RPM Rating RPM Rating RPM Rating RPM Rating RPM Rating RPM Rating RPM Rating RPM Rating RPM Rating RPM Rating RPM 

250 306 255 320 338 306 379 369 444 349 526 313 630 309 762 278 1015 242 1268 214 1521 

340 380 347 396 459 380 515 458 603 432 715 388 857 384 1036 345 1380 300 1724 265 2068 

430 447 439 467 581 447 652 540 763 510 904 458 1084 452 1310 407 1745 353 2181 313 2616 

580 552 593 576 784 552 879 665 1029 629 1220 564 1462 558 1768 502 2354 435 2941 386 3528 

720 642 736 670 973 642 1091 774 1277 731 1514 656 1814 649 2194 584 2922 507 3651 

780 733 889 765 1176 733 1318 884 1544 835 1830 749 2192 741 2651 666 3531 

960 785 981 820 1297 785 1455 947 1703 894 2019 803 2419 794 2926 714 3896 

1160 896 1185 936 1568 896 1758 1081 2058 1021 2440 916 2923 906 3535 

1460 1053 1492 
1760 1200 1798 

These ratings include a 1.5 service factor for continuous operation of a turbine or centrifugal pump driven by a multi-cylinder 

engine. When selection is to be made with a service factor other than 1.5 the ratings may be modified accordingly. 

AG 
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Horizontal Shaft U 

-~Bf
1
~CLESI 1111 IA.St[ flAUbE 

Type SL Type S 

.. ~av"u,PP[O 
HOLES. i"D£EP 

NON REVERSE COUPLING 

TABLE 18 DIMENSIONS 

Type SH 

TABLE 17 THRUST RA TINGS 

Vertlca Type SL TypeS Type SH 
Shaft 
RPM ~in MIIX. Min. Max. Min. Max, 

250 0 32980 14361 44820 14361 64107 
340 0 30075 13090 39840 13090 56985 
430 0 28060 12115 38030 12115 54395 
580 0 25590 11167 34385 11167 49180 

720 0 23920 10560 32180 10560 46025 

870 0 22615 9872 30610 9872 43780 

960 0 22060 9680 29530 9680 42235 

1160 0 20850 9103 27890 9103 39890 

1460 0 19395 8486 26150 

1760 0 18400 

BX 

• 

-

I k~I D N 
No:inar:~:~:r::t! :r~~ AGlCD AG~lCD 

AJ AK BB BD BE BF XA XB XC XE XF XG XK Max XD XL Weight 
--

- -

18 8 59¼ 50¼ 59¼ 50¼ 28¾ 22.000 ¼ 30½ 13/e 1 'Ii& 38 26 ¾-10 NC 1 1 2¼ 1 4 5 'Ii& 3700 

Not for construction-Request certified prints I) 

14 1.2.7.147 



BELT DRIVE 

AMARILLO RIGHT ANGLE 

DOUBLE DRIVE 

This Drive may be used as a Double Engine Drive 
or as a Combination Drive using a horizontal electric 
motor and engine. When used as a Combination 
Drive, over-running clutches or other means should 
be provided for disengaging the idle driver. When 
used as a Double Drive with the two input loads 
equal, the transmission capacity is 150% of the 
Standard Drive, except limit Model 100 to 135 H.P., 
and contact the factory for capacity of Model 450 
and larger drives. 

The Amarillo Right Angle Pump Drive may be used with a straight belt, either V or flat, providing the correct design 

of pulley is used on the Drive, so that the pull of the belt is centered approximately over the outside bearing on 

the horizontal shaft. In this way the drive may be advantageously used with slow speed engines. If long, heavy, 

or tight belts are used, it is advisable to carry the load of the belt on two pillow block bearings with a short shaft, 

and use a flexible drive shaft to connect the shaft to the gear drive. 

OTHER SPECIAL DRIVES 
Amarillo Gear Company has manufactured many specialized drives, and will be pleased to receive your inquiries 

-

.._, regarding drive applications not covered in this catalog. Ratios not shown in Tables 4 and 6 will be quoted on request. -

MODEL NET 
WEIGHT 

20 108 
40A 218 
40B 235 
60 350 
80 370 
100 375 
125 449 
150 680 
200 690 
275 1320 
375 1320 
450 1320 
600 1800 
750 3000 

1200 3700 

AVERAGE WEIGHTS and DIMENSIONS 
TABLE 19 

DOMESTIC EXPORT BOX EXPORT BOX DIMENSIONS 
CRATE Pounds Kilograms Length Width 

118 145 66 22 15 
234 268 122 30 16 
256 285 129 30 20 
373 415 188 30 20 
393 438 199 30 20 
398 443 201 30 20 
468 530 240 32 20 
710 791 359 36 24 
720 801 363 36 24 

1450 1543 700 44 30 
1450 1558 707 44 30 
1450 1558 707 44 30 
1930 2050 930 44 30 
3250 3400 1542 58 36 
3900 4000 1L75 60 36 

WARRANTY 

(Inches) VOLUME 
Height CUBIC FEET 

20 4 
25 7 
25 9 
30 10 
30 10 
30 10 
32 12 
39 20 
39 20 
49 37 
49 37 
49 37 
55 42 
72 87 
69 87 

The Amarillo Right Angle Pump Drive is guaranteed against defects in workmanship and material for a period of one 

I 

' 
I 

year after installation when operated under normal service at rated capacity. Within the above stated period the 
manufacturer will replace defective parts returned transportation prepaid. The guarantee will not apply to repairs 
made outside the factory without the consent of the manufacturer, or to drives that have been subject to abuse, 
accident, neglect, or improper installation. No warranty is made in regard to bearings, trade accessories, machinery, A 
or other articles of merchandise not manufactured by us. No responsibility will be assumed for overloading the rated W 
capacity of the thrust bearing. (The thrust capacity of the drive should be verified by the pump manufacturer with 
whose equipment the drive is used.) This warranty is expressly made in lieu of any warranties otherwise implied by 
law. 

15 
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AMARILLO GEAR COMPANY 
A DIVISION OF THE MARMON GROUP, INC., (MICHIGAN) 

2401 Sundown Lane, Amarillo, Texas 79105 
Post Office Box 1789 806/622-1273 
Cable: Amadrive TWX 910-898-4128 

----
--~- ------

Amarillo Gear plant located at 2401 Sundown Lane, Amarillo, Texas. 
1.2.7.149 



OPERATING AND MAINTENANCE INSTRUCTIONS 

FOR 

AMARILLO 
RIGHT ANGLE GEAR DRIVES 

INSTALLATION 

All units for domestic shipment by surface transportation are shipped with the proper ·amount and type of lubri

cant installed. Export or air freight shipments are shipped with initial oil fill in separate containers. 

Install oil to the required level or add oil if spillage has occurred. 

Inspect and clean top of pump discharge base and bottom of gear drive to assure removal of burrs or foreign ma

terial that m_ight cause misalignment. 

Install gear drive on discharge base and slide r.ton-reverse clutch over headshaft. The non-reverse clutch should 

fit on the headshaft and engage the drive sleeve or drive nut without springing the headshaft. Lubricate the head

shaft threads and bottom of the adjusting nut before raising the pump impellers. 

Remove rust preventive from shaft extension and clean thoroughly. Install coupling half or flange. Hammering or 

mechanically forcing the coupling on the shaft can damage the bearings or disturb the setting of the gears and is 

not permissible. Interference fits are permissible if the coupling can be heated for installation and fitted without 

hammering or mechanically forcing on the gear drive shaft. Check runout of aligning surfaces on both coupling 

halves before installing connecting members. 

When a flexible drive shaft is to be used, see installation instructions on the following page. 

Align driver with gear drive to obtain parallel and angular alignment within limits specified by coupling or drive 

shaft manufacturer. Incorrect alignment will void the warranty on the Amarillo Right Angle Gear Drive. 

Excessive noise and vibration in a new gear drive is almost always an indication of a poor installation as all drives 

are tested at the factory. Failure to correct the installation can resl!lt in damage to the pump and gear drive. Our 

warranty will not apply unless the drive is properly installed. Proper installation includes alignment of power unit, 

right angle drive and pump. It is also necessary to provide an adequate foundation for the pump and engine and 

a positive method of preventing the power unit from shifting to assure that alignment will be maintained. 

LUBRICATION 

Use only rust and oxidation inhibited (R & 0) gear oils in accordance with American Gear Manufacturers' Associa

tion (AGMA) Standard 250.03 dated May, 1972. For general operating conditions, AGMA lubricant number and cor

responding viscosity range should be as shown below. Contact factory for specific lubricant recommendations 

for operation under extremely hot or cold ambient conditions. 

Gear drives operating in very cold weather must be provided with an oil that has a viscosity which is low enough 

to allow the oil to flow through the lubrication lines. An oil flow test valve may be installed by replacing the pipe 

plug located to the rear of the name plate with a suitable valve. Be sure to provide some method of preventing the 

valve from vibrating open during the operation of the drive. Oil must flow through this valve immediately upon 

start up, otherwise, the bearings and gears will not be properly lubricated. For consistent cold weather starting, a 

lube oil heater may be required. Contact factory for recommendations for lube oil heaters if needed. 

TABLE 1 AGMA LUBRICANT NUMBER 

AMBIENT TEMPERATURE 

MODEL NUMBER 15° to 60° F. 50° to 125° F. 
(-9° to 16° C) (10° to 52° Cl 

20 Through 200 2 3 - 4 

*275 Through 1500 4 5 

*Lubricant for models 275 and larger should be selected to have a viscosity of 150 SSU at the operating temperature. To determine the 

operating oil temperature, measure the oil sump temperature with a thermometer after the drive has been operating for four hours or 

longer. AGMA lubricant number 5 .is adequate for an operating temperature range of 160° to 180° F. (71° to 82°CJ. 

• ...... 
iii 

AMARILLO GEAFI COMPANY 
A DIVISION OF THE MARMON GROIJf'. INC .. (MICHIGAN/ 

Post Office Box 1789 

Amarillo, Texas 79105 

806/622-1273 Cable: Amadrive 

TWX 910/898•4128 
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TABLE 2TYPICAL LUBRICANTS 

AGMA LUBRICANT NUMBER 2 3 4 5 

Viscosity Range, SSU at 100° F. 284-347 417-510 626-765 918-1122 

est at 37.8° C 62-75 90-110 135-165 198-242 

Amalie 
Gearhead Oil Gearhead Oil 

#300 #500 ---- ----
Atlantic Richfield Company Duro 68 Duro 100 Duro 150 Duro 220 

Chevron Oil Company 
QC Turbine QC Turbine QC Turbine QC Turbine 

01168 Oil 100 Oil 150 Oil 220 

Cities Services Oil Company Pacemaker 68 Pacemaker 100 Pacemaker 150 ----
Continental Oil Company Dectol 68 R&O Dectol 100 R&O Dectol 150 R&O Dectol 220 R&O 

Exxon Company Teresstic 68 Teresstlc 100 Teresstlc 150 Nuto 220 

Gulf Oil Corporation Harmony68 Harmony90 Harmony 150 D Harmony 220 

Mobile Oil Company 
DTEOII DTEOII DTE Oil DTEOil 

Heavy Medium Heavy Extra Heavy BB 

Phillips Petroleum Company Magnus68 Magnus 100 Magnus 150 Magnus 220 

Sheil 011 Company Turbo68 Turbo 100 Turbo 150 Turbo220 

Sun Oil Company Sunvls 754 Sunvis 764 Sunvis 775 Sunvis 790 

Texaco Inc. Regal68R&O Regal 100 R&O Regal 150 R&O Regal 220 R&O 

list of brand names is for purpose of identifying types and is not to be construed as exclusive. 

CHANGE INTERVAL 

Change oil at least every 1000 to 1500 hours of operation. If drive is operated intermittently less than 1000 hours in 

a season run of two or three months, change oil at the end of that period of operation to eliminate water formed in 

the gear case due to condensation. Frequency of change will depend upon the rate of water condensation in the 

drive. Drives operated in climates with hot days and cool nights will accumulate moisture more rapidly than 

drives operated at constant temperatures. More frequent oil changes are necessary for units which operate with 

A an oil temperature above 180° F. (82° C). The oil should be changed after every 500 to 700 operating hours under 

9 these conditions. Contact factory for special lubrication procedures when the operating oil temperature exceed!-

2000 F. (93° C). 

-

To drain the oil, remove the drain plug in the base flange. Refill at filler plug, which is located directly below name 

plate. If the drive is equipped with sight gauge, fill to level indicated. If the drive does not have a sight gauge, the 

oil level is one half inch below the top of the filler hole. 

MODEL 

20 
40 
60,80, 100 
125 
150,200 
275,375,450 
600 
750 
1000A 
1000G 
1200 
1500 

Older drives with water jackets will require less oil. 

TABLE 3 OIL CAPACITY 

1½ Quarts 
4 Quarts 
9 Quarts 
9 Quarts 
4 Gallons 

11 Gallons 
12 Gallons 
17 Gallons 
15 Gallons 
17 Gallons 
18 Gallons 
18 Gallons 

COOLING 

LITERS 

1'h 
4 
8½ 
8½ 
15 
42 
45 
64 
57 
64 
72 
72 

Amarillo Gear Drive Models 100, 125,150,200,275,375,450,600 and 750 are assembled with cooling coils as stan

dard equipment. Models 1000 A, 1200 and 1500 are assembled with an external shell and tube heat exchanger. 

Cooling coils are available on special order in model 40, 60 and 80. The oil is cooled by circulating water through 

the coils or the tube side of the heat exchanger. Cooling water is piped from a service connection on the 

discharge head of the pump to the lower cooling water connection on the gear drive. The upper connection is 

then piped to a spillway or back into the well casing. If there is not sufficient pressure, the water can be started by 

siphoning through the drive. 
The operating temperature of the drive will depend on many factors. Water cooling should always be used if the 

operating oil temperature exceeds 180° F. (82° C) and the drive is to be operated for periods greater than eight 

hours per day. Water cooling will usually be required on model 100 and larger drives. Smaller drives may require' 

water cooling if speeds are over 1760 rpm or if they are exposed to high room temperatures, limited air circula

tion, direct rays of the sun or other external sources of heat. 

Table 4 is the coolant flow required when fresh water at 70° F. (21 ° C) is used and other operating conditions are 

normal. 

1.2.7.151 



"'I 
....... 

TABLE4 

MODEL GALLONS PEEi MINUTE LITERS PER MINUTE MODEL GALLONS PER MINUTE LITERS PER MINUTE 

40 1 3 375 5½ 21 
60 1 3 450 6½ 25 
80 1 4 600 9½ 36 

100 1½ 6 750 11 42 
125 2 8 1000 11 42 
150 2½ 9 1200 12 45 
200 3 11 1500 13 49 
275 4 15 

NON-REVERSE CLUTCH INSTRUCTIONS 

The four enclosed pins are for the non-reverse clutch. They are to be placed in the drilled holes in the clutch if 

non-reverse protection is desired, or they can be left out if non-reverse protection is not needed. Pins and holes 

must be cl.ean and free of oil so that the pins will fall freely. Drives used in fire pump applications must be.provid

ed with anti-reverse mechanism. The anti-reverse is not to be disabled for these applications. 

The non-reverse protection is not guaranteed. Settings of over 400 feet (122 meters) deep will require special pro

cedures and in some cases the pin and ratchet type non-reverse will not work. Consult supplier for the proper pro

cedure to follow in shutting down the well. Drives used in fire pump applications must be provided with anti• 

reverse mechanism. The anti-reverse is not to be disabled for these applications. 

The gear drive may be damaged by accidental shock engagement of the non-reverse. This can be caused by the 

engine backfiring with the clutch engaged or by the pump startin~ to backspin before the pins engage the rat

chet. Check the gear drive carefully after any shock engagement of the non-reverse. On some models the driving 

nut could unscrew from the hollow shaft. If this happens the nut must be tightened before resuming operation. 

Drives used in fire pump applications must be provided with anti-reverse mechanism. The anti-reverse is not to be 

disabled for these applications. 

FLEXIBLE DRIVE SHAFT INSTALLATION INSTRUCTIONS 

-------A-----1 
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._.TMIN 0HC £tG,MT'11 0, ,..,.. '"'" 'i 

,-----~! Disconnecting clutches 
..._____ ____ o are not allowed on fire 

s,oc v,cw pump applications. 

Check the universal joints to see that they work freely before installing the drive shaft. The drive shaft should ,it 

into the recess machined in the flange face without using the bolts to force it in. Never use a flange that has been 

damaged by direct hammering on its face. 
The engine and gear drive shaft need not line up axially but they must be parallel within one degree. A simple 

positive method of checking alignment before installing the drive shaft is illustrated above. Two carpenter's 

squares or straight edges of equal length and a steel tape will be the only equipment required. 
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Lubricate the drive shaft before using and then every 200 to 500 hours with 140 SAE straight mineral oil or low 
solid content grease. Use the following lubricants or equal: 

Journal Crosses: Oil - Texaco PASR-629 
Grease - Shell Alvania EP #2 

Sliding Splines: Texaco Marfac E.P. # 1 

When installing flexible shafts, be sure that joints are assembled with lugs in the same plane as shown. If lugs 
are not as shown, unequal acceleration occurs in the joints and vibration and knocking develop. Allow for slip 
movement in each direction. 

Manufactured by 

AMARILLO GEAR COMPANY 
AMARILLO, TEXAS 

WARRANTY 

The Amarillo Right Angle Gear Drive is guaranteed against defects in workmanship and material for a period of one 
year after installation when operated under normal service at rated capacity. Within the above stated period the 
manufacturer will replace defective parts, returned transportation prepaid. The guarantee will not apply to rep:·irs 
made outside the factory without the consent of the manufacturer, or to drives that have been subject to abuse, ac
cident, neglect, or improper installation. No warranty is made in regard to bearings, trade accessories, machinery, or 
other articles of merchandise not manufactured by us. No responsibility will be assumed for overloading the rated 
capacity of the thrust bearing. (The thrust capacity of the drives should be verfied by the pump manufacturer with 
whose equipment the drive is used.) This warranty is expressly made in lieu of any warranties otherwise implied 

by law. 
1.2.7.153 



MODEL 125 PARTS\ LIST -BE SURE TO GIVE SERIAL NUMBER OF DRIVE WHEN ORDERING PARTS 

Part Model Pert Model 
No. 125 0-ription No. 125 Description 
10 .. P10M Gur Housinv 803 IC Main Oil Lin• 
11 IC P11B Cover 804 IC Oil Line Manifold 
12 IC P12ER Thrust BHrinoa Carrier 807 IC GHr Oil Line 
1!1 IC P15M Horizontal Sheft Carrier 808 IC Horizontal Carrier Oil Line 
1• IC M16TFS Oil Seal Plate 809 IC Thrust Burinv Oil Line 
17 IC P17M Bottom Plug 816 IC c-ungCoil 
18 IC E11 Inspection Plate 910 IC Vertical Shaft GNr Key 
19 • P19M Oil Screw 911 IC Horizontal Shaft GNr Key 

IC P19M Oil Ser- for St,ecial Rotation IC Set GNr c- Gaskets 
21 IC P21RM Thrust a..,ing Cover IC Set Oil Level Gauge Gaskets 

IC P21 RM Thrust SNrinoa Cover for Speciaf • Oil Level Gauge Glass 
Rotation 

LIGHT THRUST 22 IC E22 Cover Plug 
24 IC P24RM Non Reverse Clutch IC P12S2M Thrust El••inv Carrier 

242 IC Set Non R•- Clutch Pins IC P21 RM(73151 Thrust Bearing Cover 
400 IC II ert ical Shaft IC Vertical Shaft 

IC Vertical Shaft for St,ecial Rotation IC 1 Pair 73158G Opposed Vertical Shaft 
450 IC Vertical Spacer Thrust Surinvs 
451 • Under Gear Spacer 
480 IC Retaining Ring HEAVY THRUST (STACKED SEARINGSI 
500 IC Horizontal Shaft IC P12SER Thrust Suring Carrier 

IC Horizontal Shaft for Ratios 3:2, 7:4, 2:1 IC Vertical Shaft 
550 • Horizontal Outer Spacer IC 1 Pair 74158G Vertical Shaft Thrust Surings 
551 IC Horizontal Inner Spacer 
560 IC Locknut Set COMBINATION PARTS 
600 IC 74158G Vertical Shaft Thrust Baaring • P12S2M Thrust SNring Carrier 
601 IC 6215 Vertical Shaft Lo-• Bearing .. P21 RM(73151 Thrust Bearing Cover 
602 • JH211710/JH211749 Horizontal Shaft Outer IC Vertical Shaft -S•rir19 IC 1 Pair 7315SG Vertical Shaft Thrust Bearings 
603 IC JH211710/JH211749 Horizontal Shaft Inner • 1212-2AS StNdy S..rint 

Suring 3468 • Sliding Clutch 
700 IC Driving SI- 3469 • Bearing Bushing 
701 IC Driving SI- Key 3470 • Driving SINW9 Cover 
702 • N-14 Driving SINVe Locknut 3471 • Non Re.,.,.. Clutch 
801 IC OIITuoe IC. P35C Motor Stand, 16'~" 
802 IC Oil Sul • P35C Motor Stand, 20" 

• P35C Motor Stand, 24W' 

GEARS - SOLO IN SETS ONLY. 

---------
-
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DIMENSIONAL SPECIFICATIONS 
WL & WV-A SHAFTS ws SHAFTS 

-1 I -~i. 
., 
~,, •' ,-- .,,41 .,_.,,, I 

,,,, __ ::~-i I I Ill 111 : : ::: 
! : :11 Ill I Ill I 

' ·'' :~-~ , ,It Ill I 

i ........ "--<1.'' '•J--• .. 
f 

., 
' ' " 

.. 
-jof- JE~~D~:, ...i D ._ _JE~ ~of-

! DIMENSION 

' SIZE 27 31 37 u 48 61 71 81 88 91 95 r 
I L-Std _ len&thr., inches 24,36,48 24,36,48 24,36,48 24,36,48 24,36,48 36,48 48 48 48 48 None 
) -Minimum possible 151 

I )51/, 1&•, 17¼ 1&•, 25'·, 24' I 2611
M 271, 30 1,, 46''11 

i T-T ube diameter & •all 2¼, .. 083 2111.083 31.083 31it1.08J 31.,1.083 3111.134 41.)34 41,1.134 4½1259 41 .• i2so 51 •1 .. 375 
D-Joint center to lace I'·, )1/, )'/11 )ll/11 2 21.,, 3 31, 31, 4'/, 8',, 

E•-Lenathens or shortens )''11 )'!11 JU/11 111/11 JI/, )I·, 2'11 )"·11 ) 11111 11 I JI, 21.i 
J-Maa. clearance angle 20· 20° . 20· 20" 22· 22· 26° 22· 30• 22· 15" 20" 
-Preferred work a~ale l"to 8° !"to'!' !"to 8" !"to 8" l"tc 8" !"to 8" 1°10 s• 1°10 8" !"lo 8" !"to 8" l"lo 8" !"to 8" 

Wt_ uncrated 48" shalt 17# 18# 24# 27# 32# 42# 56\oi# sc; 108# m, 198# 4)7# 
Add or subtract per ft. 2H' 2.1# 2.6/1 3# 3# 3.5# 4.8,V 55.t 6.l,;' 11.8# 12.02.t 29.41 

'Shafts will lenithen or shorten by "dimension E" 1iv1n1 a total movement of 2E. len&th "l" is with slip 10ml in its mid position. 

-
·, .. 

. , 
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INSTALLATION INSTRUCTIONS 
DRIVER & DRIVEN SHAFTS MUST BE PARALLEL 

and YOKES MUST BE IN LINE 

Drive and driven units need not line up axially, b_ut they 
MUST be parallel to one another within plus or minus one 
degree. Theoretically, shafts should be offset slightly so 

that bearings will rotate, but experience has shown that 

there is sufficient deviation in most installations so that 

bearings will creep and distribute the wear. 

MAXIMUM WORKING ANGLE depends on RPM. See page 

15 for details. 

The following illustrations show a simple method to secure 
parallelism of shafts. Just use two steel carpenter squares. 

TOP VIEW ( 1) Set driving and driven shafts horizontal with 

spirit level. (2) Line up with stretched wire. (3) With 
midpoint of squares · at center of flanges as shown, 

dimensions "A" and "B" ·must be equal to within 1 /8" for 

WL standard and 1 /16" for WS shafts. 

SIDE VIEW Driving and driven units can be set in line or 
with offset as required by the installation. In illustration 

below, units have a slight vertical offset. Using steel squares 

as above, "C" and "D" must be equal ta 1/8" for WL 

standard & 1/16" for WS. 

f------C-----, 

OFP'S!T "0" 

-- __ _J__ 

--i----

-----0-----, 

For a typical installation we recommend for simplicity that 

offset "Q" be not more than 3-1 /4 inches for 24 inch 

lengths, not more than 5 inches for 36 inch lengths, not 

more than 6-1 /2 inches for 48 inch lengths, etc. 

1.2.7.157 

VERTICAL INSTALLATIONS require the same 

fundamentals of parallelism and yoke alignment as are 

shown at the left. In addition, the bearing stub of WV-B 

shafts and the slip joint of WV-A should be at the lower end 

in each case as shown below. 

If total shaft weight exceeds 250 lbs., either a flange with 

taper bore and nut or a straight bore flange and two set 

screws should be used on the unit which supports this 

weight. 

Watson shafts can be set in line or offset as shown: 

/ WV.8 

I 

t --
i\ \ 
lr-WVA~ 

A a 

WVI 

¥ WVA¥ 
wva ___ \ 7 

\ wv-c i 
L- Nt - SHAfT 

mu1t be I -::a~~'.:.~~; 
and dr11i1en 

- unit, -

WVA-i/ 
· Ii (j Sreody bearings I( 

JJ or.d ,upports ~ g by in,1oller ~ 

l:-1 b,...• 

TYPICAL OPT1ONA.l OPTIONAL 01-'TIONAl 

Steady bearings should be self-aligning. Installation using 

WV-C shaft is useful in missing obstructions. The center line 

of WV-C must be parallel to center of line of driving and 

driven units to within one degree. 

STEADY BEARING SUPPORTS must have enough rigidity 

to avoid vibration. In our experience, th is problem has not 

been serious. Observe the following: 

Keep spans short as possible. 
Make end connections rigid. 
Use rigid beam and install so that the principal 
section modulus opposes the horizontal forces. 

FOUNDATIONS for all installations must be adequate, 

since most power units will vibrate to some extent. Prooer 

steel beam or concrete foundations-with hold-down bolts 
are necessary to maintain alignment and to eliminate 

damaging vibrations. Inadequate foundations will void 

guarantee. 
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SERVICE INSTRUCTIONS 
LUBRICATION of Watson Shahs is simple and easy. Two 

areas, "A" and "B", should be lubricated every 500 hours 

of normal service or every 200 hours of continous service as 

follows: 

AREA "A"-Journal crosses: Use Texaco P.A.S.R.-629, 

Gulf No. 188, Socony Gargoyle Viscolite SS or similar 

lubricants. If lubricant sealing problems develop, use any 

good grade E.P. No. 2 Grease such as Shell Alvania E.P. 

No. 2 or Texaco Marfac H.D.E.P. No. 2. When adding lubri

cant be certain that it appears at all four bearing seals to 

assure removal of dirt and contaminents. The bearing seals 

should relieve lubricant with a "pop" at about 80 PSI. 

Apply force or torque by hand to the joint, while lube 

gun pressure is being applied, to encourage lubricant relief. 

Never disassemble the needle bearings from their yokes 

unless it is necessary to replace the cross and bearing set. To 

inspect, remove the shaft and test bearings by moving the 

flange yoke in all angular positions to roll the needles. 

AREA "B" -Sliding Splines: Any good grade of long fibre 

grease is preferred, expecially an extreme pressure (E.P.) 

type. Spline lubricants found to be satisfactory are Texaco 

Marfac No. 1 E.P., Texaco Marfac "O" E.P., Mobile Grease, 

Special No. 53-030 and Texaco All Temp. No. 1992. 

"A B 

" : 
If the action of all four bearings is smooth, replacement is 

not necessary. If the action is rough or uneven, replace the 

entire cross and bearing set. See instructions below for both 

Snap-Ring and Bearing-Cap construction. 

DISASSEMBLY-SNAP-RING TYPE 

DISASSEMBLY-BEARING-CAP TYPE 

Tap one end of the bearing lightly to remove pressure on the snap-ring. Remove 

the snap-ring with pliers; repeat procedure for opposite bearing. Then drive with 

a soft drift on one bearing to push the opposite bearing through its yoke. 

Remove the exposed bearing, turn the joint over, and remove the first bearing by 

driving on the exposed end of the journal cross. Repeat this operation for the 

other two bearings. 

ASSEMBLY-SNAP-RING TYPE 

Remove the bearings from the new cross assembly, holding the cups so that the 

needles do not fall out. Position the cross in one yoke. Position one bearing cup 

with its needles in the yoke and insert the journal of the cross into this bearing. 

Press bearing into yoke. Repeat for opposite bearing. If press is not available, use 

a vise. NEVER hammer on new bearings. Install snap-rings and repeat operation 

for other two bearings. 

Bend down the tabs on the lock-plates, remove the lock-plate 

capscrews, and remove the 'lock-plates. Clamp the flange yoke in a vise 

with its lugs horizontal. Tap on the top of the joint to start the top 

bearing out. Pull this bearing. Start the lower bearing by driving on the 

exposed end of the journal cross. Pull the lower bearing. Then remove 

from vise, turn 90 degrees, reclamp in vise, and repeat operation for 

other two bearings. 

,, '' 
ft~~ 

• ASSEMBLY-BEARING-CAP TYPE 

Install the new cross and bearing set, following exactly the same 

procedure as used with the snap-ring type. Install the lock-plates and 

capscrews. Bend the tabs of the lock-plates up to lock the capscrews. 

SAFETY AND WARRANTY 

JJf',,, rllf ,,, 

"We recommend the use of shaft guards to protect personnel from contact with rotating drive shafts or to 

contain the shaft in the event of failure." 

"H. 5. Watson Company agrees to repair or replace without charge, f.o.b. our factory, or at our option allow 

credit for, any portion of a product which proves to be defective in material or workmanship within a period 

of 180 days from the date the product is placed in service. Products claimed to be defective must be held 

for our shipping instructions and no claim will be allowed unless we have had a reasonable opportunity to 

examine the products. WE MAKE NO WARRANTY AS TO MERCHANTABILITY OR AS TO FITNESS OF 

PRODUCTS FOR A PARTICULAR PURPOSE OR AS TO THE RESULTS TO BE OBTAINED FROM THEIR USE 

BY PURCHASER OR OTHERS. We make no warranties, express or implied, statutory or otherwise." 1.2.7.158 

-

-
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SHArT & FLANGE INSTALLATION: 

HORIZONTAL APPLICATIONS: 

-

All STOCK flanges are bored with a plus .001 - minus .000 

•erance and should be a slip fit over the output and input 

1fts. Align the key-ways in both the flange and shaft and 

ntly tap flange on. Tighten set screws in the flange and 

2. Attach universal end o/ shafting lo upper connecting 

flange. using bolt, nut & lockwasher supplied. 

3. Attach STEADY BEARINGS to support beams. 

· 4. Repeat steps 1 lhru 3 for each- 'B' section. 

5. The bottom or "'A" section is installed with the SLIP 

JOINT mounted to the connecting FLANGE on th 0 ":'II -'I 

-

-

install drive shaft. 
In some installations, it is preferred that the flanges be 

SPECIAL ordered with the bore mac;hined UNDERSIZE, 

creating an interference fit. · · 

If the flanges are UNDERSIZE, we recommend the follow

ing procedure: 
1. Heat the llange with a torch allowing the bore to ex

pand. 
2. Align the keyways in both the flange and shaft. 

3. Slide the flange over the shaft and allow the flange to 

cool. 
CAUTIO~; DO NOT attempt to hammer on an undersize 

flange without heat. This may permanently damage the 

thrust bearings in either the driver or driven equipment. 

VERTICAL APPLICATIONS: 

In vertical applications most of the shafting weight is sup

ported from the upper connecting flange. We RECOMMEND 

that when a drive shaft or multiple drive shaft installation 

weighs over 1 SO lbs. it should be supported in one of the 

following ways: 
1. Ordering flanges with an extra set screw 90° from the 

keyway. (Do not use with drive shafts weighing over 300 

lbs.) 
2. Ordering SPECIAL bored flanges with the bore 

machined UNDER-SIZE (refer to above for proper instal

lation of UNDERSIZE FLANGES). 

3. Ordering flanges with a counter bore for a split ring 

adapter. 
4. Ordering flar\ges wilh a taper bore and nut (consult with 

motor manufacturer). 
In multiple installations, start with the upper most ·B' sec

non of shafting: 
1. Laying the 'B" section out on the floor. slide the steady 

bearing over the neck of the ·a· stub followed by the 

tapered ·a· FLANGE. NUT & COTTER PIN. Note; steady 

bearings must be self-aligninQ type. 

pump. ·.; 

NOTE: Make sure that the EARS on the YOKES are in 1,. . ../ 

after assembly. Refer to drawing on Page 15. 

LUBRICATION: 
There are only three major components that need to be 

lubricated: 
1. Universal joint (Note: In some ser.ies. the universal 10ml 

is a lube tor life bearing which never requires lubrica

tion). 
2. Sliding splines in the Slip Joint. 

3. Steady bearings. 
It is recommended that the UNIVERSAL JOINTS and 

STEADY BEARINGS be lubricated with Shell°Alvania EP-2 or 

equivalent for speeds over 500 RPM and SAE 140 to 250 oil 

for speeds under 500 RPM. 
The SLIDING SPLINES in the SLIP JOINT should be lubri

cated with any good grade of long fiber grease such as 

Texaco Marfac "O" E.P. 
When adding lubricant be certain that it appears at all four 

bearing seals to assure removal of dirt and contaminents. 

The bearing seals should relieve lubricant with a "pop" at 

about 80 PSI. 
Bearings should be lubricated every 500 hours of normal 

service or every 200 hours of continuous service. 

BOLT SPECIFl""ATIONS 

BoltSIH Sertn Used On Wrench Taraue Grade 

¾-24NF x 11/, 27-31-61-71 30 lbs. ft. / 5 
7/,,-20NF X 11/, 37-41 48 lbs. ft. 5 
7/ir20NF x 1 yz . 81 48 lbs. ft. 5 

½-20NF x 11/z 48-55 76 lbs. ft. 5 

~-18NF x 2 88-91 155 lbs. ft. 8 

~,-16NF X 2½ 95 274 lbs. ft. 8 
7/s-14NF x 31/z 205 439 lbs. ft. 8 

1-8NF x 4 215 686 lbs. It. I a 

TROUBLE SHOOTING GUIDE 

PROBLEM . ·· SOLLJTlO~ 

1. Operating in or near the critical or half-critical speed. Reduce speed or rework 

,;:_},it/-,.;_:_1.~_:i~.;-t.:.l--::..;:.~:.:.~~..!::e:::ao~asn::.~'•.:.~:::.Sk:...·:-:-Yra_b_:_:_tu-i:-o-1:-:-ea_:_~_t:-.e-:-:-:-o-t~-hs-eh-ra-:-~n-eg_d_:-:-:-:-g--+-DbR-ae_islt-a:n-~cn_s1en_t~g-r.-:-::-:-nh_:-e:-:-~g-:-a-:-:-k-e_s. __ -l 

_ - bent during shipment or not originally balanced. 

Refer to page 1 O using soeciaf tubing. 

·~ ... -< ,.i~ :~ / ·, 4. Bearinas in the U-joint or steady bearing wore out. Replace bearing. 

~~1;~;5 ··_/;:t:i~It>~ 1--:::;.;:~~..!.;::=-:;.:.:.:.:t~:;..o;:;~r..::;...e::.:.:;.:.i:;...d;::.:=-te:...c;.:.::...n.;;;.~a=-fl:;.:.n;::.
3

:~::...::...,.::.b . ..;.~:=-~-'-:n...;~~"'-·a-ft-co_n_n_e_c_ti_o_n_s_--+-:-:;:.;:-~-:c-te_tl-:;-1:-~-i:_,.g,_. _______ -; 

.: - ·'·-~'.::::: ;·· .. .'· 7. ff operating in conjunction with a reciprocating engine. A torsional analysis should 

.• · ,, _ ;_,' ~ .: ;· · a torsional problem may exist. be performed. 

'. './. "'~.'~ :- .. •\; · '1-::.8-~S:.:.:te:,:a:.::dLy..:b:.;:e~a.:.:ri.:.:nii.gs~a:.::re:....;.:.no::,:t:..;s::;•:.:;lf:..;·a::;l:...igt:.n:.:.:in.:..;,gL::.an:..::d::..::a:.::re:...::.bi::,:n:.::d.:..:.in:...1gL. ___ .J-;..Re~p::..:l.::a=-ce::..:. __________ --i 

.. · .:·, 9. Thrust bearings binding up in either the driver or Replace bearings. 

·- " ,.. •c driven equipment. 

10. Exceeding recommended angular misalignments. Reduce angle. 

11. Input and out:,ul shafts are not parallel. Shim it necessary. 

Ft.ANGES SUPPING 

OFF SHAFT 

1. Exc~lng weight !Imitations for stock bored flanges. Add additional set screw. 

2. Set screw ·not tightened. Tighten set screw. 

1. Lack of proper maintenance. See lubrication recommendations. 

~~ r ::~· 
-~- ,•~·-, ·.:1---2·_..;;.E_xc:...e:....:ed__:...in_,g~re:....:c:....:o_m_m_e_n_d_ed_a;:;.n...,g:.cu_la_r_m_..;;is.::.a_lig"-n-'-m~en;..t;..o:...r_M:....:a:....:x.:..... _R_P'-M-'-.+-R_ed;__u_c_e_e_it_h_e_r:....:o_r:....:b.c..o_lh_. _____ _, 

?REMA TIJRE: .. 

· FAILURE OF:·' .: ·•,:· "• • .---· 3. Excessive vibrations (See vibration sec. above) See above . 
......... 'If ":"·:J'-. ~ \ •• 1-=.:...==:;:;.;..:....:~=-=::...i.:=..;.;;::..:.;:=;.:,..:=:...::::.=.::::.L-----+..=..::..;...;=.::.:..::;,._ _________ -i 

· · • ' · ·: '' 4. Shaftina under specified. Refer to Page 8 & 9 
BEARING ---

1.2. 7.159 



AURORA PUMP 
A UNIT CF GENERAL SIGNAL 

ENGINEERING DEPT. 
NORTH AURORA, ILLINOIS· 60542 

DIESEL ENGlNE AND ACCESSORIES 

FIRE PUMP F.O.IJ 4GO-<:c570y 

MODEL V-,3178-1="2. ut LISTED 

FM APPROVED 2. 4 VOLT NE<; GROUND 

DIESEL ENGINE FOR AUTOMATIC OPERATION 

W/THE FOLLOWING ACCESSORIES: 

~ FLEXIBLE METAL HOSES 

_!_ SET OF ENGINE MANUALS 8 £,tTR A 

± BATTERIES W/ACID - 12. VOLTS 

i BATTERIES RACKS 

~ BATTERIES CABLES SETS 

~ FLEXIBLE EXHAUST CONNECTOR 

~ ADAPTER FITrING 

_&_. CEl!!&GIAr. .-.:.· RESIDENTIAL CLASS MUFFLER 

lsu J ¼.," HEAT EXCHANGER PIPING w/ 

r::::J SOLENOID VALVE 

1·- 12.0 GAL FUEL TANK 

I~ FUEL TANK FITTINGS ~W/ GAUGE 

j_ KIM START :oofER.SION HEATER 

j_ KIM START PRESSURE SWITCH 

_!_ KIM START THERMOSTAT 

BY: Wct42 
DATE: ____ _ 

STEARNS-ROGER ENGINEERING CORP. 
PROJECT NO. 621700 
SCLAR-CNE PILOT PLANT 
UNIT CNE 
p .o. 200 l 

1.2.7.160 
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AURORA PUIIIP 
A UNIT OF GENERAL SIGNAL 

ENGINEERING DEPT. 
NORTH AURORA, ILLINOIS· 60S42 

BATTERIES ~ RACKS 
NEGATIVE GROUND (4) 

+ 

CABLE PART CABLE CABLE 
NO. O.TY. LGTH. 

9 l6-004Q-999 2 I FT. 

916-0041-999 2 5 FT. 

916-0042-99 9 2 5 FT. 

r-, 

w 11 

I,.. -- ~ 1-

YHEI~ 
Y-378-F2 

-
CABLE TYPE 
~ SIZE 

SAE J558A 
TYPE SGT 

2/0 GA. 

NOTES: 

I 

I- ~ 

3/4 21- REFER TO ENGINE CON-
1

. 

TROLLER WIRIN6 DIA
GRAMS FOR CONNECTJON 1 

OF BATTERIES -- -
L.J n 

1-. u 

~12 
24 -

r---24- KJ.----~ ... 
12-1/s I r 22-1/4--i 

Tl I , ____ 1 

Ill H ____ ·1 

___ r=-=-----!! 1 i !~.~------:{1 
'-----------STEARNS-ROCER ENGINEERING CORP. 

PRCJECT NO. 621700 
SCLAR-C~E PILOT PLANT 

1.2.7.161 U"4IT CNE 

P.O. 2001 

i 
I 

I ----
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AURORA PUMP 
A UNIT OF GENERAL SIGNAL 

ENGINEERING DEPT. 
NORTH AURORA, ILLINOIS· 60542 

MUFFLER 
ENGINE MODELS / V-'378-F2 

IL_L ---- .J> BELON 15 7 HP 
A IM-THREAJ:ED 

EXHAUST 

\46 -;7~-:1, -'.40 -----J h 
(~ -1D;l/4- - -~-+ 

WGT 20 LBS. 
L ~LET EXHAUS[ j 

WGT 50 LBS 

1·NSTALLATf ON 

SLOTTED THREADED 

i=L.EX. 1Bi..E '-Ottl'tEC.. 'Tb~ l'M.Y 
Be. 8EtJT CfC'- fol! Vc£TicA-i
t\'IOL>NTiN.(:, OF M.uf=FLE//l. 

j' COUPLING 
BY AURORA PUMP 

~~ 3• FLEXIBLE CONNECTOR 
BY AURORA PlJfP 

NOTES: P.IPING BETWEEN E~INE ANO. MUFFLER SHOULD NOT EXCEED TWENTY PIPE DIAMETERS 
. AND. 'SHOULD BE SHORTER I F POSSIBLE 

NO MOR6 THAN FOUR FEET OF UNSUPORTED PIPE ANO FLEXIBLE CONNECTOR MAY BE 
ATTICHED. TO THE ENGINE 

STEARNS-ROGER ENGINEERING .._ ____________ PROJECT NO. 621700 

SCLAR,C~E PILOT PLA~T 
~-----------UN IT Cl\ E ..... P.O. 200 l 

1.2.7.162 

CORP. 

-

-
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How Kim Hotstart 
saves you $ $ $ 

1. Maintains Operating 
_,..., 

r......,.111,. 

Temperature in engine 

2. Stops destructive condensation 60°F 

3. Reduces costly engine wear 60°F to 
80°F 

4. Saves fuel 80°F to 
100°F 

5. Saves warm-up time ~ 100°F t 

6. . d f . 120°F Insures immediate e rostmg 720°F + 

7. Prolongs battery life · 140°F 
140°F t 

8. Eliminates heated terminals lb0°F 
I 60°F t 

9. Factory Guarantee 180°F 

KIN 
Hotstart ® 

I.earn tfte secret of protecting your engines against 

damaging effects of cold starts and destructible effects 

of cold weatherf 90 % of all engine wear Is caused 

by low water ;acket temperatures. Preventative main• 

tenance means more profit$$. 

MANUFACTURER'S WATTAGE 
RECOMMENDATIONS FOR VARIOUS TEMPERATURES 

UNDER NORMAL CONDITIONS 
To maintain optimum 

operating temperatures use: 
3 Watts/Cu. ln ....... to .zo•F 

R~or GAS ENGINES BLACK-for DIESEL ENGINES 5 Watts/Cu. In. Below •20°F 

o..~-· l&Z -. 

500 

500 

500 

500 

500 

750 

750 

Qn Enst- ... Qn En.- of a.. Enp- of Ga En1- of a., Enci- -a. 350 Cu. la. 350-600 C... In. BOO C... In. IOO•IZOO Cu. In. 1200 Cu. In. 
1)1-t ~ D1'111...- Dia,,acement Di1pl~ 

Ol•ol EnpMI DIIMI £111inu OitN, Enrinet lutomotifl' DieMI 
of Z l 3 Cytlnden af 4 C.,linders of 6 Cylinders Eneines of 7-12 

and SmaU 4 Cylinders Cylindo,. 

750 1000 1500 2000 5000 
1000 1500 2000 4000 

750 1000 1500 2000 6000 
1000 1500 2000 4000 

750 1000 2000 2500 1>000 
1000 2000 2500 4000 

750 1000 2000 2500 9000 
1000 2000 2500 4000 

750 1000 2000 4000 9000 
1000 2500 2500 4000 

1000 1500 2500 4000 9000 
1500 2500 2500 4000 

1000 1500 2500 4000 12000 
1500 2500 4000 4000 

Specification Chart on Reverse Side 

KIM HOTSTART MANUFACTURING CO. 
Telephone 509-534--6171. Box 42. Spokane. Washington 99210 
Ptease send literature and name of local dealer 

Ltrp 1ndustrial 
•rtd LocomatiN 

Entinn 

6000 

6000 

9000 

9000 

12000 

12000 

12000 

STE~R~S-RCfE? ENGI~EERINf 
FRCJECT NC. t217CO 
S(LjR-C~E FILOT FLa~T 

CCRP. 

Addro,.___ LI'\ IT OE 

1.2.7.165 City __ _ 
P.c. ;co1 ----------·~ ........... , ____ _ 
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KIM HOTSTART SPECIFICATIONS 
Model WJ 110 WJ 220 Model JR 110 JR 220 Model A 110 A 220 

. '+s ::10% 115 230 115 230 115 230 
s 500 500 750 750 1000 1000 

IS 4.2 2.1 6.5 3.2 8.7 4.5 
,.,ring #16-3 #16-3 #16-3 #16-3 #16-3 #16-3 
Diameter 3½" 3½" 3½" 3½" 3½" 3½" 
Length 13¾" 13¾" 13¾" 13¾" 13¾" 13¾" 
Weight (pounds) 5 5 5 5 5 5 
Carton Packing 12 units 12 units 12 units 12 units 12 units 12 units 

Model LB 110 LB 220 Model MB 110 MB 220 Model BC 110 BC 220 Model E 220 

Volts :10% 115 230 115 230 115 230 230 
Watts 1500 1500 2000 2000 2250 2500 4000 
Amps 13.05 6.78 16.6 8.3 19.5 10.8 17.4 
Wiring #16-3 #16-3 #14-3 #16-3 #14-3 #16-3 #14-3 
Diameter 3½" 3½" 3½" 3½" 3½" 3½" 4½" 
Length 17½" 17½" 17½" 17½". 17½" 17½" 19" 
Weight (pounds) 6½ 6½ 6½ 6½ 6½ 6½ 9 
Carton Packing 9 units 9 units 9 units 9 units 9 units 9 units 9 units 

All models will operate on AC or DC (25, 50 or 60 cycle). Be sure to specify voltage required. ALL MODELS AVAILABLE IN EXPLOSION PROOF DESIGN. 

t11•®-Stat 
ELECTRIC THERMOSTATIC CONTROL FOR LIQUIDS 

Choose from these Kim-Stat models to flt articular re uirements. 

STANDARD EXPLOSION ON OFF AMPS WEIGHT 
MODll PROOF MODllS POUNDS 

,S 810 KS 810EP 80° F 100° F 25 115/230 1 
KS 1012 KS 1012EP 100° F 120° F 25 115/230 1 
KS 1214 KS 1214EP 120° F 140° F 25 115/230 1 
KS 1416 KS 1416EP 140° F 160° F 25 115/230 1 
KS 1618 KS 1618ff 160° F 180° F 25 115/230 1 

MODEL 

OL61515 
OL61515EP" 
OL61523 
OL61523EP0 

OL6315 
OL6315EP" 
OL6323 
OL6323EP" 
Ol.6615 
OL6615EP0 

OL6623 
OL6623EP0 l" NPT 

.. ~ USH MOUNTING KIT ~ 
COPP. 

--..- OIL PRESSURE 
PART r- -· ... 
WJll 5TEARN5-RCGEI< ENGl"EERING 

PRCJECT NC. f217CO 
PART SCLAR-OE Fl LOT PLANT 

WJ220, JR: ~" IT Cf\ E 
P.C. ,COJ 1.2.7.1~_,~ ............... ==-=:::.~- fll/8 PART ··--· • ... .-.u I "' IIIUUC:l..t 

BC220 and E220 

SWITCH 
Part No. PS-252 
For automatic cut-off 
on standby equipment 
Two Pole 
115/230 Volts-25 Amps . 
440/550 Volts-15 Amps. 
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CUMMINS DIESEL WRITE UP SPEC~ 

!5! / O:Q:O 

V-378-FZ 

Cummins Diesel Model V-378-Fl Fire Pump engine with the following standard 
equipment, 

Clockwise rotation when viewed from end opposite stub shaft. 

STANDARD EQUIPMENT 

Cooler, Lubricating Oil; Tubular type, jacket water cooled. 

Cleaner, Air: 10" diameter, dry type, mounted. 

Elec1'trical Equipment: 24 volt negative ground system. 24 volt starting 
cotor; 24 volt, 20 ampere alternator; voltage regulator; ~nually operable 
cootactors; junction box with enclosed terminal strip. 

Filters: Lubricating oil, full flow replaceable pa~er element type, 
mounted. Fuel, paper element throwaway type mounted. 

Flyvheel: Machined for stub shaft mounting. 

Water Temperature Switch: Provides signal to activate alarm (not included) 
for high water temperature. 

Housing, FlY:7heel: SAE No. 2 with industrial supports. 

~anifold, Exhaust:· Dual, water cooled ~1th outlet horizontal to rear. 

Pan, Oil: Cast, aluminum, rear sump type, J U.S. gallon capacity. 
Pr0vision for oil heater. 

Panel, Instrument: Haunted. Includes ammeter, tachometer, hourmeter,• 
water temperature gauge, lubricating oil pressure gauge, circuit breaker. 

Pu• o, Coolant: Belt driven, centrifugal type. 

Stubshaft: Mounted on flywheel. 

Support, Engine: Pedestal type, front and rear . 

STEARNS-ROGER ENGINEERING CORP. 
PROJECT NO. 621700 
SCLAR-C~E PILOT PLANT 
ur-.IT Qf,jE 
P. C. 20 0 l 
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CUMMINS DIESEL w1lITE UP SPECS". 

Cummins Diesel Model V-378-Fl Fire Pump Engine ~ith the foll~wing standard 
equipment. 

Corrosion Resistor: Mounted, checks rust and corrosion, controls acidity 
and removes impurities from coolant. 

Dacper Vibration: Rubber Isolator. 

Exchanger, Heat: Tubular type. 

Governor: Mechanical flyball, mechanical variable speed type. 

Guald, Belt and Damcer Shield: Protection from alternator, accessory drive, 
and vater pump belts· and vibration damper. 

~ 

Overspeed Switch: Mounted, overspeed shutdown with manual reset, stop 
crank. contacts. 

' ~~-
. ' 

Water Jacket Heater: Kim Hotstart Model B5010. Pre-heater, 115 volt, 2500 
vatt. 

-
Ther111os tat: Kimstart Model KS1012, 115/230 volt. 

Oil Pressure Switch: Kim Hotstart Model PS252, 115/230 volt. 

Flexible Metal Hoses: Inlet 428 0031 000 Return 423 0036 000 Hoses installed 
on engine with 7/8-14 UNF-45° Tiµ, Male fitting attached on line end of 
hoses. --
Operation and Parts Manuals: One set. 

NOTE: See Aurora Spec sheet 842 0157 000 for engine options and accessories. 
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STEARNS-ROCER ENGINEERING CORP • ~ 
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CUMMINS DI!S2l. OPTIONS 

8i4i2 01/ i5/7 OiOiO 

Oil Heater 

For Engiae Models V-378-Fl, V-378-FZ. V-504-Fl and V-S04-FZ - Ki::! 
Rotstart Model OL4l5l5, ll5 volt, l50 Watt. 

For Engine Models N-855-F, NT-85S-Fl and NT-855-FZ - Ki.:1 i:iotstart 
Model OL4315, 115 volt, 300 Watt. 

For Engi.tle Model VT-1710-F - OL 631S, 230 volt, JOO Watt. 

2. Additional Op~ration and Parts ~nuals. 

OAre.;z-{,-79 

STEARNS-ROGER ENGINEERING CORP. 
PRCJECT NO. 621700 
SCLAR-C~E FILOT PLANT 
Ul'.IT Or-iE 
P. C. 2001 



Cummins Diesel 

Specifications 

Number of Cylinders ............ 6 
Bore and Stroke ...... 4 In. x 3¾ In. 
Piston Displacement .... 378 cu. In. 
Operating Cycles ............... 4 
Crankcase 011 Cap . .. 3.75 U.S. gals. 
Engine Coolant Cap . .. 7.4 U.S. gals. 
Net Weight, with Std. 
Accessories, Dry . ....... 1665 lbs. 

Metric 

6 
117 x 95 mm 

6.2 L 
4 

14 L 
28 L 

756 kg 
Specific ratings are shown on rear page. 

Design Features 

Bearings: Replaceable, precision type, steel backed 
inserts. Five main bearings, 3.5 in. (89 mm) diameter. 
Connecting rod bearings 2.8 in. (70 mm) diameter. 

Camshaft: Single camshaft precisely controls valve and 
injector timing. Lobes are induction hardened for long 
life. Five replaceable precision type bearings 2.0 In. (51 
mm) diameter. 

Camshaft Followers: Induction hardened, roller type for 
long cam and follower llfe. 

Connecting Rods: Drop forged, I-beam section 6.0 in. 
(153 mm) center to center length. Rifle drilled for 
pressure lubrication of piston pin. Rod Is tapered on 
piston pin end to reduce unit pressures. 

Cooling System: Belt driven centrifugal pump. Large 
volume water passages provide even flow of coolant 
around cylinder liners, valves, and injectors. Modulating 
by-pass thermostat regulates coolant temperature. 
Spin-on corrosion resistor checks rust and corrosion, 
controls acidity, and removes impurities. 

1.2.7.170 

V-378-F2 

Design Features Continued 

Crankshaft: High tensile steel forging with induction 
hardened fillets and journals. Fully counterweighted 
and balanced. 

Cylinder Block: Alloy cast iron with removable wet 
liners. Cross bolt support to main bearings cap provides 
extra strength and stability. 

Cylinder Heads: Alloy cast iron. Each head serves three 
cylinders. Drilled fuel supply and return lines. Valve 
seats are replaceable corrosion resistant inserts. Valve 
guides and cross head guides are replaceable inserts. 

Cylinder Liners: Replaceable wet liners dissipate heat 
faster than dry liners and are easily replaced without 
reboring the block. 

Fuel System: Cummins exclusive low pressure PT™ 
system with.wear compensating pump and integral dual 
flyweight governor. Camshaft actuated fuel injectors 
give accurate metering and timing. Fuel lines are 
internal drilled passages in cylinder heads. Spin-on fuel 
filter. 

Gear Train: Timing gears and accessory drive gears are 
induction hardened spur gears driven from crankshaft 
and located at rear of block. 

Lubrication: Large capacity gear pump provides 
pressure lubrication to all bearings. All pressure lines 
are internal drilled passages in block and heads. Oil 
cooler, full-flow filters maintain oil condition and max
imize oil and engine life. 

Pistons: Aluminum alloy, cam ground and barrel shaped 
to compensate for thermal expansion assures precise 
fit at operating temperatures. CeCorr™ grooved skirt 
finish provides superior lubrication. Two compression 
and one oil ring. 

Piston Pins: Full floating, tubular steel retained by snap 
rings. 1.4 in. (36 mm) diameter. 

Valves: 1.6 in. (41 mm) diameter poppet type intake and 
exhaust valves. Wear resistant face on exhaust valves. 

-

-

-



.. tandard Equipment 
Air Cleaner: 10 in. (254 mm) diameter, dry type, 
mounted. 

Belt and Damper Shield Guard: Protection from alter
nator, accessory drive, and water pump belts and 
vibration damper. 

Coolant Pump: Belt driven, centrifugal type. 

Corrosion Resistor: Mounted, checks rust and corro
sion, controls acidity, and removes Impurities from 
coolant. 
Electrlcal Equipment: 24 volt negative ground system. 
24 volt starting motor; 24 volt, 18 ampere alternator; 
voltage regulator; manually operable contacters; Junc
tion box with enclosed terminal strip. 

Engine Support: Pedestal type, front and rear. 

Exhaust Manifold: Water cooled. 

FIiters: Lubricating oil, full flow replaceable paper ele
ment, mounted. Fuel, paper element throwaway type, 
mounted. 
Flywheel: Machined for stub shaft mounting. 

Flywheel Housing: SAE No. 2 with industrial supports. 

Governor: Mechanical flyweight, mechanical variable 
speed type. 
Heat Exchanger: Tubular type, aluminum bronze. 

Instrument Panel: Mounted. Includes ammeter, circuit 
breaker, water temperature gauge, tachometer, lube 
oil pressure gauge, hourmeter. 

ALubrlcatlng 011 Cooler: Tubular type, jacket water 
Wcooled. 

-

Oil Pan: Cast aluminum, rear sump type, 3 U.S. gallon 
(11.4 liter) capacity. Provision for oil heater. 

Oil Pressure Switch: Provides signal to activate alarm 
(not included) for low oil pressure. 

Overspeed Switch: Mounted, overspeed shutdown 
with manual reset, stop crank contacts. 

Stubshaft: Mounted on flywheel. 

Vibration Damper: Rubber isolator. 

Water Jacket Heater: Mounts under oil pan. 115 volt, 
2500 watt. 
Water Temperature Switch: Provides signal to activate 
alarm (not included) for high water temperature. 

Optional Equipment 

Oil Heater: Mounted in pan. 

LISTED AGENCY RATINGS 

Underwriters' Laboratories: 
119 HP @ 2400 RPM 
127 HP @ 2600 RPM 
132 HP @ 2800 RPM 
135 HP @ 3000 RPM 
137 HP@ 3300 RPM 

Factory Mutual: 
113 HP @ 2400 RPM 
120 HP @ 2600 RPM 
125 HP @ 2600 RPM 
128 HP @ 3000 RPM 
130 HP @ 3300 RPM 

Underwriters' Laboratories 
of Canada: 

119 HP @ 2400 RPM 
127 HP @ 2600 RPM 
132 HP @ 2800 RPM 
135 HP@ 3000 RPM 
137 HP @ 3300 RPM 

The agency-approved horsepower ratings 
shown are already derated for fire pump 
service and available for driving the fire 
pump at SAE standard J816b conditions of 
500 ft. (150 m) (29,38 in. Hg or - 746 m Hg), 
and 85 • F., 29.4 • C. intake air temperature. 
The only additional deration necessary is for 
higher ambient temperatures and elevations 
as follows: 3% for each 1000 feet above 500 
feet and 1 % for each 10 degrees above 85 "F. 
in accordance with National Fire 
Association Pamphlet No. 20. 

Installation Considerations 

Maximum raw water pressure must not exceed 50 PSI. 
Minimum acceptable raw water flow at 90°F. raw water 
temperature and 100"F. ambient air temperature should be 
at least 32 G.P.M. at the 3300 RPM listed rating. 

Ventilation air required for engine combustion is 315 CFM at 
3300 RPM rating. This is for engine air combustion only and 
does not take Into consideration additional air required for 
normal room cooling. 

Listed under Underwriters' Laboratories, Inc., 
reexamination service for fire protection appli
cations. 

Listed by Associated Factory Mutual Fire 
Insurance Companies for fire protection 
applications. 

Listed under Underwriters' Laboratories of 
Canada reexamination service for fire protec
tion applications. 

Cummins has always bHn a pioneer In product Improvement. Thus specifications 
may change without notice. Illustrations may Include optional equipment. 

Cummins Engine Company, Inc., Columbus, Indiana 47201 

1.2.7.171 



CUMMINS ENGINE COMPANY, INC. 

Engine Data Sheet 

Fire Pump Engine Model: V--378-F2 Date: June, 1980 Data Sheet: DS-3606-A 

(for listed/approved ratings see tabulation) 

General Engine Data 

Type: ........................................................... -!I.G
vc;le;90°vee;6 Cylinder 

Aspiration:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Natural 

Bore - in. (mm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.625 (117) 

Stroke - in. (mm). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.75 (95) 

Displacement - in.3 (litre). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378 (6.2) 

Compression Ratio: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.0: 1 

Valves per Cylinder: - Intake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

- Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Engine Weight & Center of Gravity (With Standard Accessories) 

Reference Installation Diagram ....................................... . 

Dry Weight - lb. (kg) ................................................ . 

Wet Weight - lb. (kg) ................................................ . 

C.G. Distance From F.F.O.B. - in. (mm) ................................ . 

C.G. Distance Abovet Crankshaft - in. (mm) ........................... . 

Maximum Allowable Bending Moment @ Rear Face of Block - lb.-ft. (N•m) .... . 

Air Induction System 

556892 
1665 (756) 
1763 (800) 
10.7 (272) 
4.3 (109) 
1000 (1 350) 

Maximum Allowable Temperature Rise Between Ambient Air and Engine Air Inlet 

(Ambients 32 °F [0 °C)to 100 °F [38 °C]) - °F ( °C). . . . . . . . . . . . . . . . . . . . . . . . . . 30 (15) 

Maximum Allowable Intake Restriction With a Dirty Air Filter Element -

in. H20 (mm H20) ..................... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 (500) 

Part Number of Standard Air Filter Element (Dry Type) . . . . . . . . . . . . . . . . . . . . . . . 555084 

Lubrication System 

Oil Pressure @ Rated Speeds - PSI (kPa) ................................ . 

Oil Flow@ Maximum Rated Speeds (Nominal)- U.S. GPM (litre/s) ........... . 

Oil Pan Capacity (High - Low) U.S. gal. (litre) ............................. . 

Full Flow Lube Oil Filter Capacity - U.S. gal. (litre) ......................... . 

Part Number of Standard Oil Pan ........................................ . 

Part Number of Standard Oil Filter Element ............................... . 

45-70 (310-480) 
25 (1.6) 
3-2.25 ( 11---8.5) 
3.75 (14) 
553496 
LF-613 

Application Note: When ambient temperatures will be lower than 70°F (21 °C) an oil heater is required. The 

recommended heater wattage for this engine is 150 down to 40 °F (4 °C). 

Cooling System 

Heat Exchanger Cooled (Shell & Tube Type) 
Part Numbe'r of Tube Bundle .......................................... . 

653747 

Raw Water Working Pressure Range at Heat Exchanger - PSI (kPa) .......... . 50 (345) (Maximum) 

Recommended Minimum Water Supply Pipe Size to 

Heat Exchanger (Reference Only) - in. (mm) dia ......................... . 1 (25) 

Recommended Minimum Water Discharge Pipe Size From 

Heat Exchanger (Reference Only) - in. (mm) dia ......................... . 1.25 (30) 

Coolant Water Capacity (Engine Side) - U.S. gal. (litre) ..................... . 7.4 (28) 

Standard Thermostat - Type ........................................... . 

- Range - °F ( °C) ................................. . 
Modulating 
170-185 (77-85) 

Minimum Raw Water Flow with Water 
Temperatures to 90 °F (32 °C) - U.S. GPM (litre/s) ........................ . 32 (2.0) 

Note: Minimum raw water requirement is based on water flow required to minimize tube fouling in the heat 

exchanger tube bundle. 

A jacket water heater is mandatory on this engine. The recommended heater wattage is 1500 down to 

40°F (4°C). 

1.2.7.172 
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Exhaust System 

Maximum Allowable Back Pressure Imposed by Piping & 

Silencer - In. Hg (mm Hg) ........................................... . 

Exhaust Pipe Size Normally Acceptable - in. (mm) dia ...................... . 

Fuel System 

Supply Line Size - in. (mm) ............................................ . 

Drain Line Size - in. (mm) .............................................. . 

Maximum Fuel Line Length Between Supply Tank & Fuel Pump - ft. (m) ....... . 

MaxiQ'lum Fuel Height Above~ Crankshaft - in. (mm) ...................... . 

Part Number of Standard Fuel Filter .......... ; ........................... . 

Part Number of Standard Fuel Filter Element .............................. . 

Maximum Allowable Restriction to Fuel Pump With Dirty Filter - in. Hg (mm Hg) 

Maximum Allowable Return Line Restriction - in. Hg (mmHg) ....••.......... 

Electrical System 

Battery Voltage ....................................................... . 

Battery Cable Size (Maximum Cable Length Not to Exceed 10 ft. (3.0 m) AWG) .. . 

Wiring for Automatic Starting (Negative Ground) ........................... . 

Alternator (Standard) 24 Volt, Internally Regulated - Ampere ................ . 

Manually Operable Contactors .......................................... . 

3 (75) 
2.5 (65) Twin 
3 (75) Single 

0.500 (15) I.D. Tube 
0.500 (15) I.D. Tube 
40 (12) 
80 (2 030) 
156171 
FF-105-D 
8.0 (200) 
4 (100) 

24 
00 

Standard 

Minimum Recommended Battery Capacity -

70 "F (21 "C) Minimum Temperature .................................... . 

32 "F (0 "C) Minimum Temperature ..................................... . 

Reference Wiring Diagram Number ...................................... . 

Standard 
Amp-hr. 

100 
150 

218147 

o"F CCA 

450 
640 

Performance Data 

All data is based on the engine operating with fuel system, water pump, lubricating oil pump, air cleaner, and alter• 

nator; not included are compressor, fan, optional equipment and driven components. Data is based on operation at 

SAE standard J816b conditions of 500 feet (150 m) altitude (29.00 in. (736 mm) Hg dry barometer), 85"F (29"C) intake 

air temperature and 0.38 in. (9.6 mm) Hg water vapor pressure, using No. 2 diesel or a fuel corresponding to ASTM D2. 

All data Is subject to change without notice. 

Altitude Above Which Output Should be Limited - ft. (m) ................... . 

Correction Factor per 1000 ft. (300 m) above Altitude Limit ................. . 
500' (150m) 
3% 

Temperature Above Which Output Should be Limited - "F ( "C) .............. . 

Correction Factor per 10"F (11 °C) Above Temperature Limit ............... . 
85 (29) 
1% (2%) 

LIited/ Approved sr,:i Ventll1tlon Air Heet Rejection Heat Rejection Exheult OH 

R1tl~ Req'd. For to Cooling W1ter to Ambient Air• Flow Temp. 

BHP(k ) Combu1tlon BTU/min. (kW) BTU/min. (kW) CFM(lln/1) "F ("C) 

CFM (lltrl/1) UL LISTED RATINGS 
137 (102) 3300 331 (157) 5513 (97 ;()) 639 (11.2) 809 (381) 895 (480) 

135 (100) 3000 310 (147) 5408 (95.1) 587 (10.3) 756 (356) 885 (474) 

132 (98) 2800 299 (141) 5355 (94.2) 587 (10.3) 725 (342) 885 (474) 

127 (94) 2600 284 (134) 4883 (85.9) 553 (9.7) 693 (327) 885 (474) 

119 (88) 2400 273 (129) 4830 (85.0) 544 (9.6) 662 (312) 870 (466) 

FM APPROVED RATINGS 

130 (97) 3300 315 (149) 5250 (92.3) 500 (8.8) 770 (363) 890 (477) 

128 (95) 3000 295 (139) 5150 (90.5) 400 (1.0) 720 (340) 880 (471) 

125 (93) 2800 285 (135) 5100 (89.7) 400 (7.0) 690 (326) 880 (471) 

120 (89) 2600 270 (127) 4650 (81.7) 400 (7.0) 660 (312) 880 (471) 

113 (84) 2400 260 (123) 4600 (80.9) 400 (7.0) 630 (297) 865 (463) 

Fuel 
Con1umr.t1on 

91l.lllr. (I tr9/h) 

7.4 (28.0) 
6.8 (25.7) 
6.8 (25.7) 
6.4 (24.2) 
6.3 (23.8) 

7.4 (28.0) 
6.8 (25.7) 
6.8 (25.7) 
6.4 (24.2) 
6.3 (23.8) 

*Does not include exhaust piping. Fire Pump Engine Model: V-378-F2 

Data Sheet No.: DS-3606-A 
Date: June, 1980 
Bulletin No.: 3383350 

CUMMINS ENGINE COMPANY, INC., Columbus, Indiana 47201 

--
1.2.7.173 
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OPEN LINESHAFT CONSTRUCTION 

HEAD SHAFT 

LOCK SCREW 

ADJUSTING NUT 

DRIVE KEY 

1::,---,---V.H.S. ELECTRIC MOTOR 

PACKING BOX ASSEM. 

DRAIN LINE ASSEM. 

DISCHARGE HEAD 

TOP COLUMN FLANGE ASSEM. 

DEFLECTOR RING 

SHAFT COUPLING 

COLUMN PIPE 

BEARING RETAINER ASSEM. 

COLUMN PIPE COUPLING 

SHAFT SLEEVE ASSEM. 

LINE SHAFT 

BOWL SHAFT COUPLING 

BOWL SHAFT 

DISCHARGE CASE CAP 

COLUMN PIPE COUPLING 

DISCHARGE CASE 

DISCHARGE CASE BEARING 

INTERMEDIATE BOWL 

IMPELLER 

BOWL WEAR RING 

,, //BOWL BEARING 

/ /IMPELLER LOCK COLLET 

//BEARING CAP 

BELLMOUTH 

Fig. 1 
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ENCLOSED LINESHAFT CONSTRUCTION 

HEAD SHAFT 

LOCK SCREW 

ADJUSTING NUT 

DRIVE KEY 

,___ __ V.H.S. ELECTRIC MOTOR 

LUBRICATOR ASSEM. 

TUBE TENSION NUT ASSEM. 

DISCHARGE HEAD 

TOP COLUMN FLANGE ASSEM. 

ENCLOSING TUBE 

SHAFT COUPLING 

COLUMN PIPE 

~~----LINESHAFT BEARING 
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COLUMN PIPE COUPLING 

ENCLOSING TUBE 

LINESHAFT 

BOWL SHAFT COUPLING 

BOWL SHAFT 

TUBE ADAPTER 

DEFLF.CTOR RING 

DISCHARGE CASE COUPLING 

DISCHARGE CASE 

DISCHARGE CASE BEARING 

INTERMEDIATE BOWL 

IMPELLER 

BOWL WEAR RING 

BOWL BEARING 

IMPELLER LOCK COLLET 

BEARING CAP 

BELLMOUTH 

BELLMOUTH BEARING 

Fig. 2 
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SECTION 1 

INTRODUCTION 

The satisfactory operation of the vertical turbine pump is dependent 
upon careful and correct installation and maintenance of the equipment. 
Because of the variations in installation requirements, the following 
instructions must of necessity be rather general in tone. The installer 
and maintenance man must use sound judgement to adapt the methods out
lined to the conditions existent for each particular installation. 

General assemblies of Layne & Bowler Vertical Turbine Pumps are shown 
in Figs. 1 and 2 with the component parts properly identified. This 
nomenclature will be used as a reference throughout these instructions. 
It must be understood that these are typical illustrations and may not 
conform in complete detail to the equipment as furnished. Please refer 
to any drawings that have been prepared for this specific installation 
and become thoroughly familiar with the construction of the pump in 
question before attempting to assemble, install, dismantle, or do repair 
work on the unit. 

This type of equipment is often furnished with optional features at 
the specification of the user. Most of the available options will be 
described in this booklet. Please refer to those sections applicable to 
the construction of your unit, disregarding those that do not apply. 

Close coupled vertical turbine pumps are usually shipped assembled 
and proper instructions for the handling of this type of machine wl.11 be 
presented here first. For equipment of a length too inconvenient to ship 
completely joined, the bowl unit and discharge head are assembled indi
vidually at the factory while the column parts may be shipped as com
ponents for job site assembly as suggested later in the following 
instructions. 

If there is any doubt or question during the process of installation 
or operation, contact the factory or your nearest Layne & Bowler repre
sentative at once. 

1.2.7.179 
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SECTION 2 

PRELIMINARY PRECAUTION 

Examine the installation site carefully before starting work. 

If piping is already in place, make sure that it has been completely 

cleared of sand, silt, gravel, chips, or foreign material of any sort. 

If pump is to be installed in a sump, be sure sump has been cleared of 

debris and is equipped with provisions to prevent entrance of any more 

foreign material. The sump itself including inflow channel and pump 

mounting structure must be of a design adequate for the equipment to be 

installed. This consideration is the responsibility of the user. 

During all steps of installation, care must be used to prevent 

strains from being imposed upon pump parts which might cause bending or 

misalignment of column or shafting. This also applies to piping connec

<:ions. 

If any parts are protected with permanent coatings, extreme care in 

handling will be necessary to prevent damage to coating. This might 

include such precaution as gloves for wrenches, etc. If coating is 

damaged, it should be repaired before installation is completed. 

SECTION 3 

, 
PUMP FOUNDATION 

A suitable pump foundation should always be provided, 
solid concrete construction. If this is not practical, 

or timbers may be used. With a suction cased pump, the 
of course be under the vessel flange and the pump 
directly to the vessel flange. 

preferably of 
adequate beams 

foundation will 
head will mount. 

The pump foundation must be built to carry the weight of the entire 

pump full of liquid and should be of a design to withstand and prevent 

any undue vibration. If the pump is mounted on beams, the beams should 

be heavy enough to prevent spring action between spans, also with 

lateral bracing to prevent side motion. 

Pump foundation or mounting structure is not to be considered part of 

the pump and will be the responsibility of the user. 

• 
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SECTION 4 

SUCTION VESSEL 

If pump is a suction cased booster, suction vessel may have been fur
nished with pump or may have been procured from another source. In 
either event, vessel should be lowered into its pit, leveled, and 
grouted in place, following which nuts may be tightened on anchor bolts. 

It is important that vessel be 
flange perfectly level. Vessel bolt 
suction and discharge nozzles are in 
piping. 

set with machined portion of top 
holes must be located so that 

proper orientation for jobsite 

In some installations, concrete is poured around outside of vessel 
after positioning. In other instances, vessel may be set in ground with 
a higher water table. In these or similar situations, proper measures 
must be taken to prevent vessel from floating out of position. This may 
be done by any suitable means, including firm anchoring and bracing, or 
vessel itself may be filled with water to eliminate its buoyancy. 

Following installation of vessel, and during installation of pump, it 
will be necessary to provide protection for machined surface of vessel 
flange. 

Typical assemblies of this type are shown in Fig. 3 and 4 • 

Fig. 3 Fig. 4 

1.2.7.181 
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SECTION 5 

INSTALLATION EQUIPMENT 

Required installation equipment will of course depend upon type and 

size of pump to be installed. Although portable derricks or tripods are 

sometimes used, a properly designed pump setting rig (See Pig. 5) or 

construction crane is recommended. The lifting device must be of suf

ficient height to allow the load hook to be raised about two feet higher 

than total length of unit if it is desired to handle the complete 

assembly. 

Depending upon complexity of installation, following miscellaneous 

tools may be required: 

Wooden friction blocks or steel clamps (Fig. 6) 
Steel column lifting elevators of approved type and of 

proper size for the pump column (Fig. 6) 
Cable sling approximately 10 feet long of adequate size 

for the loads involved 
Two chain tongs 
Two medium size pipe wrenches 
Twelve foot length of 3/4" rope 
Ordinary set of mechanics tools 
Wire brush 
Paint brush 
A good grade of pipe joint compound 
Gasoline, distillate or kerosene 

If equipment is to be oil lubricated, provide at least one gallcn of 

SAE #10 mineral oil with proper additives or a good turbine oil such as 

Standard Oil O.C. Turbine Oil #9. 

If mating stainless steel parts are to be joined, particularly with 

threads, a lubricant containing molybdenum disulphide or some equally 

effective anti-galling compound should be provided and used per manu

facturer's directions. .., 

' 

Fig. 5 Fig. 6 

• 
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SECTION 6 

UNLOADING AND PREPARATION FOR INSTALLATION 

Uncrate parts and inspect carefully to be sure nothing was damaged 

in shipment. Check in detail condition of any shafting. If any part of 

equipment or crating has been damaged or broken in shipment, please 

report immediately to factory and to transportation company involved, 

with full particulars, confirming all verbal understandings by letter. 

Do not accept shipments showing damage. Do not sign for incomplete 

shipments. 

If pump is shipped assembled, see Section 7. If not, continue with 

this section. 

If pump is shipped unassembled, clean all column and coupling threads 

of any slushing compound or foreign particles with wire brush. Keep 

threads clean at all times and use care in making up screwed joints to 

avoid cross threading and damage to threads. Use Permatex No. 2 Gasket 

and Thread Compound on all column joints and flanged pipe connections 

during installation. 

If pump has been shipped in components, lay out column pipe and bowl 

assembly on suitable timbers or staging to keep all material out of 

dirt. Coupling ends should be located toward mounting position. Clean 

all threads thoroughly and apply joint compound with paint brush as they 

are installed. Inner column assembly consisting of shafting and/or 

tubing with lineshaft bearings will have been preassembled at the fac

tory into proper lengths to match the column pipes. If furnished, tube 

faces should be inspected to see that they are free from burrs or nicks 

and are wiped clean. Sections of tubing which have been assembled at 

factory should be checked for tightness by installer at jobsite. 

Examine lineshafting to make sure that it is straight, care being 

taken not to bend shafts or damage threads. Do not lay shafting lengths 

on ground or where they may be walked on or run over. KEEP THEM STRAIGHT. 

They must be placed on timbers and all rust preventive oil or slushing 

compound should be washed off with gasoline, distillate or solvent. 

Exercise great care in jobsite handling because, due to its length, a 

shaft can easily be sprung or bent. Any length that is bent should not 

be used. Keep shaft and tube ends covered until thev are ready to be 

installed. 

All other parts should be cleaned and laid out on a clean surface in 

the order in which they will be used. Check against packing list to be 

sure that none are missing. 

1.2.7.183 
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Insert each length of intermediate shafting into the assembled en
closing tubes if furnished or into the column pipe if pump is of open A 
lineshaft construction without tubing. Tube and shaft assembly, if • 
furnished, should similarly be inserted into column pipe sections. .,.J 
Place with projecting lineshaft bearing and column coupling pointed 
toward the mounting position. See Figs. 7 and 8. 

,,~ 
.1$1 

PIW"S l ft tr' 

a 

Fig. 7 

Fig. 8 

1.2.7.184 

• 

• 



:• -

7 

SECTION 7 

INSTALLATION OF FACTORY ASSEMBLED UNITS 

Clean mounting structure at pump loca
tion. If this is a suction cased pump, 
clean top flange of vessel and install 
gasket or o ring as provided. Clean 
bottom face of discharge head mounting 
base or flange. 

Raise entire unit as shipped to aver
tical position, using proper lifting lugs, 
(Fig. 9), taking care not to put strain on 
column or any exposed shafting. Install 
assembled unit in a plumb vertical posi
tion with full contact base to mounting 
surface. Assemble base or flange mounting 
bolts and/or nuts. 

If driver is of vertical solid shaft 
construction, refer to procedures out
lined in Section 10D. If driver is of 
vertical hollow shaft construction, con
tinue with this section. 

Clean all mounting surfaces and lower 
driver into position atop its mounting 
structure, fastening with capscrews as 

Fig. 9 

provided. Remove canopy and drive coupling, illustrated in Fig. 10. 

Check level indicators for amount of oil or grease in driver bearings. 

. -· .. 
Fig. 10 

Do not add grease without first opening 
grease relief plugs, as high pressure 
might ruin grease seals. In general, lu
brication instructions will be furnished 
with driver and these instructions should 
be followed implicitly. 

On electric motor driven units of hol
low shaft construction, connect motor 
terminals to leads in starter panel. 
CAUTION: Do not work on pump, motor, 
wiring, or other components of system with
out first opening main breaker or pump 
disconnect switch. Since many electric 
motors will be furnished as dual voltage 
machines, it is important that proper con
nections be made to suit voltage of power 
source. Therefore, check power source and 
motor instruction nameplate for proper 
method of connecting motor terminals. 

Energize starter panel and buzz-start 
motor by switching it very quickly on and 
off, observing for proper rotation and in
specting to see that it spins freely and 
is in balance. Motor must run counter-

1.2.7.185 
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clockwise when viewed from the top. If rotation is clockwise, inter-
change any two motor connections on three phase motors. On single phase -
motors, follow manufacturer I s instructions. After reconnection, again ·· 
buzz-start the motor to check rotation. Make absolutely sure that it -J will drive the pump in a counterclockwise direction before making con
nection to pump shaft. De-energize panel at main breaker or pump dis-
connect switch before continuing. ... 

Assemble headshaft, sliding it down through packing box or tube con
nector, snapping it to firm butt against pump shaft. If possible, hold 
shaft coupling by reaching through pump discharge opening if first joint 
is located below the head. Remember shaft threads are left hand. It 
may be necessary to loosen packing box gland to facilitate installation 
of top shaft. 

Slide drive coupling over headshaft into place on driver. It--should have a sliding fit and should be firmly seated in its proper position on 
top of driver without tendency to hang up as it is lowered into position 
or rotated. It must sit perfectly flat and without cocking. File, 
dress, and scrape if necessary to obtain 
proper assembly. Remove coupling. 

Try drive key in headshaft keyway and 
coupling keyway. Make sure that this is 
also a sliding fit. Reassemble coupling 
in place on driver and insert key. Do 
not force key in place. Dress the key 
NOi' THE KEYWAY until a free but not loose 
fit has been obtained. Top of key must 
be below adjusting nut seat when in 
place. 

Thread adjusting nut onto headshaft, 
remembering shaft threads are left hand. 
Raise shaft about one half turn off bot
tom. Assemble lock screw through adjust
ing nut, threading it into nearest tapped 
hole in drive coupling. See Fig. 11. 

If packing box is furnished, see Sec
tion lOA. Fill packing box grease cup 
with standard water pump grease if not 
already done. Lubricate as required. 
Connect drain lines from top of packing 
box flange, draining to convenient loca
tion. 

.I 

.: ..... 
-----

* • 

. ffltr • 

Fig. 11 

• 

If pump is of normal oil lubricated design, examine oil reservoir and 
oil feed line, making sure they are clean. See also Section lOB for de
tails of enclosing tube connection, which will already have been made up 
at factory. Connect lubricating system as described in Section lOB. 
Fill oil reservoir, using oil as described earlier. Adjust lubricator valve to permit oil to drip at a rate of approximately one drop per 
second. For solenoid operated lubricators, this adjustment can only be ~ made with solenoid energized, which may not occur until time of startup. ., 

1.2.7.186 , 
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It is also advisable to apply a few drops of oil at top of tubing con
nector with an oil can. Reservoir and connections are shown in place in 
Fig. 12. 

If any other system of pump lubrication 
has been furnished, refer to Section 10 
for proper procedures or to any special 
instructions which may have accompanied 
the shipment of your pump. If pump incor
porates a mechanical seal, again refer 
either to Section lOC or to special in
structions included with shipment. 

Connect discharge manifold to pump with
out straining or distortion of any kind. 
Any other piping, including suction pipe 
to a "T" type head or to a suction vessel, 
must be assembled without strain being im
posed on the pump in any way. 

With a suction cased pump, remove vent 
plugs on suction and discharge. Open sys
tem suction line valve and flood pump. 
When as much air as possible has been re
leased and liquid is above first stage of 
bowl assembly or as high above that as 
possible, open system discharge valve the 
equivalent of two turns of the wheel mini
mum. Replace vent plugs. 

Fig. 12 

With sufficient submergence over suction or with adequate NPSH avail
able, pump is now ready to start. However, read through these instruc
tions completely to establish procedure for any optional items before 
starting pump. 

1.2.7.187 
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SECTION 8 

INSTALLATION OF UNASSEMBLED UNIT 

Vertical turbine pumps of overall length 
less than 15 feet are almost invariably as
sembled complete at the factory less the 
driver. Equipment of overall length from 15 
feet to 25 feet may or may not be shipped 
preassembled, depending upon a number of 
factors. Any units in excess of 25 feet 
overall length will invariably be shipped 
as components for jobsite assembly. The 
bowl unit and the discharge head will be 
assembled individually at the factory. 
Column components, driver, and other mis
cellaneous parts will then be shipped as 
separate items for jobsite assembly as sug
gested in this section. 

Refer to Section 6 for preparation and 
location of parts prior to attempting the 
installation. Refer to Section 5 for sug
gested installation equipment. 

Fig. 13 Set pipe clamps over installation posi- • 
tion and open up wide enough for suction 

pipe and/or strainer to pass through. If a suction assembly has been 
furnished, raise as shown in Fig. 13 with elevator assembly, lowering 

into position through opening in clamps. Clamp suction pipe at least 

two feet below coupling end so that pressure from clamp will not distort 

threads. Take care while raising suction assembly into vertical posi
tion to be sure that strainer (if supplied) is not damaged during this 
operation. 

(a) OPEN LINESHAFT CONSTRUCTION 

Examine bowl assembly care
fully. Make sure that bowl as
sembly discharge case coupling 
is tightly butted in place and 
that all stage connecting nuts 
have been taken up securely. 
Examine bypass ports in dis
charge case to make sure that 
they are properly plugged. See 
Fig. 14. Raise bowl assembly as 
illustrated in Fig. 15, suspend 
directly over installation posi
tion and screw or bolt bowl unit 
onto pipe as required, mak
ing a tight joint. If no suction 
pipe is used, strainer may be 
assembled onto suction case be
fore raising bowl assembly, but 

r .. ..~;_. r· ,.~,......., .sq*~*' 

{ ~ 
-

•· .. --.,,---.·"Jtm . ¼ ... 

Fig. 14 
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care must be 
strainer while 
tion. 

taken to prevent damage to 
raising to vertical posi-

Raise unit and remove clamps from suc
tion pipe, then lower strainer, suction 
pipe, and bowl assembly as shown in Figs. 
13 and 15. If two sets of elevators are 
used, column clamps can be tightened and 
assembled unit may then be lowered until 
elevator rests on clamp, Fig. 16. Clean 
and inspect all exposed threads and faces. 
Under no circumstances should the bowl 
assembly be lifted or handled by the pump 
shaft. 

Bottom column pipe section will be 
marked as such. Attach elevators to 
this pipe immediately below column coup
ling. Use hemp rope and throw timber 
hitch around pipe about one foot from 
threaded end away from mounting position, 
double half hitch around shaft on top of 
threads to prevent slipping. This is 
illustrated in Fig. 16 and 17. Although 
other methods are acceptable, it is pre-

11 

pee, 

Fig. 15 

ferred that shaft coupling be on length of shafting already assembled 

as in Fig. 16 so that shaft is lowered into coupling much the same as 

pipe joint is made. 

Crown block and load hook must be located ~xactly above center of 

installation position so that various componer:ts may be lowered and 

assembled true. Hoist column section in place above bowls as in Fig. 

16. It will be necessary that free end of tail rope be held taut to 

~- - ' f~ 
~: ~ 

,, • ! 

1 
. ...,. I 

f ' 

I 
/ . 

> ' , 

-~ 
- -~ .. --· ,...,.------

r 

Fig. 16 

, .. ~ 
~ 

1:'t-,. 

Fig. 17 
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prevent slipping on shaft. A 
soft board or pipe dolly should 
be laid out for end of column 
pipe to slide in on, so that 
threads will not be damaged as 
section is being raised. 

Clean all threads and in
spect shaft ends to be sure 
there are no burrs or dirt ad
hering to faces. Paint shaft 
threads with thread lubricant. 
Inspect and clean shaft coup
ling and assemble it as des
cribed. Lower column assembly 
and couple shaft, remembering 
that shaft thread is left-hand. 
Make sure that shaft ends are 
solidly butted together but do 
not use undue force in tightening 
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See Fig. 18. Lock shafts tightly with two 
small pipe wrenches, using one wrench on 
shaft coupling and the other on shaft just 
above threads. Wrench handles should be par
allel when final tightening is made to prevent 
pulling shaft off center. If available, it is 
even better practice to use a shaft wrench 
rather than a pipe wrench. Do not allow 
coupling to ride up on "last scratch" or im
perfect thread, as this will tend to cock the 
coupling and create misalignment. Both shafts 
should show same amount of threads above and 
below coupling, indicating that shaft butt is 
in exact center of coupling. If force is re
quired, look for damaged or dirty threads. 
Forcing threads may cause misalignment. 

It is advisable to stuff sacking into dis
charge case or lower section of column pipe 
while assembling other parts. This will pre
vent dropping foreign material, tools, or 
parts into pump. If something is dropped in 
pump it must be removed before continuing 
installation. This could require returning 
everything to surface, and it can thus be seen 
that some form of cover is indicated. Remove 
sacking or cover before making up pipe joint. 

l 
~~ 

L ... :·' 

Fig. 18 

Lower column pipe. Clean threads, apply lubricant, and screw up 
tightly with chain tongs, making absolutely sure that column joints butt • 
solidly, metal to metal. These threads are right-hand. Start threads 
carefully to prevent cross-threading. In tightening column pipe joints, 
place one set of chain tongs on coupling and another on column pipe. Do 
not depend on friction clamps to hold lower section for tightening. 

l 

Fig. 19 

To repeat, it is important that pipe 
ends butt solidly against mating parts. 
For flanged column, refer to Section !OF. 

Raise entire unit sufficiently to re
move holding clamp. Lower assembly until 
elevator clamp then rests on friction 
blocks as shown in Fig. 16. At this 
point, an inspection should be made to 
insure that shaft stands in center of 
pipe or that very slight pressure will 
center it. 

Wipe all oil or grease from upper end 
of lineshaft down to and including jour
nal area. Bearing retainer assembly may 
now be placed over projecting end of 
lineshaft with open end down as illus
trated in Fig. 19. With threaded column, 
bearing retainer assembly is screwed into 
column coupling tightly against end of 
column pipe below, using hollow socket 
wrench provided with shipment. Obviously, 
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this must be done before starting to screw next column pipe into 
coupling. Shaft should now stand freely in center of bearing retainer 
without binding against side. Do not force shaft to center with bearing 
retainer. If shaft bears heavily to one side and bearing retainer is 
not cross threaded, column and shaft should be pulled up again, removed 
and inspected for misalignment. Never continue with installation if 
shaft does not center freely at bearing retainer. This indicates a mis
aligned column pipe or bent shaft which will eventually cause trouble. 

For flanged column, bearing retainer is merely set into a recess in 
the flange and flanged joints are then made up with nuts and bolts. All 
other instructions still apply. 

If all is centered properly 
of next column section. Repeat 
additional sections, remembering 
in center of each joint. 

at this time, proceed with installation 
this installation procedure with all 
that pipes and shafts must butt solidly 

If lineshaft is furnished with sleeves at journal points, inspect to 
see that sleeve journal falls properly within the bearing location. Any 
attaching collet or projecting part must clear bearing retainer by 
approximately one inch minimum so that, when shaft is raised for impel
ler adjustment, no interference occurs at journal points. In applying 
thread lubricant to shaft threads, prevent lubricant from contact with 
rubber bearing in bearing retainer. 

Top column pipe section is generally shipped without couplings on 
either end and will be marked as to its position in pump. Since this 
section will normally be of different length than intermediate joints, 
it is important that it be assembled in correct location. 

Top column flange will be shipped 
loosely assembled to discharge head. 
Remove nuts attaching flange to head 
and remove flange from its position 
in bottom of head, taking care to 
protect gasket during this operation. 
Top column flange may now be threaded 
onto top end of top column pipe as 
pump hangs in position. To facili
tate turning flange, two long bolts 
may be inserted through flange holes 
so that a bar may be used to tighten 
flange onto pipe as seen in Fig. 20. 
As in any pipe joint, it is impor
tant that top pipe make a solid butt 
against shoulder of flange. Clean 
face of flange and put a light even 
coating of grease on machined surface. 
this surface. 

Fig. 20 

Place gasket very carefully upon 

Clean bottom face of discharge head, including all machined surface~ 
Coat these surfaces with a very light even coating of grease. 

Lower head carefully into position on top of column flange, making 
sure centering registers are fully engaged and that outer flange face 
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seats firmly, evenly, and with no cocking. 
Assemble and tighten nuts uniformly on 
studs. See Figure 21 • 

See Section lOA for details of normal 
packing box. For any other options, see 
other portions of Section 10 or other 
special instructions furnished with job. 

Clean mounting structure and make sure 
it is level. If pump mounts on a sealed 
surface, install gasket or O ring. Lower 
entire unit carefully to final installed 
position and assemble base or flange 
mounting bolts and/or nuts. 

Proceed at surface from this point as 
described in Section 7. 

(b) ENCLOSED LINESHAFT CONSTRUCTION 

Enclosed lineshaft parts are assembled 
in a manner similar to that used for open 

Fig. 21 lineshaft construction, except that there 
will also be enclosing tube to handle. 

Again examine bowl assembly carefully to make sure that bowl assembly 
discharge case coupling is tightly butted in place and that all stage 

-/ 

connecting nuts have been taken up securely. Inspect bypass ports in • 
discharge case to make sure that they are properly open and not plugged . 
in any way. See Section lOG and Section lOH for possible exceptions. 
Remove shaft protector pipe by unscrewing from bowl assembly tube adap
ter. See Fig. 22 for illustration for bowl assembly. 

After attaching elevators to 
column pipe immediately below 
column coupling, use hemp rope to 
throw timber hitch around pipe 
about one foot from threaded end 
away from installation position, 
then apply double half hitch 
around tubing section, and double 
half hitch around shaft on top of 
threads to prevent slipping. 
This is illustrated in Fig. 23 and 
24. 

As described earlie- hoist 
column section into place above 
mounting position as illustrated 
in Fig. 24. It will be necessary 
that free end of rope be held 
taut to prevent slipping on shaft. 
A soft board or pipe dolly should 
be laid out for end of column pipe 
to slide in on so that threads 
will not be damaged during rai
sing of section. 

Fig. 22 
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Clean all threads and inspect shaft ends and 
enclosing tube faces to be sure that there are no 
burrs or dirt adhering to faces. Paint shaft and 
tube threads with thread lubricant. Inspect and 
clean shaft coupling, which will usually be found 
in boxed parts, and assemble it as described. 

Lower column assembly and couple shaft, re
membering that shaft thread is left hand. Make 
sure that shaft ends are solidly butted together 
but do not use undue force in tightening. See 
Fig. 25. Lock shafts tightly with two small pipe 
wrenches, using one wrench on shaft coupling and 
the other on shaft just above threads. Wrench 
handles should be parallel when final tightening 
is made to prevent pulling shaft off center. If 
available, it is even better practice to use a 
shaft wrench rather than a pipe wrench. Do not 
allow coupling to ride up on "last scratch" or 
imperfect thread, as this will tend to cock the 
coupling. Both shafts should show same amount of 
threads above and below coupling, indicating that 
shaft butt is in exact center of coupling. If 
force is required, look for damaged or dirty 
threads. Forcing threads may cause misalignment. 

Lower enclosing tube and thread it onto tube 
adapter at top of bowl assembly, tightening it 
with pipe wrench or small chain tong. These are 
right hand threads. On following tube sections, 
two wrenches or small chain tongs should be used, 
one holding lower tube stationary and the other 
to tighten upper section into place onto pro
jecting lineshaft bearing. In all cases, wrenches 
must be held parallel for final tightening. 

'i 
i 
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It is advisable to stuff sacking into discharge case or lower section 
of column pipe while assembling shaft and tube. This will prevent drop
ping foreign material, tools or parts into pump. If anything is dropped 
into pump, it must be removed before continuing installation. This 
could require returning everything to surface and it can thus be seen 
that some form of cover is indicated. Remove sacking or cover before 
making up pipe joint. 
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Lower column pipe. Clean threads, apply lubricant and make up 
tightly with chain tongs, again taking care that column joints butt 
solidly, metal to metal. Start threads carefully to prevent cross 
threading. In tightening column pipe joints, place one set of chain 
tongs on coupling and another on column pipe. Do not depend on friction 
clamps to hold lower section for tightening. Make sure that pipe ends 
butt solidly. 

These threads are also right hand. For flanged column, refer to 
Section lOF. 

Raise entire unit sufficiently to remove holding clamps. Lower 
assembly until elevator clamps again rest on friction blocks as shown in 
Fig. 24. Remove lineshaft bearing from projecting oil tube and pour 
into tube not more than one half pint turbine oil as described earlier. 
Replace lineshaft bearing using half the bearing threads, allowing half 
the lineshaft bearing to project out of tube to connect with next joint. 
At this time, position of tubing and column pipe should be observed so 
as to make sure it is centered. If all is centered properly at this 
time, proceed with installation of column section. Repeat this instal
lation procedure on all additional sections. 

Top column pipe section is generally shipped without couplings on 
either end and will be marked as to its position in pump. Top column 
pipes over 5 feet in length will usually have pads welded on about 20 
inches from top end. These pads are to assist in installation work and 
a~e used for back-up to elevators or clamps when lifting assembly. 

Shaft enclosing tube to be assembled in top column parcel will 
usually consist of three sections, one of which is a standard 5 foot 
joint. The other two are shorter lengths of tube. Length of tube con
nector at top of this tube section has been established to provide about 
3 inches of adjustment at head, far more than usually required with 
short setting pumps. 

Top lineshaft may also be of different length than standard 10 foot 
joints. It will have been designed to terminate at a predetermined 
point with respect to top column flange. 

Make up top section as if it were an intermediate section of column 
assembly, except that pipe will not have a coupling at top. The long 
tube connector should be made up as a tubing joint before the discharge 
head is set down. See Section 10B. This is to permit use of back up 
tongs on tube while making up a tight joint with connector. If lock 
collar is furnished, it should be assembled on connector at this time 
but set screws should be left loose. 

Top column flange will be shipped loosely assembled to discharge 
head. Remove nuts attaching flange to head and remove flange from its 
position in bottom of head, taking care to protect gasket during this 
operation. Top column flange may now be threaded onto top end of top 
column pipe as pump hangs in position. To facilitate turning flange, 
two long bolts may be inserted through flange holes so that a bar may be 
used to tighten flange onto pipe as illustrated in Fig. 20. As in any pipe 
joint, it is important that top pipe make a solid butt against shoulder 
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of flange. Clean face of flange and put a light even coating of grease 
on machined surface. Place gasket very carefully upon this surface. 

Clean bottom face of discharge head, including all machined surfaces. 
Coat these surfaces with a very light even coating of grease. 

Lower head carefully into position on top of column flange, making 
sure centering registers are fully engaged and that outer flange face 
seats firmly, evenly, and with no cocking. Assemble and tighten nuts 
uniformly on studs. See Figure 21. 

See Section lOB for details of normal enclosing tube connection. For 
any other optional features, see other applicable portions of Section 10 
or other special instructions furnished with job. 

Clean mounting structure and make sure it is level. If pump mounts 
on a surface to be sealed, place gasket or o ring in position. Lower 
entire unit carefully to final installed position and assemble base or 
flange mounting bolts and/or nuts. See Figure 26. 

Proceed at surface from this point as described in Section 7. 
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SECTION 9 

PUMP ADJUSTMENT PROCEDURE 

The perihedral seal on enclosed 
impellers provides two sealing sur-
faces. The cylindrical seal or skirt 
on lower end of impeller is generally 
adequate·for most installations. It 
is simplest to adjust and should be 
used as the only seal, unless it be
comes badly worn. An enclosed impel
ler is shown in Fig. 27. 

These instructions are intended to 
cover pumps of minimum overall length • ,._,d 
to settings not in excess of 40 feet. 
Therefore, initial adjustment is not Fig. 27 
too critical and impellers may be set 
at approximate center of their possible travel. Adjust pump by turning 
adjusting nut on the left-hand shaft threads so that impellers just come 
off their seats. This is break-free point and should be marked, nut to 
drive coupling. Then, by continuing to turn adjusting nut raising shaft 
until impellers contact top of impeller cavity in bowl, upper limit of 
impeller adjustment is established and should be marked, again nut to 
drive coupling. Number of turns of adjusting nut between the two marks 
should be recorded and nut should be backed off from its upper position 
half the total number of turns registered above. This should locate im- I 
pellers in approximately the center of impeller cavity in bowl. · 

If, after a period of time, the 
cylindrical seal has become worn, 
the wear compensation feature of the 
perihedral seal can be brought into 
use. The seal under these conditions 
is established between upper or hori-
zontal face of bowl seal ring and 
lower horizontal face of impeller 
shoulder, as illustrated in Fig. 28. 
Again, adjust pump to break-free 
point. Raise shaft further one-third 
turn of adjusting nut. Run pump and, 
by checking power and/or capacity, 
determine that capacity has been 
increased. Make a record of power 
and capacity and stop the pump. 
Lower impellers an amount not to 
exceed one-sixth turn and start pump 
again. If faces of seal are rubbing, 
a slight vibration will be felt. A 
moderate increase in power and cap-
acity indicates impellers are not 
dragging. An increase in power 
without increase in capacity in
dicates these faces are rubbing. 
Under these conditions, if power 
increase is moderate and vibra-
tion slight impellers will rub 

Fig. 28 
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free after a short period of time. This type of operation will probably 
be characterized by a fluctuation in power such as might be shown with an 
ammeter. If pump vibrates obviously and power increase is great, raise 
impellers until condition is relieved. 

Semi-open impellers must be adjusted 
in same manner as described above for 
lateral faces of perihedral seal. How
ever, it must be remembered that, with 
semi-open impellers, as illustrated in 
Fig. 29, accuracy of initial adjustment 
is much more critical at the very begin
ning of operation inasmuch as there is 
no cylindrical seal. 

It should be noted that hydraulic 
downthrust increases with any increase 
in operating pressure. While shaft 
elongation on close coupled and very 
short pumps is minimal, it must be re
memered that some deflection will occur, 
however minor. Pumps that must be sub
jected to varying operating heads should 
be adjusted with respect to the highest 
head to avoid excessive dragging of im
pellers under these conditions • 
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SECTION 10 

OPTIONAL FEATURES AND SPECIAL INSTRUCTIONS 

Examine this section as outlined in the table 
features applicable to the equipment in question. 
for any special instructions and/or drawings that 
cover items not described in this booklet. 

(a) Packing Box 

of contents for those 
Also check shipment 

have been included to 

If a packing box has been furnished, as is the normal case with short 
coupled open lineshaft industrial equipment, it will usually be shipped 
assembled in its proper position in discharge head or driver pedestal. 
Normal packing box assembly will usually include packing container item 
111-15, at extreme lower end of which is a bushing or throttle sleeve 
item 111-18. Immediately above this are assembled a given number of 
packing rings item 111-20, then a lantern ring item 111-17 positioned so 
as to allow leakage into proper drain port, then more packing rings and, 
at the top, a two piece gland item 111-16 which can be removed without 
disturbing shaft. Ordinarily, a gasket item 115 seals housing flange to 
head, although an o ring may sometimes be used. Housing is secured in 
position with capscrews item 114. See Fig. 30. 

111-16 111-19 111-15 115 111-18 

{}- ---

Fig. 30 

When assembling headshaft as described in Section 7, packing gland 
nuts item 111-21 should be loosened so that shaft threads will not drag 
excessively on packing rings as shaft passes through box. After assem
bly of headshaft, packing gland nuts should be tightened initially only 
finger tight. 
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Grease cup item 111-19 should be filled with standard water pump 

grease. A small amount should be forced down into bushing area before 

starting pump. Periodic injection of grease by turning top of grease 

cup will add life to journal area and packing. When empty, refill 

grease cup with same type of grease as originally supplied. 

Drain lines from drain port item 111-24 and flange lip are to be 

connected and routed to some convenient drainage location. 

At time of first operation, start pump and run for 10 to 15 minutes. 

Let pump leak at least 100 drops per minute during first operation. If 

leakage slows down, loosen gland nuts to keep leak rate constant. Gland 

temperature should level off, and then drop slightly toward the end of 

15 minute operation. Gland nuts may then be drawn up about one sixth 

turn every five minutes until leakage is minimized. If, during this 

operation, gland heats up so that it will vaporize water, back off 

gland nuts and repeat run-in procedure as described until temperature 

stays down after gland nuts are retightened. 

During first four or five hours of operation, packing gland should be 

gradually tightened as packing becomes broken in and formed to com

pletely fill chamber. If it can be tolerated, a small trickle allowed 

to come through box during this breaking in period will result in a 

better packed box. During this time, frequent checks should be made to 

insure that box is not overheating. Should box become overheated, 

slackening off on the gland nuts may be all that is needed, as described 

above. Should overheating continue, check to be sure bypass is open and 

fluid is passing through it • 

In repeated tightening of gland nuts as packing wears, packing will 

also be compressed in packing chamber, lowering gland into chamber. 

Additional rings may be installed as required to compensate, but not 

more than two additional rings of packing should be inserted above lan

tern ring, as otherwise drain port will be blocked. After adding any 

rings, check drain port to see that it has not become plugged. 

To repack, old packing must be removed by means of packing hooks, 

cleaning out chamber thoroughly. Lantern ring item 111-17 is provided 

with two #10-24 tapped holes at 180° apart in the upper face. Thus, it 

may be lifted from box by means of two #10-24 x 3-1/2" or longer machine 

screws or similar means. Gland item 111-16 may be removed completely 

because of its split design and lantern ring may be held up out of the 

way during repacking by means of a couple of turns of string tied around 

shaft. 

At time of repacking, check shaft alignment and surface finish. 

Finish should be smooth, without burrs or scratches. Avoid shaft run

outs over .005". Packing may be butt or diagonal cut, with the latter 

preferred. 

It is recommended that die formed rings be used for repacking, 

naturally of same size as original parts. If rings are cut and fit at 

jobsite, length of rings should be such Lhat ends just meet when packing 

is wrapped around shaft. Joint in rings should be located 900 to 180° 
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from joints in rings immediately above and below it in box. Packing 
rings may be flattened slightly to aid in starting into box. 

In packing a new pump before driver is assembled, a short piece of 
pipe passed over headshaft can be used to press individual rings down 
into box and tamp them firmly into place. This expedient is not pos
sible after driver has been installed, however, although a split tube 
may be used in a similar manner. 

Insert three rings of packing into bottom of packing chamber, or 
whatever number is required to bring top of packing up to bottom of 
drain port. Put these rings in individually, one by one. Before rein
stalling lantern ring, check to see that port through box has not been 
plugged by packing or other material. This can be done by means of wire 
run through drain port into packing chamber. 

Lantern ring may now be placed above first set of packing rings item 
111-20. It is by means of this lantern cage that pressure is relieved 
from top rings of packing, any fluid seepage being returned to atmos
phere or suction through drain port in drain line tubing. Also, be cer
tain to install lantern ring with the 10-24 tapped holes facing upward 
as these are used for removal when repacking box. 

Install necessary additional rings of packing one by one above lan
tern cage as required to obtain proper location of gland. Gland may now 
be reinstalled and gland nuts may be reassembled on studs but they 
should not be tightened at this time. Follow run-in procedure as des
cribed earlier in this section. 

Packing box as described is a normal design for intermediate pressure 
service. For higher pressures, similar construction is used except that 
more lantern rings, more packing rings, and possibly more drain lines 
will be incorporated into the design. Material of packing may vary 
according to service and pressure and this should be checked before 
attempting to repack. Material for repacking should be identical to 
that shipped in the original installation. 

A packing box assembly properly adjusted is a most suitable and prac
tical sealing device, requiring only nominal skills and instruction to 
maintain. It should be packed quite loosely when first starting pump, 
with fairly free leakage. Gland nuts may then be taken up evenly and 
gradually, preferably with fingers, until proper control of leakage rate 
is obtained. It should be emphasized that packing should never be run 
too tight or without minor leakage since it is possible otherwise to 
generate extreme heat, consume excess power, wear or score journals, and 
destroy packing itself. A regular maintenance program will insure 
trouble free service with a properly designed unit. 

(b) Enclosing Tube Head Connection 

If pump is of enclosed lineshaft construction, parts for connecting 
enclosing tube and lubrication system as discharge head or driver pedes
tal will usually be shipped assembled in head. Before making up top 
inner column assembly, remove these parts, which are illustrated in 
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•Fig. 31, from their assembled position and lay them out separately on 
a clean surface. 

Fig. 31 

After making up lengths of tubing that comprise top inner column 
assembly, together with any shafting to be assembled therein, the long 
tube connector item 111-1 should be made up as an additional joint at 
top end. Use back up tongs on tubing while making a tight joint with 
connector. If a lock collar item 111-7 is furnished, it should be 
assembled on connector at this time, but set screws item 111-8 should 
be left loose. 

After top column joint is completely assembled as described before 
discharge head may be installed and the job completed to this point ac
cording to the instructions in Section 8b. With head in place and pump 
resting properly on its foundation, the long threaded tube connector 
should project up through and in the exact center of the hole provided 
in the head or mounting pedestal for this purpose. 

Examine and clean threads, bore, and faces of tube tension nut, item 
111-2. Inspect mating face in discharge head for any burrs, rough spots, 
or projections, particularly at location of tapped holes. Apply thread 
lubricant. Thread tube tension nut down over connector and into posi
tion. It may be ne~essary to remove pipe bushing and plug items 111-5 
and 111-9 from ports at top of tube connector to do this. 

It should be possible to run tube tension nut down until it is seated 
against mating face in head by hand. Inspect to see that centering 
register is properly engaged. At this point, tighten tension nut with a 
tube tension nut wrench until weight of tube is well supported. With 
all tubing joints solidly butted and with tension nut seated firmly in 
discharge head, apply enough additional tension to tubing to rotate 
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tension nut to next matching hole in flange. Tension nut 
seat firmly in its location in discharge head or driver 
order to prevent leakage through top of elbow. Put thread 
capscrews item 111-6, place them in tension nut flange and 

'litmly in position in discharge head assembly. 

flange must 
pedestal in 
lubricant on 
thread them 

If a lock collar has been furnished, back it down on connector far· 
enough to insert packing ring item 111-4. Then screw collar up on con

nector until it butts against bottom of tension nut. BacK collar off 

slightly until set screws line up with first keyway in connector. 
Tighten set screws securely reaching through discharge opening in head. 

Second packing ring item 111-4 may now be laid in place in chamfer 
top of tension nut around connector. Care must be taken to see that ring 

remains properly seated as 
tubing locknut item 111-3 
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is assembled and tightened 
with chamfered face down. 
Tightening locknut for 
last two or three turns 
may be accomplished with a 
spanner wrench or by tap
ping nut using a block of 
wood and hammer. Never 
tap nut around with a me
tallic object. Tubing 
joint is not complete and 
pipe bushing and plug may 
be reassembled in ports in 
position most convenient 
for oil line from reser
voir. 

Examine oil reservoir 
and oil feed line, making 
sure that they are clean. 
Fig. 32 shows parts in
volved. Attach bracket 
item 124-2 to driver pe
destal using capscrews 
124-7, placing dampener 
gasket 124-8 between brac
ket and mounting surface. 
Reservoir item 124-1 will 
slide on wedge end of 
bracket. Bushing 124-10 
must be located on that 
side of reservoir most 
convenient to bring out 
oil line to tube connector. 
It may be necessary to 
interchange bushing and 
plug item 124-9 to accom
plish this. 
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If lubricator is automatic, assemble pipe nipple item 124-11, sole
noid operated valve item 124-12, and manual feed regulator valve item 
124-13 in relative positions shown. If lubricator is not automatic, 
pipe nipple and solenoid operated valve will not be furnished~ manual 
feed regulator is then to be assembled directly into bushing item 124-10. 
Reep cover assembly item 124-3 on reservoir at all times to keep foreign 
material out of container. 

Connect up lubricating system as illus
trated in Fig. 33, using tube item 124-16 
and fittings item 124-17. Fill oil reservoir 
using oil as described earlier. Adjust 
lubricator valve 124-13 to permit oil to 
drip at a rate of approximately one drop per 
second. With solenoid operated lubricators, 
complete electrical connections to valve. 
Remove pipe plug at top of tubing connector 
and fill upper cavity with oil just before 
first start. This will insure an adequate 
supply of oil at each bearing for first 
start. 

Before first start, verify that oil re
servoir is full and lubricant can flow freely 
into enclosing tube. Then start pump. Be 
sure oil continues to flow into pump during 
running time. It may be found necessary to 
apply a small amount of oil from an oil can 
at point where shaft emerges from tubing in 
discharge head. This should only be neces
sary during first few minutes of operation. 

After logging about 1/2 hour running time, 
adjust flow on manual lubricator to about 30 
drops per minute and operate at this flow 
rate for first 20 operating hours. Unless 
solenoid control is furnished, shut off 
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manual lubricator during idle periods. After running about 
reduce oil flow rate to an amount between 8 and 10 drops per 
permanent operation. 

20 hours, 
minute for 

(c) Mechanical Seal 

Mechanical seals may be furnished in a variety of types and sizes, 
depending upon conditions of service. Therefore, this manual can only 
cover a general description, together with certain procedures common to 
all seals. Please refer to specific instructions furnished with the 
shipment before operating.the pump or handling the seal in any way. 

A mechanical seal used in a vertical turbine pump is a face type seal .. 
Regardless of service and rating, it attains its closure between two 
spring loaded sealing surfaces, one rotating with the shaft and one 
stationary in the housing. Basic design concepts depend upon the pre
sence of a film of liquid on these sealing faces for lubrication. just 
as is necessary in plate bearings. 
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Therefore, before starting up a pump equipped with mechanical seals, 
it is imperative to insure that the seal housing contains liquid so that 
faces will not overheat, wear or gall. This will necessitate bleeding 
air or vapor out of the seal area as well as admitting fluid to the pump 
before start-up. In the case of a vessel pump, the suction cavity must 
be vented of air or vapor and filled with liquid. Starting a seal dry 
can cause immediate malfunction. Fluid supply must be constant to insure 

complete filling of the critical cavities under all operating conditions. 
An intermittent flow into the seal area must be avoided, whether result
ing from adverse suction conditions, flashing of volatile fluids, or 
whatever cause. 

The seal as~embly, in certain environments, may require external 
cooling or heating for proper operation. Bypass or recirculating pro
visions may be necessary also. Where solids in solutions may precipi
tate out, a clean liquid flush will protect the seal. Same precaution 
will assist when dealing with solids in suspension, although abrasive 
particles are extremely destructive to almost any arrangement. Under 
such conditions, the use of a filter or separator is recommended. It is 
important to preserve and maintain a film of CLEAN liquid between the 
sealing faces. 

The presence of a mechanical seal must be considered even before pump 
start up. In checking driver rotation, for instance, the shaft should 
not be connected to the driver since the system may be devoid of fluid 
at this time. In addition, the seal assembly cannot be adjusted until 
the pump shaft has been placed in its proper adjustment axially, which 
may not take place until immediately before start up. 

Consideration of the seal must even be carried to conditions extant 
when the pump is NOT operating. In some systems, for instance, the pump 
is subjected at all times to high suction pressure. The shaft then be
comes a piston and, with no downward thrust to oppose axial motion, 
tends to force upward opening the seal, allowing undesirable leakage. 
When the pump is started and hydraulic thrust forces the shaft down 
again, the seal faces may come together hard enough to break the film 
and cause damage. Therefore upthrust protection is absolutely necessary 
in such cases and will be provided at the factory if the driver is fur
nished as part of the pump order. If the driver is obtained and 
furnished by the user, he must make sure that this protection is inclu
ded in whatever driver he may install. Solid shaft driver is preferred 
for use with mechanical seals. If hollow shaft driver is used, it 
should have a centralizing bushing at bottom of hollow shaft. 

It is recommended that a thorough review be given to any detailed 
instruction accompanying this shipment, particularly those furnished by 
the seal manufacturer. It is also recommended that pumps equipped with 
seals be started or turned over once a day if not in continuous opera
tion. 

(d) Flanged Adjustable Coupling 

After installation of all pump components through discharge head, in
cluding shaf~ seal parts, assembly of flanged shaft coupling must be 
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commenced before setting driver in place. Check and clean all cou~ling 
parts before attempting assembly. Flange mating faces must be flat and 
free from any burrs, nicks, dents, defects or foreign material. If parts 
are matchmarked, assemble accordingly. Refer to Fig. 34, which illus
trates spacer type coupling, assembly of flanged coupling without spacer 
is similar. 
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Fig. 34 

Inspect and clean pump shaft 
threads, painting lightly with good 
thread lubricant. Insert key item 
161-4 in pump shaft keyway and slip 
pump shaft coupling item 161-2 well 
down over shaft, flange face up, 
leaving shaft threads projecting 
above coupling. Screw adjusting nut 
item 161-9 onto pump shaft with rim
med end up, turning counterclockwise 
until pump shaft protrudes through 
threaded portion of nut by at least 
two threads. 

Set driver on beams or blocks on 
discharge head or pedestal with ample 
clearance between driver shaft and 
pump shaft. Secure driver firmly 
against· torque with chain or cable 
restraints. Connect motor and ener
gize to check rotation, which must 
be counterclockwise when viewed from 
top. See Section 7. Stop Motor. 

Insert key item 161-3 in driver 
shaft keyway and slip driver shaft 
coupling item 161-1 up onto driver 
shaft, flange face down. With flange 
above driver shaft ring groove, in
sert both halves of thrust collar 
item 161-10 into groove and slide 
coupling back down on shaft until it 
rests firmly on thrust collar, re
taining collar halves in place in 
coupling recess. Assemble and tight
en setscrew item 161-8 securely. 
Remove blocks and lower driver onto 
its mounting flange, seating it 

firmly. Assemble fasteners loosely but do not tighten. If necessary, 
dress keys to a sliding but not loose fit. Do not file keyways. 

If coupling is furnished with spacer spool item 161-6, clean spacer 
flange faces, then assemble spacer between driver shaft coupling and 

• pump shaft coupling flange faces. Allow spacer lower flange face to 
rest upon pump shaft coupling item 161-2 flange face. Insert flange 
bolts item 161-5 in driver coupling and spacer upper flange and tighten 
nuts item 161-5 by hand until they are snug against flange. Use a light 
oil on machine bolt threads. 

-
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With impellers firmly seated in bowls, screw adjusting nut 161-9 up 

ori pump shaft by turning clockwise until its outer shoulder is spaced 

approximately .030 inches to .060 inches below face of driver coupling 

flange or spacer lower flange, if spacer is provided. Pull pump coup

ling up and insert flange bolts item 161-7 through both coupling flanges. 

Assemble nuts item 161-7 and run up by hand until they are snug, using a 

light machine oil on the bolt threads. CAUTION: Use only bolts and 

nuts furnished with pump. 

With all nuts drawn up and with flanges meeting evenly both at faces 

and at outer circumferences, put all bolts under uniform tension, using 

torque wrench if available. Five hundred inch pounds will be sufficient 

torque; i.e., a 50 pound pull on a 10 inch wrench, etc. Make sure pump 

shaft key is flush with coupling hub and tighten setscrew item 161-8 

securely. 

Pump is now set so that impellers are about .030 inches to ~60 

inches off endseal seats. Any desired adjustment may now be obtained by 

rotating adjusting nut on shaft with a 1/2 inch bar inserted into ad

justing nut holes through pump shaft coupling slot. Accurate settings 

are best accomplished by lowering impellers to bottom, turning nut clock

wise, then raising to desired position by turning nut counterclockwise. 

When proper adjustment is obtained (.020 inches to .120 inches, depending 

on pump), move adjusting nut slightly until nearest hole lines up with 

tapped hole in outer circumference of pump coupling flange. Insert soc

ket head capscrew item 161-11 making certain that it projects into ad

justing nut hole, then tighten securely. 

Coupling is now completely assembled and locked. Tighten motor fas

teners firmly. See that pump turns freely by hand. Follow motor lubri

cation instructions before operating. 

(e) Flanged Non-Adjustable Shaft Coupling 
(Two-Piece Flanged Coupling for 

Combination Gear Drive) 

Two-piece flanged coupling may be in
stalled after assembly of discharge head, 
packing box component parts, headshaft 

and adjusting nut. Lower gear drive and 
yoke onto mounting flange and fasten into 
place. See Fig. 35 for coupling design. 

Clean headshaft and headshaft coupling 
threads thoroughly and paint with a good 

thread lubricant. Clean coupling flange 

face and screw coupling onto head shaft, 
flange face up. Shaft face may be .005 

to ~100 below flange face but must not 

project beyond flange face. Line up key
ways, insert key and tighten set screw 

firmly. 

Fig. 35 

After cleaning driver 
threads and flange face. 

shaft threads, clean driver shaft coupling 

Paint driver shaft and coupling threads with 
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thread lubricant. Screw coupling onto driver shaft, 'flange face down. 
Shaft face may be recessed .005 to .100 into coupling but must never 
project beyond flange face. Line up keyways, insert drive key and 
tighten set screw firmly. 

Raise motor, insert driver shaft into 
coupling flange facing down. Thread on 
lock shaft in position in motor while 
yoke. Lower driver onto gear drive yoke 

driver hollow shaft with driver 
driver shaft adjusting nut to 

lowering motor onto gear drive 
and fasten into place. 

Insert bolts and screw on hex nuts by hand until snug against flange, 
using a light oil on machine bolt threads. After all nuts are drawn up 
and flange coupling meets evenly, put all machine bolts under uniform 
tension, using a torque wrench if available. 

Installation of adjusting nut, adjustment of impellers, etc., can be 
completed as suggested in previous operating instructions, using appli
cable sections. 

(f) Flanged Column Pipe Open Lineshaft Construction 

Refer to Fig. 36 and to any assembly 
drawing which is included with these in
structions to become thoroughly familiar 
with the construction before assembling 
flanged column. See also Section 6 and 
Section 8a. 

Clean all column flanges, centering 
fits, and contact surfaces thoroughly of 
any slushing compound or foreign particles 
with wire brush, then wash flange faces 
clean, using distillate or xerosene. It 
is very IMPORTANT that column flange cen
tering fits and contact surfaces are clean 
and free from burrs, as this could cause 
misalignment and rough operation. Separate 
top and bottom column sections from inter
mediate column sections. These pieces are 
stencilled "Top Column" and "Bottom Column" 
at factory for easy identification at job
site. Upper flange on top column section 
and lower flange on bottom column section 
may have different centering fits and bolt 
circles than intermediate column flanges 
for adaptation to discharge head and to 
discharge case or bowl flanges. 
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Fig. 36 

Before raising column pipe into place, insert drive shaft into column 
and snub with a rope hitch. Raise column and shaft into position. 
Handle very carefully to prevent damaging lineshaft. Section 8a des
cribes this operation generally, except for pipe flanges. 

Check discharge case flange for tightness. Clean centering fit and 
contact surfaces on both discharge case and column flanges thoroughly. 
Place flange gasket onto discharge case flange face, lower suspended 
column pipe, guiding column so that column flange slips down over pro
jecting male fit on discharge case. Tighten nuts evenly. Use thread 

1.2.7.207 



30 

lubricant on bolt threads. Bolted flanges must be tight enough to sup
port weight of pump assembly and hold liquid pressure. 

Use same type of pipe elevators and wooden clamp blocks that are 
for screwed column. Before raising column section, insert bolts 
column flange holes, thread end down, place elevator in position 
elevator rim located to leave wrench room for nuts. At same time, 
care to avoid chafing sling on flange or creating pull-off forces. 

used 
into 
with 
take 

Intermediate flanged column joints 
that bearing retainer is installed 
joint. Clean centering fits, contact 
thoroughly before assembling. Wipe 
journal point free of oil or grease. 

are made up in same manner except 
in centering fit at each flange 
faces, and bearing retainer rim 

upper end of shaft down beyond 

Before lowering bearing retainer into place, make sure shaft stands 
in center of pipe or that very slight pressure will center it. Bearing 
retainer is now placed over projecting end of lineshaft with open end 
down and into annular centering recess in column flange. Retainer rim 
forms a centering ring for column pipe flanges and also forms a gasket 
for flange joint. Shaft should now stand freely in center of bearing 
retainer without binding against side. 

Lower next section of flanged column pipe, with its length of drive 
shaft supported inside by a rope hitch, onto projecting half of retainer 
rim. Be very careful not to damage retainer rim. 

Tighten nuts evenly all around, first lightly setting up opposite 
bolts, then applying greater torque all around until all bolts are 
tightened evenly. If available, use a torque wrench which indicates 
amount of foot-pound torque applied to each bolt. 

Refer to previous instructions included in 
this manual for installing and assembling 
lineshaft, making up lineshaft coupling, etc. 

Repeat this installation procedure and 
precaution through entire length of column. 
Return to Section Sa for procedure at top 
joint and discharge head. 

(g) Flanged Column Pipe Enclosed 
Lineshaft Construction 

Refer to Fig. 37 and to any assembly draw-
ing which is included with these instructions 
to become thoroughly familiar with the con
struction before assembling flanged column. 
See also Section 6 and Section Sb. 

Clean all column flanges, centering fits, 
and contact surfaces thoroughly of any slush
ing compound or foreign particles with wire 
brush, then wash flange faces clean, using 
distillate or kerosene. It is very IMPORTANT 
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that column flange centering fits and contact surfaces are clean and 
free from burrs, as this could cause misalignment and rough operation. 
Separate top and bottom column sections from intermediate column sec
tions. These sections are stencilled "Top Column" and "Bottom Column" 
at factory for easy identification at jobsite. Upper flange on top 
column section and lower flange on bottom column section may have dif
ferent centering fits and bolt circles than intermediate column flanges 
for adaptation to discharge head and discharge case flanges. 

Before raising flanged column pipe into position, drive shaft and 
enclosing tube should be placed into column and snubbed with a rope 
hitch. Raise column, enclosing tube and lineshaft into position. Handle 
very carefully to prevent damaging enclosing tube and lineshaft. Section 
8b describes this operation generally, except for pipe flanges. 

Check discharge case flange for tightness. Clean centering fit and 
contact surfaces on both discharge case and column flanges thoroughly. 
Place flange gasket onto discharge case flange face, lower suspended 
column pipe, guiding column so that column flange slips down over pro
jecting male fit on discharge case. Tighten nuts evenly. Use thread 
lubricant on bolt threads. Bolted flanges must be tight enough to sup
port weight of pump assembly and hold liquid pressure. 

Use same type of pipe elevators and wooden clamp blocks, that are 
used for screwed column. Before raising column section, insert bolts 
into column flange holes, place elevator in position with elevator rim 
up against bolt heads, thus holding them in place. This procedure must 
leave wrench room. At same time, take care to avoid chafing sling on 
flange or creating pull-off forces. 

Intermediate flange column joints are made up in same manner. Clean 
centering fits and contact surfaces on both intermediate column flanges 
thoroughly, then place flange gasket onto flange face. Lower next sec
tion of flanged column pipe, with its length of enclosing tube and line
shaft supported inside by a rope hitch, guiding column so that column 
flange slips down over projecting male fit on column flange below. 

Tighten nuts evenly all around, first lightly setting up opposite 
bolts, then applying greater torque all around until all bolts are 
tightened evenly. If available, use a torque wrench which indicates 
amount of foot-pound torque applied to each bolt. 

Refer to previous instructions included in this manual for installing 
and assembling lineshaft, making up lineshaft couplings, enclosing tube, 
etc. 

Repeat this installation 
length of column. Return to 
discharge head. 

procedure and precaution through entire 
Section Sb for procedure at top joint and 

i-------------------· 
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(h) External Source of Water Lubrication 

Refer to Fig. 38 and to any 
assembly drawing which is in
cluded with these instructions 
to become thoroughly familiar 
with the construction before 
assembling the tube tension/ 
packing head assembly. 

Installation and assembly of 
tube connector, tubing tension 
nut, and tubing locknut is the 
same as described in Section 
lOb with additional instruc
tion as follows: 

After installation of tube 
connector and component parts, 
clean tube connector and pack
ing gland threads. Apply thread 
lubricant. Length of packing 
rings should be such that ends 
just meet when packing is 
wrapped around shaft. Joint in 
ring should be located 180° 
from joint in ring above or 
below it. Packing may be flat
tened slightly to aid in start
ing gland over packing rings. 
Each ring should be coated 
thoroughly with lubricating 
grease before installation. 

Place packing rings upon 
camfered face, and screw pack
ing gland into tubing connector. 
Packing gland should be tigh
tened initially only finger
tight at this time. During 
first two or three hours of 
operation, packing gland should 
be gradually tightened, as 
packing becomes broken in or Fig. 38 
formed to fill packing gland 
chamber. At no time should 
gland be tightened more than just barely enough to prevent leakage. In 
fact, minor leakage is desirable. During this time, frequent checks 
should be made to insure that gland is not overheating. Should gland 
become overheated, slacking off gland may be all that is needed. 
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Place lock· strap in position and tighten lock strap screw firmly. 
Connect lubrication line to tubing connector port. 

For most installations, 3 to 5 GPM at 40 to SO PSIG is ample supply 
of fresh water for lubricating lineshaft bearings, as long as bowl 
assembly bypass ports are open. If ports are plugged, lubricating water 
must be admitted to tubing under heads greater than that generated in 
the bowl assembly. Higher pressures will of course necessitate more 
frequent maintenance of packing. 

Do not exceed 75 PSIG injection pressures with design pictured here. 
Over this amount, a different arrangement will be furnished. 

(j) Fresh Water Flush System 

When pumping fluids containing abrasive particles, it is often ad
visable to inject clean liquid directly into journal areas to provide 
lubrication and to prevent entrance of abrasive particles into bearing 
zones. One method by which this can be accomplished is to flush bearings 
continuously during operation with clean or filtered water. 

In the case of the bowl assembly, 
refer to Fig. 39 & 40. The suction 
case is provided with a pipe tap in 
bottom of hub and lubricating fluid 
may be injected here. Bowls them
selves may be cast with a port 
leading through a vane rrom outside 
into bearing area so that lubri
cating fluid may be admitted. At 
discharge case, if one is furnished, 
fluid is often injected into one of 
the bypass ports. Bowl assemblies 
must be ordered from factory in 
this condition so that porting will 
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be available. Piping is usually installed at 
jobsite, connecting each port either indivi
dually or from a common line to surface where 
user must furnish a source of proper fluid. 
However, short pumps are occasionally ship
ped with piping in place, ready for user's 
connections. In handling pumps with exter
nal piping, take care to avoid damage to 
pipe or tubing. Pinching or perforating a 
line could render the lubrication system 
inoperative. 

The lubricating liquid must be free from 
abrasives and other foreign particles, must 
have sufficient lubricating properties to do 
the job, and should not be allowed to in
crease above 85° Fin temperature. It must 
be injected at a pressure in excess of that 
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Fig. 41 

Fig. 42 

existing across journal area in question, 
which usually means something greater than 
total discharge head on pump. 

Open lineshaft bearings, if necessary, may 
be lubricated in much the same way as illus
trated in Fig. 41. Again, piping is connec
ted as shown and run from surface source of 
supply. It must be injected into bearing at 
a pressure in excess of that existing in 
column pipe at that point. 

Flushing at packing box may be accom
plished in a manner as depicted in Fig. 42. 
Similar arrangements are made in case of 
mechanical seals, as shown in Fig. 43. 

Occasionally, a water flush arrangement 
is used in connection with tube enclosed 
construction and may be accomplished as 
described in Section l0h. 

Although subject option is referred to as 
a fresh water flush system, any suitable 

Fig. 43 
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lubricant that is compatible with the pum~ed 
liquid may be used so long as conditions of flow 
and pressure permit. In general, capacity of a 
water flush system must be approximately 1 GPM for 
each journal to be served, up to 1 inch shaft: 2 
GPM for each journal, up to 2 inch shaft: 5 GPM 
each Journal up to 3 inch. For diameters in ex
cess of 3 inches, consult factory. 

Available capacity could be reduced slightly 
when oil is used as a lubricant. If grease is 
used, it is only necessary to keep lines full 
under adequate pressure. Grease lines on com
pletely assembled pumps will be filled with grease 
at factory. 

(k) BELOW BASE DISCHARGE 

Although most pump assemblies are so constructed 
that the discharge elbow is above the mounting 
surface and is usually an integral part of the 
driver pedestal, some pumps are designed for spe
cific customer requirements to place the discharge 
outlet at a position below the mounting base. This 
type of construction is illustrated in Fig. 44. 

The discharge elbow in this arrangement is ac
tually a tee, in which the run portion is a part 
of the column and the side outlet becomes the dis
charge connection. Vertical location of center
line discharge may vary within reason according to 
user requirements. However, there are limitations 
as to how close the discharge may be located to 
bottom of base. This will depend on clearance 
with mounting structure and upon size and shape of 
discharge tee. 

Because column pipe dead ends above discharge 
tee, it is possible to entrap air in this area. 
Therefore, all mounting pedestals are furnished 
with a port from which air may be released. It is 
recommended that, in each case, user shall make 
provisions for either manual or automatic release 
of air. Air release should preferably occur con
tinuously during operation but at least at each 
startup. See suggested arrangement in Fig. 45. 

As may be seen in Fig. 46, mounting base is 
part of driver pedestal. All connections at this 

point may be handled in same manner as that used for above base dis
charge construction. Provisions for shaft sealing, tube connection, 
column pipe attachment, pre-lubrication connections that may be nec
ssary, and other details will feature components identical to those found 
in above base discharge pumps. Therefore, please refer to the proper 
sections of these instructions for assembly and operation procedures. 
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Fig. 45 

Fig. 46 
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two piece collet 
be used both for 
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Fig. 48 

(m) OPEN LINESHAFT REPLACEABLE SLEEVE 

Lineshafting may be furnished with a sleeve at 
journal points, using several different designs. 
Fig. 47 depicts a collet attached field replaceable 
sleeve arrangement often used in open lineshaft con
struction. Individual parts are identified in Fig. 
48. 

If it is necessary to remove sleeve in field for 
repair or relocation, this may be accomplished by 
driving collet down off sleeve taper as shown in 
Fig. 49. Collet is driven in either direction by a 

driver as illustrated in Fig. 50. Thus, the tool may 
assembly and removal of journal sleeve. 

To replace sleeve at jobsite, coat shaft with an epoxy adhesive such 
as Loc-Tite or, failing that, a filler material based on shellac. Slip 
collet item 211-2 over shaft item 211-1 with open end of taper away from 
threads. It must be moved away from threads to a point beyond eventual 
sleeve location. Slide sleeve item 211-3 onto shaft with tapered end 
away from threads to a point at which it will run in bearing. It is im
perative that journal point be properly located and this may be done by 
reference to position of bearing. Having established sleeve in proper 
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location, it is advisable to construct 
end of sleeve so that the latter will 
Collet may then be driven on sleeve 
working as indicated in Fig. 51 • 

.. 

a stop for end of shaft and also 
not move with respect to shaft. 

taper firmly with collet driver, 

i ... ____ __ 
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Fig. 51 
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SECTION 11 

BOWL ASSEMBLY PROCEDURE 

Gather together all parts required for the assembly, using applicable 
assembly drawing if necessary. Procure all tools necessary for various 
operations, including following: 

Impeller collet driver. 

Thin bladed screw driver or special wedge tool for spreading collet. 

Bolt to fit tapped hole in bottom of shaft, washers as necessary. 

Open end or box wrench for above bolt. 

Open end or box wrench for nuts on bowl studs, if flanged bowls. 

Strap wrench or pipe wrench for tube adapter. 

Chain tongs for pipe coupling and for bowls if threaded. 

Using information on Fig. 52, locate lower impeller on shaft. To 
attach impeller securely, slip collet over shaft down into impeller hub 
opening, small end down. Using screw driver blade or wedge tool in col
let slot will facilitate sliding it on shaft. Slip collet driver on 
shaft from top or threaded end as shown in Fig. 53 and drive collet in 
place, holding impeller location as noted above. Collet may be firmly 
wedged into position by sliding driver rapidly along shaft and striking 
top of collet with a sharp blow several times. On a new unit, assembled 
collet will project above opening from O tol/8". Subsequent re-assembly 
operations may find collet driven further into opening to effect a se
-cure attachment. 

Slide bearing cap, if any, onto shaft from bottom, small end up. Do 
not lock set screws. 

Slide suction case onto shaft from bottom, seating impeller firmly in 
suction case. Locate bearing cap to cover bushing projection and lock 
in place with set screws. Insert bolt through grease filler hole in 
bottom of suction case hub, threading it into tapped hole in shaft: pull 
up tight, using washers or spacer so that impeller is firmly and securely 
seated against wear ring. 

Slide an intermediate bowl onto shaft from top end into position 
against suction ca·se. Attach firmly with two or three nuts on studs, if 
flanged bowls; screw in place if threaded. 

Slip next impeller down over shaft and set firmly against bowl wear 
ring: slide collet in place and drive collet in as before. See Fig. 54. 

Continue as above for required number of stages. Loosen tie down 
bolt in bottom of shaft after each impeller is set and check to see that 
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shaft will rotate freely by hand without dragging or hanging up. Make 
this check with the shaft all the way in and again all the way out, while A 
at the sarre time observing lateral movement of shaft to be sure of ade- • 
quate end play. 

Top bowl has no bushing, and therefore discharge case is assembled 
onto shaft so that its bushing projects into top bowl hub when flanges 
butt. Again, fasten in position with two or three nuts, if flanged. 
Some installations require no discharge case at all. If this is the case, 
ignore next three paragraphs. 

Deflector collar may now be slipped over shaft by forcing a'screw 
driver blade into slot of collar, thus spreading it ·open somewhat. Col
lar may be poked down into hub of discharge case with screw driver so 
that it is roughly opposite bypass ports. It should never be set so 
close to bottom of tube adapter that it restricts shaft end play. 

Tube adapter or cap may now be screwed into hub of discharge case and 
seated firmly against shoulder. If assembly is for open lineshaft pump, 
screw pipe plugs into bypass ports, plugging ports securely. If pump is 
of enclosed lineshaft design, ports must be open except as noted in Sec
tion lOr. If cap is used in discharge case, assemble setscrew through 
tapped hole in case hub. Setscrew must not displace cap for enough to 
hang up on shaft. 

Column and/or suction pipe couplings (if any) may now be assembled by 
threading onto discharge case and suction case respectively. Column 
coupling or flange must butt solidly: suction coupling or flange may 
occasionally be taper thread, but must be made up tight. 

At this point, check shaft for ease of rotation and proper amount of 
end play. Check also for projection above pipe butt. Assemble all nuts, 
each stage, leaving none loose. 

Check shaft again as above and assemble shaft coupling so that end of 
shaft is in middle of coupling. Fill suction case hub with recommended 
grease. Screw in pipe plug. Bowls should now be ready to re-assemble 
on pump. Check all available instructions for complete installation 
according to specific pump in question. 
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SHAFT 
BOWL A B C L PART NO. 

4R 2.63 3.000 .625 15.16 HS3450 
4RC 2.41 3.000 .625 15.16 HS6108 

6LL 3.94 3.625 • 750 17. 75 HS3111 
6T 5.19 3.500 1.000 24.13 HS4368 
6EH 3.38 4.500 1.000 23.25 HS5191 
6R 5.25 5.125 1.000 25.50 HS5132 
6FH 5.25 4.750 1.000 25.75 HS5730 

7R a.so 7.250 1.500 36.25 HS4455 

8EL 5.13 4.500 1.000 30.50 HS2434 
8ED 5.50 5.000 i.188 30.44 HS6094 
8EH 5.25 5.813 1.188 30.31 HS2046 
SR 5.63 6.500 1.188 33.38 HS6780 
8GH 6.00 6. 750 1.188 33.13 HS5766 
8FH 6.38 7.500 1.188 35.00 HS3564 

lOEXL 5.94 7.063 1.188 32.94 HS3017 
lOEH 8.63 7.063 1.500 36.56 HS2080 
lOR 8.56 8.375 1.688 38.38 HS3250 
lOJK 8.25 7 .625 1.500 36.63 HS2997 
lOFH 9.00 8. 750 1.688 39.00 HS4930 

12EL 9.00 7.000 1.500 36. 75 HS2203 
12EH 8.75 9.125 1.500 40.75 HS2087 
12R 8.53 10.000 1.938 41.00 HS6181 
12KH 7.63 8.500 1.688 39.50 HS2107 
12FH 8.00 11.000 1.938 41.25 HS3930 

14TM 8.56 9.750 1.938 41.50 HS3097 
14KH 9.88 11.000 1.938 42 .75 HS1953 
14R 12 .63 13.375 2.188 50.38 HS3347 
14MS 9.63 11.000 1.938 43.00 HS2418 
14FH 11.88 12.312 2.188 47 .63 HS5443 

16EH 9.56 12.000 1.938 45.38 HS2679 
16KH 9.69 12.000 2.188 45.06 HS2654 
16PH 12. 75 14.500 2.188 51.00 HS4623 

18EH 11.25 14.000 2.188 49.00 HS2653 
18FXH 10.13 14.000 2.188 47.00 HS2348 
lSCP 11.25 15.000 2.438 so.co HS3523 
20EH 12.25 15.000 2.438 52.13 HS2667 
20K 10.16 18.250 2.438 54.00 HS7646 
22MS 11.81 17.000 2.688 53.00 HS368l 

24EH 11.88 18.000 2.688 54.00 HS2926 

28SK 11.00 22.500 2.688 62.25 HS3141 

30K * 28.500 3.250 73.50 LS9007 

36EH * 29.313 3.250 75.38 LS8537 

46FH * 45.500 s.soo 131.50 LS4430 

*Impeller located by keyway in bowl shaft 

Fig. 52 
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Note: For semi-open 
impellers 4R and 
6L. dimension A 
refers to lowest 
point of vane. 
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BOWL PARTS RELATIONSHIP 

DURING ASSEMBLY ONTO BOWL SHAFT 

Bowl Shaft 

Impeller Collet Driver 

Impeller Lock Collet 

Impeller 

Intermediate Bowl 

Assembled lmpelle~ 

Bellmouth 

Bolt screwed into tapped h_~~~ 

shaft {with washers as required) 

Grease Plug (removed) 

Fig. 53 
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BOWL SH.AFT 

Collet 

Impeller 
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SECTION 12 

BOWL DISASSEMBLY PROCEDURE 

Provide tools as listed in "Assembly Procedure," Section 11. 

Remove shaft coupling and tube adapter. Remove deflector collar by 

reaching down into discharge case hub and insert screw driver blade into 

collar slot. Collar may then be withdrawn by pulling out with screw 

driver. 

Remove nuts under top bowl flange and 
In same manner, take top bowl off. If 
bowl need not be separated, and may be 
sembly operations. 

slide discharge case off shaft. 
desired, discharge case and top 
handled as one part for disas-

Slip collet driver onto shaft from top into position as shown in Fig. 

55 (reverse ends from assembly position.} Pull shaft out as far as pos

sihle so that impellers are well off seats and knock impeller off collet. 

Using screw driver to spread collet, remove collet from shaft by sliding 

along and off threaded end. Remove next bowl and continue operation as 

described. 

. GENERAL NOTE 

In either assembly or disassembly operation, it is beneficial to 

oil shaft very lightly. This will facilitate sliding parts on 

and off shaft. 

In making up pipe adapter coupling, tube adapter,threadea bowls, 

or other threaded joints, it would be advisable to use approved 

thread compound. 

In taking apart an old unit in which shaft may be frozen in 

bushings or collet frozen to shaft, it may be necessary to apply 

heat with a torch in order to effect removal. 

In all cases when assembling any threaded parts, threads must be 

perfectly clean. 

For new units, impeller skirt and wear ring clearances should be 

as listed in Fig. 56. 

For standard units, endplay characteristics will be as noted in 

Verti-Line Catalog Page 8.1 and 8.2, Section 2.1. 

Before starting any disassembly work, shaft endplay should be 

checked so that, upon reassem~ly, same endplay maybe maintained, 

un !SS more lateral is required. 

Before starting any disassembly work, shaft and tube projections 

should be measured and recorded so that parts may be reassembled 

in same manner. 
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IMPELLER SKIRT O.D. 
BOWL MINIMUM MAXIMUM 

4RC 2.240 2.242 

6T 3 .237 3.238 
6EH 2.615 2.616 
GR 3.112 3.113 
6FH 3.612 3.613 

7R 4.235 4.237 

8EL 3.237 3.238 ' 

8ED 3.612 3.613 
8EH 4.110 4.112 
SR 4.110 4.112 
8GH 4.985 4 .987 
8FH 4.985 4 .987 

lOEXL 4.110 4.112 
lOEH 4.860 4.862 
lOR 5.234 5.236 
lOJK 6 .171 6 .17 3 
lOFH 6.609 6.611 

12EL 4.735 4.737 
12EH 5.434 5.436 
12R 6.171 6.173 
12KB 6.798 6.800 
12FH 7.233 7.235 

14TM 6.484 6.486 
14KB 7.733 7.735 
14R 7.858 7.860 
14MS 8.983 8.985 
14FH 9.483 9.485 

16EH 7.733 7.735 
16KH 8.983 8.985 
16FH 10.981 10.983 

18EH 8.983 8.985 
18FXH 9.483 9.485 
18CF 10.233 10.235 

20EH 10.233 10.235 
20K 10.608 10.610 

22MS 13.730 13.732 
24EH 12.230 12.232 
285K 14. 97 8 14.980 
30K 15.998 16.000 
36EH 18.748 18. 7 50 
46FH 29.965 29.970 

BOWL BORE I.D. 

MINIMUM MAXIMUM 

2.250 2 .252 

3.250 3.252 
2.625 2.627 
3.125 3.127 
3 .625 3 .627 

4.250 4.252 

3.250 3.252 
3.625 3.627 
4.125 4.127 
4 .125 4.127 
5.000 5.002 
5.000 5.002 

4.125 4.127 
4 .875 4.877 
5.250 5.252 
6 .187 6.189 
6.625 6.627 

4. 750 4. 752 
5.450 5.452 
6 .187 6.189 
6.814 6.816 
7.250 7.252 

.. 
6.500 6.502 
7.750 7.752 
7 .875 7 .877 
9.000 9.002 
9.500 9.502 

7.750 7.752 
9.000 9.002 

11.000 11.002 

9.000 9.002 
9.500 9.502 

10.250 10.252 

10.250 10.252 
10.625 10.627 

13. 7 50 13.752 
12.250 12.252 
15.000 15.002 
16.020 16.022 
18.770 18.772 
30.000 30.005 

Fig. 56_ __ 
1.2.7.224 

DI.A. CLE.AR.ANCE 

MINIMUM MAXIMUM 

.008 .012 

.012 .015 

.009 .012 

.012 .015 

.012 .015 

.013 .017 

.012 .015 

.012 .015 

.013 .017 

.013 .017 

.013 .017 

.013 .017 

.013 .017 

.013 .017 

.014 .018 

.014 .018 

.014 .018 

.013 .017 

.014 .018 

.014 .018 

.014 .018 

.015 .019 

.014 .018 

.015 .019 

.015 .019 

.015 .019 

.015 .019 

.015 .019 

.015 .019 

.017 .021 

.015 .019 

.015 .019 

.015 .019 

.015 .019 

.015 .019 

.018 .022 

.018 .022 

.020 .024 

.020 .024 

.020 .024 

.030 .040 
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SECTION 13 

DON'T 

Don't pull discharge piping to pump discharge flange with bolts or 
capscrews. Install pipeline so that fasteners are used to prevent leak
age only. 

Don't hang weight of discharge line and fittings on discharge head 
alone. Support pipeline by blocking or concrete saddles according to 
best piping practice. Use dresser-type couplings wherever possible to 
eliminate piping strains imposed on pump. 

Don't start pump while it is rotating in reverse direction aftei 
having shut down. It is advisable to install time delay relay on elec
tric drives to prevent this. Non-reverse protection in driver could also 
be a solution. 

Don't put heavier than recommended heaters in starter if pump load 
begins to trip those furnished originally. These are protective devices. 
Contact your Layne & Bowler Representative for assistance. 

Don't add oil to driver while running. Don't add grease to grease 
lubricated driver without removing relief plug. 

Don't drop parts into pump during installation or disassembly. Don't 
drop parts into motor when canooy has been removed and top is open. 
Parts must be removed before next operation. 

Don't tighten shaft packing where provided except in increments, i.e., 
tighten gland nuts part of a turn and let pump run 5 to 10 minutes be
fore tightening further. If leakage water is too hot to put on hand, 
back gland nuts off a little until water cools, then tighten again. 
Gland nuts must be adjusted evenly so as to prevent cocking gland, for
cing it against shaft. 

Don't start pump equipped with mechanical seal until air or vapor is 
vented from seal housing. Housing should be filled with liquid to avoid 
damage to seal faces. 

Don't forget that this equipment contains rotating parts. Use CAUTION 
when working near such parts to avoid injury. Don't neglect to replace 
all guards, covers, and shields before start-up. 

Don't run pump backward. Clockwise operation (looking down on nump). 
under power can unscrew threaded joints. Power requirements of impellers 
can increase when driven backward and can thus create undesirable over
loads. These problems do not apply to oumps coasting backward due to 
return flow of water from system; overspeed is the circumstance to guard 
against then. 

Don't throttle the suction of a pump in a closed system. 

1.2.7.225 
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Don't change pump speed without checking effect on power, internal 
pressure, and other conditions. 

Don't allow oil, grease, or thread lubricant to contact rubber bear
ings. 

Don't work on pumps, wiring, or any pump or system components without 
opening energizing circuits such as at main breaker or pump disconnect 
switch. This will prevent "surprise" starts that may occur due to auto
matic control systems. It will also prevent other possibility of per
sonal injury. 

1.2.7.226 
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SECTION 14 

MAINTENANCE HINTS 

For pump lubrication, use light turbine oil equivalent to standard 
Oil o.c. Turbine Oil #9 or good grade of mineral oil with proper addi
tives having viscosity equal to SAE #10. 

Remove old oil from driver once a year. 
fill. Follow manufacturer's instructions 
type of lubricant. Replace self-lubricated 
5 years. It is generally less expensive 
fail. 

Flush with 
carefully 

driver ball 
to replace 

kerosene and re
as to method and 
bearings in about 
these before they 

Replace all shaft packing on open lineshaft pumps after maintenance 
has required addition of two rings. Always let packing box leak slightly 
at top to add life to packing. 

Be aware of changing conditions in svstem. Any change from original 
conditions or any variation in system can create an undesirable reaction 
in pump as the energizer of the system. Refer to Vertical Turbine Pump 
Association Environmental Data Brochure for some of the system variable 
conditions that might occur. 

Don't attempt to remove or to repair your pump without consulting a 
company representative. If it becomes necessary to attempt any repair 
work on your equipment, be sure to review all instructions for operation 
and maintenance of unit. 

1.2.7.227 



so 

SECTION 15 

OPERATION AT SHU'l'OFF HEADS 

In the usual application of Verti-Line vertical turbine pumps, no 
harm will result from operations under conditions of static flow heads. 
However, not all installations are "usual" and for this reason con
sideration should be given to any unit which may be subjected to this 
usage. The following points should therefore be checked and resolved 
before putting the equipment into operation at or near shutoff heads. 

a. Thrust bearing capacity must be adequate 

b. If prolonged operation at no flow is contemplated, the problem 
of heat dissipation may become acute since the entire shutoff 
horsepower is converted to heat in the available fluid. 

c. For high pressure units, stresses at shutoff heads should be 
investigated. This information may be obtained from the fac
tory upon request. 

d. Certain impeller designs may have critical horsepower charac
teristics at low flows. Shutoff power requirements should be 
examined for driver overload. 

e. It must be kept in mind that open lineshaft units depend upon 
pumped fluid for lubrication. Fluid temperatures, if raised 
excessively due to lack of flow, my impair lubrication effi
ciency. 

To summarize, designs will easily accommodate most of the considera
tions listed above. However, to obtain the best possible application, 
the factory should be notified at the time of order if operation at 
static flow heads will be a possibility and this precaution must be 
observed to validate any warrantees. 

""--
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NOTES 

SERVICE RECORD 
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TERMS AND CONDITIONS OF SALE 

NOT INTENDED FOR SALE OR USE FOR PERSONAL, FAMILY, OR HOUSEHOLD PURPOSES. 7-77 Printed In U.S.A. 

All orders 1hall be made out to Aurora Pump at North Aurora. Illinois. and shall be subject to acceptance by us at North Aurora. 

1. CONSTRUCTION AND LEGAL EFFECT. Our sale to you will be solely upon the terms and conditions set forth herein. They supersede and reject any( A 
conflicting terms and conditions of yours. any statement in yours to the contrary notwithstanding. Ex.ceptions to any of our terms and conditions must be contained 1 W 
in a written or typed (not printed) statement received from you: we shall not be deemed 10 have waived any of our terms and conditions or to have assented to any . .e' ' 

modification or alteration of such terms and conditions unless such waiver or assent is in writing and signed by an authorized officer. No representation of any kind '---.___/ 

has been made by us except as set forth herein; this agreement conclusively supersedes all prior writings and negotiations with respect thereto and we will furnish 

only the quantities and items specifically listed on the face hereof; we assume no responsibility for furnishing other equipment or material shown in any plans and/or 

specifications for a project to which the goods ordered herein pertain. Any action for breach of contract must be commenced within one year alter the cause of action 

has accrued. Our published or quoted prices. discounts, terms and conditions are subject to change without notice. 

2. PRICES. Unless otherwise noted on the face hereof. prices are net F.O.B. our producing factory, and include standard catalogue literature only. Service time 

of a factory-trained service man is not included and may be charged extra. The amount of any applicable present or future tax or other government charge upon the 

production, sale, shipment or use of goods ordered or sold will be added to billing unless you provide us with an appropriate exemption certificate. We may adjust 

prices to our prices in effect at time of shipment. Purchased equipment such as moto,s, controls, gasoline engines. etc .. will be invoiced at prices in effect at time 

of shipment in accordance with pricing policy of manufacturer. • 

3. DEFECTIVE EQUIPMENT. Providing Purchaser notifies us promptly, if within one year from date of shipment equipment or parts manufactured by us fail 

to function properly under normal; proper and rated use and service because of detects in material or workmanship demonstrated to our satisfaction to have existed 

at the t;me of delivery, the Company reserving the right to either inspect them in your hands or request their return to us will al our option repair or replace at our 

expense F.O.B. our producing factory. or give you proper credit for such equipment or parts determined by us to be defective, if returned transportation prepaid by 

Purchaser. The foregoing shall not apply 10 equipment that shall have been altered or repaired after shipment to you by anyone except our authorized employees, and 

the Company will not be liable in any event for alterations or repair except those made with its written consent. Purchaser shall be solely responsible for determining 

suitability for use and the Company shall in no event be liable in this respect. The equipment or parts manufactured by others but furnished by us will be repaired 

or replaced only to the extent of the original manufacturer's guarantee. Our obligations and liabilities hereunder shall not be enforceable until such equipment has 

been fully paid for. Purchaser agrees that if the products sold hereunder are resold by purchaser, he will include in the contract for resale, provisions which limit 

recoveries against us in accordance with this section, In case of our failure to fulfill any performance representation. it is agreed that we may at our option remove 

and reclaim the eQuipment co.,,ered by this agreement at our own expense anc1 discharge all liability by repayment to the purchaser of all sums received on account 

of the purchase price. (THE FOREGOING OBLIGATIONS ARE IN LIEU OF ALL OTHER OBLIGATIONS ANO LIABILITIES INCLUDING NEGLIGENCE ANO ALL 

WARRANTIES. OF MERCHANTABILITY OR OTHERWISE. EXPRESS OR IMPLIED BY FACT OR BY LAW, ANO STATE OUR ENTIRE ANO EXCLUSIVE LIABILITY 

ANO BUYER'S EXCLUSIVE REMEDY FOR ANY CLAIM OF DAMAGES IN CONNECTION WITH THE SALE OR FURNISHING OF GOODS OR PARTS. THEIR 

DESIGN, SUITABILITY FOR USE. INSTALLATION OR OPERATION.! WE WILL IN NO EVENT BE LIABLE FOR ANY DIRECT. INDIRECT. SPECIAL OR CONSEQUEN

TIAL DAMAGES OR DELAY RESULTING FROM ANY OEFECT WHATSOEVER, AND OUR LIABILITY UNDER NO CIRCUMSTANCES WILL EXCEED THE CONTRACT 

PRICE FOR THE GOODS FOR WHICH LIABILITY IS CLAIMED. 

4. DELIVERY. Delivery, shipment and installation dates are estimated dates only, and unless otherwise specified, are figured from date of receipt of complete 

technical data and approved drawings as such may be necessary. In estimating such dates. no allowance has been made, nor shall we be liable directly or indirectly 

for. delays of carriers or delays from labor difficulttes, shortages, strikes or stoppages of any sort. 'fires, accidents, failure or delay in obtaining materials or manu~ 

facturing facilities, acts of government affecting us directly or indirectly, bad weather, or any causes beyond our control or causes designated Acts of God or force 

majeure by any court of law. and the estimated delivery date shall be extended accordingly. We will not be liable for any damages or penalties whatsoever, whether 

direct, indirect, special or consequential, resulting from our failure to perform or delay in performing unless otherwise agreed in writing by an authorized officer. 

5. OPERATING CONDITIONS AND ACCEPTANCE. Recommendations and quotations are made upon the basis of operating conditions specified by the 

Purchaser. If actual conditions are different than those specified and performance of the equipment is adversely affected thereby, Purchaser will be responsible for 

the cost of all changes in the equipment required to accommodate such conditions, and we reserve the ri!]ht to cancel this order and Purchaser shall reimburse us for 

all costs and expenses ir,curred in. and reasonable profit for, performance hereunder. We resP.rve the right to refuse any order based upon a quotation containing an 

' 

I 
error. The provisions in any specification or chart are descriptive only and are not warranties or representations; we will certify to a rated capacity in any particular , : 

product upon request. Capacity, head and efficiency certifications are based on shop tests and when handling clear, fresh water at a temperature of not over B5'F., A 
Certlfic• tlons are al this specified rating only and do not cover sustained performance over any period of time nor under conditlona varying from these. ~ 

8. SHIPPING. Unless you specify otherwise in writing, la) goods will be boxed or crated as we may deem proper for protection against normal handling, and 

extra charge will be made for preservation. waterproofing, export boxing and similar added protection of goods; lb) routing and manner of shipment will be at our 1 

discretion, and may be insured at your expense. value to be stated at order price. On all shipments F.O.B. our producing factory, delivery of goods to the initial 

carrier will constitute delivery lo you and all goods will be shipped al your risk. A claim for loss or damage in transit must be entered with the carrier and prosecuted 

by you. Acceptance of material from a common carrier constitutes a waiver of any claims aqainst us for delay or damage or loss. 

7. PATENT INFRINGEMENT. We will not be liable for any claim of infringement unless due to infringement by goods manufactured by us in the form in 

which we supply such goods lo you and without regard 10 their use by you. If you notify us promptly of any such claim of infringement and. if we so request, author

ize us to defend or settle any suit or controversy involving such claim. we will indemnify you against the reasonable expenses of anv such suit and wiH satisfy any 

iudgment or settlement in which we acquiesce, but onty to an amount not eiceeding the price paid to us for the allegedly infringing goods. If an injunction is issued 

against the further use of allegedly infringing qoods we shall have the option of procuring for you the right to use the goods, or replacing them with non~infringing 

goods, or modifying them so that they become non-infringing, or of removing them and refunding the purchase price. The foregoing expresses our entire and exclu-

sive warranty and liability as to patents, and we will not be liable for any damages whatsoever, suffered by reason of any infringement claimed. except as provided 

herein. You will hold us harmless and indemnified aqainst any and all claims, demands. liabilities. damages, costs and expenses resulting from or connected with 

any claim of patent infringement arising out of the manufacturn by us of goods in accordance with a design or specifications which you furnish us. 

8. CANCELLATION AND RETURNED EQUIPMENT. Orders may be cancelled only with our written consent and upon payment of reasonable and 

proper canc~llation charges. Govds may be returned only wh~n specifically ~uthorize.d and you will be charged for placing returned goods in saleable condition, any 

sales expenses then incurred by us. plus a restocking charge and any outgoing and incoming transportation costs which we pay. 

9. CREDIT AND PAYMENT. Payment for products shall be 30 days net. Pro-rata payments shall become due with partial shipments. A late charge of 1 

percent per ·month or the maximum permitted by law. whichever is less. will be imposed on all pastdue invoices. We reserve the right at any time to alter, suspend. 

credit. or to change credit terms provided herein, when in its sole opinion your financial condition so warrants. In such a case. in addition to any other remedies 

herein or by law provided. cash payment or satisfactory security from you may be required by us before shipment; or, the due date of payment by you under this 

contract may be accelerated by us. Failure to pay invoices at maturity date at our election makP.s all subsequent invoices immediately due and payable irrespective 

of terms. and we may withhold all subseouent deliveries until the full account is settled. and we may terminate this aqreement. Acceptance by us of less than full 

payment shall not be a waiver of anv of our nghts. You represent by sending each purchase order to us that you are not insolvent as that term is defined in applicable 

state or federal statutes. In the event vou become insolvent before delivery of any products purchased hereunder. you will notify us in writing. A failure to notify us of 

insolvency at the time of dP.livery shall be construed as a reaffirmation of your solvency at that time. lrresoective of whether the products purchased hereunder are 

delivered directly to you, or to a customer of yours, and irrespective of the size of the shipment. we shall have the right to stoi:: delivery of the goods by a bailee if 

you become insolvent. repudiate, or fail to make a payment due before delivery, or if for any other reason we have a right to withhold or reclaim goods undel' the 

applicable state a"d le<le<a\ $\alu\es. Whe,e '/OU are responsible tor any dolay in shipment the date of completion of goods may be treated by us as the date of ship-

ment for purposes of payment. Completed goods shall be held al your cost and risk and we shall have the right 10 bill you for reasonable storage and insurance 

expenses. 

10. SPECIAL JIGS, FIXTURES AND PATTERNS. Any jigs. fixtures, patterns and like items which may be included in an order will remain our property 

without credit to you. We will assume the maintenance ano replacement exoenses of such items. but shall have the right 10 discard and scrap them after they have 

been inactive for one year without credit to you. 

11. INSPECTION. Inspection of goods in our plant by you or your representative will be permitted insofar as this does not unduly interfere with our production 

workflow, pro-Jided that complete det"1ls of the inspection you desire are submitted to us in writ,nq in advance. 

l 

I 

' • 
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12. RECORDS. AUDITS AND PROPRIETARY DATA. Unlr,ss ntherwisft specif,c~lly agreed in writinq siqned by an authorized officer. neithu you nor • 

any representative or yours. nor 11nv othr.r pnrson. sh,111 h.,vR ;1nv r1qht to ,u1i,rn1ne or au?it our cost accounts. book.t. or records of any kind or on any matter, or be~" -- · 

entitled to, or have control over, any eng1neermo or production prints. drawings or technical data which we, in our sole discretion. may consider in whole or In part 

proprietary to ourselves. 

--- ------··-·--·~--------, 
AURORA PUMP 1 

A UNIT .CF GENERAL SIGNAL 
" <' ••ii !I i.JRT'l}QA,Ui.NUHT~f A.URf')HA IU.INOIS ·60~142 
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!f you should require emergency service assistance. check the yellow . 

pages for the nearest Cummins distributor or authorized dealer. · 

-, .. ,, •-:,-"\ ,.__,.-,,~ -..-_ '' 

Should you be unable to reach the local dealer or distributor in the 

above rr,nnner, Cummins Enf_;ine Company has established a 24 hourz a 

d:iy, toll frr.:e number for service a~:,s:stance. In 47 st3tes, you Cc!n c311 

Cummins Customer Relations toll tree by dialing E00-457-5300. In 

Abska, t!::Iwaii, Indiana and Canada, call collect 812-379-6115. 
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Cummins Owner Aseistance 
Cummins Engine Company backs its engines with ex
pert seivice and complete parts support. We built a 
seivice network of more than 3.000 Cummins distri
butors and dealers, the largest in the world devoted 
exclusively to diesel engines. We trained our people to 
provide the Cummins owner with sound advice, expert 
seivice and professional treatment at all Cummins loca
tions. 

Any problem that you have in connection with the sale, 
operation or seivice of your engine can be handled at 
the nearest Cummins location. Occasionally, you may 
feel a problem has not been handled to your satisfac
tion. At those times, we urge you to pursue the problem 
until you are satisfied. 

Many problems result from a breakdown in communica
tions and can often be solved by bringing in a third party 
as a mediator. Bring your problem to the next higher 
authority to discuss. 

We recommend: 

1. If problem originates with a salesperson or seivice 
technician, talk to the sales or seivice manager. 

2. If problem originates with a sales or seivice man
ager, talk to the owner of the seivice location. 

3. If problem originates with a dealer, talk to the Cum-

mins distributor with whom he has his servicg 
agreement. 

4. If problem originates with a distributor, please call the 
nearest Cummins Divisional Office. Most problems 
are solved at or below the divisional office level. Their 
phone numbers and addresses are listed below. 
However, before you call, write down the following 
information and have it ready: 

A. Name and location of the Cummins distributor or 
dealer 

B. Type and make of equipment 

C. Engine model and serial number 

D. Total miles or hours of operation 

E. Nature of problem 

F. Summary of the current problem arranged in the 
order of occurrence. 

If you still have problems please write: 

Customer Relations 
Cummins Engine Company, Inc. 
1 000 Fifth Street 
Columbus, Indiana 47201 

We do request that the above steps be followed in order. 
Most of the actual work on an engine can be performed 
at the original location, so please give them a chance to 
satisfy you first. 

Cummins Divisional Offices 
Canadian Division 
Cummins Engine Company, Inc. 
n City Centre Drive 
Suite 302 
Mississauga, Ontario 
Canada 
Phone: 416-270-0240 

Eastern Division 

Cummins Engine Company, Inc. 
Norwalk Towers 
Suite 200 
Bedlon Avenue & Cross Street 
Norwalk, Connecticut 06850 
Phone: 203-846-3241 

Midwestern Division 

Cummins Engine Company, Inc. 
Oak Brook East Building 
2000 Spring Road 
Oak Brook, Illinois 60521 
Phone: 312-654-0020 

Plains Division 

Cummins Engine Company, Inc. 
Twin Towers, North 
Suite 633 
8585 North Stemmons Freeway 
Dallas, Texas 75247 
Phone: 214-638-5410 

Rocky Mountain Division 

Cummins Engine Company, Inc. 
5660 S. Syracuse Circle 
Englewood, Colorado 80110 
Phone: 303-773-2866 

1.2.7.234 

Southern Division 

Cummins Engine Company, Inc. 
6425 Powers Ferry Road 
Suite 120 
Atlanta, Georgia 30339 
Phone: 404-955-5025 

Western Division 

Cummins Engine Company, Inc. 
Two Embarcadero Center 
Suite 2050 
San Francisco, California 94111 
Phone: 415-981-2900 

, 
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Cummins Distributors - United States 

ALABAMA 
Birmingham Distributor 
Cummins Alabama, Inc. 
2200 Pinson Highway 
P.O. Box 1147 
Birmingham, Alabama 35201 
Telephone: (205) 841-0421 

Moblle Branch 
Cummins Alabama. Inc. 
1924 Beltline Highway, 1-65 North 
P.O. Box 2566 
Mobile. Alabama 36601 
Telephone: (205) 456-2236 

Montgomery Branch 
Cummins Alabama. Inc. 
2325 West Fairview Avenue 
P.O. Box 9271 
Montgomery, Alabama 36108 
Telephone: (205) 263-2594 

ALASKA 
Anchorage Branch of Seattle 
Cummins Northwest-Alaska. Inc. 
2618 Commercial Drive 
Anchorage, Alaska 99501 
Telephone: (907) 279-7594 

Fairbanks Branch of Seattle 
Cummins Northwest-Alaska. Inc. 
Corner of Peger & Davis Roads 
P.O. Box 60282 
Fairbanks, Alaska 99701 
Telephone: (907) 452-7011 

ARIZONA 
Phoenix Distributor 
Cummins Arizona Diesel. Inc 
2239 North Black Canyon Highway 
P.O. Box 6697 
Phoenix, Arizona 85005 
Telephone: (602) 252-8021 

Tucson Branch 
Cummins Arizona Diesel. Inc. 
1912 W. Prince Road 
P.O. Box 5425 
Tucson. Arizona 85703 
Telephone (602) 887-7440 

ARKANSAS 
Uttle Rock Branch of Memphis 
Cummins Mid-South. Inc. 
6700 Interstate Drive 
P.O. Box 5240. Southside Station 
Little Rock. Arkansas 72206 
Telephone: (501) 565-0946 

Fl Smith Branch of Memphis 
Cummins Mid-South. Inc 
6709 South 28th Street 
Ft. Smith, Arkansas 72903 
Telephone (501) 646-6201 

CALIFORNIA 
Los Angeles Distributor 
Cummins Service & Sales, Inc 
1800 E. 16th Street 
Los Angeles. Cal1forn1a 90021 
Telephone (213) 746-3850 

Bakersfield Branch 
Cummins Service & Sales. Inc 
301 East Fourth Street 
Bakersfield, California 93304 
Telephone: (805) 325-9404 

Montebello Branch 
Cummins Service & Sales, Inc. 
1105 South Greenwood Avenue 
Montebello, California 90640 
Telephone: (213) 728-8111 

Rialto Branch 
Cummins Service & Sales, Inc. 
161 East Valley Boulevard 
Rialto, California 92376 
Telephone: (714) 877-0433 

San Francisco Distributor 
Watson & Meeha·n 
1960 Folsom Street 
San Francisco, California 94103 
Telephone: (415) 621-8930 

Eureka Branch 
Watson & Meehan 
1048 Vigo Street • 
Eureka. California 95501 
Telephone: (707) 433-7385 

Fresno Branch 
Watson & Meehan 
2740 Church Avenue 
Fresno, California 93706 
Telephone: (209) 486-6050 

Redding Branch 
Watson & Meehan 
2725 Favretto Avenue 
Redding, California 96001 
Telephone: (916) 241-2154 

West Sacramento Branch 
Watson & Meehan 
2661 Evergreen Avenue 
West Sacramento, California 95691 
Telephone: (916) 371-0630 

COLORADO 
Denver Distributor 
Cummins Power. Inc. 
5100 East 58th Avenue 
PO Box 628 (Zip 80037) 
Commerce City, Colorado 80022 
Telephone: (303) 287-0201 

Grand Junction Branch 
Cummins Power, Inc 
2380 U.S. Highway 6 & 50 
P 0. Box 339 
Grand Junction. Colorado 81501 
Telephone: (303) 242-5776 

CONNECTICUT 
Hartford Distributor 
Cummins Diesel Engines of 

Connecticut. Inc 
260 Murphy Road 
Hartford. Connecticut 06114 

Telephone (203) 527-9156 
Parts: (203) 525-5606 

FLORIDA 
Tampa Distributor 
Cummins Florida. Inc. 
5910 East Htllsborough Avenue 
PO Box 11737 
Tampa, Florida 33610 
Telephone (813) 626-1101 

Hialeah Branch 
Cummins Florida. Inc 
9900 NW. 77th Avenue 
PO Box 2367 
Hialeah. Florida 3.1012 
Telephone: (J05_.l_Jl__21-4200 

1.2.7.235 

Jacksonville Branch 
Cummins Florida, Inc. 
2060 West 21st Street 
P.O. Box 12036 
Jacksonville, Florida 32209 
Telephone: (904) 355-3437 

Orlando Branch 
Cummins Florida, Inc. 
4820 N. Orange Blossom Trail 
Orlando, Florida 32804 
Telephone: (305) 298-2080 

GEORGIA 
Atlanta Distributor 
Cummins Georgia, Inc. 
100 University Avenue. S.W. 
Atlanta, Georgia 30315 
Telephone: (404) 524-7716 

Augusta Branch 
Cummins Geo'rgia, Inc. 
1255 New Savannah Road 
Augusta, Georgia 30901 
Telephone: (404) 722-8825 

(404) 798-0973 after 5:00 p.m. 

Dalton Branch 
Cummins Georgia. Inc. 
4031 South Dixie Road 
Dalton, Georgia 30720 
Telephone: (404) 277-1144 

(404) 226-3555 after 6:00 p.m. 

Savannah Branch 
Cummins Georgia, Inc. 
420 Telfair Road 
Savannah. Georgia 31401 
Telephone: (902) 232-5565 

HAWAII 
Honolulu Distributor 
Cummins Engine Sales of Hawa11. Inc. 
215 Puuhale Road 
Honolulu, Hawaii 96819 
Telephone (808) 845-6606 

Hilo Branch 
Cummins Engine Sales of Hawaii, Inc. 
845 Kanoelehua Avenue 
PO. Box 877 
Hilo. Hawaii 96720 
Telephone (808) 935-5411 

IDAHO 
Boise Branch of Sall Lake City 
Cummins lntermountain Idaho. Inc. 
2851 Federal Way 
P 0. Box 5215 
Boise. Idaho 83705 
Telephone: (208) 336-5000 (24 hours) 

ILLINOIS 
Chicago Distributor 
Cumrrnns lll1no1s Engine Sales Corp., Inc. 
5555 South Kilpatrick Avenue 
Chicago, lll1no,s 60629 
Telephone (312) 581-3100 

Lake Zurich Branch 
Cummins lll1no1s Engine Sales Corp .. Inc 
532 West Main Street 
Lake Zurich. lll1no1s 60047 
Telephone (312) 438-5151 



.I 

Rock Island Branch 
Cummins Illinois Engine Sales Corp .. Inc. 

730-31st Avenue 
Rock Island. Illinois 61201 
Telephone: (309) 794-9181 

Rockford Branch 
Cummins Power-Rockford 
4117 11th Street 
Rockford. Illinois 61109 
Telephone (815) 397-0600 

Bloomlngton Normal Branch of lndlanapolla 

Cummins Bloomington 
U. S. 51 N. and 1-55 
Bloomington-Normal. Illinois 61761 
Telephone: (309). 452-4454 

INDIANA 
Indianapolis Distributor 
Cummins Mid States. Inc. 
3621 West Moms Street 
Indianapolis. Indiana 46241 
Telephone: (317) 244-7251 

Ft. Wayne Branch 
Cummins Diesel Ft. Wayne 
3220 West California Road 
Ft. Wayne. Indiana 46808 
Telephone: (219) 483-6489 

EYansyille Branch ot Louisville 
Cummins Diesel Sales of Evansville 
1650 North Fares Avenue 
Evansville. Indiana 47727 
Telephone: (812) 425-2464 

Parts:, (812) 422-7721 after 5:00 p.m. 
Service: (812) 853-7286 after 5:00 p.m. 

Gary Branch of Chicago 
Cummins Power-Gary 
1440 Texas Street 
Gary, Indiana 46402 
Telephone: (219) 885-5591 

IOWA 
Cedar Rapids Branch of Omaha 
Cummins Great Plains Diesel. Inc. 
215 - 50th Avenue. SW. 
Cedar Rapids, Iowa 52404 
Telephone: (319) 366-7537 

(319) 362-1042 after 5:30 p.m. 

Des Moines Branch of Omaha 
Cummins Great Plains Diesel, Inc. 
1680 N. E. 51st Avenue 
Des Moines. Iowa 50316 
Telephone: (515) 262:9591 

(515) 262-9591 after 5:30 p.m. 

KANSAS 
Wichita Branch of Arlington 
Cummins Sales & Service. Inc. 
5101 North Broadway 
P.O. Box 2681 
Wichita, Kansas 67201 
Telephone: (316) 838-0875 

(316) 838-5587 nights 

Colby Branch of Arlington 
Cummins Sales & Service. Inc. 
1880 South Range 
P.O. Drawer "P" 
Colby, Kansas 67701 
Telephone: (913) 462-3945 

(913) 462-3143 

Olathe Branch of Kansas City Missouri 

Cummins Diesel Olathe 
15580 South 169 Highway 
Olathe. Kansas 66061 
Telephone: (913) 782-9470 

Chanute Industrial Branch 
Mid-America Industrial Power. Inc. 
502 E. Maine Street 
Chanute. Kansas 66720 
Telephone: (316) 431-4661 

KENTUCKY 
Louisville Distributor 
Cummins O;esel Sales ot Louisville, Inc. 
9820 Bluegrass Parkway 
Louisville. Kentucky 40299 
Telephone: (502) 491-4263 

Hazard Branch 
Cummins Diesel Sales of Louisville, Inc. 
Highway 15-North 
Hazard. Kentucky 41701 
Telephone: (606) 436-5718 

(606) 436-4820 after 6:00 p.m. 
Parts: (606) 436-5236 after ·6:00 p.m. 

LOUISIANA 
Baton Rouge Branch of Arlington 
Cummins Sales & Service. Inc. 
10424 Airline Hwy. 
P.O. Box 14028 
Baton Rouge, Louisiana 70813 
Telephone: (504) 293-7150 (day & night) 

Morgan City Branch of Arlington 
Cummins Sales & Service, Inc. 
Highway 90 East 
P.O. Box 2283 
Morgan City. Louisiana 70380 
Telephone: (504) 631-0576 (day & night) 

New Orleans Branch ol Arlington 
Cummins Sales & Service, Inc. 
4628 1-10 Service Road 
P.O. Box 277, Metairie, La. 
New Orleans, Louisiana 70004 
Telephone: (504) 885-5675 

(504) 887-6250 nights 

Shreveport Branch of Arlington 

Cummins Sales & Service. Inc. 
1308 North Market 
P.O. Box 7255 
Shreveport, Louisiana 71107 
Telephone: (318) 221-1636 

(318) 949--2687 nights 

MAINE 
South Portland, Branch of Boston 

Cummins North Atlantic, Inc. 
205 Lincoln Street 
South Portland, Maine 04106 
Telephone: (207) 767-3356 

MARYLAND 
Baltimore Branch ol Philadelphia 
Cummins Diesel Engines. Inc. 
3410 Washington Boulevard 
Baltimore, Maryland 21230 
Telephone: (301) 644-6500 

Baltimore Industrial Branch 
Branch of Philadelphia 
Cummins Diesel Engines, Inc. 
1400 Desoto Road 
Baltimore, Maryland 21230 
Telephone: (301) 644-6500 

MASSACHUSETTS 
Boston Distributor 
Cummins North Atlan!lc, Inc. 
100 Allied Drive 
Dedham, Massachusetts 02026 
Telephone: (617) 329-1750 

West Springfield Branch 
Cummins North Atlantic. Inc. 

of Springfield 
720 Union Street 
West Springfield, Massachusetts 01089 
Telephone: (413) 737-2659 

1.2.7.236 

MICHIGAN 
Detroit Distributor 
Cummins Michigan Inc. 
41216 Vincenti Court 
Novi. Michigan 48050 
Telephone: (313) 478-9700 

Detroit Industrial Branch 
See Detroit Distributor 

Dearbom Branch 

Cummins Michigan Inc. 
3760 Wyoming Avenue 
Dearborn, Michigan 48120 
Telephone: (313) 843-6200 

Grand Rapids Branch 
Cummins Michigan Inc. 
3715 Clay Avenue, S. W. 
Wyoming. Michigan 49509 
Telephone: (616) 538-2250 

Iron Mountain Branch ol MIiwaukee 
Cummins Wisconsin, Inc. 

Iron Mountain 
1901 North Stephenson Avenue 
Iron Mountain, Michigan 49801 
Telephone: (906) 774-2424 

MINNESOTA 
St. Paul Distributor 
Cummins Diesel Sales. Inc. 
2690 Cleveland Avenue North 
P 0. Box 43578 
St. Paul, Minnesota 55164 
Telephone: (612) 636-1000 

Dickinson Branch 
This branch is located in Dickinson, North 

Dakota. Its information is listed under 
NORTH DA KOT A. 

Duluth Branch 

Cummins Diesel Sales, Inc. " 
3115 Truck Center Drive 
Duluth, Minnesota 55806 
Telephone: (218) 628-3641 

Fargo Branch 
This branch is located in Fargo, North 
Dakota. Its information is listed under 
NORTH DA KOT A. 

Grand Forks Branch 
This branch is loacted in Grand Forks, 
North Dakota. Its information is listed 
under NORTH DAKOTA. 

Hibbing Branch 
Cummins Diesel Sales, Inc. 
604 West 41st Street 
P.O. Box 159 
Hibbing, Minnesota 55746 
Telephone: (218) 263-7558 

Minot Branch 
This branch is located in Minot, North 
Dakota. Its information is listed under 
NORTH DAKOTA. 

WIiiiston Branch 
This branch is located in Williston. North 
Dakota. Its information Is listed under 
NORTH DA KOT A. 

MISSISSIPPI 
Jackson Branch of Memphis 
Cummins Mid-South, Inc. 
New Highway 49 South 
P 0. Box 8747 
Jackson. Mississippi 39204 
Telephone: (601) 939--1800 
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MISSOURI 
Kansas City Distributor 
Cummins Mid-America. Inc. 
3527 Gardner Avenue 
Kansas City. Missouri 64120 
Telephone: (816) 483-6313 

Kansas City Industrial Branch 
Mid-America Industrial Power, Inc. 
1203 Ozark 
North Kansas City, Missouri 64116 
Telephone (816) 474-5080 

Kansas City Parts Branch 
Cummins Mid-America 
Parts Warehouse 
1052 North Monroe 
Kansas City, Missouri 64120 
Telephone: (816) 483-6423 

Joplin Branch 
Cummins Diesel Joplin, Inc. 
3507 East 20th Street 
Joplin, Missouri 64801 
Telephone: (417) 623-1661 

Springfield Branch 
Cummins Diesel Springfield 
3637 E. Kearney 
Springfield, Missouri 65803 
Telephone:(417) 862-0777 

Springfield Industrial Branch 
Mid-America Industrial Power, Inc. 
3637 A East Kearney 
Springfield, Missouri 65803 
Telephone: (417) 862-0777 

Nevada Branch 
Cummins Diesel Nevada 
Highway 71 at Vernon 
P.O. Box 562 
Nevada, Missouri 64772 
Telephone: (417) 667-2046 

St. Louis Distributor 
Cummins Missouri, Inc 
7210 Hall Street 
St. Louis, Missouri 63147 
Telephone: (31-1) 389-5400 

Columbia Branch of SI. Louis 
Cummins Missouri, Inc. 
Highway 63 North 
P 0. Box 1726 
Columbia, Missouri 65201 
Telephone (314) 449-3711 

Sikeston Branch of St. Louis 
Cummins Missouri. Inc. 
101 Keystone Drive 
Highway 60 East 
P.O. Box 786 
Sikeston, Missouri 63801 
Telephone (314) 472-0303 

MONTANA 
Great Falls Branch ol Casper 
Cummins 01esei Sales Corporation 
52nd Street & 10th Avenue North 
PO Box 3021 
Great Falls. Montana 59401 
Telephone /406) 452-8561 

Billings Branch of Casper 
Cummins Diesel Sales Corporation 
5151 Midland Ro3d 
PO Box 30377 (Zip 59101) 
Billings, Montana 59107 
Telephone (406) 245-4194 

Missoula Branch ot Seattle 
Cummins Northwest Diesel, Inc 
4950 North Reserve Street 
Missoula. Mont3na 59801 
Telephone (405) 728-1300 

NEBRASKA 
Omaha Distrib"tor 
Cummins Great Plains Diesel. Inc. 
5515 Center Street 
Omaha, Nebraska 68106 
Telephone: (402) 551-7678 

(402) 572-1484 after 1 :00 a.m. 

Omaha Industrial Branch 
See Omaha Distributor 

Lincoln Parts Branch 
Cummins Great Plains Dnesel, Inc. 
4209 Progressive Drive 
Lincoln. Nebraska 68504 
Telephone: (402) 464-5909 

(402) 467-3163 after 5:30 p.m. 

Des Moines Branch 
This branch is located in Des Moines. 
Iowa. Its information is listed under IOWA. 

Sioux Falls Branch 
This branch is located in Sioux Falls. 
South Dakota. Its information is listed 
under SOUTH DAKOTA. 

Cedar Rapids Branch 
This branch is located in Cedar Rapids, 
Iowa. Its information is listed under IOWA. 

NEVADA 
Las Vegas Branch of Los Angeles 
Cummins Service & Sales, Inc. 
3337 South Industrial Road 
Las Vegas, Nevada 89102 
Telephone: (702) 735-4058 

Reno Branch of San Francisco 
Watson & Meehan 
2590 East 2nd Street 
Reno, Nevada 89502 
Telephone: (702) 786-3744 

NEW JERSEY 
Newark Branch of Bronx 
Cummins Metropower Inc. 
Routes U. S 1 & 22 
Newark, New Jersey 07114 
Telephone: (201) 242-2255 

NEW MEXICO 
Albuquerque Distributor 
Cummins Rio Grande Sales & 

Service. Inc. 
1921 Broadway N E. 
P.O Box 6186 
Albuquerque. New Mexico 87107 
Telephone (505) 247-2441 

Albuquerque Industrial Branch 
See Albuquerque D1stnhutor 

Clayton Field Service Office 
Cl;,iyton, New Mexc1co Branch 
100 E. Front Street 
P O Box Drawer A 
Telephone: (505) 374-8077 

Clovis Branch 
Cummins Rio Grande Sales & 

Service. Inc 
1101 East Brady 
Clo111s. New Mexico 
Telephone. (505) 762-3878 

Clovis Industrial Branch 
See Clovis Branch 

El Paso Branch 
This branch 1s located 1n El Paso. Texas. 
Its 1nforma11on is listed under Ti::XAS 

1.2.7:237 

Farmington Field Service Office 
Cummins Rio Grande 
5301 Juniper Place 
Farmington, New Mexico 
Telephone: (505) 327-2789 

NEW YORK 
Syracuse Distributor 

· Cummins Mohawk Diesel, Inc. 
29 Eastern Avenue 
Syracuse, New York 13211 
Telephone: (315) 437-2751 

Albany Branch 
Cummins Mohawk Diesel, Inc. 
101 Railroad Avenue 
Albany, New York 12205 
Telephone: (518) 459-1710 

Albany Industrial Branch 
See Albany Branch 

Buffalo Branch 
Cummins Mohawk Diesel. Inc. 
55 Benbro Drive 
Buffalo, New York 14225 
Telephone: (716) 684-5?22 

Bronx Distributor 
Cummins Metropower, Inc. 
1930-1950 Eastchester Road 
Bronx, New York 10461 
Telephone: (212) 892-2400 

Newark Branch 
This branch is located in Newark, New 
Jersey. Its information is listed under 
NEW JERSEY. 

Plainview Branch 
Cummins Metropower, Inc. 
105 South Service Road 
Plainview, Long Island, New York 11803 
Telephone: (516) 249-7500 

NORTH CAROLINA 
Charlotte Distributor 
Cummins Carolinas Inc 
3700 North Interstate 85 
P.O. Box 26603 
Charlotte, North Carolina 28213 
Telephone (704) 596-7690 

Charlotte Industrial Branch 
Cummins Carolinas Inc 
Industrial Center 
200 Olympic Street 
Charlotte, North Carolina 28210 
Telephone: (704) 588-1240 

Columbia Branch 
This branch 1s located 1n Columbia. Soutt 
Carolina. Its 1nlormat1on 1s listed under 
SOUTH CAROLINA 

Charleston Branch 
This branch is located in Charleston. 
South Carolina. Its information 1s listed 
under SOUTH CAROLINA 

Greensboro Branch 
Cummins Carolinas Inc. 
513 Preddy Boulevard 
PO Box 22066 
Greensboro, North Carolina 27420 
Telephone (919) 275-4531 

Wilson Branch 
Cummins Carolinas Inc 
Highway 301 Bypass 
PO Box 640 
Wilson, North Carolina 27894 
Telephone (919) 237-1125 

Wilmington Branch 
Cummins Carolinas Inc 
Highway 421 North 
P.O. Box 2150 
Wilmington, North Carolina 28401 
Telephone (919) 763-8256 



NORTH DAKOTA 
Dickinson Branch of St. Paul 
Cummins Diesel Sales. Inc. 
Business 1-94 East 
P.O. Box 145 
Dickinson, North Dakota 58601 
Telephone: (701) 225-9194 

(701) 677-4520 after 5:00 p.m. 

Fargo Branch of St. Paul 
Cummins Diesel Sales, Inc. 
3950 West Main Avenue 
Fargo, North Dakota 58102 
Telephone: (701) 282-2466 

24 Hour Service 

Grand Fortls Branch of St. Paul 
Cummins Diesel Sales, Inc. 
4728 Gateway Drive 
P.O. Box 636 
Grand Forks. North Dakota 58201 
Telephone: (701) 775-8197 

(701) 772-7689 after 5:00 p.m. 

Minot Branch of St. Paul 
Cummins Diesel Sales. Inc. 
Highway 2 & 52 Bypass 
P.O. Box 1179 
Minot. North Dakota 58701 
Telephone: (701) 852-3585 

(701) 839-4786 after 12:30 a.m. 

WIiiiston Branch of St. Paul 
Cummins Diesel Sales, Inc. 
Highway 2 North 
P.O. Box 1106 
Williston, North Dakota 58801 
Telephone: (701) 572-6348 

(701) 572-2431 after 5:00 p.m. 

OHIO 
Cleveland Distributor 
Cummins Diesel of Northern Ohio. Inc. 
7585 Northfield Road 
Cleveland, Ohio 44146 
Telephone: (216) 439-6800 

(216) 439-6801 after 5 00 p.m. 

Cleveland Industrial Branch 
Cummins Diesel ot Northern Ohio. Inc. 
Cleveland Industrial Center 
7560 Independence Drive 
Cleveland. Ohio 44146 
Telephone: (216) 439-6800 

Akron Branch 
Cummins Diesel of Northern Ohio, Inc. 
1033 Kelly Avenue 
Akron, Ohio 44307 
Telephone: (216) 773-7821 

Youngstown Branch 
Cummins Diesel of Northern Ohio. Inc. 
7125 Hubbard-Sharon Road 
P.O. Box 338 
Hubbard, Ohio 44425 
Telephone: (216) 534-1935 

(216) 534-1938 after 5:30 p.m. 

Toledo Branch 
Cummins Diesel of Northern Ohio. Inc. 
801 Illinois Avenue 
Maumee. Ohio 43537 
Telephone: (419) 893-8711 

Strasburg Branch 
Cummins Diesel of Northern Ohio. Inc. 
South Wooster Avenue 
PO. Box 136 
Strasburg, Ohio 44680 
Telephone: (216) 878-5511 

(216) 343-0969 after 4:30 p.m. 

Columbus Distributor 
Cummins Cenlral Ohio. Inc. 
101 Ph1llip1 Road 
P.O. Box 28009 
Columbus, Ohio 43228 
Telephone: (614) 276-0111 

Uma Branch 
Cummins ._,_o1tral Ohio, Inc. 
960 Broadway 
Lima, Ohio 45804 
Telephone: (419) 227-2641 

South Charleston Branch 
Cummins Central Ohio. Inc. 
9031 Columbus-Cincinnati Road 
South Charleston, Ohio 45638 
Telephone: (513) 462-8263 

Cincinnati Branch of Charleston 
Cummins Sales, Inc. 
10470 Evendale Drive 
Cincinnati, Ohio 45240 
Telephone: (513) 563-6670 

OKLAHOMA 
Duncan Branch of Arlington 
Cummins Sales & Service, Inc. 
607 East Bois D'Arc 
P.O. Box 790 
Duncan. Oklahoma 73533 
Telephone: (405) 255-1414 

(405) 255-6709 nights 

Oklahoma City Branch of Arlington 
Cummins Sales & Service. Inc. 
5800 West Reno 
P.O. Box 1511 
Oklahoma City, Oklahoma 73101 
Telephone: (405) 946-4481 

(405) 789-2098 nights 

Tulla Branch of Arlington 
Cummins Sales & Service. Inc. 
161st E. Avenue & 1-44 
P.O. Boll 45569 
Tulsa, Oklahoma 74145 
Telephone: (918) 234-3240 

(918) 341-7738 nights 

OREGON 
Portland Distributor 
Cummins Oregon Diesel, Inc. 
2257 N. W. Vaughn Street 
P 0. Box 10446 
Portland, Oregon 97210 
Telephone: (503) 224-0800 

Bend Branch 
Cummins Oregon Diesel. Inc. 
3500 N. Highway 97 
P.O. Box 309 
Bend, Oregon 97701 
Telephone: (503) 389-1900 

Eugene Branch 
Cummins Oregon Diesel. Inc. 
Coburg Industrial Parkway 
P.O. Box 10887 
Eugene. Oregon 97440 
Telephone: (503) 687-0000 

Longview Branch 
This branch is located in Longview, 
Washington, Its information is listed 
under WASHINGTON. 

Medford Branch 
Cummins Oregon Diesel. Inc. 
4045 Crater Lake Highway 
Medford. Oregon 97501 
Telephone: (503) 779-0151 

North Bend Branch 
Cummins Oregon Diesel. Inc. 
612 California Avenue 
P.O. Box 447 
North Bend. Oregon 97459 
Telephone: (503) 756-3111 

Pendleton Branch 
Cummins Oregon Diesel, Inc. 
223 SW 23rd Street 
Pendleton, Oregon 97801 
Telephone: 1503) 276-2561 

1.2.7.238 

PENNSYLVANIA 
Philadelphia Distributor 
Cummins Diesel Engines, Inc. 
855 E. Hunting Park Avenue 
Philadelphia, Pennsylvania 19124 
Telephone: (215) 426-6005 

Ashland Branch 
Cummins Diesel Engines. Inc. 
32 Lehigh Street 
Ashland, Pennsylvania 17921 
Telephone: (717) 875-2200 

Baltimore Branch 
This branch is located in Baltimore, 
Maryland. Its information Is listed under 
MARYLAND. 

BaHlmore Industrial Branch 
This branch is located in Baltimore. 
Maryland. Its information is listed under 
MARYLAND. 

Clearfield Parts Branch 
Cummins Diesel Engines. Inc. 
Clearfield Parts Center 
501 Williams Street 
Clearfield, Pennsylvania 16830 
Telephone: (814) 765-2421 

Monroeville Branch 
Cummins Diesel Engines, Inc. 
2740 Mosside Boulevard 
Monroeville, Pennsylvania 15146 
Telephone: (412) 351-1650 

Pittsburgh Branch 
Cummins Diesel Engines. Inc. 
Parkway West 
4637 Campbells Run Road 
Pittsburgh, Pennsylvania 15205 
Telephone: (412) 787-5365 

SOUTH CAROLINA 
Columbia Branch of Charlotte 
Cummins Carolinas Inc. 
1500 Bluff Road 
P.O. Box 13543 
Columbia, South Carolina 29201 
Telephone: (803) 799-2410 

Char1eston Branch of Charlotte 
Cummins Carolinas Inc. 
3010 Montague Avenue 
P.O. Box 10341 
Charleston, South Carolina 29411 
Telephone: (803) 554-5112 

SOUTH DAKOTA 
Rapid City Branch of Casper 
Cummins Diesel Sales Corporation 
2310 Haines Avenue 
P.O. Box 244 
Rapid City, South Dakota 57701 
Telephone: (605) 343-6130 

Parts: (605) 343-7418 after 5:00 p.m. 
Service: (605) 342-1986 after 5:00 p.m. 

Sioux Falls Branch of Omaha 
Cummins Great Plains Diesel, Inc. 
701 East 54th North 
Sioux Falls, South Dakota 57104 
Telephone: (605) 336-1715 

(605) 334-6492 after 5:30 p.m. 

TENNESSEE 
Memphis Distributor 
Cummins Mid-South. Inc. 
1784 East Brooks Road 
PO Box 16942 
Memphis. Tennessee 38116 
Telephone (901) 345-1784 

Nashville Distributor 
Currnruns En91mis of Tenru;sseo, Inc. 
706 Spence Lane 
Nashville, Tennessee 37217 
Telephone: (615) 242-4493 
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Bristol Branch 
Cummins Engines of Tennessee, Inc. 
Volunteer Parkway at Melrose 
Bristol. Tennessee 37620 
Telephone: (615) 968-3147 

Chattanooga Branch 
Cummins Engines of Tennessee, Inc. 
2013 South Kelly Street 
Chattanooga, Tennessee 37404 
Telephone: (615) 629-1448 

Knoxville Branch 
Cummins Engines of Tennessee, Inc. 
1211 Ault Road 
Rutledge Pike Exit 1-40 East 
KnoxviJJe, Tennessee 37917 
Telephone: (615) 523-0446 

TEXAS 
Arlington Distributor 
Cummins Sales & Service. Inc. 
600 Watson Road 
P.O. Box 1008 
Arlington, Texas 76010 
Telephone: (817) 640-6801 

Arlington Industrial Branch 
See Arlington Distributor 

Amarlllo Branch 
Cummins Sales & Service, Inc. 
5224 Interstate 40 - Expressway East 
P.O. Box 32050 
Amarillo, Texas 79120 
Telephone: (806) 373-3793 day and night 

Baton Rouge Branch 
This branch is located 1n Baton Rouge, 
Louisiana. Its 1nformat1on 1s listed under 
LOUISIANA 

Brownsville Branch 
Cummins Sales & Service, Inc. 
Shrimp Basin 
Star Route Box 2158 
Brownsville, Texas 78521 
Telephone: (512) 831-4231 

(513) 831-9023 nights 

Colby Branch 
This branch is located in Colby, Kansas 
Its information is listed under KANSAS. 

Corpus Christi Branch 
Cummins Sales & Service, Inc. 
1302 Corn Products Road 
P.O. Box 9033 
Corpus Christi, Texas 78408 
Telephone: (512) 882-5647 

(512) 368-9091 nights 

Dallas Branch 
Cummins Sales & Service, Inc. 
3707 Irving Boulevard 
Dallas, Texas 75247 
Telephone: (214) 631-6400 

(214) 631-6400 nights 

Duncan Branch 
This branch 1s located 1n Duncan, 
Oklahoma Its 1nlormat1on 1s listed under 
OKLAHOMA 

Fort Worth Branch 
Cummins Sales & Service. Inc. 
2900 Deen Road 
Fort Worth. Texas 76106 
Telephone (817) 624-2107 

(817) 284-8298 nights 

Houston Branch 
Cummins Sales & Service, Inc. 
4750 Homestead Road 
P.O. Box 2523 
Houston. Texas 77001 
Telephone (713) 675-7421 

(713) 772-3894 

Houston Marine Branch 
Cummins Sales & Service, Inc. 
6230-B Navigation Blvd. 
P.O. Box 9483 
Houston, Texas 77011 
Telephone: (713) 928-2431 

(713) 782-1227 nights 

Lubbock Branch 
Cummins Sales & Service, Inc. 
120 Southeast Loop 289 
P.O. Box 3910 
Lubbock, Texas 79452 
Telephone: (806) 745-4605 

(806) 795-8391 nights 

Morgan City Branch 
This branch is located in Morgan City, 
Louisiana. Its information is listed under 
LOUISIANA. 

New Orleans Branch 
This branch is located in New Orleans, 
Louisiana. Its information is listed under 
LOUISIANA. 

Odessa Branch 
Cummins Sales & Service, Inc. 
1210 South Grandview 
P.O. Box 553 
Odessa, Texas 79760 
Telephone: (915) 332-9121 

(915) 366-6764 nights 

Oklahoma City Branch 
This branch is located in Oklahoma City, 
Oklahoma. Its information 1s listed under 
OKLAHOMA. 

Orange Branch 
Cummins Sales & Service, Inc. 
3514 Interstate 10. West 
P.O. Box 1637 
Orange, Texas 77630 
Telephone: (Orange) (713) 883-6362 

(Beaumont-Port Arthur
Nederland Line) 722-5296 
(Lake Charles, Louisiana Line) 
433-7366 

San Antonio Branch 
Cummins Sales & Service. Inc. 
6226 Pan Am Expressway North 
P.O. Box 18306 - Serna Station 
San Antonio, Texas 78218 
Telephone: (512) 655-5420 

(512) 625-1648 nights 

Shreveport Branch 
This branch is located in Shreveport, 
Louisiana. Its informatron rs listed under 
LOUISIANA. 

Tulsa Branch 
This branch is located in Tulsa, 
Oklahoma. Its information 1s lrsted under 
OKLAHOMA. 

Wichita Branch 
This branch 1s located in W1ch1ta. K,msas. 
Its information 1s listed under KANSAS 

El Paso Branch ol Albuquerque 
Cummins R,o Grande Sales & 

Service, Inc 
7200 Alameda 
PO Box 9096 
El Paso. Texas 79982 
Telephone (915) 778-4216 

UTAH 
Salt Lake City Distributor 
Cummins lntermounta1n 
1030 South 300 West 
PO Box 25428 
Salt Lake City. Utah 84 125 
Telephone: (801) 355-6500 

(801) 355-6501 nights 
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Boise Branch 
This branch is located in Boise, Idaho. 
Its information is listed under JDAHO. 

Rock Springs Branch 
This branch is located in Rock Springs, 
Wyoming. Its information is listed under 
WYOMING. 

VIRGINIA 
Richmond Distributor 
Cummins Virginia Inc. 
3900 Deep Water Terminal Road 
P.O. Box 34628 
Richmond, Virginia 23234 
Telephone: (804) 232-7891 

Roanoke Branch 
Cummins Virginia Inc. 
5307 Peters Creek Road 
P.O. Box 7237 
Roanoke, Virginia 24019 
Telephone: (703) 362-1673 

WASHINGTON 
Seattle Distributor 
Cummins Northwest Diesel, Inc. 
811 SW. Grady Way 
PO. Box 9811 
Renton, Washington 98055 
Telephone: (206) 235-3400 

Seattle Industrial Branch 
Pacific Marine & Industrial, Inc. 
5930 First Avenue South 
Seattle, Washington 98108 
Telephone: (206) 762-9252 

Aberdeen Branch 
Cummins Northwest Diesel, Inc. 
601 West Heron Street 
Aberdeen, Washington 98520 
Telephone. (206) 533-2532 

Anchorage Branch 
7his branch is located in Anchorage, 
Alaska. Its information is listed under 
ALASKA. 

Fairbanks Branch 
This branch is located in Fairbanks. 
Alaska. Its information is listed under 
ALASKA. 

Missoula Branch 
This branch is located in Missoula, 
Montana. Its information 1s listed under 
MONTANA 

Chehalis Branch 
Cummins Northwest Diesel, Inc. 
1200 N. W Maryland 
PO Box 1363 
Chehalis, Washington 98532 
Telephone: (206) 748-8841 

Pasco Branch 
Cummins Northwest Diesel, Inc. 
210 S Oregon 
PO Box 2565 
Pasco. Washington 98301 
Telephone (509) 547-3333 

Spokane Branch 
Cummins Northwest Diesel. Inc. 
E. 3904 Trent Avenue 
P.O. Box 2746 - Terminal Annex 
Spokane. Washington 99220 
Telephone: (509) 534-0411 

Tacoma Branch 
Cummins Northwest Dresel. Inc. 
1662 Lrncoln Avenue 
Tacoma. Washington 98421 
Telephone: (206) 572-9800 



Yakima Branch 
Cummins Northwest Diesel, Inc. 
1905 East Central Avenue 
Yakima, #ash1ngton 98902. 
Telephone: (509) 248-9033 

Longview Branch ol Portland 
Cummins Longview 
(Branch of Cummins Oregon Diesel, Inc.) 
1153 Third Avenue 
P.O. Box 1459 
Longview, Washington 98632 
Telephone: (206) 425-0100 

WEST VIRGINIA 
Charleston Distributor 
Cummins Engines of West Virginia, Inc. 
Charleston Ordnance Center 
P.O. Box 8456 
South Charleston, West Virginia 25303 
Telephone (304) 744-6373 

Cincinnati Branch 
This branch is located in Cincinnati, Ohio. 
Its information is listed under OHIO. 

Fairmont Branch 
Cummins Engines of West Virginia. Inc. 
South Fairmont Exit, 1-79 
Route 73. South 
P.O. Box 988 
Fairmont, West Virginia 26554 
Telephone: (304) 367-0196 

WISCONSIN 
Milwaukee Distributor 
Cummins Wisconsin. Inc. 
1921 South 108th Street 
P.O. Box 2798 
Milwaukee, Wisconsin 53227 
Telephone: (414) 543-3160 

MIiwaukee Industrial Branch 
Cummins Wisconsin, Inc. 
2860 South 171st Street 
New Berlin, Wisconsin 53151 

Madison Branch 
Cummins Wisconsin, Inc. 
925 East Broadway 
Madison, Wisconsin 53716 
Telephone: (608) 222-0603 

Green Bay Branch 
Cummins Wisconsin, Inc. 
P.O. Box W-219. Route #3 
De Pere. Wisconsin 54115 
Telephone: (414) 336-9631 

Iron Mountain Branch 
This branch is located in Iron Mountain. 
Michigan. Its information is listed under 
MICHIGAN. 

WYOMING 
Casper Distributor 
Cummins Diesel Sales Corporation 
2000 East "F. Street 
P.O. Drawer 2560 
Casper, Wyoming 82601 
Telephone: (307) 265-6900 

GIiiette Branch 
Cummins Diesel Sales Corporation 
901 E. Lincoln Street 
P.O. Box 1207 
Gillette, Wyoming 82716 
Telephone: (307) 682-9611 

BIiiings Branch 
This branch ,s located in Billings. 
Montana. Its information Is listed under 
MONTANA. 

Great Falls Branch 
This branch is located In Great Falls, 
Montana. Its information is listed under 
MONTANA. 

Rapid City Branch 
This branch is located in Rapid City, 
South Dakota. Its information is listed under 
SOUTH DAKOTA. 
Rock Springs Branch of Salt Lake City 
Cummins lntermountain 
Rock Springs Branch 
2000 Foothill Boulevard 
P.O. Box 1634 
Rock Springs, Wyoming 82901 
Telephone: (307) 362-5168 
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Cummins Distributors - Canada 

ALBERTA 
Calgary Branch of Vancouver 
Cummins Diesel Power ltd. 
7o:H54 Avenue, S. E. 
Calgary, Alberta 
T2H 2C3 
P.O. Box 880 
Station 'T' 
Calgary, Alberta 
T2H 2H3 
Telephone: (403) 255-6691 

Edmonton Branch of Vancouver 
Cummins Diesel Power ltd. 
14755 - 121A Avenue 
Edmonton, Alberta 
TSL 2T2 
Telephone: (403) 455-2151 

BRITISH COLUMBIA 
Vancouver Distributor 
Cummins Diesel Sales of 8.C Ltd. 
4270 Dawson Street 
North Burnaby. B.C 
V5C 481 
PO. Box 2088 
Vancouver, B.C. 
V68 3T3 
Telephone: (604) 299-9111 

Calgary Branch 
This branch is located in Calgary. Alberta. 
Its information is listed under ALBERT A. 

Cranbrook Parts Branch 
Cummins Diesel Sales of B.C. ltd. 
520-C Slater Road 
Cranbrook. B.C. 
Telephone (604) 489-4151/2/3 

Edmonton Branch 
This branch is located in Edmonton. 
Alberta. Its information 1s listed under 
ALBERTA 

Prince George Parts Branch 
Cummins Diesel Sales of B C ltd 
2316 Ospika Boulevard 
Prince George, B.C 
V2N 3N5 
Telephone (604) 563-3693 

MANITOBA 
Winnipeg Distributor 
Cummins Diesel Sales and Service ltd 
2010 Notre D;1me AvenuP. 
PO Box 985 
Winnipeg. M;rnll"lla 
Postal Code R3C2V8 
Telephone (204) 633-7986 

Saskatoon Branch 
This branch 1s located 1n Saskatoon. 
Saskatchewan. Its ,nformat1on ,s listed 
under SASKATCHEWAN. 

NEW BRUNSWICK 
Fredericton Branch ol Montreal 
Cummins Diesel (D1v1s1on of Cummins 

Quebec ltd) 
Vanier Highway 
P 0. Box 1178, Station .. A .. 
Fredericton. New Brunswick. E38 5C8 
Telephone: (506) 455-2021 

NEWFOUNDLAND 
SL John's Branch of Montreal 
Cummins Diesel (Div. of Cummins 

Quebec Ltd.) 
Box 8056, Kenmount Road 
St. Johns, Newfoundland, A 1 C 5N8 
Telephone: (709) 753-6972 

NOVA SCOTIA 
Halifax Branch of Montreal 
Cummins Diesel (Division of Cummins 

Quebec Ltd) 
3204 Barrington Street 
Halifax, Nova Scotia 83K 2X5 
Telepnone: (902) 429-1440 

ONTARIO 
Toronto Distributor 
Cummins Ontario Limited 
150 North Queen Street 
P.O. Box 40, Station "U" 
Toronto. Ontario 
Telephone: (416) 621-9921 

Oakville Industrial Branch 
Cummins Ontario Limited 
301 Wyecroft Road 
Oakville, Ontario 
Telephone: ( 416) 844-5851 

Thunder Bay Branch 
Cummins Ontario L1m1ted 
1400 West Walsh Street 
Thunder Bay "F". Ontario 
Telephone: (807) 577-7561 

Ottawa Branch ol Montreal 
Cummins Diesel (Div of Cummins 

Quebec Ltd.) 
3189 Swansea Crescent 
Hawthorne Industrial Park 
Ottawa. Ontario. K1G 3W5 
Telephone: (613) 521-1146 

Whitby Branch of Toronto 
Cumrrnns Ontario L1m1ted 
1311 Hopkins Street 
Whitby. Ontario 

QUEBEC 
Montreal Distributor 
Cummins Quebec ltd 
7200 Trans Can;ida H1qhway 
Pointe Claire. OtJPhPc H9R t C6 
Telephone (514) 6'l~, IJ.lt0 

Fnidencton Branch 
This branch •s located in Fred,,r1cton. 
New Brunswick. Its 1nformat,on 1s listed 
under NEW BRUNSWICK 

Halila,c Branch 
Th,s branch 1s located 1n Halifax. Nova 
Scotia Its 1nformat1on 1s listed under 
NOVA SCOTIA 

Montreal Parts Branch 
Montreal Parts D1str1bu11on CentPr 
2000 St Regis Boulevard 
Dorval. Quebec 
Telephone (514) 684-1810 
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Ottawa Branch 
This branch is located in Ottawa. Ontario. 
Its information is listed under ONTARIO. 

Quebec City Branch 
Cummins Quebec ltd. 
2400 Watt Street 
Ste. Foy, Quebec. G1P 3T3 
Telephone: (418) 651-2911 

SL John's Branch 
This branch is located in St. John's. 
Newfoundland. Its information is listed 
under NEWFOUNDLAND. 

Sept lies Branch 
Cummins Quebec ltd. 
349 Laure Avenue 
Sept lies. Quebec. G4R 1 X2 
Telephone: (418) 962-2588 

SASKATCHEWAN 
Saskatoon Branch of Winnipeg 
Cummins Diesel Sales and Service Ltd. 
825 45th Street. East 
P 0. Box 209 
Saskatoon, Saskatchewan S7K 3K4 
Telephone: (306) 652-4047 

Regina Training Centre 
Cummins Diesel Sales and Service ltd. 
360 Park Street 
P.O. Box 1575 
Regina. Saskatchewan S4P 3C4 
Telephone: (306) 545-5611 



Foreword 

This is an engine operation and maintenance manual, 

not a repair manual. The design of Cummins Engines 

makes it possible to replace worn or damaged parts 

with new or rebuilt parts with a minimum of down 

time. Contact the nearest Cummins Distributor for 

parts replacement as they are equipped and have well 

informed, trained personnel to perform this service. 
If your shop is properly equipped to perform either 

maintenance. unit replacement and/or complete 
engine rebuild, contact the nearest Cummins Distribu

tors to obtain available repair manuals and arrange 
for training of personnel. 

For model identification of an engine, check the data

plate. The letter and number code indicates breathing 
(naturally aspirated except when letter "T" for turbo

charged is present), cubic inch displacement. appli

cation and maximum rated horsepower. 

Examples: 
NT A-855-370 
N=4 valve head 
T=Turbocharger 
A= After cooled 
370=Maximum rated 

horsepower 

V-903-320 
V=Type engine 
903=Cubic Inch 

Displacement 
320=Maximum Rated 

horsepower 

Cummins Engine Company, Inc. 
Columbus, Indiana, U.S.A. 
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Operating 
Instructions 

General-All Applications 

New and Rebuilt Engines Break-In 

Cummins engines are run-in on dynamometers before 
being shipped from the factory and are ready to be 
put to work in applications such as emergency fire 
trucks, rail car applications and generator sets. 

In other applications, the engine can be put to work, 
but the operator has an opportunity to establish 
conditions for optimum service life during initial 100 
hours of service by: 

1. Operating as much as possible at three-quarter 
throttle of load range. 

2. Avoiding operation for long periods at engine idle 
speeds, or at the maximum horsepower levels in 
excess of five minutes. 

3. Developing the habit of watching the engine 
instruments closely during operation and letting 
up on the throttle if the oil temperature reaches 
200° F [ 121 ° C] or the coolant temperature exceeds 
200° F [93° F]. 

4. Operating with a power requirement that allows 
acceleration to governed speed when conditions 
require more power. 

5. Checking the oil level every 8 to 10 hours during 
the break-in period. 

New or Rebuilt Engines 
Pre-Starting Instructions - First Time 

Priming The Fuel System 

1. Fill the fuel filter with clean No. 2 diesel fuel oil 
meeting the specifications outlined in Section 3. 

2. Remove the fuel pump suction line and wet the 
gear pump gears with clean lubricating oil. 

3. Check and fill the fuel tanks. 

Operating Instructions 1-1 

The engine operator must assume the responsibility 
of engine care while the engine is being operated. 
There are comparatively few rules which the operator 
must observe to get the best service from a Cummins 
Diesel. 

4. If the injector and valve or other adjustments have 
been disturbed by any maintenance work, check 
to be sure they have been properly adjusted before 
starting the engine. 

Priming the Lubricating System 

Note: On turbocharged engines, remove the oil inlet 
line from the turbocharger and prelubricate the 
bearing by adding 2 to 3 oz. [50 to 60 cc] of clean 
lubricating oil. Reconnect the oil supply line. 

1. Fill the crankcase to the "L" (low) mark on the 
dipstick. See Lubricating Oil Specifications, 
Section 3. 

2. Remove the plug from the lubricating oil crossover 
passage on NH/NT-855 Engines, Fig. 1-1. Remove 
the plug from the head of the lubricating oil filter 
housing on V Engines, Fig's. 1-2, 1-3, 1-4, 1-5 and 
1-6. On KT /KTA-1150 Engines, remove the plug 
from the front of the oil cooler housing, Fig. 1-7. 

r" z *" I 

t 

I 
L 

' , .. ~ ; 
d t . itn:?it?rifff -.:·t u+'t {·~-' 

Fig. 1-1. (N11985). Lubricating system priming point - N,NT-855 
Engine 
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1-2 Operation and Maintenance 
Construction and Industrial 

Fig. 1-2. (OM101). Lubricating system priming point - V/VT-003 

Engine 

Fig. 1-3. (OM102). Lubricating system priming point - V-378. 

V-504. V/VT-555 Engines 

Caution: Do not prime the engine lubricating system 

from the by-pass filter. 

3. Connect a hand- or motor-driven priming pump 

line from a source of clean lubricating oil to the 

plug boss in the housing. 

4. Prime until a 30 psi [207 kPa] minimum pressure 

is obtained. 

5. Crank the engine at least 15 seconds (with fuel 

shut-off valve closed or disconnected to prevent 

starting), while maintaining the external 011 pres

sure at a minimum of 15 psi [103 kPa]. 

6. Remove the external oil supply and replace the 

plug. 

... ·-- ~ 

Fig. 1-4, (K21002). Lubricating system priming point - KT(A)-2300 

Engine 

Fig. 1-5, (OM202) Lubricating system priming point - KTA-3067 

Engine 

Waming: Clean the area of any lubricating oil spilled 

while priming or filling the crankcase. 

7. Fill the crankcase to the "H" (high) mark on the 

dipstick with oil meeting specifications. listed in 

Section 3. No change in oil viscosity or type is 

needed for new or newly rebuilt engines. 

A dipstick oil gauge is located on the side of the 

engine. Fig. 1-8. The dipstick has an '"H'' (high) (1) and 

"L" (low) (2) level mark to indicate lubricating oil 

supply. The dipstick must be kept with the oil pan. or 

engine, with which it was originally supplied. 

Cummins oil pans differ in capacity with different type 

installations and oil pan part numbers. Check the dip

stick calibration. If in doubt, your Cummins Distributor 

:-i.2.7.245 
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Fig. H5, (V41816). Lubricating system priming point - V-1710 

Engine 

Fig. 1-7, (K11949). Lubricating system priming point - KT(A)-1150 

Engine 

.,-,... -- "· --
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Fig. 1-8, (N 12004). Checking engine oil level 

Operating Instructions 1-3 

can verify that you have the proper oil pan and dip

stick calibration. 

Check Hydraulic Governor 

Many engines used in stationary power applications 

are equipped with hydraulic-governed fuel pumps 

which use lubricating oil as an energy medium, same 

weight as used in the engine. Oil level in the governor 

sump must be at the full mark on the dipstick. 

Note: Engine applications in a cold environment 

should use a lighter weight oil in the governor sump. 

Check Air Connections 

Check the air connections to the compressor and the 

air equipment, as used, and to the air cleaners and air 

crossovers to assure that they all are secure and have 

no damage. 

Check Engine Coolant supply 

1. Remove the radiator or heat exchanger cap and 

check the engine coolant supply. Add coolant 

as needed. 

2. Make a visual check for leaks and open the water 

filter shut-off valves. 

Starting the Engine 

Starting requires that clean air and fuel be supplied 

to the combustion chambers in the proper quantities 

at the correct time. 

Normal Starting Procedure 

Warning: Before starting be sure that everyone is clear 

of the engine and equipment. 

If the fuel system is equipped with an overspeed stop, 

push the "Reset" button before attempting to start 

the engine. 

1. On units equipped with an air activated prelube 

device, open the air valve to activate the piston in 

the prelube device which will lubricate all moving 

parts in the engine. 

Note: On engines equipped with an oil pressure safety 

switch, hold the fuel by-pass switch in the "start" posi

tion until the engine oil pressure reaches 7 to 10 psi 

[48 to 69 kPa]: then, move it to the "run" position. 

2. Set the throttle for idle speed and disengage the 

driven unit. 

Caution: Protect the turbocharger during start-up by 

not opening the throttle or accelerating above 1000 

r-:--~. 
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1-4 Operation and Maintenance 

Construction and Industrial 

rpm until the Idle speed oil pressure registers on 
the gauge. 

3. Open the manual fuel shut-down valve, if so 
equipped. Fig. 1-9. Electric shut-down valves 
operate as the switch is turned on. A manual over
ride knob provided on the forward end of the 
electric shut-down valve allows the valve to be 
opened in case of an electric power failure. To 
use, turn fully clockwise; return it to the run posi
tion after an electric repair. 

Fig. 1-9. (V21970). Using manual override knob 

4. Pull the compression release (if so equipped) and 
press the starter button or turn the switch-key to 
the "start" position. After three or four seconds of 
cranking, close the compression release (if so 
equipped) and continue to crank until the engine 
fires. 

Caution: To prevent permanent cranking motor 
damage, do not crank the engine tor more than 30 
seconds continuously. It the engine does not tire 
within the first 30 seconds, wait one to two minutes 
before recranking. 

5. At the initial start or after OIi or filter changes and 
after the engine has run for a few minutes. shut it 
down and wait 15 minutes for the 011 to drain back 
into the pan. Check the engine oil level again; add 
oil as necessary to bring the oil level to the "H" 
mark on the dipstick. The drop 1n oil level is due to 
absorption by the 011 filters. Never operate the 
engine with the oil level below the low level mark 
or above the high level mark. 

Cold-Weather Starting 

Note: A water jacket heater is recommended for 
stand-by generator set applications installed in a 
cold climate. 

Pre heater 
I 

The glow plug system supplies heat to the cylinders 
so that compression temperatures are sufficient to 

ignite the fuel. 

To aid in starting the engine when the temperature 
is 50" F [10.0" C} or below, an intake air preheater 
is available. 

Preheater equipment consists of a hand-priming 
pump to pump fuel into the intake manifold, and a 
switch to turn on the glow plug which is electrically 
heated by the battery. Fuel burns in the intake mani
fold and heats the intake air. 

Warning: Do not use vapor in conjunction with the 
preheater. To do so could result in a fire. 

To use the preheater for cold starting: 

1. Set the throttle in idle position. Turn the glow plug 
toggle switch to the "ON" position. The red indi
cator light must be on. 

2. After the red light has been on for 20 seconds, 
start cranking the engine. As soon as the engine 
begins rotating, operate the preheater priming 
pump to maintain 80 to 100 psi [552 to 689 kPa] 
fuel pressure. Use of the primer before the 20-
second interval will wet the glow plug and prevent 
heating. 

3. If the engine does not start within 30 seconds, 
stop cranking. Wait one or two minutes and repeat 
the cranking operation. 

4. After the engine starts. pump the primer slowly to 
keep the engine idling smoothly In cold weather 
this may require 4 to 5 minutes or longer. Do not 
accelerate the engine. 

5. When the engine has warmed up so it does not 
falter between primer strokes, stop pumping. 
Close and lock the primer. Turn oft the glow plug 
toggle switch. (The red indicator light will go out.) 

6. If the engine gives no indication of starting during 
the first three full strokes of the preheater pump. 
touch-check the intake manifold for heat. It there 
is no heat, check the electrical wiring. If the wiring 
is all right, remove the 1/8 inch pipe plug ( 1. Fig. 
1-10) from the manifold near the glow plug and 
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Fig. 1-10, (N11949). Glow plug inspection hole - N/NT-855 Engine 

close the glow plug manual switch for 15 seconds 
and observe the glow plug through the 1/8 inch 
plug hole. The glow plug should be white hot; if 
not, connect the wiring to a 6- to 12-volt (as used) 
source and check the amperage; it should be 30 to 
32 (minimum). If the glow plug is all right, check 
the manual switch and resistor (if used) and 

,__. replace if necessary. 

Note: The preheater priming pump, switches and 
resistor are located at the instrument panel and are to 
be checked during engine starting. 

The cold starting aid, approved for use in Cummins 
Engines, has been based upon starting aid capabili
ties to -25° F [-32° C]. 

Caution: Do not attempt to use vapor compound type 
starting aids near heat, open flame or on engines 
equipped with a glow plug system. 

Fig. 1-11, (V11011). Manual operated valve 

Operating Instructions 1-S 

Manually Operated Valve 

The manually operated valve, illustrated in Fig. 1-11 
includes the valve body assembly (6), clamp (2) and 
nylon tube (3). The fuel cylinder (1), atomizer fitting 
(5) and pull control (7) must be ordered separately. 

Standard pull or throttle control cables may be used, 
to actuate the manual valve, if desired. 

Electrically Operated Valve 

The electrically operated valve, Fig. 1-12, includes the 
valve body (7), 90 degree elbow (5), clamp (2), push 
button switch (6), and nylon tube (3). The thermostat 
is mounted on the engine exhaust manifold and cuts 
out the valve by sensing manifold heat when the 
engine is running. See parts catalog for fuel cylinder 
(1) and fuel atomizer fittings (4). These fittings must 
be ordered separately, as required. 

Fig. 1-12, (V11012). Electric operated valve 

Installation Recommendations 

The atomizer fittings must be mounted in the engine 
air intake manifold or inlet connection to provide an 
equal distribution of starting fuel to each cylinder. 
The atomizer holes are 180 degrees apart and must 
be mounted so the spray is injected the "long way" 
of the manifold. If incorrectly installed, the spray goes 
crosswise of the manifold. 

Recommended Starting Technique Using 
Fleetguard Starting Aid 

1. Set tho throttle for idle. 

2. Disengage the driven unit or make sure gears are 
in neutral. 

3. Open the manual fuel shut-down valve, or electric 
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shut-down valve, whichever is used. 

4. Engage the starter and while cranking, apply 
metered amounts of starting fluid until the engine 
idles smoothly. 

Use of Starting Fluid Without Metering Equipment 

1. Spray starting fluid into the air cleaner intake, 
while a second man cranks the engine. 

Warning: Never handle starting fluid near an open 
flame. Never use it with a preheater or flame thrower 
equipment. Do not breathe the fumes. Use of too 
much will cause excessively high pressures and deto
nation, or over speed the engine. 

2. Starting aid fumes will be drawn into the air intake 
manifold and the cold engine should start without 
difficulty. 

Warning: Fuel oil or volatile fuel cold starting aids are 
not to be used in underground mine or tunnel opera
tions. If the engine is so equipped check with the local 
U.S. Bureau of Mines Inspector for use of the starting 
aid. 

Engine Warm-Up 

When the engine is started, it takes a while to get the 
lubricating oil film re-established between shafts and 
bearings and between pistons and liners. The most 
favorable clearances between moving parts are ob
tained only after all engine parts reach normal operat
ing temperature. Avoid seizing pistons in liners and 
running dry shafts in dry bearings by bringing the 
engine up to operating speed gradually as it warms up. 

On some emergency equipment (such as fire pump 
engines) warm-up may not be necessary due to the 
equipment being housed inside a heated building. 
For an engine starting with a parasitic load, such as 
a fire pump, the coolant temperatures must be a mini
mum of 120" F (49" C]. 

Engine Speeds 

All Cummins engines are equipped with governors to 
prevent speeds in excess of the minimum or pre
determined lower speed rating. 

Note: Engines in many applications are applied at a 
lower than maximum rated speed; check the serial 

dataplate. 

Power generator units are pre-set to operate at a 
specific governed rpm. 

Table 1-1: Engine Speeds (RPM) 

Engine 
Model 

All NH. NT, 855-R, 855-L 
All NH, NT 
V-903 
VT-903 
V-378, V-504, V-555 
V-378, V-504, V-555 
V-1710, V-1710-L 
KT-1150 
KTA-1150 
KT-2300 
KTA-2300 
KTA-3067 

Oil Temperature 

Maximum 
Rated 

2100 
2300 
2600 
2400 
3000 
3300 
2100 
2100 
2100 
2100 
2100 
2100 

The oil temperature gauge normally should read 
between 180" F (82" C] and 225° F (107" C]. Under full 
load conditions. an oil temperature of 240" F (116° C] 
for a short period is not cause for alarm. 

Caution: Any sudden increase in oil temperature 
which is not caused by a load increase is a warning 
of possible mechanical failure and should be investi
gated at once. 

During the warm-up period, apply the load gradually 
until the oil temperature reaches 140" F [60" C]. While 
the oil is cold it does not do a good job of lubricating. 
Continuous operation or long periods of idle with oil 
temperatures below 140" F (60" C] may cause crank
case dilution and acids in the lubricating oil which 
quickly accelerate engine wear. 

Water Temperature 

A water temperature of 160" to 200" F (71° to 93° C] is 
the best assurance that the working parts of the 
engine have expanded evenly to the most favorable oil 
clearances. Maximum engine coolant temperatures 
should not exceed 200" F (93° C]. 

The governor has two functions: First, it provides the 
fuel needed for idling when the throttle is in the idle 
position. Second, it overrides the throttle and shuts off 
the fuel if the engine rpm exceeds the maximum rated 
speed. 

Speeds listed in Table 1-1 are for engines rated at 
maximum rpm and fuel rate. 

Keep the thermostats in the engine during summer 
and winter. avoid long periods of idling, and take the 

.,pecessary steps to keep the water temperature up to a 
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Table 1-2: Oil Pressure PSI [kPa] @ 225°F [107°C] 

Engine Serles Minimum @ Idle Speed Rated Speed 

NH/NT 
Big Cam II 
VT-350, V-903, VT-903 
V/VT-378, VNT-504, VNT-555 
VNT/VTA-1710 
KT/KTA-1150 
KT/KTA-2300@ 2100 RPM 
KT/KTA-2300 @ 1500, 1800 or 1950 RPM 
KT/KTA-3067@ 2100 RPM 
KT /KT A-3067 @ 1500 or 1800 RPM 

8 (55) 
8 (55) 
5 (34) 

10 [69) 
15 (103] 
15 (103] 
15 (103] 
15 (103] 
20 (138] 
15 (103) 

minimum of 160" F [71° CJ. If necessary in cold 
weather, use radiator shutters or cover a part of the 
radiator to prevent overcooling. 

Oil Pressure 

Normal engine oil pressures at 225° F (107° CJ oil 
temperature are listed in Table 1-2. 

Note: Individual engines may vary from the above 
normal pressures. Observe and record the pressure 
when the engine is new to serve as a guide for an 
indication of progressive engine condition. (High oil 
pressure during start-up is not cause for alarm.) For 
record purposes these readings are more accurate 
and reliable when taken immediately after an oil 
change. 

High Altitude Operation 

Some engines, particularly naturally aspirated, lose 
horsepower when they are operated at high altitude 
because the air is too thin to burn as much fuel as at 
sea level. This loss is about 3 percent for each 1000 ft 
[304.8 m] of altitude above sea level for a naturally 
aspirated engine. Operate the engine using a lower 
power requirement at high altitude to prevent smoke 
and over-fueling. 

Power Take-Off Application With PT (type G) 
VS Fuel Pump 

The VS fuel pump governor lever is used to change 
the standard governed speed of the engine from rated 
speed to an intermediate power take-off speed. 

When changing from the standard speed range to the 
power take-off speed with the engine idling on stand
ard throttle, operate as follows: 

40n0 (276/483) 
25/45 (172/310] 
40/65 (276/448) 
50/90 [345/620) 
50/90 [345/620) 
45no (310/4831 
45no [310/4831 
40no [276/4831 
45no [310/4831 
40no [276/4831 

1. Place the VS speed control lever in the operating 
position. 

2. Lock the standard throttle in the full-open position. 

3. Engage the power take-off. 

To return to standard throttle: 

1. Disengage the power take-off. 

2. Return the standard throttle to the idle position. 

3. Lock the VS speed control lever in the maximum 
speed position. 

Engine Shut-Down 

Idle Engine A Few Minutes Before Shut-Down 

It is important to idle an engine 3 to 5 minutes before 
shutting it down to allow the lubricating oil and water 
to carry heat away from the combustion chamber, 
bearings, shafts, etc. This is especially important with 
turbocharged engines. 

The turbocharger contains bearings and seals that are 
subject to the high heat of combustion exhaust gases. 
While the engine is running, this heat is carried away 
by oil circulation, but if the engine is stopped sudden
ly, the turbocharger temperature may rise as much as 
100" F [38" C]. The results of the extreme heat may be 
seized bearings or loose oil seals. 

Do Not Idle Engine for Excessively Long Periods 

Long periods of idling are not good for an engine 
because the combustion chamber temperatures drop 
so low the fuel may not burn completely. This will 
cause carbon to clog the injector spray holes and 
piston rings and may result in stuck valves. 

If the engine coolant temperature becomes too low. 
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raw fuel will wash the lubricating oil off the cylinder 
walls and dilute the crankcase oil so all moving parts 
of the engine will suffer from poor lubrication. 

It the engine is not being used, shut it down. 

Tum Switch to "Off' Position to S~ut Down the Engine 

The engine can be shut down completely by turning 
off the switch on installations equipped with an elec
tric shut-down valve, or by turning the manual shut
down valve knob. Turning off the switch which 
controls the electric shut-down valve stops the engine 
unless the override button on the shut-down valve 
has been locked in the open position. If the manual 
override on the electric shut-down valve is being used, 
turn the button fully counterclockwise to stop the 
engine. Refer to "Normal Starting Procedure". The 
valve cannot be reopened by the switch until after the 
engine comes to a complete stop, unless a rapid re
start valve is installed. 

Caution: Never leave the switch key or the override 
button in the valve open or in the run position when 
the engine is not running. With overhead tanks this 
would allow fuel to drain into the cylinders, causing 
a hydraulic lock. 

Stop Engine Immediately If P,.ny Parts Fail 

Practically all failures give some warning to the 
operator before the parts fail and ruin the engine. 
Many engines are saved because alert operators heed 
warning signs (sudden drop in oil pressure, unusual 
noises, etc.) and immediately shut down the engine. 

Cold-Weather Protection 

1. For cold-weather operation, use of permanent
type antifreeze with rust inhibitor additives is 
recommended. See Section 3. 

2. Drain the cylinder block and heads on all engines 
by opening the petcocks and removing the drain 
plugs as shown in Fig's. 1-13 to 1-19. If an air com
pressor (Fig. 1-20), heat exchanger or other "water 
cooled" accessory is used. open the petcock and 
drain. Failure to properly drain the engine and 
accessories may cause serious damage during 
freezing weather. 

3. Immersion-type water and 011 heaters are availa:.)le 
for engines used 1n cold-weather operations and to 
maintain temperatures to perrrnt the engine to 
operate at full load at start-up. 
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Fig. 1-13, (V100124). Coolant drain point - N/NT-855 Engine 

Fig. 1-14, (V50056). Coolant drain point - V/VT-903 Engine 
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Fig 1-15. (V10820). Coolant drain point - V-378, V-504, V/VT-555 
Engines 
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Fig. 1-16, (V40033). Coolant drain point - VNT-1710 Engine 
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Fig. 1-17, (K11950). Coolant drain point - KT(A)-1150 Engine 
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Fig. 1-18, (K21903). Coolant drain point - KT(A)-2300 Engine 
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Fig. 1-19, (OM203.). Coolant drain point - KTA-3067 Engine 

Engine Operation in Cold Weather 

Satisfactory performance of a diesel engine operating 
in low ambient temperature conditions requires modi
fication of the engine, surrounding equipment, operat
ing practices and maintenance procedures. The 
colder the temperatures encountered the greater 
the amount of modification required and yet with the 
modifications applied. the engines must still be 
capable of operation in warmer climates without 
extensive changes. The following information is 
provided to engine owners, operators and mainte
nance personnel on how the modifications can be 
applied tc get satisfactory performance from their 
diesel engines. 

There are three basic objectives to be accomplished: 

1. Reasonable starting characteristics followed by 

-
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practical and dependable warm-up of the engine 
and equipment. 

2. A unit or installation which is as independent as 
possible from external influences. 

3. Modifications which maintain satisfactory operat-
ing temperatures with a minimum· increase in 
maintenance of the equipment and accessories. 

If satisfactory engine temperature is not maintained, 
higher maintenance cost will result due to the in-
creased engine wear, poor performance an.d forma-
tion of excessive carbon, varnish and other deposits. 
Special provisions to overcome low temperatures are 
definitely necessary, whereas a change to warmer 
climate normally requires only a minimum of revision. 
Most of the accessories should be designed in such a 
way that they can be disconnected so there is little 
effect on the engine when they are not in use. 

The two most commonly used terms associated with 
preparation of equipment for low temperature opera-
tion are "Winterization" and "Arctic Specifications" 

Winterization of the engine and/or components so 
starting and operation are possible in the lowest 
temperature to be encountered requires: 

1. Use of correct materials. 

2. Proper lubrication, low temperature lubricating oils._ 

3. Protection from the low temperature air. The metal 
temperature does not change, but the rate of heat 
dissipation is affected. 

4. Fuel of the proper grade for the lowest temperature. 

5. Heating to be provided to increase the engine block 
and component temperature to a minimum of 
-25° F [-32" C] for starting in lower temperatures. 

6. Proper external heating source available. 

7. Electrical equipment capable of operating in the 
lowest expected temperature. 

Arctic specifications refer to the design material and 
specifications of the components necessary for satis
factory engine operation in extreme low temperatures 
to -65° F [-54° CJ. Contact Cummins Engine 
Company, Inc., or the equipment manufacturer to 
obtain the special items required. 

Caution: ~Anti-leak" antifreezes are not recommended 
for use in Cummins Engines. Although these anti
freezes are chemically compatible with DCA water 
treatment, the wanti-leak" agents may clog the coolant 
filters and render them ineffective. 
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Industrial Fire Pump Engines 

Fire pump engines are built and applied under 

conditions set down by agencies such as Underwriters 

Laboratory; therefore, parts originally supplied must 

not be deviated from without qualifying agency ap

proval. The following instructions are those special 

Items necessary to this application, and should be 

used In conjunction with those previously stated. 

Initial Start-Up 

Note: Contact operating personnel responsible for fire 

protection system before starting. Obtain approval to 

service or repair. After repair obtain authorized signa

ture of acceptance. 

1. Remove the heat exchanger cap, check or fill the 

engine coolant supply; open the water filter inlet 

and outlet valves. 

2. Prelubricate the engine with oil meeting specifica

tions MIL-L-46152 (API-CC/SC) viscosity 10W30. 

This includes removal of the turbocharger oil inlet 

line on turbocharged engines to prelubricate the 

housing by adding 2 to 3 oz [60 cc] of clean engine 

lubricating oil. 

3. Check the crankcase oil level and fill to the high 

mark on the dipstick. 

4. Remove the fuel pump solenoid lead and crank the 

engine through both cranking cycles. 

5. If the engine is equipped with a "Vernier throttle", 

place it in the idle position; if not, place the MVS 

throttle in the idle position. On turbocharged 

models the delay cylinder line may be disconnected 

at the block and the block opening plugged. 

6. Reconnect the fuel solenoid lead and start the 

engine; run it at idle speed. 

7. Verify the lubricating oil pressure has been estab-

lished, normally in 6 to 8 seconds. 

Note: Some automatic controllers require lubricating 

oil pressure higher than the normal pessure at 600 rpm 

idle. Increase the idle to 800 to 900 rpm if this condition 

is encountered. All turbocharged engines should be 

set to 800 to 900 rpm idle. 

8. Continue to operate the engine for 3 to 5 minutes 

and review all systems for leaks or unusual condi

tions; correct as required. 

9. Stop the engine and install ST-1224 Adapter. 

10. Check the crankcase oil level and fill it to the high 

mark. 

11. Start the engine and adjust overspeed. 

12. Remove ST-1224 and replace the original adapter. 

13. Clean the raw water strainer. 

14. Start the engine and adjust operating speed. 

15. Adjust the raw water pressure regulator. 

16. Engine is now ready for normal operation. 

Normal Operation 

1. Daily or normal operation would include the 

checking of fuel, lubricating oil, coolant and cor

recting any leaks or unusual conditions as required. 

2. Check the coolant and oil heaters to assure at least 

120" F [ 49° CJ water temperature has been 

maintained. 

3. Manually start the engine using the prescribed 

starting procedure. 

4. Operate the engine the prescribed period of time 

or 5 minutes after stabilization of the coolant 

temperature. 

5. Shut the engine down using the normal test shut-

down procedures. 

Fire Pump Engines - Overspeed 
Switch Adjustment 
(IF Engine Models) 

The speed switches required for overspeed protection 

on fire pump engines require high speed for the over

speed adjustment. All engines are now being shipped 

adjusted at the maximum overspeed. The following 

overspeed adjustments are 20 percent above the rated 

engine speed. 

An adapter, ST-1224 with 2:1 ratio, in speed switch 

drive only, (1, Fig. 1-21) is available to drive the speed 

switch at twice the engine speed. This tool when 
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installed in place of the existing adapter permits adjust
ment to be made to the speed switch at slightly over 
1/2 engine and pump speed. This maintains a pump 
speed well within its safe speed range while the 
adjustments are being made. 

Table 1-3: Engine Overspeeds 

Engine Rated 
Model Speed Overapeed 

V-378-F1 1750-2200 2100-2640 
V-378-F2 2400-3300 2880-3960 
V-504-F1 1750-2200 2100-2640 
V-504-F2 2400-3300 2880-3960 

N-855 1460-2100 1750-2520 
NT-855-F1 1750-2100 2100-2520 
NT-855-F2 1750-2300 2100-2760 
VT-1710-F 1750-2100 2100-2520 

Adjustment Procedure 

1. Remove the present tachometer drive adapter. 

2. Install the service tool, ST-1224, in position of the 
standard drive adapter. Connect the tachometer 
and overspeed stop switch to the ST -1224 Tool. 

Note: The overspeed stop switch cable must be con
nected to the short adapter connection. (1, Fig. 1-21). 

3. Start the engine and warm to operating temperature. 

4. Set the engine speed to one-half (1/2) the desired 
engine shut-down speed as indicated by the 
tachometer. 
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Fig. 1-21, (ST-1224). ST-1224 adapter 

a. On inline engine models, this can be accomp
lished by adjusting the Vernier throttle control. 

b. On Medium Duty V engines, the speed adjust
ment must be made by adjusting the governor 
idle and maximum speed screws. The idle screw 
is housed in the front of the MVS governor. The 
maximum speed screw is mounted to the MVS 
governor by a bracket and is on the left hand 
side of the fuel pump. Engine slow down is ac
complished by turning the idle speed screw 
counterclockwise and turning the maximum 
speed screw in a clockwise direction. To in
crease the engine speed reverse the procedure. 

5. Set the single element speed switch. 

a. Remove the lockwire from setscrews on the side 
of the switch. Loosen the three (3) setscrews. 

b. Rotate the cover clockwise (this decreases trip 
speed) until the switch actuates and stops the 
engine. 

c. Secure the setscrews and replace the locking 
wire. 

d. On manual reset models, re-activate the switch ,-.J 
by pushing the reset button on top of the switch. 

6. Set the dual element speed switches. 

Caution: Do not break or remove the lockwire. 

a. Remove the round head dust cover screw 
marked 2 from the top of the switch. Fig. 1-22. 

b. Insert a 1/16 inch Hex Allen wrench into the 
adjusting screw located just below the surface 
of the cover. 

0 0 
\~,.__ __ .._ __ L_o_c....1k-Screw"' 

Common Terminals\\High Speed Switch Terminal 
\Low Speed Switch Terminal 

C1 C2 

~ Internal \!.J Wiring Diagram 

N01 NC2 N02 

Fig. 1-22, (CGS27) Double speed switch 
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c. Tum counterclockwise to lower the engine 
shut-down speed. Turn clockwise to raise the 
engine shut-down speed. 

Caution: Do not tum the adjusting screw more than 
three (3) revolutions In either direction from the 
factory setting. Do not attempt to set the duel element 
switch in the same manner as the single element 
1wHch. 

d. Replace the dust cover screw removed in "Step 
a" above. 

e. All overspeed switches must be manually reset, 
reactivate the switch by pushing the reset button 
on top of the switch. 

7. Replace the service tool, ST-1224. with the original 
drive adapter and reconnect the cables. 

Note: If the stop crank adjustment is required do not 
use the ST-1224 Adapter. Replace with a standard 
adapter to effect the adjustment. 

Fire Pump Engine Operating Speed Adjustment 

All Cummins fire pump engines will be shipped 
adjusted at the speeds in Table 1-4, unless prior 
approval has been established for a specific speed. 

Final operating speed adjustment should be made at 
the time of the in-service inspection to obtain the 
required fire pump operating speed. 

This speed adjustment must be made with the Vernier 
throttle in the full fuel position and the systems fire 
pump operating at its rated condition. All speed ranges 
of N-NT and V-12 models are available by adjusting 
the VS high speed adjusting screw. Fig's. 1-23and 1-24. 

Table 1-4: Fire Pump Engine Operating Speed 

Fuel Factory Maximum 
Engine Pump Adjusted Operating 
Model Code Speed Speed 

V-378-F1 C-653 1750 2200 
V-378-F2 C-651 2400 3300 
V-504 F1 C-652 1750 2200 
V-504 F2 C-650 2400 3300 

N-855 8761 1750 2100 
NT-855 Fl 8770 1750 2100 
NT-855 F2 8771 1750 2300 
VT-1710 F 8784 1750 2100 

This screw requires a 1/8 inch Allen wrench and adjust-

Operating Instructions 1-13 

Fig. 1-23, (N11979). Adjusting engine speed 
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Fig. 1-24, (N11980). Governor adjusting screw 

ment is made by loosening the 7/16 inch locking nut 
and backing the screw out to increase the engine speed 
through the full speed range. 

The V-378 and V-504 F1 and F2 models require two 
differently calibrated fuel pumps. One pump code 
provides speeds between 1750 and 2300 rpm. A differ
ent pump code is required for speeds between 2400 
and 3300 rpm. The required speeds on these models 
are similarly obtained by MVS adjustment within the 
calibrated range as indicated above. It normally is 
prohibited by UL and FM to change engine ratings by 
changing fuel pumps on any models of fire pump 
engines. In the event of fuel pump rebuild, the pump 

-
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must be calibrated to the original code and any devia- A 
tion would be a violation to the insurance agencies W 
approval. 
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Industrial Fire Pump Engine Maintenance Schedule EQUIPMENT NO. 

MECHANIC 

TIME SPENT 

PARTS ORDER NO. 

CUMMINS DIESEL FIRE PUMP ENGINES Check each operation as performed. 

A-CHECK B-CHECK C-CHECK D-CHECK 

Daily Repeat "A" (Daily/Weekly) Repeat "A" & "B" Repeal "A", "B" & "C" 

D Check engine operating 
log D Change engine oil D Adjust valves & injectors D Clean & calibrate injectors, 

D Check engine: D Change fillers * Clean oil bath air cleaner fuel pump 

• oil level • Oil full flow D Check and/or rebuild 

• coo:ant level • fuel lifter and/or replace the follow-

D Check engine lubricating D Check coolant ing assemblies: 

oil and coolant heaters • check engine coolant • turbocharger 

* • oil bath cleaner oil level DCA concentration • vibration damper 

D Visually inspect engine for level. Add make-up 0 Rebuild or replace the 

damage, leaks, loose or DCA and change following assemblies: 

frayed belts element • water pump 

Weekly D Clean/change 

0 Repeat Daily "A" Check • crankcase breather 

D Check air cleaner * Clean oil bath air cleaner 

• clean precleaner dust pan tray/screen 

• check restnct1cn 
indicator 

• clean/change air 
cleaner element 

* • change oil bath cleaner 
oil 

• Drain water/sediment 
from fuel tanks & fuel filters 

• Check raw water strainer 
• Check starter battery 
• Start engine & check for 

unusual noise 

Engine Series Interval B C D 

All Hours 250 1500 4500 

Calendar 6 mos. 1 year 2 years 

-
ENGINE SERIAL NO. 

HOURS, CALENDAR 

CHECK PERFORMED 

DATE 

SEASONAL OTHER 
Fall Electrlclll Components 

D Clean & flush cooling • + Starter 
system • + Alternator 

• Replace hose as required • + Batteries 

D Check cold start & thermal • + Voltage regulator 

aids • + Switches 

• Clean electrical • + Gauges 
connections and check • + Tachometer 

batteries 
• Clean engine water heater • + On these components 

follow the manu-

Spring facturer's procedure 

• Steam clean engine 
• Tighten mounting bolts 

• Check crankshaft end 
clearance 

• Check heat exchanger 
zinc plugs annually or 
as required 

• Check overspeed switch 

-

Note: Under circumstances where hours of operation are not accumulated at a fast rate, use calendar time. In other words, use hours, or calendar time, whichever comes first. 

*CumminsJ c! ,e Company, Inc., recommends the use of dry type air cleanr 

~ " 



Maintenance 

Maintenance Schedule 

Preventive maintenance is the easiest and least 
expensive type of maintenance. It permits the Mainte
nance Department to do the work at a convenient time. 

A Good Maintenance Schedule Depends On 
Engine Application 

Actual operating environment of the engine governs 
the maintenance schedule. The suggested check sheet 
on the following page indicates some checks have to 
be performed more often under heavy dust or other 

>y,' special conditions. 

Using the Suggested Schedule Check Sheet 

The maintenance schedule check sheet is designed 
as a guide until adequate experience is obtained to 
establish a schedule to meet a specific operation. 

A detailed list of component checks is provided 
through several check periods; also a suggested 
schedule basis is given for hours of operation, or 

calendar of time. 

A maintenance schedule should be established using 
the check sheet as a guide; the result will be a mainte
nance program to fit a specific operation. 

The check sheet shown can be reproduced by any 
printer. The person making each check can then 
indicate directly on the sheet that the operation has 
been completed. When a complete column (Under A, 
B, C, etc.) of checks is indicated, the engine will be 
ready for additional service until the next check is due. 

Storage for Engines Out of Service 

If an engine- remains out of service and its use is not 
immediately forthcoming, special precautions should 
be taken to prevent rust. Contact the nearest Cummins 
Distributor or consult applicable Shop Manual for 
information concerning engine storage procedure. 

Operating Instructions 2-1 

Maintenance is the key to lower operating costs. A 
diesel engine requires regularly scheduled maintenance 
to keep it running efficiently. 

f '1.2.7~258 J __ 
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EQUIPMENT NO. ENGINE SERIAL NO. Maintenance Schedule MECHANIC HOURS, CALENDAR 
TIME SPENT CHECK PERFORMED 
PARTS ORDER NO. DATE 

CUMMINS DIESEL ENGINES 

Check each operation as pertormed, 

A-CHECK B-CHECK C-CHECK 0-CHECK SEASONAL OTHER 
Daily Repeat "'A" (Daily/Weekly) Repeat "A" & "B" Repeat "A", "B" & "C" Fall D • Alternator 

D • Generator D Cr,eck operator's reporl D Ch,mge engine 011 • AdIust valves & InIectors • Clean & calibrate D Clean and flush cooling D • Starter D U1eck eng,ne • Change filters • Change 011 In1ectors, fuel pump system D • fahaust brake • Oil level • Ori full flow • Aneroid and aneroid D Replace hose as D • Air compressor • Coolant levei • Ori by-pass • Hydraulic governor • Check and/or rebuild required D • Electrical connections 
. 

• Ori bath cleaner • Fuel triter D Replace aneroid and/or replace the 0 Check cold start & D + Batteries orl level • Check coolant breather fo/lowrng assemblies thermal aids D + Freon compressor O Visually inspect engine • Check engine coolant • Inspect back side idler • Turbocharger D Clean electrical + On these components for damage, leaks. loose DCA concentration • Clean oil bath air • Vrbratron damper connections and check follow the manufacturer's or frayed belts and listen level Add make-up cleaner • Arr compressor batteries recommended for unusual no,ses DCA and change D Rebuild or replace the maintenance procedure element following assemblies Spring Weekly D Check orl levels • Fan hub 
• Aneroid • Idler pull8y assembly D Steam clean engine 0 Repeat Darly 'A, Check • Hydraulic governor • Water pump D Tighten mounting bolts D Check air cleaner • Clean/change • Back side idler D Check crankshaft • Clean precleaner dust • Crankcase breather- D Clean/change crankcase end clearance pan All except KT,KTA- breather on KT/KTA- D Check heat exchanger • Check restriction 2300 and 3067 2300 and 3067 zinc plugs annually 1nd1cator • Arr compressor or as required • Clean,'chanqe air breather 

cleaner element . 
0 Clean orl bath arr . 

• Change or/ bath cleaner tray/screen 
cleaner orl 

0 Drarn arr tanks 
D Drarn water,sedrment 

from fuel tanks and 
fuel frlters 

Engine Series lntel"lal 8 C D 

_, 
All Hours Chart Method or 250 1500 4500 

Calendar 6 mos, 1 year 2 years 

Nole: Under circumstances where hours of operation are not accumulated at a fast rate. use calendar time. In other words, use hours, or calendar time, whichever comes first. 

*Cummins Engine Company, Inc., recommends the use of dry type air cleaners. 

C .i ( •~ 
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Maintenance Performance Record 
Engine Serial No. Engine Model 

Owner Name Equipment Name/Number 

Interval Basis 
Actual Distributor /Dealer Authorized Mileage [Kilometres) Check Mileage I Kilometres) Check Other Date Mileage Location/Shop Signature 

A. B A. B 
A.B A, B 
A. B A.B 
A.B A. B 
A.B.C 
A. l::l A. B. C 
A, B A. B 
A, B A. B 
A. B A. B 
A, B. C A. B 
A. B 
A, B A.B.C 
A. B A, B 
A. B A. B 
A.B.C.D A, B 
A. B A.B 
A.B A.B.C,D 

To prove.that the Engine has been properly maintained retain records, such as work orders and receipts, showing that scheduled maintenance has been performed. Hw rnaintenanu, n,cord form on this paye is for that purpose. 

- - -
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2-4 Operation and Maintenance 

Construction and Industrial 

Scheduled Maintenance 

Schedule I, Schedule II 

The following maintenance schedules should be used 
to establish maintenance practices for Cummins 
standby (GS) or continuous duty (GC) generator sets. 

Schedule I is used with standby applications. Many of 
these installations are regulated by NFPA and/or local 
codes (reference NFPA No. 76A). 

Standby rated generator sets are for supplying electric 
power in the event of normal utility power failure. No 
overload capability is available for this rating. This 
rating may be used for continuous service for as long 
as the emergency may last. This rating conforms with 
the BS 649:1958 overload rating and DIN "B'' 6270. 

Schedule II is used with continuous duty applications. 

Continuous duty rated generator sets are for supplying 
electric power in lieu of commercially purchased 
power. Intermittent overloads up to the standby rating 
are allowable. This rating may be used for continuous 
service in commercial applications and it conforms 
with BS 649:1958 and DIN "A" 6270 for generator set 
applications. 

Using The Suggested Schedule Check Sheet 

Actual operating environment of the engine governs 
the maintenance schedule. The suggested check sheet 
on the following page indicates some checks have to 
be performed more often under heavy dust or other 
special conditions. 

The maintenance schedule check sheet is designed as 
a guide until adequate experience is obtained to estab
lish a schedule to meet a specific operation. 

A detailed list of component checks is provided 
through several check periods: also a suggested 
schedule basis is given for hours of operation, or 
calendar of time. 

A maintenance schedule should be established using 
the check sheet as a guide; the result will be a main
tenance program to fit a specific operation. 

Cummins Standby Generator Sets 

Cummins standby generator sets may be required to 
start and come on line in 10 seconds or less. 

These engines must be equipped with engine coolant 
heaters capable of maintaining coolant temperature 
at a minimum of 100' F [38° CJ. 

Engines subject to ambient temperatures less than 

7fJ' F [21° C) must also be equipped with a lubricating 
oil heater. When using a lubricating oil heater im
mersed in oil, the maximum surface of heater in contact 
with oil, should be less than 300" F (149" CJ to minimize 
formation of hard carbon on the heating element. 

Recommended wattage for the heaters when the unit is 
in a protected area or in an enclosure are shown in 
Bulletin No. 3379009, in Section 7 Miscellaneous. 

Standby units should be operated once a week under a 
minimum of 25% of rated KW load for at least thirty 
minutes. During this test, the engine must reach normal 
operating temperature. 

Cummins Continuous Duty Generator Sets 

Continuous duty generator sets may be equipped with 
a cold starting aid. Maintenance procedures for these 
devices can be found in the seasonal maintenance 
section. 

J 1.2.7.261[ 
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Stand-By Generator 
Set Maintenance 

1 
.. 
l - .. 

l E ~i .; .. l; ~ 

'" ::.:;;: -Engine Systems 
. 0 -0 ;:: ~ "'"' < 

.ubrlcating Checll: • - For Le11k1 • • • • i • 
- Operatton or Otl Heater • • • • ,. 

Checks A B 

-
- lngtne OH Level • • • • 
- Hydraulic Gowernor OU Lo .. , • • • • 

Clllngr. - Full flow FIiter • • 
- 8y-Pn1 Filler • • 
- Engine OU • • 
- Hydraulk: Governor OH • • 

Cooling -= - For Leaks • • • • • 
1- For Radiator Air RHtrictJon • • • 
- OperaUon ot Coolanl .,_.••••r • • • • • 
- HoN and Connec:Uon1 • • • 
- Coolant Lewel • • • • 
- An1'-FreeH and OCA Concentr•Uon • • • 
~ lelt Condlllon and Tanalon • • • 
- Fan Hub, Ori¥• Pulley •nd Wal•r Pump • 
- Heal Each• n9er Zinc Anode Plu91 • • 
- Motor Operated Louvers • • • 

Change: - DCA Water FIiier • • 
Clean: - Cooling System • 

Air Cllecll: - For Leake • • e 

Intake - Air Cleaner Reslrictlon • • • • 
- Plptng and Connection, • • 

~; - Crankcaae Breather • • 
- Or Chang• Air Cleaner Elemfflt • • 

Fuel 
_, 

- ForLeakl • • • • • 
- Fuel Lawal • • • 
- Governor Unkage • • 
- Fuel llnH and Conn.ctlona • • 
- Fuel Transfer Pump • • • -Drain: - Sediment from Tanks • • 

Change: - fuel FIiter, • e 
- Float Tank Brellher • 

Exhaust Cllocll: - For LHkl • • • 
- For Exh11ul Aestricllon • • • 

Drain: - Condensale Trap • • • 
Tlgllliott: - Exh1u11 ManJtold and Turboch•ger 

Cap1crew1 • 
Electrical Cllock: - Battery Charging Sy1l•m • • • • 

- B• tt•ry Electrolyte Level and 

Specific Gravity- • • • 
- Salety Conlrol• and Alarm• • • 

Engine Cllock: - For Unu1ual Vibration • • • • 
Related Tighten Mounting Hardware • 

CINn: - Engine • 
I 

Main Generator Cllock: - Air Inlet and Outl•t ro, AHlrlcllon e • e 
- Wlndlng1 and Electrical Connect1on1 • 
- Oper• llon or Generator Heat., Stript • o,._, - Bearing • 

Measure and Rctcord Gene,110, W1nd1ng Ae111t1nce • 
CllocklCloon: - Generator • • 

'wltchgear Ch.ck; - Start Switch 1n Au1om111c • • • • • 
- IMl,ument111on • 
- Power Ol1tnbut1on Wiring and Connection• • • 
- Power Circu1I Breaker • • 
- Tr•n•let' Swltel\ • • -

Operational Procedur" Perform: - Operat1on1I Load Tnt • • • • 
- Generator Load B1nll: Teel • 

Cllock: - Serwlce Tool Av1ilabHfly • • • 
11.2.7.262 l 
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Continuous Duty 

t S tM. t enera or e a1n enance 
•nglne Si,stems 

Lubricating ~= - For Le• III 

- Operallon or OH Huter 

- Eft91n• OU Lewet 

- Hydraulic Gowernor OU L.ewel 

Cllaftle: - Fun Flow fi11er 

- • r-Pu1 ,111., 
- Engine OU 

- H,dr•uuc Governor 011 

Cooling ~: - For Leake 

- For Radiator Air AHtr1cUon 

- Operation of Coolant Healer 

- HoN and Connection• 
- Coolant Level 

- AnU•,fffH and OCA Concentr• tlon 

- 1 • 11 CondUlon and Tention 

- Fan Hub, Drlw• Pulley, and W• tff Pump 

- Heal E•ctuinger Zinc Anode Plua• 
Change: - DCA Waler FU1er 

CIHn: - Cooling Sy•l•m 

Air Checll: - for L•• kl 

Intake - AJr Clean• !' A.ealrtctlon 

- Plptng and Connection, 

CINn: - Cr•nkcae Breather 

- Or Change Air Cleaner Element 

Fuel Checll: - For Leaks 

- GoHmor Unk• g• 
- Fuel LlnH and Connection• 

-= - Sedimenl from Tanks 

l:Nnge: - Fuel Filters 

CINn: - Float Tank Breather 

- and Calibrate ln1ector1 

- and/or C • Ubrale Fuel Pump 

Adjust lnfecton and Valves 

Exhaust ~= - For Leaks 

- For Exhau,r Reslrtctlon 

CIHn: - Turbocharger Comp_ Whee,! and o,r,uur 

Checll: - Turbocharger Be-aring Clearance!I 

Tlghlen Exh• sur Manilold and Turbocharge-r Capscrews 

Engine Check: - For Unusual Vibration 

Related - Ylbr• llon Osmpu 

- Crankshatt End Play 

Tighten Mounting Hardware 

Clean: - Engine 

a, .... : - Fan Pillow Block Bearings 

Electrical Check: - Battery Charging Syttem 

- B• Hery Eleclrolyle L•w-•I 

Specific Gr•vlly 

- Glow Plug 

- And Clean Magnel!c Pickup Unit 

- S.r.-ty Control •nd Alarm• 

Main Generator CM-ctr.: - Air Int et and Oull@t tor 

RHlrtclion 

- Winding-• and Electrical Conn•c:t1on1 

- Op•r•hon or G~n,,.110, H1tater S1r1p1 

a, ... : - BHring 

Cleet11: - Gener• lor 

Switchgear ChecK: - Power u,,tribuuon Wiring 

and Connect1on1 

- Power Circuit Breaker 

- Tr• n1rer Switch 

C)peratJonal Procedures 
P9rform: Gener•tor lo.ad 8anli. Tai 

1 1.2.7.263. 
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Operating Instructions 2-7 

"A" Maintenance Checks-Daily 

Make a Dally Report of Engine Operation to the 

Maintenance Department 

The engine must be maintained in top mechanical 

condition if the operator is to get optimum satisfaction 

from its use. The maintenance department needs daily 

running reports from the operator to make necessary 

adjustments in the time allotted and to make provisions 

for more extensive maintenance work as the reports 

indicate the necessity. 

Comparison and intelligent interpretation of the daily 

report along with a practical follow-up action will 

eliminate most failures and emergency repairs. 

Report to the Maintenance Department any of the 

following conditions: 

1. Low lubricating oil pressure. 

2. Low power. 

3. Abnormal water or oil temperature. 

4. Unusual engine noise. 

5. Excessive smoke. 

6. Excessive use of coolant, fuel or lubricating oil. 

7. Any fuel, coolant or lubricating oil leaks. 

Check Engine 

Check Engine Oil Level 

Note: Some dipsticks have dual markings, with high

and low-level marks: static oil marks on one side, 

engine running at low idle speed marks on opposite 

side. Be sure to use the proper scale. 

1. Check the oil level with the dipstick oil gauge 

located on the engine. Fig. 2-1. For accurate read

ings, the oil level should not be checked for approx

imately 15 minutes after the engine 1s shut-down. 

Keep the dipstick with the oil pan with which it was 

originally shipped. Keep the oil level as near the "H" 

(high) mark as possible. 

Caution: Never operate the engine with the oil level 

~ below the "L" (low) mark or above the "H" (high) mark. 

2. If necessary, add oil of the same quality and brand 

as already in the engine. See Section 3. 

Fig. 2-1, (K21901). Checking engine oil level 

Check Engine Coolant Level 

Keep the cooling system filled to the operating level. 

Check the coolant level daily or at each fuel fill point. 

Investigate for causes of coolant loss. Check the 

coolant level only when the system is cool. 

Check Belts 

Visually check belts for looseness. If there is evidence 

of belt slippage adjust as follows: 

Using the appropriate gauge, Fig's. 2-2 and 2-3, check 

~~-,· ' . .. . 

./" 

-~-

' "~~- / . 

~l 
,,. 

. ,,,:;: ·~.~ 

. .. ;I ----~ ,, 
L.....: W,i,,, ,.a,,.r:, ( "~, .... -~ 
Fig. 2-2, (N11977). ChecKing belt tension with ST-1274 

! 1.2.7,264, 
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2-8 Operation and Maintenance 
Construction and Industrial 

Table 2-1: Belt Tension (Lbs.) 

Bell 
Width 
Inches 

.380 

.440 
1/2 

11/16 
3/4 
7/8 

K-Sect. 
5 Rib 
V-Ribbed 

K-Sect. 
6 Rib 
V-Ribbed 

K-Sect. 
10 Rib 
V-Ribbed 

Belt 
Gauge 

ST-1274 
CAN-292 

ST-1138 

ST-1293 

ST-1293 

N/A 

New Belt* Minimum • Used Belt Installation Tension 
Tension Tension • If Below Min. Tension, Retension to 
(lb.) ±. 10 (lb.) (lb.) :t:. 10 

140-150 60 100 \ 
140-150 60 100 
140-150 60 100 

160-170 60 100 
160-170 60 100 
160-170 60 100 

125-135 60 100 

150-160 70 120 

250-260 140 200 

• Used belts should be retensioned to values listed in this column. 

Note: A belt is considered as used if it has been in operation for a period of time of at least 5 minutes. 

and/or adjust belts to the tension as indicated in Table 
2-1. 

,-

( 
f, 

i 

L ........... ---· -· ·---...................... foiloilitoil. ~ ...... : ' . -·~ ;k ,-,1........._....,....,. 

Fig. 2-3, (K114101). Checking belt tension with ST-1293 

Note: When using the "Krikit'" gauge the correct belt 
tension reading for the belt tested must be read at the 
point where the top of the black indicator arm crosses 
the bottom numbered scale. Pos,t,on the gauge in the 
center of the belt between two pulleys. The flange at 

the side of the gauge should be flat against the edge 
of the belt. 

lnllne Engine Water Pump Belts 
(No Idler) 

1. Eccentric water pump adjustment. 

a. Loosen the water pump clamp ring to allow the 
pump body to turn. 

b. Loosen the pump body by pulling up on the 
belts. A sharp jerk may be required. 

c. Insert a bar in the water pump body slots and 
rotate the pump body counterclockwise to 
tighten the belts. 

Note: Do not adjust to final tension at this time. 

d. Snug the clamp ring capscrew farthest from the 
belts, on the exhaust side to 5 ft-lbs [7 N°m]. 

e. Snug the two capscrews above and below the 
first one to 5 ft-lbs [7 N 0m]. 

f. Finish tightening by alternating from side to 
side in 5 ft-lbs [7 N °m] increments to a final 
torque of 12 to 15 ft-lbs [16 to 20 N-m]. 

! 1.2;7.265 
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g. Check the belt tension. 

Final belt tension was not obtained by adjustment 

alone. The water pump body was pulled straight by 

snugging the capscrews in the order described, thus 

increasing the belt tension to the final value. 

2. Adjustable (split) pulley water pumps, V-903 

Engines only. · 

a. Remove the capscrews joining the sheave(s) of 

the pulley. 

Note: Clean the capscrew threads and holes in the 

sheaves thoroughly to avoid capscrew breakage 

during reassembly. 

'. 

b. The outer half of the pulley is screwed onto the 

hub extension of the inner halt. Some pulleys 

are provided with flats, and some with lugs for 

barring. 

c. Bar the engine over to roll the belt outward on 

the pulley as the outer half is turned in. 

d. Adjust the belt{s) to the tension indicated in 

Table 2-1. 

e. Turn the outer sheave(s) in enough to align the 

capscrew holes. 

f. Start the capscrews and tighten alternately and 

evenly. Final tension is: 

5/16-18 capscrew, 10 to 12 ft-lbs [14 to 16 N •m] 

3/8-16 capscrew, 17 to 19 ft-lbs [23 to 26 N •m] 

g. Bar the engine over one or two revolutions to 

seat the belt. 

h. Recheck the belt tension. 

/ . , L...:!L __ -
Fig. 2-4, (N11974). Water pump - with idler 

Operating ln1tructlon1 2-9 

lnllne Engine Water Pump Belts 
(With Idler) 

1. Loosen the capscrews and lockwashers or locknut 

securing the idler pulley to the bracket or water 

pump. Fig. 2-4. 

2. Using a pry bar (NT A) or adjusting screw (FFC) 

adjust the idler pulley until the proper belt tension 

is indicated on the gauge. See Table 2-1. 

3. Secure the idler pulley or bracket in position by 

tightening the locknut or capscrews and lock

washers to 45 to 55 ft-lbs [61 to 75 N •m) torque. 

Note: The self tensioning idler on V-1710 belt driven 

water pumps requires no adjustment or belt tension 

check. 

Fan Drive Belts 

1. Loosen the large locking nut on the fan hub shaft 
or the capscrews securing the fan hub shaft to the 

mounting bracket. The fan hub will fall out of line 

when this is done. 

2. Turn the adjusting screw to increase the belt 

tension. 

3. Tighten the locknut or capscrews until the fan hub 

is straight. Snug the nut to maintain the hub in 

proper alignment with the fan hub bracket. 

Caution: Do not adjust to full tension with the adjust

ing screw, as this would result in overtightening. 

4. Belt tension should read as indicated in Table 2-1 

on applicable gauge. 

5. Tighten NH/NT Engines locknut to 400 to 450 ft-lbs 

(542 to 610 N •m]; then back off 1/2 turn. Tighten 
the four 1/2 inch capscrews, Fig. 2-5, on NTC-350 

FFC Engines to 75 to 85 ft-lbs [101 to 115 N•m]. 

On V-903 Engines tighten capscrews to 75 ft-lbs [102 

N •m] or single nut to 450 ft-lbs [610 N •m]. 

6. Recheck the belt tension. 

7. Back out the adjusting screw one-half turn to pre-
vent breakage. 

Note: The self tensioning backside idler on KT/KTA-

2300 and KT A-3067 belt driven fan requires no belt 
tension check. 

Generator/ Alternator Belts 

Belt tension should be as indicated in Table 2-1 when 

measured with the applicable gauge. 

\ 1.2.1.268 
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2-10 Operation and Maintenance 
Construction and Industrial 
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Fig. 2-5, (N12018). Fan hub installation - NTC-350 FFC 

Belt Installation 

If the belts show wear or fraying, rep!ace as follows: 

1. Always shorten the distance between the pulley 
centers so the belt can be installed without force. 
Never roll a belt over the pulley and never pry it on 
with a tool such as a screwdriver. Either of these 
methods will damage the belts and cause early 
failure. 

2. Always replace the belts in complete sets. Belts 
riding depth should not vary over 1/16 in [1.6 mm) 
on matched belt sets. 

3. Pulley misalignment must not exceed 1/16 in 
[1.6 mm] for each ft (0.3 m] of distance between 
the pulley centers. 

4. Belts should not bottom on the pulley grooves nor 
should they protrude over 3/32 in [2.4 mm] above 
the top edge of the groove. 

5. Do not allow belts to rub any adjacent parts. 

6. Adjust belts to the proper tension. 

Readjusting New Belts 

All new belts will loosen after running for 5 minutes 
and must be readjusted to "belt tension after run-in". 
Ref. Table 2-1 . 

Check Oil Bath Cleaner Oil Level 

Daily check oil level, Fig. 2-6. in the oil bath air cleaner 
to be sure the oil level in the cup 1s at the indicated 
mark. Refill as required. 

*Cummins Engine Company, Inc. recommends the 
use of dry type air cleaners. 

1.2.7.267 

Check for Damage 

Visually check the fuel system, etc., for misadjustment 
or tampering; check all connections for leaks or 
damage. Check the engine for damage; correct as 

necessary. 

Fig. 2-6, (N11001 ). Checking oil level in air cleaner 
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Operating Instructions 2-11 

"A" Maintenance Checks-Weekly 

Repeat Dally Checks 

Check Air Cleaner 

Clean Pre-Cleaner and Dust Pan 

Under extremely dirty conditions an air pre-cleaner 
may be used. Clean the pre-cleaner jar and dry-type 
air cleaner dust pans daily or more often, as necessary, 
depending on operating conditions. 

Check Inlet Air Restriction 

Mechanical Indicator 

A mechanical restriction indicator is available to indi
cate excessive air restriction through a dry-type air 
cleaner. This instrument can be mounted in the air 
cleaner outlet or on the vehicle instrument panel. The 
red flag (1, Fig. 2-7) in the window gradually rises as 
the cartridge loads with dirt. After changing or replac
ing the cartridge, reset the indicator by pushing the 
reset button (2). 

Fig. 2-7, (CGS-20). Air inlet restriction indicator 

Note: Never remove the felt washer from the indicator. 
It is necessary to absorb moisture. 

Vacuum Indicator 

Vacuum switches. Fig. 2-8, are available which actuate 
a warning light on the instrument panel when the air 

restriction becomes excessive. 

1. Wiring 3. Vacuum Switch 
2. Piping 4. Warning Light 

Fig. 2-8, (N21905). Vacuum switch to check air inlet 

1. Air restriction on turbocharged engines must not 
exceed 25 inches [635 mm] of water or 1.8 inches 
[46 mm] of mercury under full power conditions. 

2. Naturally aspirated engine air restriction must not 
exceed 20 inches [508 mm] of water or 1.5 inches 
[38 mm] of mercury at air intake manifold at rated 
speed. 

Clean or Replace Air Cleaner Elements 

The paper element in a dry-type air cleaner, Fig's. 2-9, 
2-10, 2-11 and 2-12, may be cleaned several times by 
using air to blow off dirt or by washing with nonsudsing 
household detergent and water at 120 to 140° F ( 49 to 
60° C], then drying with compressed air, approximately 
30 psi [306 kPa]. Do not hold the air jet too close to 
the paper element. 

Elements that have been cleaned several times will 
finally clog and air flow to the engine will be restricted. 
After cleaning, check the restriction as previously 
described and replace the element if necessary. 

Caution: Holes, loose end seals, dented sealing 
surfaces and other forms of damage render the 
cleaner inoperative and require immediate element 
replacement. 

To change the element: 

1. Loosen the wing nut (1, Fig. 2-9) securing the 
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Fig. 2-9, (N11003). Air cleaner - dry type 

Fig. 2-10. (Kl 1913). Changing arr cleaner element 

bottom cover (2) to the cleaner housing (3). Re
move the cover. 

2. Pull the element (6) down from the center bolt (4). 

Caution: Pull the cover and the element straight out 
when removing them from the housing, Fig. 2-10, to 
avoid damage to the element. 

I
i: ,, 

~· 

©
~-

Fig. 2-11, (V10005). Air Cleaner - heavy duty 

Fig. 2-12, (Nl 1030) Air cleaner - heavy duty (dual element) 

1.2.7.269 
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3. Remove the gasket (5) from the outlet end (7) of 
the housing. 

When installing the element, make sure it seats on the 
gasket at the air cleaner outlet end. 

Heavy Duty Dry-Type Air Cleaners 

Heavy duty air cleaners (single and dual types) com
bine centrifugal cleaning with element filtering, Fig's. 
2-11 and 2-12, before air enters the engines. 

Before disassembly, wipe dirt from the cover and the 
upper portion of the air cleaner. To clean single or dual 
types: 

1. Loosen the wing bolt, remove the band securing the 
dust pan (1, Fig. 2-11), (2, Fig. 2-12). 

2. Loosen the wing nut (2, Fig. 2-11 and 3, Fig. 2-12), 
remove the dust shield (3, Fig. 2-11), (4, Fig. 2-12), 
from the dust pan (1, Fig. 2-11 ), (2. Fig. 2-12), clean 
the dust pan and shield. 

3. Remove the wing nut (2, Fig. 2-11), (5, Fig. 2-12) 
securing the air cleaner primary element (6, Fig. 
2-12) in the air cleaner housing, inspect the rubber 
sealing washer on the wing nut (4, Fig. 2-11), (5, Fig. 
2-12). 

4. Blow out the element from the clean air side with 
compessed air not exceeding 30 psi [207 kPa]. 

5. Wash the element with nonsudsing household 
detergent and water, 120 to 140° F [49 to 60° C]. Dry 
with compressed air, 30 psi [207 kPa]. 

6. Inspect the element after cleaning. 

7. Install a new or the cleaned primary element. 

8. Be sure the gasket washer is in place under the 
wing nut before tightening. 

9. Reassemble the dust shield and dust pan, position 
them to the air cleaner housing and secure with 
the band. 

10. On the dual element type Cyclopac cleaner: 

a. Check the air restriction indicator. If the air 
restriction is excessive, disassemble the air 
cleaner, remove the wing nut (8, Fig. 2-12), and 
replace the safety element (9). 

b. Reassemble the air cleaner as described in 
MSteps 8 and g·· above. 

Cartridge Type Air Cleaner Element 

1. Loosen the wing nuts (4, Fig. 2-13or2-14)ontheair 
cleaner housing (5) to remove the pre-cleaner 

Operating Instructions 2-13 

Fig. 2-13, (N21026). Air cleaner - cartridge type (two stage) 

©-

Fig. 2-14, (Vl 1009). Air cleaner - cartridge type (single stage) 

panel with the dust bin (1 ). To remove the pre
cleaner panel (2) equipped wth an exhaust aspira
tor loosen the "U" bolt clamp securing the pre
cleaner to the aspirator tubing. 

2. Remove the dirty Pamic cartridge (3), by inserting 
your fingers in the cartridge opening (loosen all 
four corners of the cartridge, one at a time) and 
pulling it straight out. 

With the larger cartridge, it may be necessary to break 
the seal along the edges of the cartridge. After the seal 
has been broken. pull the cartridge straight out and 
slightly up so the cartridge will clear the sealing frame 
and edges of the air cleaner housing. 

Cleaning and Inspection 

1. Clean the pre-cleaner openings (2) of all soot, oil 
film and any other objects that may have become 
lodged in the openings. Remove any dust or dirt in 
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the lower portion of the pre-cleaner and aspirator 
tubing. Inspect the inside of the air cleaner housing 
for foreign material. 

2. Inspect the dirty cartridge for soot or oil. If there is 
soot inside the Pamic tubes, check for leaks in the 
engine exhaust. system, exhaust "blow-back" into 
the air intake and exhaust from other equipment. 
If the cartridge appears "oily", check for fumes 
escaping from the crankcase breather. Excessive 
oil mist shortens the life of any dry-type cartridge. 
Troubleshooting at this point can appreciably 
lengthen new cartridge life. 

3. It is not recommended to clean and reuse the 
cartridge. When returned to service, life expectancy 
of a paper cartridge will be only a fraction of the 
original service life. 

4. Inspect clamps and flexible hose or tubing to be 
sure all fittings are air tight on cleaners with exhaust 
aspirators. 

5. The pre-cleaner dust bin is self-cleaning. 

Assembly 

1. Inspect the new filter cartridge for shipping damage 
before installing. 

2. To install a new cartridge, hold the cartridge (3, Fig. 
2-13 and 2-14) in the same manner as when remov
ing it from the housing. Insert the clean cartridge 
into the housing; avoid hitting the cartridge tubes 
against the sealing flange on the edges of the air 
cleaner housing. 

3. The cleaner requires no separate gaskets for seals; 
therefore, care must be taken inserting cartridge to 
insure a proper seat within the cleaner housing. 
Firmly press all edges and corners of the cartridge 
with your fingers to effect a positive air seal against 
the sealing flange of the housing. Under no circum
stances should the cartridge be pounded or 
pressed in the center to effect a seal. 

4. Replace the pre-cleaner panel (2) and tighten the 
wing nuts (4) by hand, for final t1ghteness turn 1-1 /2 
to 2 turns with a small adjustable wrench. Do not 
overtighten. On a pre-cleaner with an exhaust 
aspirator, assemble the aspirator tube to the pre
cleaner panel and tighten the "U" bolt. 

5. Care should be taken to keep the cleaner face 
A unobstructed. 

W, Change Oil Bath Air Cleaner Oil 

Before dirt build-up reaches 1/2 inch [12.7 mm], 
remove the oil cup from the cleaner. Discard the oil 

and wash the cup in cleaning solvent or fuel oil. 

Note: During wet weather and in winter months, 
changing of the oil is equally as important as during 
dusty weather since the air cleaner inlet may be located 
in an air stream which carries moisture into the cleaner. 

Fill the oil cup to the level indicated by the bead on the 
side with clean, fresh oil of the same grade as that in 
the crankcase and assemble it to the cleaner. In ex
tremely cold weather a lighter grade may be necessary. 
A straight mineral, non-foaming detergent, or non
foaming additive oil may be used in oil bath air 
cleaners. 

Caution: Never use dirty oil or used oil. 

Drain Air Tanks 

In cold weather, condensed moisture in the air tanks 
and lines may freeze and make controls useless. 

Drain the air tanks to keep all water out of the com
pressed air system. 

Drain Sediment from Fuel Tanks 

Loosen the fuel tank drain cock or plug, if used, and 
drain approximately 1 cup of fuel to remove water and 
sediment. Close the drain cock or plug. 

Fuel/Water Filter Separator 

If more moisture than usual is present when checking 
the fuel tanks, it may be advisable to install a water 
separator. 

Contact the nearest Cummins Dealer for a Fleetguard 
water separator that meets requirements. 

Drain plugs are located in the bottom of some fuel filter 
cases and in the sump of some fuel supply tanks. More 
condensation of water vapor occurs in a partially filled 
fuel tank than in a full one. Therefore. fuel supply tanks 
should be kept as nearly full as possible. Warm return
ing fuel from the injectors heats the fuel in the supply 
tank. If the fuel level is low in cold weather, the fact 
that the upper portion of the tank is not being heated 
by returning fuel tends to increase condensation. In 
warm weather both the supply tank and the fuel are 
warm. In the night, however, cool air lowers the 
temperature of the tank much more rapidly than the 
temperature of the fuel. Again this tends to increase 
condensation. 

Engine Front Trunnion 

. l.f used, the engine front trunnion mount should be 
lubricated with grease meeting specifications as out
lined in Section 3. 



"B" Maintenance Checks 

I-Check 

At each "B" Maintenance Check, perform all the "A" 
Checks in addition to the following. 

Lubricating Oil Change Intervals 

Note: If the lubricating oil is drained from the oil pan to 
make an engine repair, new oil must be used. Do not 
use oil after it has been drained from the oil pan. 

Maintaining a proper "B" maintenance check interval 
is a very important factor in preserving the integrity 
of an engine. Lubricating oil contamination is the direct 
result of engine operation and the load factor involved. 
The amount of contamination generated depends 
on the amount of fuel the engine consumes. Labora
tory and field tests have determined that, when using 
the recommended quality oils and filters, a turbo-:
charged engine in good condition and equipped with 
a bypass oil filter can consume 255 gallons of fuel 
for each gallon of oil in the oil system before the 
maximum level of oil contamination is reached. Based 
on these findings, Cummins Engine Company, Inc., 
recommends that the "B'' check interval be determined 
by the use of the "Chart Method". At each "B" check 
interval it is recommended to change the full-flow 
filter and the bypass filter. 

The total lubricating system capacity in gallons can 
be determined by adding the high level of the lubri
cating oil in the oil pan and the capacities of the 
full-flow and bypass filters. All lubricating oil systems 
must be rounded to the nearest gallon when applied 
to the chart. Table 2-2 lists the capacities of the 
full-flow and bypass filter elements. 

Chart Method 

From laboratory and field tests we know that the 
maximum contamination level for a gallon of oil is 
reached when 255 gallons of fuel is consumed in a 
turbocharged engine or 280 gallons of fuel in a 
naturally aspirated engine. The 255 or 280 figure is the 
constant used in the equation for the oil change period. 

The following illustration is how to use the chart 
method to determine the recommended oil change 
interval: 

Operating Instructions 2-15 

Table 2-2: Lubricating Oil Filter Elements 

Description 
of FIiter Capacity Engine 
(Element P/N) (Gals.) Family 

Full-flow 0.93 All Engines (except 
(LF516) V--378 and V-504) 
Full-flow 0.83 V-378 & V-504 Only 
(LF613) 
Full-flow 0.80 All Engines 

spin-on (LF670) (Optional on V-555) 
Full-flow 0.65 Standard on All 

(spin-on short) Small Vee 
(LF670-SC) 

Bypass, 750 in3 2.91 Ail Engines 
(LF750-A) (Except Small Vee) 
Bypass, 750 in3 2.91 All Engines 
(LF750-C) (Except Small Vee) 
Bypass, 750 in3 2.91 All Engines 
(LF750) (Except Small Vee) 
Bypass, 500 in3 2.25 Small Vee Only 
(LF500) 
Bypass, spin-on 0.70 C & I Engines and 
(LF777) Small Vee 
Full-flow 0.50 Standard on All Small 

spin-on Vee (Will replace 
(LF734) LF670-SC) 

Assume a VT-1710 engine which has the following 
capacities: 

Lubricating Oil Pan Capacity 
Full-Flow Filter (3) 
Bypass Filter 750 in3 (2) 

Total Lubricating Oil 
System Capacity 

= 
= 
= 

18 gallons 
2.79 gallons 
5.82 gallons 

= 26.61-27 gallons 

Round this capacity to the nearest whole gallon and 
select the chart entitled "Off Highway Turbocharged 
with By-Pass Filter'' "Lube System Capacity-27 gallons." 

Also assume the average fuel consumption = 17.5 gal
lons per hour and the average Oil consumption = 8 hours 
per quart. 

To read the chart. 

-
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Change Period = Constant x fuel consumed x the oil available. 

Oil Available = Oil system capacity + one-half the make-up oil added in a given period. 

Oil Added = Change Interval 

Oil Consumption Rate 

Change Period = The Constant x the fuel consumed x [the system capacity+ one-half (the Change Period) 

(Oil Consump. Rate) 

Solving this equation for the oil change period gives 

the equation which is used in developing the Chart 

Method. 

Change Period = Constant x fuel consumed x oil consumption x system capacity 

Oil consumption - one-half (constant x fuel consumed) 

1. The numbers along the left side of the chart repre

, sent fuel consumption in gallons per hour. Divide 

the grid between "10" and "20" in 10 equal parts to 

find the point for fuel consumption. 

2. Beginning at "17.5" (fuel consumption), draw a 

line from left to right to the curve "8". This curve 

represents oil consumption at the rate of 8 hours 

per quart. 

3. From the point on the curve "8''. draw a line perpen

dicular to the bottom of the chart. The numbers 

across the bottom of the chart represent the oil 

change interval in hours. 

4. The perpendicular line from the curve "8" intersects 

the bottom line of the chart between "500" and 

"600". Divide the grid in 5 equal parts to find the 

point for the recommended 011 change interval. In 

this example the recommended oil change interval 

is 505 hours. 

Since it is not practical with a group of engines to use a 

different oil change interval for each engine based 

on the chart method, Cummins recommends that 

you use the chart method in the following manner: 

1. Divide the engines into groups by engine model 
(engines with the same lube system capacity). 

2a. Determine the average fuel consumption for all 

the engines in each group. 

b. Select a group fuel consumption, for entering the 

chart, that is halfway between the average fuel 

consumption and the highest fuel consumption 

in the group. 

3a. Determine the average lube oil consumption for all 

the engines in the group. 

b. Select a group lube oil consumption for entering 

the chart that is halfway between the average lube 

oil consumption and the lowest oil consumption 

in the group. 

4. Read the appropriate chart for each group using 

the fuel consumption determined in 2b and the lube 

oil consumption determined in 3b. The oil change 

interval determined in this manner should be 

applied to the entire group. 

5. Since some will have more than one group of 

engine models, a change interval should be deter

mined for each group. In some cases it may be 

wise to divide some groups into sub-groups (such 

as older NTC-290's and newer Formula 290's) for 

which a change interval is determined. 

6. Practically, now, a manager must review the oil 

change intervals determined for each group or 
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subgroup: consider the other items in his preventa
tive maintenance schedule; consider his own past 
practice; and select an oil change interval which 
he feels is the best compromise. 

Note: Cummins Engine Co., Inc., does not recom
mend exceeding 25,000 miles and/or 600 hours on oil 
change intervals. Therefore, the charts or limited to 
25,000 miles or 600 hours and must not be extended. 

The charts for determining the recommended oil 
change intervals are included in the following pages. 

Chart Method Alternative 

As an alternative to the Chart Method for determining 
the "B" maintenance check interval, Cummins Engine 
Co., Inc., recommends that the "B" check be performed 
every 10,000 miles, 250 hours or 6 months. 

Note: Perform the "B" check in 6 month intervals for 
engiens in emergency or standby operations and any 
other operation where less than the recommended 
miles or hours have been accumulated in a 6 month 
interval. 

1.2.7.274; 
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Lubricating Oil Analysis 

An alternate method for determining when to change 
lubricating oil and filters is by used oil analysis using 
laboratory tests. The analyses used are for the purpose 
of determining the amount of contamination in the 
oil; not for predicting potential engine failures. It is 
recommended that new engines be operated through 
at least one oil change interval determined by the 
chart method prior to initiating a used oil analysis 
program. 

In order to initiate a used oil analysis program for a 
large number of engines they should be grouped by 

basic model, rated horsepower and type of service. 
The horsepower range of a group should not exceed 
25; in other words NTC-270 and NTC-290 engines 
could b~ placed in the same group, however, NTC-290 
and NTC-350 engines should be in separate groups. 
Small vee, medium vee, NH and K models should be 
in separate groups. After the engines have been 
grouped, a sub-group consisting of 10 percent of the 
total engines in each group should be selected for 
the used oil analysis program. If a group consists of 
less than 50 engines but more than 25 engines the 
sub-group size should be 5 engines. For groups of 
less than 25 engines the sub-group size should be 8 
engines. The selecting of the engines for each sub
group should be completely random. 

Each group of engines should be set up on oil change 
intervals as described under the "Chart Method". 
When the engines reach the end of the second chart 
method oil change interval, an 011 change should be 
performed on all units in the group except those 
engines selected for the sub-group. The engines in 
the sub-groups should only have an oil sample taken. 
Additional oil samples should be taken from each of 
the engines in the sub-groups at every 48-operating
hour interval after the first sample. This sampling 
frequency may be varied somewhat as dictated by the 
operation. The sampling frequency should not be 
extended beyond 60 hours for equipment safety 
reason or reduced below 40 hours because of the 
added analytical costs. 

This sampling process should continue until the results 
of the analyses of the samples indicate that any one 
of the condemnation limits listed in Table 2-3 has 
been reached or exceeded until the desired oil change 
interval extension is reached. This process should be 
continued cautiously since the engines in the sub
groups are subject to permanent damage because 
of the over-extended oil change interval. The analytical 
work on the samples and the examination 't,f ''the 

analytical results should be done as quickly and 
carefully as possible to prevent serious engine damage. 

Table 2-3: Lubricating Oil Condemnation Limits 

Property (ASTM Method*) Condemnation Umlt 

Viscosity @ 100° C 
(D-445) 

Insolubles, pentane, 
noncoagulated 
(D-893) 

Insolubles, toluene, 
noncoagulated 
(D-893) 

Total acid number 
(D-664) 

Total base number 
(D-664) 

Water content 
(D-95) 

Additive metal content 
(AES or AAs··) 

± 1 SAE Viscosity grade .. 
from the new oil 

1 .0% maximum 

1 .0% maximum 

3.5 number increase from 
the new oil value, maximum 

2.0, minimum 

0.2% maximum 

75% of new oil level, 
minimum 

*ASTM (The American Society for Testing and 
Materials) publishes these methods in their Annual 
Book of Standards, Part 23. Other methods should 
not be used without consulting Cummins. 

.. SAE Viscosity grades are published by the Society 
of Automotive Engineers in their annual SAE 
Handbook as SAE Recommended Practice J300d, 
and are shown in Table 1 of thsi bulletin. 

•·· AES (Atomic Emission Spectroscopy) and AAS 
(Atomic Absorption Spectroscopy) are not stan
dard ASTM methods, however most used oil 
analysis laboratories are capable of determining 
additive metal concentration by one of these 
methods and sample results determined by the 
same laboratory using the same method can be 
safely compared. 

To determine whether the maximum oil change inter
val has been reached the properties in Table 2-3 shoulc 
be determined by the laboratory methods specified. 
This table also specifies condemnation limits to be 
used for determining the lubricating oils' useful life. 
This group of analyses and the methods are not 
generally part of the oil analyses offered by most 
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commercial used oil analysis laboratories. These 
analyses are not low cost, generally costing between 
$50 and $135 per sample. 

When any one of the condemnation limits is exceeded 
on any one sample an oil change should be performed 
on all engines in the sub-group. The hours at which 
the sample for which a condemnation limit was ex
ceeded is the oil change interval at which 10% or more 
(depending on sub-group size) of the group are using 
lubricating oil which has exceeded its useful life. This 
sampling and analysis process should be repeated 
once to confirm the oil change interval. When this 
process is complete the entire group of engines can 
be placed on the new oil change interval. 

This method of establishing an oil change interval 
will determine a different interval for each group of 
engines. It is not possible to provide maintenance 
on several different schedules or if one desires to 
schedule the oil change to coincide with other mainte
nance, the more conservative (or shorter) maintenance 
schedule should be used. 

Please contact your Cummins Service Representative 
if you need assistance or have any questions about 
utilizing this method of determining an oil change 
interval. 

Change Engine Oil 

Factors to be checked and limits for oil analysis are 
listed below. Oil change at "B' Check, as shown in 
the maintenance chart on Page 2-2. is for average 
conditions. 

1. Bring engine to operating temperature. shut down 
engine, remove drain plug from bottom of oil pan, 
and drain oil. 

2. Install drain plug in oil pan. On 855, V-903, KT(A)-
1150, KT(A)-2300 and KTA-3067 Engines torque 
to 60 to 70 ft-lbs [81 to 95 N°m]. On V-378, V-504 
and V-555 Engines torque to 35 to 40 ft-lbs [47 to 54 
N•m). On V-1710 Engines torque to 45 to 55 ft-lbs 
(61 to 75 N °m). 

3. Fill the crankcase to "H" (high level) mark on the 
dipstick. 

4. Start engine and visually check for oil leaks. 

5. Shut down the engine; allow 15 minutes for oil to 
drain back into the pan: recheck the oil level with 
the dipstick. Add oil, as required. 

Note: Use lubricating oil meeting specifications listed 
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in Section 3, and genuine Cummins filters on 
equipment. 

Change Spin-On Lubricating 011 FIiter Elements 

1. Unscrew combination case and elements, Fig. 2-15, 
discard elements. 

Fig. 2-15, (K11951). Removing "spin-on" lubricating oil filter -
KT(A)-1150 Engine 

Note: At each filter change check torque of adapter 
mounting capscrew; it should be 25 to 35 ft-lbs [34 to 
47 N •m]. If the capscrew is not within torque range, 
the adapter may rotate when the spin-on filter is 
removed. Replace the adapter to the filter head gaskets 
at each "C" maintenance check. 

2. Fill the filter with lubricating oil. Apply a light even 
coat of lubricating oil to the gasket sealing suriace 
prior to installing the filter. 
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Fig:. 2-16. (K21907). Installing "spin-on" lubricating oil filter -
KT(A)-?300 Engine 
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3. Position element to the filter head, Fig. 2-16. 
Tighten by hand until the seal touches the filter 
head, tighten an additional one-half to three
fourths turn. 

4. Run the engine, check for leaks, recheck engine 
oil level; add oil as necessary to bring the oil level 
to "H" mark on the dipstick. 

Note: Always allow oil to drain back to the oil pan 
before checking the level. This may require 15 minutes. 

Change the LF-777 Lubricating Oil Spin-On 
By-pass Filter. 

1. Unscrew the spin-on filter from the filter head; 
discard the filter. 

2. Apply a light even coat of lubricating oil to the 
gasket sealing surface, prior to installing the filter. 

3. Position the filter to the filter head. Tighten by hand 
until the seal touches the filter head; tighten an 
additional one turn. 

4. Run the engine, check for leaks, shut-down the 
engine. Add oil as necessary to bring the oil level 
to the "H" mark on the dipstick. 

Fig_ 2-17. (V41908), By-pass filter cross section 
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Change lubricating 011 By-Pass Filter Element 

Note: By-pass filters may be mounted either vertically, 

horizontally or inverted; all are serviced in like manner. 

1. Remove the drain plug (5, Fig. 2-17) and drain oil. 

2. Remove the clamping ring capscrew (1) and lift 
off the cover. · 

3. Unscrew the support hold-down assembly (3); lift 
out the elemen~ (4) and the hold-down assembly. 
Discard the element. 

4. Clean the housing and hold-down assembly in 
solvent. 

5. Inspect the hold-down assembly spring and seal. 
Replace if damaged. 

6. Inspect the drain plug and connections. Replace 
if damaged. 

7. Check the orifice plug (6) inside the oil outlet con
nection or standpipe; blow out with air to open 
and clean. 

8. Check the filter cover O-ring (7). Replace if 

necessary. · ~,' 

9. Install the new element in the housing, Fig. 2-18. 

10. Replace the support hold-down assembly in the 
filter and tighten down to stop, 

11. Position the O-ring seal on the housing flange. 

12. Install the cover and clamping ring; tighten the cap
screws until the clamping lugs are indexed. 

13. Run the engine, check for leaks; add enough extra 
oil to the crankcase to fill to the "H" (high) mark 
on the dipstick. 

Fig. 2-18, (K21908) Installing by-pass triter element 
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Caution: Never use a by-pass filter In place of a full-flow 
filter. 

Change Fuel Filter Element 

Spin-On Type FIiter 

1. Unscrew the combination case and element, Fig. 
2-19, discard the element. 

2. Fill the new filter with clean fuel and apply a light 
even coat of lubricating oil to the gasket sealing 
surface prior to installing the filter. 

3. Install the filter; tighten by hand until the seal 
touches the filter head. Tighten an additional one
half to three-fourths turn. 

··,•; 
·•----·-

;~- .... 

u 
Fig. 2-19. (V11909). Changing "spin-on" type fuel filter 

Caution: Mechanical tightening will distort or crack 
the filter head. 

.-, 
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Fig. 2-20. (Vl 1910). Installing replaceable fuel filter element 
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Replaceable Element 

1. Open the drain cock(s) and drain the contents. 

2. Loosen the nut(s) at the top of the fuel filter(s). Take 
out the dirty element, clean the filter case(s) and 
install new element(s). Fig. 2-20. 

3. Install new gasket(s) in the filter(s) and assemble 
the case(s) and element(s). Tighten center bolt(s) 
to 20 to 25 ft-lbs [27 to 34 N ° m] with a torque 
wrench. Fill the filter case(s) with clean fuel to aid 
in faster pick-up of fuel. 

4. Check the fittings in the filter head(s) for leaks. 
Fittings should be tightened to 30 to 40 ft-lbs [ 41 to 
54 N•m). 

Check Engine Coolant 

Periodic tests of the engine coolant should be made 
to ensure that the frequency of water filter servicing 
or concentration of DCA inhibitor is adequate to 
control corrosion tor any specific condition of opera
tion. In cases where "make-up" water must be added 
frequently, we suggest that a supply of water be treated 
and added as necessary. 

The concentration of effective inhibitor dissolved in 

', ~ ~.·;~ ·;. _, ·.: .. ~·-~ :: :~:,·:·::~::_·-:-~-: ., - .,. -
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Fig. 2-21, (N12021). DCA coolant test kit 
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the coolant can be measured by a Fleetguard DCA 

Coolant Checking Kit Part No. 3300846-S or Cummins 

3375208 which is available from Cummins Distributors 

for this check. Fig. 2-21. 

The test kit indicates DCA concentration by measuring 

the total nitrite of a coolant sample, which provides 

cylinder liner cavitation protection. 

When antifreeze is present, it may contribute to the 

total nitrite, but most of the nitrite protection is ob

tained from the DCA inhibitor. In general, a good nitrite 

reading indicates that the combined inhibitor packages 

contained in the antifreeze (if used) and in DCA are 

sufficient to ensure complete cooling system 

protection. 

Concentration Test Procedure 

1. Rinse the plastic dropper pipet several times with 

the engine coolant. Fill the dropper exactly to the 

1.0 ml. mark. Discharge into the empty vial. 

2. Fill the vial to the 10 ml. scribe mark with tap water 

and mix well. (This dilution step is necessary to 

minimize the differing colors of antifreeze.) 

3. Add two or three drops of Solution B and swirl to 

form a uniform red color. 

4. Add one drop of Solution A to the vial, being careful 

to hold the dispenser provided in a vertical postion. 

Swirl. 

Table 2-4: Number of Drops of Test Solution "A" 

Coolant With Coolant Without 

Fig. 2-22, (V12022). Mixing bottle 

5. Continue adding drops of solution A, keeping 

count of the number of drops and swirl between 

each drop until the color changes from red to a pale 

grey, green, or blue. 

6. Record the number of drops required for the color 

change and consult Table 2-4 for coolant condition 

and recommended maintenance. 

Adding Make-Up Coolant and OCA to Cooling System 

1. Test the coolant for DCA according to the nitrite 

test procedure "With or Without Antifreeze" 

Antifreeze Antifreeze Coolant Condition Maintenance Required 

0-12 0-6 Dangerous (0 to 0.6 oz. per Precharge system or add 

gallon DCA) make-up DCA to top tank 

12-17 7-12 Borderline (0 7 to 1.2 oz. per Replace service filter and/or 

gallon DCA) add make-up DCA to top tank. 

18-25 13-20 Acceptable ( 1.3 to 2.0 oz. per None. 

gallon DCA) 

25-30 20-30 Tolerable (2.0 to 3.0 oz. per None. 

gallon DCA) 

Over 30 Over 30 Overrated (over 3.0 per gallon Drain part of coolant and 

DCA) make-up with plain antifreeze 

and water. 

Note: Ethylene glycol/water solutions should not contain more than 3.0 oz. per gallon DCA or Dowtherm 209/water solutions 

should not contain more than 2.0 oz. per gallon DCA. Concentrations in excess of the above can cause sludge to form 

In the water filler. 
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depending on the presence or absence of anti
freeze in the cooling system. 

2. Estimate the make-up DCA. For example, if a fifteen 
gallon cooling system contains only 0.5 oz/gal. 
(4 ml per I) DCA, and 1.5 oz/gal. [12 ml per I) is 
required, 15 ounces [426 g] of DCA should be 
added to the make-up coolant. 

Note: A one pint bottle of DCA-4L liquid (P/N 3300858) 
contains six dry ounces of DCA chemical in Step 2, 
concentrations are in dry ounces of chemical per 
gallon of coolant. 

3. Estimate the total amount of make-up coolant 
required (gallons), and calculate the proportions 
of water and antifreeze, if used, required. For 
example, one gallon of 50-50 antifreeze/water 
solution will require two quarts of antifreeze and 
two quarts of water. 

4. Add the required amount of water to a mixing 
container and dissolve the number of ounces of 
DCA obtained in Step 2 in the water. If negative 
or zero results were obtained in Step 2, do not add 
OCA. (For DCA to dissolve, water should be above 
50° F [10° C].) 

5. Add the required amount of antifreeze, if used, to 
the water solution and mix thoroughly. 

6. Add the make-up coolant to the cooling system. 

Note: If the DCA concentration is low, and the coolant 
level high, DCA may be added directly to the radiator 
in the amount indicated in Step 2. The engine should 
be running and warm enough to permit coolant circu
lation throughout the entire system. 

Bulk Storage of Make-Up Coolant 

If make-up coolant is stored in bulk, the following 
recommendations are provided for mixing and storing 
the coolant. 

1. Drain and clean the bulk storage tank to remove 
any possible contaminants. 

2. Knowing the total capacity of the holding tank, 
calculate the proportions of water and antifreeze, 
if used, required. For example, a 500 gallon [ 18921] 
tank will hold 250 gallons (946 I] of water and 250 
gallons [946 I] of antifreeze for a 50-50 mixture. 

_ 3. Multiply the desired DCA concentration by the 
total capacity of the holding tank in gallons. In the 
example above. 1.5 oz. DCA per gallon [ 12 ml per I] 
of coolant can be used in the 50-50 mixture. Multi
plying 1.5 oz. DCA per gallon (12 ml per I) times 
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500 gallons [18921) yields a total DCA requirement 
of 750 oz. [46 lb. 14 oz.) [21.3 kg]. 

4. Add the water to the holding tank. Agitating con
tinuously, add the DCA to the water in small 
amounts until all of the chemical has dissolved. 
The water should be above 50° F [ 10° CJ. 

5. Add the antifreeze last, if used, maintaining agita
tion to bring and keep the finished coolant in 
solution. Both antifreeze and DCA will settle to the 
bottom of the tank unless constant mixing or recir
culation is provided. An example of recirculation is 
the use of a small pump operating continuously 
to draw DCA and antifreeze off the bottom of the 
tank and discharging the solution at the top. 
Samples of coolant can be drawn off the top, middle 
and bottom of the storage tank and tested for anti
freeze and/or DCA concentration if inadequate 
mixing is suspected. 

Change DCA Water Filter 

Change the filter or element at each "B" Check; selec
tion of element to be used should be based upon the 

-

size of the system. See "Coolant Specifications", A ',, 
Section 3. W 
Note: Whenever the coolant supply is changed the 
system must be drained, flushed, and precharged. See 
"Coolant Specifications", Section 3 for DCA compati-
bility with different brands of antifreeze. 

Spin-On Element 

1. Close the shut-off valves on the inlet and drain lines. 

2. Unscrew the element and discard. 

3. Apply a light even coat of lubricating oil to the 
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Fig. 2-23. (V514132). Installing DCA "spin-on·· water filter . -
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gasket sealing surface prior to intalling the filter. 

4. Install a new element, tighten until the seal touches 
the filter head. Tighten an additional one-half to 
three-fourths turn. Fig. 2-23. Open the shut-off 
valves. 

Caution: Mechanical tightening will distort or crack 
the filter head. 

Check Oil Levels 

Check Aneroid Oil 

1. Remove the pipe plug from the hole marked "Lub 
Oil". 

2. Fill with engine lubricating oil to the level of the 
pipe plug hole. Reinstall the pipe plug. 

Check Hydraulic Governor 011 Level 

Keep the level half-way up on the inspection glass or 
to the high-level mark on the dipstick. Use the same 
grade oil as used in the engine. 

Clean/Change Crankcase Breather 

Mesh Element Breather 

1. Remove the wing nut (6, Fig. 2-24), flatwasher and 
rubber washer securing the cover (1 ), to the 
breather body (5). 

2. Lift off the cover and life out the breather element 
(2), vapor element (3), and gasket (4). 

3. Clean all metal and rubber parts in an approved 
cleaning solvent. Dry thoroughly with compressed 
air. 

4. Inspect the rubber gasket; replace it if necessary. 
Inspect the body and cover for cracks. dents or 
breaks; discard all unserviceable parts. 

5. Install a cleaned or new breather element (2, Fig. 
2-24) and cleaned vapor element (3) to the 
breather body (5). 

6. Install the rubber gasket (4) in the cover (1); posi
tion the cover assembly to the body (5). 

7. Install the rubber washer, flatwasher and wing nut 
(6); tighten securely. 

Screen Element Breather - Cleaning and Inspection 

1. Remove the vent tube if not previously removed. 

2. Remove capscrews, washers. cover, screens and 
battle if used, from the breather body. Fig. 2-25. 

~--

Fig. 2-24, (V51909). Crankcase breather - mesh element with vapor 
barrier 

T 
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Fig. 2-25, (N11934). Crankcase breather - screen type 

3. Clean the vent tube, screens and baffle in an 
approved cleaning solvent. Dry with compressed 
air. Wipe out the breather housing. 

4. Assemble the baffle and screens, if used, and a new 
gasket in the body. 

5. Replace the cover with the cover boss resting 
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securely on the point of the screen, if used; secure 
with washers and capscrews. 

6. Replace the vent tube. 

Clean Air Compressor Breather 

When used, service breathers regularly as follows: 

Bendix-Westinghouse Paper Element 

Remove the breather cover and element. Fig. 2-26. 
Clean by reverse flushing with compressed air; reas
semble on the compressor. Discard the element if 
it is damaged or unsuitable for cleaning. 

Fig. 2-26, (V41420). Bendix-Westinghouse air compressor breather 

Bendix-Westinghouse Sponge 

Remove the breather from the air compressor. Dis
assemble the breather, wash all metal parts in solvent 
and blow dry with compressed air. Wash the element 
in solvent: remove all solvent from the element: dip it in 
clean engine oil and squeeze excess oil from the 
element. 

Cummins Paper 

Clean the element at each "D" maintenance check. 
Remove the wing nut securing the front cover to the 
body. Lift off the front cover and element. Inspect the 
paper element before cleaning by reverse flow of 
compressed air: discard the element if it is damaged 
or unsuitable for cleaning. Fig. 2-27. 

Caution: Do not rupture the filter element. 

Clean the body and front cover with a clean cloth. With 
the rubber gasket on center bolt, place the element in 
the front cover and assemble over the center bolt; 
secure with the wing nut. 

Operating Instructions 2-33 
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Fig. 2-27, (V414209). Cummins air compressor breather - paper 
element 

Note: At any time the three-prong unloader hat is used, 
it will set up air pulsations across the compresor intake 
which can destroy the paper element. Pipe intake air 
for Cummins compressors from the engine air mani
fold when the three-prong unloader hat is applied; 
current factory-installed compressors are so equipped. 
This same procedure may be used for any Cummins 
Compressor in the Field. 

Clean Tray Screen 

Clean the tray screen in kerosene or cleaning solvent. 
Dry with compressed air, reassemble to the cleaner. 

Note: If the tray screen is extremely dirty, it may be 
necessary to singe the screen with a flame. Do not melt 
the tin plate on the screen. 
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"C" Maintenance Checks 

At each "C" Maintenance Check, first perform all 'A", 
and "B" Checks in addition to those following: 

Adjust Injectors and Valves 

It is essential that the injectors and valves be in correct 
adjustment at all times for the engine to operate 
properly. One controls engine breathing; the other 
controls fuel delivery to the cylinders. 

Final operating adjustments must be made using 
correct values as stated. 

Caution: Be sure the injector and valve set markings, 
wherever located, are in proper alignment with the 
Indicator mark. 

Temperature Settings 

The following temperature conditions provide the 
necessary stabilization of engine components to 
assure accurate settings. 

Definition of "Cold Set" 

The engine must have reached a stabilized tempera
ture (4 hours minimum) without operation in ambient 
temperature where the adJustments are to be made. 

Definition of "Hot Set" 

1. Adjust the injectors and valves immediately after 
the engine has been operated at 210° F (99° CJ oil 
sump temperature for a period uf 10 minutes mini
mum, or until normal oil operating temperature 
has been obtained. 

2. If an oil temperature gauge is unavailable, set the 
injectors and valves immediately after the enqine 
has operated at rated speed and load or at high idle 
for a period of 40 minutes minimum. 

Injector Plunger Adjustment Using Torque 
Method, V /VT -378, V /VT-504, V /VT-555 Engines 

The injectors and valves must be in correct adjustment 
at all times for the engine to operate properly. This 
controls engine breathing and fuel delivery to the 
cylinders. Final adjustment must be made wl,en the 
engine 1s at operating temperature The injectors must 
always be adjusted before the valves. The procedL1re 
is as follows: 

Valve Set Mark Alignment 

1. Turn the crankshaft in direction of rotation until 
No. 1 "VS" mark appears on the vibration damper 
or crankshaft pulley. See Fig. 2-28 for the location 
of the valve set marks. In this position, both intake 
and exhaust valves must be closed for cylinder 
No. 1; if not, advance the crankshaft one revolution. 
See Fig. 2·29, Fig. 2-30 and Table 2-5 for firing 
order. 

,i • \ 
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F,g. 2-28, (OM103) Valve set marks - V/VT-378, V/VT-504, VNT-

555 Engines 

Fig. 2-29, (V11461). V6 finng order 
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Fig. 2-30. (V11462). VS firing order 

Note: Do not use the fan to rotate the engine. 

2. Adjust the injector plunger, then the crossheads 
and valves of the first cylinder as explained in suc
ceeding paragraphs. Turn the crankshaft in the 
direction of rotation to the next "VS" mark corres
ponding to the firing order of the engine and the 
corresponding cylinder will be ready for adjust
ment. See Table 2-5. 

3. Continue turning the crankshaft in the direction of 
rotation and making adjustments until all injectors 
and valves have been correctly adjusted. 

Table 2-5: Engine Firing Order V Engines 

Right Hand 
Right Hand 

V8 
V6 

1-5-4-8-6-3-7-2 
1-4-2-5-3-6 

Note: Two complete revolutions of the crankshaft are 
needed to set all injector plungers and valves. The 
injector and valves can be adjusted for only one cylin
der at any one "VS" setting. 

Injector Plunger Adjustment 

Before adjusting the injector, tighten the injector hold
down capscrew to 30 to 35 ft-lbs (41 to 47 N °m]. 

The injector plungers of all engines must be adjusted 
with an in-lb torque wrench to a definite torque setting. 
Snap-On Model TO12B or equivalent torque wrench 
and a screwdriver adapter can be used for this adJust
ment. Fig. 2-31. 

1. Turn the adjusting screw down until the plunger 

-· --

Operating Instructions 2-35 

contacts the cup and advance an additional 15 
degrees to squeeze the oil from the cup. 

Fig. 2-31, (V11914). Adjusting injector plunger 

2. Loosen the adjusting screw one turn. Using a 
torque wrench calibrated in in-lbs and a screw
driver adapter, tighten the adjusting screw to the 

-

values shown in Table 2-6 for cold setting and A 
tighten the locknut. W 

Table 2-6: Injector Plunger Adjustment Torque 
VNT-378, VNT-504, V/VT-555 Engines 

Oil Temperature 
Cold 

60 in-lbs (6.8 N •m] 

Oil Temperature 
Hot 

60 in-lbs (6.8 N •m] 

Fig. 2-32, (V114115). Tightening adjusting screws locknut -
1.2. 7 .292 
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Note: After all the injectors and valves are adjusted and 

the engine has been started and warmed up to'140°F 

[69° CJ oil temperature, reset the injectors to the warm 
setting. This is only necessary if the injectors, lever 

assemblies, or push rods have been changed. 

3. Hold the injector adjusting screw and tighten the 
injector adjusting screw locknut to the values indi

cated in Table 2-7. 

When an ST-669 Adapter is used, nut torque is reduced 

to compensate for additional torque arm length. Fig. 

2-32. 

Table 2-7: Injector and Valve Locknut Torque 
V NT-378, V /VT-5O4, V /VT-555 Engines 

Wilhout ST -669 

40 to 45 ft-lbs. 
[54 to 61 N °m) 

Crosshead Adjustment 

With ST-669 

30 to 35 ft-lbs. 
[41 to 47 N •m) 

Crossheads are used to operate two valves with one 

rocker lever. The crosshead asjustment is provided to 
assure equal operation of each pair of valves and 
prevent strain from misalignment. 

1. Loosen the valve crosshead adjusting screw lock
nut and back off the screw one turn. 

2. Use light finger pressure at the rocker lever contact 
surface to hold the crosshead in contact with the 
valve stern (without the adjusting screw). 

[~~~\ 
) .I 

Fig. 2-33. (V11915) AdIusting crossheads 

-

3. Turn down the crosshead adjusting screw until ~t 
touches the valve stem. Fig. 2-33. 

4. Hold the adjusting screw in this position and torque 
the locknut to the values listed in Table 2-8. 

5. Check the clearance between the crosshead and 
the valve spring retainer with a wire gauge. There 
must be a minimum of 0.025 inch [0.64 mm) clear
ance at this point. 

Valve Adjustment 

The same crankshaft position used in adjusting the 

injectors is used for setting the intake and exhaust 
valves. 

Table 2-8: Crosshead Locknut Torque 

Without ST -669 

25 to 30 ft-lbs. 
[34 to 41 N •m) 

With ST-669 

22 to 26 ft-lbs. 
[30 to 35 N •m] 

1. Loosen the locknut and back off the adjusting 
screw. Insert a feeler gauge between the rocker 
lever and the top of the crosshead. Valve clearances 
are shown in Table 2-9. Turn the screw down until 
the lever just touches the gauge and lock the 
adjusting screw in this position with the locknut. 
Fig. 2-34. Torque the locknut to the values indicated 

in Table 2-7: note Step 2 under "Injector Plunger 
Adjustment". 

Table 2-9; Valve Clearances - Inch [mm] 
V/VT-378, V/VT-504, V/VT-555 Engines 

Intake Valve 
Oil Temperature 
Cold Hot 

0012 
[030) 

0010 
[0.25) 

Exhaust Valve 
Oil Temperature 
Cold Hot 

0022 
[0.56] 

0020 
[0.51] 

2. Always make the final valve adjustment after the 
injectors are ad Justed and with the engine at operat
ing temperature. 

V-903 Engines Injector Adjustment, 
Using Dial Indicator Method 

This method involves adJusting the injector plunger 
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Fig. 2-34, (V11916). Adjusting valves 

travel with an accurate dial indicator rather than 
tightening the adjusting screw to a specified torque. 

The "indicator method" eliminates errors in adjustment 
caused by friction in the screw threads and distortion 
from overtightening the adjusting screw locknut. A 
check can be made of the adjustment without disturb
ing the locknut or screw setting. The valves can also 
be checked or set while adjusting the injectors by this 
method. See Table 2-10 for specifications. 

Table 2-10: Adjustment Limits Using Dial Indicator 
Method Inch [mm] V-903 Engines 

Injector Plunger 
Travel 

Valve Clearance 
Intake Exhaust 

1 to 1 Rocker Lever Ratio - Injector Lever P/N 211319 

0.187 ± 0.001 
(4.75 ± 0.03) 

0.012 
[0.30] 

0.025 
(0.64] 

Before adjustment. tighten the injector hold-down 
capscrew to 30 to 35 ft-lbs (41 to 47 N °m] torque. 

Note: Remove the key, and using either a 3/8 inch hex 
drive for female type barring device or a 518 inch six
point socket for the male type barring device. press 
inward until the barring gear engages the drive gear; 
then advance. Fig. 2-35. After completion of ad1ust
ment. be sure the drive retracts and install the key into 
the safety lock groove. 

Using the regular engine barring device, Fig. ~J~. 
rotate the engine in the direction of rotation with t_he 

Operating Instructions 2-37 

"VS" mark for cylinder 2-8 is aligned with the pointer. 
In this position both the intake and exhaust valve 
rocker levers for No. 2 cylinder should be free and can 
be moved up and down. If not, bar the engine another 
360 degrees in the direction of rotation and realign the 
2-8 "VS" mark. 

! 
. l. 

Fig. 2-35, (V51486). Engine barring arrangements - V-903 

The timing mark locations (Fig's. 2-36 and 2-37) are 
used with the dial indicator method of setting the 
injectors and valves. Alignment, in either location, 
should be held to within one-half inch (12.7 mm] of 
the pointer. 

r: 
( 

/, 
f'i 

•. ,,,,.11 __ _ 
F,g. 2-36. (V514115). Valve set marks on v1bratIon damper-V-903 

Note: No. 2 cylinder is selected for the purpose of 
illustration only. Any other cylinder could be used. if 
so desired. 
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Fig. 2-37, (V514127). Valve set mark on accessory drive - V-903 

1. Set up the ST-1270 Indicator Support with the 
indicator extension atop the injector plunger flange 
at No. 2 cylinder, Fig. 2-38. 

2. Screw the injector lever adjusting screw down until 
the plunger Is bottomed in the cup. back off approx
imately 1/2 turn then bottom again. set the dial 
indicator at zero (0) 

Note: Care must be taken to assure the inJector plunger 
is correctly bottomed in the cup. without overt1ghten
Ing the ad1usting screw. before setting the dial 
indicator. 

3. Back the adjusting screw out until a reading of 
0.187 inch [4.75 mm], reference Table 2-10. is 
obtained on the dial indicator. Snug tighten the 
locknut. 

4. Using ST-1251 Rocker Lever Actuator, bottom the 
injector plunger, check the zero (0) setting. Fig. 
2-39. Allow the plunger to rise slowly, the indicator 
must show the plunger travel to be within the range 
specified in Table 2-10. 

Fig. 2-39. (V514128). Bottoming injector plunger in cup - V-903 

5. Using ST-669 Torque Wrench Adapter to hold the 
adjusting screw in position, torque the locknut 
30 to 35 ft-lbs [41 to 47 N 0m]. If the torque wrench 
adapter is not used, hold the adjusting screw with 
a screwdriver, torque the locknuts 40 to 45 ft-lbs 
[54 to 61 N °m]. 

6. Actuate the injector plunger several times as a 
check of the adjustment. Remove the dial indicator 
assembly. 

7. Adjust the valves on the appropriate cylinder as 
determined in Step 1 and Table 2-10. Tighten the 
locknuts the same as the injector locknut. 

Crosshead Adjustment 

Crossheads are used to operate two valves with one 
rocker lever. The crosshead adjustment is provided to 
assure equal operation of each pair of valves and 
prevent strain from misalignment. 

1. Loosen the valve crosshead adjusting screw lock
nut and back off the screw one turn. 

2. Use light finger pressure at the rocker lever contact 
surfgace to hold the crosshead in contact with the 
valve stern (without adiusting screw). Fig. 2-40. 

3. Turn down the crosshead adjusting screw until it 
touches the valve stem. 

1.2.7.295. 



... 

Fig. 2-40, (V51490). Adjusting crossheads - V-903 

4. Hold the adjusting screw in position and torque the 
locknut to the values listed in Table 2-8. 

Note: Be sure that the crosshead retainer on the ex
haust valves, if used, are positioned equally on both 
sides of the spring over the crossheads and valve 
springs properly. 

5. Check the clearance between the crosshead and 
the valve spring retainer with a wire gauge. There 
must be a minimum of 0.025 inch [0.64 mm] clear
ance at this point. 

Valve Adjustment 

The same engine position used in adjusting injectors 
is used for setting intake and exhaust valves. 

1. Loosen the locknut and back off the adjusting 
screw. Insert a feeler gauge betwe€n the rocker 

Fig. 2-41, (V51492). Adjusling valves - V-903 

Operating Instructions 2-39 

lever and the top of the crosshead. Fig. 2-41. Valve 
clearances are shown in Table 2-10. Turn the screw 
down until the lever just touches the gauge, and 
lock the adjusting screw in position with the lock
nut. Torque the adjusting screw locknuts to 40 to 
45 ft-lb (54 to 61 N °m] or 30 to 35 ft-lb [41 to 47 
N •m] when using an ST-669 Adapter. 

2. Always make the final valve adjustment after the 
injectors are adjusted. 

NH-743, N-855, C.1.0. Engines, Injector and 
Valve Adjustment (Dial Indicator Method) 

Note: Before adjusting the injectors and valves be sure 
to determine if the rocker housings are cast iron or 
aluminum and use the appropriate setting. 

Before adjusting the injectors, torque the cylindrical 
injector, hold-down capscrews in alternate steps to 
10 to 12 ft-lbs [14 to 16 N •m]. With flange injectors 
torque the hold-down capscrews in alternate steps to 
12 to 14 ft-lbs [14.6 to 18 N 0m]. Tighten the fuel inlet 
and drain connections to 20 to 25 ft-lbs [27 to 34 N °m] 
in the flange injectors. 

Maintenance Adjustment 

1. Bar the engine until "A" or 1-6 "VS" mark on the 
pulley, Fig. 2-42, is aligned with the pointer on the 
gear case cover. In this position, both valve rocker 
levers for cylinder No. 5 must be free (valves 
closed). The injector plunger for cylinder No. 3 
must be at top of its travel: if not, bar the engine 
360 degrees, realign the mark with the pointer. 

2. Set up ST-1170 Indicator Support with the indicator 
extension on the injector plunger top at No. 3 

Aor 
16 vs.__ 

16TC 

0 

oQo 
0 

Bor 
25VS 

Cor 
34VS 

f-ig, 2-42, (N114230). Accessory drive pulley marking -
N-855 
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Fig. 2-43. (N114231 ). Dial indicator in place - extension in contact 

with plunger - N-855 

cylinder, Fig. 2-43. Make sure the indicator exten
sion is secure in the indicator stem and not against 
the rocker lever. 

Note: Cylinder No. 3 for injector setting and cylinder 

No. 5 for valve setting are selected for illustration pur
poses only. Any cylinder combination may be used as 

a starting point. See T abel 2-11 . 

Table 2-11: Injector and Valve Set Position 
N-855 Engines 

Bar in Pulley Set Cylinder 
Direction Position Injector 

Start A or 1-6VS 3 
Adv. To B or 2-5VS 6 
Adv. To C or 3-4VS 2 
Adv. To A or 1-6VS 4 

Adv. To B or 2-5VS 1 

Adv. To C or 3-4VS 5 

Valve 

5 
3 
6 
2 
4 

3. Using ST-1193 Rocker Lever Actuator. Fig. 2-44. or 

equivalent. bar the lever toward the iniector until 
the plunger Is bottomed to squeeze the oil film 

from the cup. Allow the inJector plunger to nse. 
then bottom again. Set the indicator at zero (0). 

Check the extension contact with the plunger top. 

4. Bottom the plunger again. rele::ise the lever: the 
indicator must show travel as indicated in Table 

2-12. Adjust as necessary. 

5. If loosened. tighten the locknut to 40 to 45 ~~lbs 
(54 to 61 N -m) and actuate the injector plt:m·ger 

Fig. 2-44, (N114232). Bottoming injector plunger in cup - N-855 

several times as a check of the adjustment. Tighten 
to 30 to 35 ft-lbs [41 to 47 N. m] when using ST -669 

Adapter. 

Table 2-12: Adjustment Limits Using Dial Indicator 

Method Inch [mm] N-855 Engines 

011 
Temp. 

Injector Plunger 
Travel 

Inch [mm] 

Adj. Value 

Aluminum Rocker Housing 

Cold 0.170 
[4.32] 

Hot 0.170 
[4.32] 

Cast Iron Rocker Housing 

Cold 0.175 
(4.45] 

Hot 0.170 
[4.32] 

Valve Clearance 
Inch [mm] 

Intake Exhaust 

0.Q11 0.023 
[0.28) [0.58] 
0.011 0.023 
(0.28) [0.58] 

0.013 0.025 
(0.32) [0.63) 
0.011 0.023 
[0.28) [0.58) 

NT-855 (Big Cam only - Non Top-Stop) 

0.228 0.Q11 0.023 
[5.79) (0.28] [0.58) 

Note: Check engine dataplate for 1n1ector and valve setting. 

Adjust Injectors and Valves (Torque Method) 
V-1710, NH-743, N-855 C.1.O. Engines 

Timing Mark Alignment 

1. If used. pull the compression release lever back and 
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' i - block in the open position only while barring the 
engine. 

2. Loosen the injector rocker lever adjusting nut on all 
cylinders. This will aid in distinguishing between 
cylinders adjusted and not adjusted. 

Note: Before adjusting the injectors and valves be sure 
to determine if the rocker housings are cast iron or 
aluminum and use the appropriate setting. 

3. Bar the engine in the direction of rotation until a 
valve set mark (Fig's. 2-45, 2-46 and 2-47) aligns 
with the mark or pointer on the gear case cover. 
Example: A or 1-6 "VS" on lnline Engines or 1-6R 
"VS" on V-1710 Engines. 

4. Check the valve rocker levers on the two cylinders 
aligned as indicated on the pulley. On one cylinder 
of the pair, both rocker levers will be free and the 

i 
I Ht~, 

Fig. 2-45, (V41484). Valve set mark - V-1710 

' l '. 
, ' 

j I 

.h .. J~.J .. 
Fig. 2-46, (N114220-A). Valve set mark - N-855 
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valves closed; this is the cylinder to be adjusted. 

5. Adjust the injector plunger first, then the cross
heads and valves to the clearances indicated in the 
following paragraphs. 

6. For the firing order See Table 2-13 for lnline 
Engines and Tabel 2-14 and Fig. 2-47 for V-1710 
Engines. 

000000 

Fig. 2-47, (V414231 ). V-1710 piston position 

Table 2-13: Engine Firing Order N-855 Engines 

Right Hand 
Rotation 

1-5-3-6-2-4 

Left Hand 
,Rotation 

1-4-2-6-3-5 

Table 2-14: Firing Order V-1710 Engines 

Right Hand -

1 L-6R-2L-5R-4L-3R-6L-1 R-5L-2R-3L-4R 

Left Hand -

1 L-4R-3L-2R-5L-1 R-6L-3R-4L-5R-2L-6R 

7. Continue to bar the engine to the next "VS" mark 
and adjust each cylinder in the firing order. 

Note: Only one cylinder is aligned at each mark. Two 
complete revolutions of the crankshaft are required to 
adjust all cylinders. 

Injector Plunger Adjustment 

The, injector plungers must be adjusted with an inch
POl;'h? torque wrench to a definite torque setting. 

-
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Fig. 2-48. (V414190). AdJusting inJector plunger -V-1710 

F-Ig. 2-49, (N11466) AdIust1ng inIector plunger - N-855 

Snap-On Model TE-12 or equivalent torque wrench 
and a screwdriver adapter can be used for this adJust
ment. See Fig's 2-48 and 2-49. 

1. Turn the adJusting screw down until the plunger 
contacts the cup and advance an add1t1onal 15 
degrees to squeeze the 011 from the cup. 

Note: Number one L and one R cylinders on V-1710 
Engines are at the gear case of the engine. 

2. Loosen the ad1ust1ng screw one turn: then using a 
torque wrench calibrated in inch-pounds and a 
screwdriver adapter tighten the adjusting screw to 
the value shown in Tabel 2-15 and t1gt1ten the 
locknut to 40 to 45 ft-lbs [54 to 61 N 0m] torque. 
If ST-669 Torque Wrench Adapter Is used. torque to 
30 to 35 ft-lbs [41 to 47 N 0m]. 

Crosshead Adjustment 

Crosseheads are used to operate two valves with one 
rocker lever. The crosshead adjustment is provided to 
assure equal operation of each pair of valves and 
prevent strain from misalignment. 

1. Loosen the valve crosshead adjusting screw lock
nut and back off the screw (4, Fig. 2-50) one turn. 

Table 2-15: Injector Plunger Adjustment·...:.. 
Inch-lbs [N •m] 

Cold Set 

V-1710 Engines 

50 (0.6] 

NH-NT-743 and 855 Engines 
Cast Iron Rocker Housing 

48 [5.4] 

Aluminum Rocker Housing 

11 [B.1 J 

Fig. 2-50, (N21461) Valve crosshead 

Hot Set 

72 (8.1] 

72 (8.1] 

2 

2. Use light finger pressure at the rocker lever contact 
surface (1) to hold the crosshead in contact with 
the valve stem (2). 

3. Turn down the crosshead adjusting screw until it 
touches the valve stem (3). 

4. Using ST-669 Torque Wrench Adapter, tighten 
the locknut to 22 to 26 ft-lbs [30 to 35 N -m]. ff 
ST -669 is not available. hold the screws with a 
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screwdriver and tighten the locknuts to 25 to 30 
ft-lbs [34 to 41 N 0m]. 

5. Check the clearance between the crosshead and 
the valve spring retainer with a wire gauge. There 
must be a minimum of 0.020 inch (0.51 mm) clear
ance at this point. 

Valve Adjustment 

The same engine position used in adjusting the 
injectors is used for setting the intake and exhaust 
valves. 

1. While adjusting the valves, make sure that the com
pression release, on those engines so equipped, 
is in the running position. 

2. Loosen the locknut and back off the adjusting 
screw. Insert a feeler gauge between the rocker 
lever and crosshead. Turn the screw down until the 
lever just touches the gauge and lock the adjusting 
screw in this position with the locknut. Tighten the 
locknut to 40 to 45 ft-lbs (54 to 61 N ° m) torque. 
When using ST-669 torque to 30 to 35 ft-lbs (41 to 
47 N•m). 

3. Always make final valve adjustment at stabilized 
engine lubricating oil temperature. See Table 2-16 
for the appropriate valve clearances. 

Table 2-16: Valve Clearances - Inch (mm] 

Intake Valves 

Cold Set Hot Set 

V-1710 Engines 

0.014 [0.36) 

NH-NT-743 and 855 Engines 

Cast Iron Rocker Housing 

Exhaust Valves 

Cold Set Hot Set 

0.027 [0.69] 

0.016 [0.41) 0.014 [0.36] 0.029 [0.74] 0.027 [0.69) 

Aluminum Rocker Housing 

0.014 [0.36) 0.014 [0.36) 0.027 [0.69) 0.027 [0.69) 

Injector and Valve Adjustment Using 3375004 
Dial Indicator Kit KT(A)-1150 Engines 

This method involves adjusting the injector plunger 
travel with an accurate dial indicator. A check can be 
made of the adjustment without d1sturb1ng the locknut 
or screw setting. The valves can also be chec:kec:I or 
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set while adjusting the injectors by this method. See 
Table 2-17. 

3375004 Injector Adjustment Kit is used to adjust the 
injectors with or without Jacobs Brake units installed. 

It is essential that the injectors and valves be in correct 
adjustment at all times for the engin~ to operate 
properly. 

Table 2-17: Injector and Valve Set Position KT(A)-1150 

Bar in Pulley Set Cylinder 
Direction Position Injector Valve 

Start A 3 5 
Adv. To B 6 3 
Adv. To C 2 6 
Adv. To A 4 2 
Adv. To B 1 4 
Adv. To C 5 1 

Firing Order 1-5-3-6-2-4 

One controls engine breathing; the other controls 
fuel delivery to the cylinders. 

Operating adjustments must be made using the 
correct values as stated. 

Injector and Valve Adjustment 

Note: Do not use the fan to rotate the engine. Remove 
the shaft retainer key. Fig. 2-51, and press the shaft 
inward until the barring gear engages the drive gear; 
then advance. After the adjustments are complete 
retract the shaft and install the retainer key into the 
safety lock groove. 

Fig. 2-51, (K11919). Engine barring arrangement - KT(A)-1150 

1.2.7.300. 
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Caution: The barring mechanism gear must be 
completely engaged when barring the engine to avoid 
damage to the teeth of the gear. 

1. Bar the engine in the direction of rotation until "B" 
mark on the pulley, Fig. 2-52, is aligned with pointer 
on the gear case cover. In this position, both valve 
rocker levers for cylinder No. 3 must be free (valves 
closed). The injector plunger for cylinder No. 6 
must be at top of travel; if not, bar the engine 360 
degrees, realign the marks with the pointer. 

CiJ Steel Stamp liming Data 

~ __ i__,__on This :urtace ~ 

~11 
·1;9 

Surface B~ 

Fig. 2-52. (K11920) Accessory drive pulley marking - KT(A)-1150 

Note: The injector and valves on any one (1) cylinder 
can· not be set at the same valve set position. Example: 
If the rocker levers on No. 3 cylinder are free (valves 
closed) the injector plunger travel on No. 6 cylinder is 
to be adiusted. Any valve set position may be used as 
a starting point See Table 2-17. 

2. Install 3375004 Dial Indicator Assembly to the 
rocker housing, extension (3375005) must go 
through the opening in the Jacobs Brake housing 
and contact the iniector plunger top, Fig. 2-53. 

3. Screw the inJector lever adjusting screw down until 
the plunger is bottomed in the cup, back off approx
imately 1/2 turn then bottom again, set the dial 
indicator at zero (0). 

Note: Care must be taken to assure the injector plunger 
is correctly bottomed in the cup, without overtighten
ing the adjusting screw. before setting the dial 1nd1cator. 

4. Back the adjusting screw out until a reading of 
0.304 inch [7.72 mm], reference Table 2-18. is ob
tained on the dial indicator. Snug tighten the 
locknut. 

Fig. 2-53, (K114130). Dial indicator in place - extension in contact 
with plunger - KT(A)-1150 

5. Using 3375009 Rocker Lever Actuator Assembly 
and Support Plate, bottom the injector plunger, 
check the zero (0) setting. Fig. 2-54. Allow the 
plunger to rise slowly; the indicator must show the 
plunger travel to be within the range specified in 
Table 2-18. 

Table 2-18: Adjustment Limits Using Dial Indicator 
Method Inch [mm] KT{A)-1150 Engines 

Injector Plunger 
Travel 

0.304 ± 0.001 
[7.72 ± 0.03) 

., .• / 

i 

Valve Clearance 
Intake 

0.014 
[0.36) 

Fig. 2-54, (K 114104). Actuating rocker lever 

Exhaust 

0.027 
[0.69) 
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6. Using ST -669 Torque Wrench Adapter to hold the 
adjusting screw in position, torque the locknut 
to 30 to35 ft-lbs (41 to47 N •m]. If the torque wrench 
adapter is not used, hold the adjusting screw with 
a screwdriver, torque the locknuts to 40 to 45 ft-lbs 
(54to61 N°m]. 

7. Actuate the injector plunger several times as a 
check of the adjustment. Remove the dial indicator 
assembly. 

Caution: If Jacobs Brake is not used, be sure the cross
heads are adjusted before setting the valves. See 
Crosshead Adjustment following. 

8. Adjust the valves on the appropriate cylinder as 
determined in Step 1 and Table 2-18. Tighten the 
locknuts the same as the injector locknut. 

9. If Jacobs Brake is used, use 3375012 (0.018 inch 
(0.46 mm] thick) Feeler Gauge and 3375008 Torque 
Wrench Adapter, set the exhaust valve crosshead 
to Jacobs Brake slave piston clearance. Fig. 2-55. 

Fig. 2-55. (Kl 14105). Adjusting crosshead to slave piston clearance 

Note: Turn both adjusting screws alternately and 
evenly until the crosshead and feeler gauge contact 
the slave piston and the adjusting screws are bottomed 
on the valve stem. Back the adjusting screws out one
fourth (1/4) to one-half (1/2) turn. Starting with the 
outer adjusting screw (next to water manifold). then 
moving to the screw under the rocker lever. retighten 
gradually until the crosshead and feeler gauge contact 
the slave piston. Snug tighten the locknuts. 

10. Hold the crosshead adjusting screws with a screw
driver, torque the locknuts 22 to 26 ft-lbs (20 to35 
N. m] using 3375008 Adapter and torque wrench. 

Operating Instructions 2-45 

11. See Table 2-18 for valve clearance values. 

12. Repeat the adjustment procedure for each cylinder. 
See Table 2-17 for firing order and injector and 
valve set positions. 

Crosshead Adjustment 

Crossheads are used to operate two valves with one 
rocker lever. The crosshead adjustment is provided to 
assure equal operation of each pair of valves and pre
vent strain from misalignment. 

1. Loosen the valve crosshead adjusting screw lock
nut and back off the screw (4, Fig. 2-56) one turn. 

Fig. 2-56. (K21924). Valve crosshead 

2. Use light finger pressure at the rocker lever contact 
surface (1) to hold the crosshead in contact with 
the valve stem (2) (without adjusting screw). 

3. Turn down the crosshead adjusting screw until it 
touches the valve stem (3). 

4. Using ST-669 Torque Wrench Adapter, tighten 
the locknuts to 22 to 26 ft-lbs (30 to 35 N°m]. If 
ST-669 is not available, hold the screws with a 
screwdriver and tighten the locknuts to 25 to 30 
ft-lbs (34 to 41 N°m). 

5. Check the clearance (6) between the crosshead 
and valve spring retainer with a wire gauge. There 
must be a minimum of 0.025 inch [0.64 mm] clear
ance at this point. 

Injector and Valve Adjustment Using 3375004 
Dial Indicator Kit (KT(A)-2300 and KTA-3067 
Engines 

Valve Set Mark Alignment 

1.2.7.302 

-

-



• 

-

-

2-46 Operation and Maintenance 
Construction and Industrial 

Note: KT(A)-2300 and KTA-3067 injectors, cross
heads and valves are adjusted to the same values. 
Refer to Fig's. 2-57 and 2-58 for specific cylinder 
arrangement and engine firing order. 

- -
II• (1111 (z11 ! I ;~) (~) (-,~) (~~ -

, / -

- -
1L 2L 'I Jl n '

1 
(11~) ("n ·) ,--. 

LO , ,-- ', ; -- .__ -
firi"9 Order 

111 IL-Ill 2L 311-•&l 511 1L 211 SL ,A 3L 

Fig. 2-57. (K21916). Cylinder arrangement and firing order -

KT(A)-2300 

-
RB @®®®®®®@ --

-
LB ®®®®®®®® .... 
~ 

Firing Order 

-

V-16 -1 R-1 L-3R-3L-7R-7L-5R-5L-8R-8l-6R-6L-2R-2L-4R-4L 

Fig. 2-58. (OM204). Cylinder arrangement and firing order -
KTA-3067 

Three locations are provided where valve and tnJector 
alignment marks may be viewed. Injector plunger 
travel and valves both may be set on one cylinder at the 
same valve set location. The crankshaft must be turned 
through two (2) complete revolutions to properly set 
all injector plunger travel and valves. 

Note: The barring mechanism may be located on either 
the left bank or right bank at the flywheel hOUS!QQ. 
The cover plate on opening "A" or "C" directly above 

--

the barring mechanism must be removed when viewing 
the timing marks at the flywheel housing. 

1. When viewing the engine at the vibration damper, 
Fig. 2-59, align the timing marks on the damper 
with the pointer on the gear case cover. 

\. 

\ 
I \ I 
l -i \ 

.,,.. 
t . • 

' I E,L-ll VS 

lJ 
I 

~ r-I l 

' ... Ii~ 

Fig. 2-59, (K21917). Valve set marks on vibration damper -
KT(A)-2300 

,.., 

2. When barring the engine from the right bank at the 
flywheel housing "A" VS timing marks on the fly
wheel .(1, Fig. 2-60) must align with the scribe mark 
(2) when viewed through the opening marked "A" 
on the flywheel Musing. 

r -

I 

0 

--

-
\ 

.,,_ 

)---0 
/ 

·"" 

F,g 2 60, 1_!<:?19181 VJlve ~et marks on right bank flywheel and 
l1ous111g - KT(A)-2300 

3. When barring the engine from the left bank at the 
flywheel housing "C" VS t1m1ng marKs on the fly
wheel (1. Fig. 2-16) must align with the scribe mark 
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(2) when viewed through the opening marked "C" 
on the flywheel housing. 

Caution: When aligning valve set marks at either fly
wheel housing location, care must be taken to assure 
that "A" or "C" valve set marks on the flywheel match 
,.A., or "C" marks on the flywheel housing opening. 

Fig. 2-61, (K21919). Engine barring device 

Injector Plunger Adjustment 

1. Bar the engine in the direction of rotation until the 
appropriate valve set mark is algined with the scribe 
mark on the flywheel housing or until a valve set 
mark on the vibration damper is aligned with the 
pointer on the gear case cover. 

Note: Any valve set position may be used as a starting 
point when adjusting the injectors, crossheads and 
valves. Determine which of the two (2) cylinder indi
cated have both valves closed (rocker levers free). 
This cylinder is in position for injector plunger travel, 
crosshead and valve adjustment. 

2. Set up 3375007 Indicator Support on the rocker 
lever housing, of the cylinder selected. with the 
indicator extension 3375005 on the injector plunger 
top. Fig. 2-62. 

Note: Make sure the indicator extension is secure in 
the indicator stem and is not touching the rocker lever. 

3. Using the rocker lever actuator, Fig. 2-63, depress 
the lever toward the injector until the plunger is 
bottomed in the cup to squeeze the 011 film from the 
cup. Allow the injector plunger to rise, bottom 
again, hold in the bottom position and set the indi
cator at zero (0). Check the extension contact with 
the plunger top. 
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Fig. 2-63, (K21921 ). Bottoming injector plunger in cup 

4. Allow the plunger to rise then bottom the plunger 
again, release the lever, the indicator must show 
travel as indicated in Table 2-19. Adjust as necessary. 

5. If the adjusting screw locknuts were loosened for 
adjustment, tighten to 40 to 45 ft-lbs [54 to 61 N. m) 
torque and actuate the plunger several times as a 

Table 2-19: Adjustment limits Using Dial Indicator 
Method Inch [mm] KT(A)-2300 and KT A-3067 Engines 

Injector Plunger Valve Clearance 
Travel Intake Exhaust 

0.308 ± 0.001 0.014 0.027 
[7.82 ± 0.03) (0.36) (0.69) 

-
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check of the adjustment. Tighten the locknuts to 

30 to 35 ft-lbs (41 to 47 N•m) torque when using 

ST-669 Torque Wrench Adapter. 

6. Remove 3375004 Kit. 

Crosshead Adjustment 

Crossheads are used to operate two valves with one 

rocker lever, an adjusting screw is provided to assure 

equal operation of each pair of valves and prevent 

strain from misalignment. Crosshead adjustment 

changes as a result of valve and seat wear during 

engine operation. 

1. Loosen the adjusting screw locknut, back off the 

screw (4, Fig. 2-56) one turn. 

2. Use light finger pressure at the rocker lever contact 

surface (1) to hold the crosshead in contact with 

the valve stem (2). The adjusting screw should not 

touch the valve stem (3) at this point. 

3. Turn down the adjusting screw until it touches the 

valve stem (3). 

4. Using 3375008 Troque Wrench Adapter to hold the 

adjusting screw in position, tighten the locknut to 

22 to 26 ft-lb [30 to 35 N ° m] torque. If the torque 

wrench adapter is not used, hold the adJusting 

screw with a screwdriver, tighten the locknut to 

25 to 30 ft-lb [34 to 41 N • m] torque. 

5. Check the clearance (6) between the crosshead 

and the valve spring retainer with a gauge. There 

must be a minimum of 0.025 inch [0.64 mmJ clear

ance at this point. 

Valve Adjustment 

1. Insert the correct thickness feeler gauge between 

the rocker lever and the crosshead for the valves 

being adjusted. See Table 2-19 for valve clearance. 

Note: Exhaust valves are toward the front of the engine 

in each cylinder head on the LB side and are toward 

the rear of the engine in each cylinder head on the 

RB side. 

2. If adjustment is required, loosen the locknut and 

tum the adjusting screw down until the rocker lever 

just touches the feeler gauge; lock the adjusting 

screw in this position with the locknut. 

3. Tighten the locknut to 40 to 45 ft-lb [54 to 61 NO mJ 

torque. When us,ng ST -669 Torque Wrench 

Adapter tighten the lock nuts to 30 to 35 ft-lb [41 to 

47 N°m] torque. 

After completing the injector plunger travel, crosshead 
----

and valve adjustment on this cylinder bar the engine in 

the direction of rotation until the next valve set mark 

is aligned with the scribe mark at the flywheel housing 

or the pointer on the gear case cover: repeat the pro

cedure. See Fig's. 2-57 and 2-58 for cylinder arrange

ment and engine firing order. 

Change Oil 

Change Aneroid Oil 

1. Remove fill plug (1, Fig. 2-64) from the hole marked 

"Lub oil". 

Fig. 2-64. (N 10503) Aneroid 

2. Remove the drain plug (2) from the bottom of the 

aneroid. 

3. Replace the drain plug (2), fill the aneroid with clean 

engine lubricating oil. Replace the fill plug (1). 

Replace Aneroid Breather 

Remove and replace the aneroid breather (3, Fig. 2-64). 

Change Hydraulic Govemer Oil 

Change oil in the hydraulic governor sump at each 

'"C" Check. 

Use the same grade of oil as used in the engine. See 

"Lubricating Oil Specifications". 

Note: When temperature 1s extremely low, it may be 

necessary to dilute the lubricating oil with enough fuel 

011 or other special fluid to ensure free flow for satis

factory governor action. 

Backside Idler Fan Drive 

Inspect the idler assembly to be sure the pivot arm is 
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not binding. Use the following procedure. 

1. Check the idler arm for freedom of movement. 

a. Grasp the pulley and move the pulley and arm 
away from the fan belt until the arm is nearly 
vertical. 

b. Release the arm and pulley and allow them to 
move back to their original position against 
the belts. 

c. The motion of the arm and pulley assembly 
should be free with no binding. 

2. If the arm appears to be binding or tight. release the 
spring tension by placing a box end wrench over 
the square knob on the end of the pivot arm cap and 
while holding up on the box end wrench, remove 
the capscrew which l:lolds the cap in place and 
allow the spring to unwind by allowing the box end 
wrench to rotate counterclockwise. 

a. With the spring unloaded, rotate the cap until 
the slots inside the cap align with the roll pins 
in the pivot arm, and remove the cap by pulling 
away from the engine. 

b. With the torsion spring unloaded, the pivot arm 
should rotate freely. If it does not appear free. 
then the bushings require replacement or re
packing with lubricant. 

3. To inspect the bushings, loosen and remove the 
large hex head capscrew in the center of the pivot 
arm and remove the pivot arm from the pivot arm 
support. 

a. Inspect the shaft for corrosion and clean it as 
necessary with fine grade emery cloth. 

b. Inspect the bushings and thrust washers, clean 
and repack them with a good grade of lubricant 
such as: 

- lubriplate 
- moly-disulfide grease 

c. Inspect the O-ring on the pivot arm and replace 
it as necessary. Lubricate the O-ring prior to 
installation. 

d. Reassemble the pivot arm assembly cap using a 
new spring. 

e. Retension the new spring and lock the cap in 
place. Install a new fan belt and test the unit. 
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Clean Complete Oil Bath Air Cleaner 

Steam 

2-49 

Steam clean the oil bath cleaner main body screens. 
Direct the stream jet from the air outlet side of the 
cleaner to wash dirt out in the opposite direction of 
air flow. 

Solvent-Air Cleaning 

1. Steam clean the exterior of the cleaner. 

2. Remove the air cleaner oil cup. 

3. Clamp the hose with the air line adapter to the air 
cleaner outlet. 

4. Submerge the air cleaner in solvent. 

5. Introduce air into the unit at 3 to 5 psi [21 to 34 kpa] 
ana leave it in the washer 10 to 20 minutes. 

6. Remove the cleaner from solvent and steam clean 
thoroughly to remove all traces of solvent. Ory with 
compressed air. 

Caution: Failure to remove solvent may cause engine 
to overspeed until all solvent is sucked from the cleaner. 

7. If the air cleaner is to be stored, dip it in lubricating 
oil to prevent rusting of the screens. 

Note: If screens cannot be thoroughly cleaned by 
either method, or if the body is pierced or otherwise 
damaged, replace with a new air cleaner. 

-
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"D" Maintenance Checks 

At each "D" Maintenance Check, perform all "A", "B" 
and "C" checks in addition to those following. Most of 
these checks should be performed by a Cummins 
Distributor or Dealer and where Cummins Shop 
Manuals are available for complete instructions. 

Clean and Calibrate Injectors 

Clean and calibrate the injectors regularly to prevent 
restriction of fuel delivery to the combustion chambers. 
Because of the special tools required for calibration, 
most owners and fleets find it more economical to let 
a Cummins Distributor do the cleaning and calibra
tion operations. 

To clean and calibrate the injectors, refer to Bulletin 
No. 3379071 and revisions thereto. 

After removing the injectors from KT(A)-1150, KT(A)-
2300 or KT A-3067 Engines for cleaning the seal seat 
should be removed from the injector (1, Fig. 2-65) or 
injector "well" for cleaning, examination and/or 
replacement as necessary. 

--

I 
' _,/ .... , ... , ..... __ ,,,..,._,._. ~ 

Fig. 2-65. (Kl 1918) ln1ector seal seat - all KT Eng,nes 

Caution: There must be only one (1) seal seat used 
In each injector "weir'. Use of more than one seal seat 
per injector will change the injector protrusion and 
cause combustion inefficiency. 

Clean and Calibrate Fuel Pump 

Check the fuel pump calibration on the engine if re
quired. See the nearest Cummins Distributor or Dealer 
for values. 

Clean and Calibrate Aneroid 

1. Remove the flexible hose or tube from the aneroid 
cover to the intake manifold. 

2. Remove the lead seal (if used), screws and aneroid 
cover. 

3. Remove the bellows, piston, upper portion of the 
two piece shaft and the spring from the aneroid 
body. 

Note: Count and record the amount of thread turns 
required to remove the upper shaft. piston and bellows 
from the lower shaft. 

4. Place the hex portion of the shaft in a vise. snug 
tighten the vise, remove the self-locking nut. retain
ing washer and bellows. 

5. Clean the parts in an approved cleaning solvent. 

6. Position the new bellows over the shaft to the 
piston, secure with retaining washer and self
locking nut. Tighten the self-locking nut to 20 to 25 
ft-lb [2.3 to 2.8 N • m] torque. 

7. Install the spring, shaft, piston and bellows assem
bly into the aneroid body. As the two piece shaft is 
re-assembled, turn the upper portion of the shaft 
the same amount of thread turns as recorded 
during disassembly. 

Caution: The amount of thread turns during installation 
must correspond with turns during removal to avoid 
changing the aneroid setting . 

8. Align the holes in the bellows with the correspond
ing capscrew holes in the aneroid body. 

9. Position the cover to the body; secure with flat
washers. lockwashers and fillister head screws. 

10. Install a new seal. Refer to Bulletin No. 3379084 
for sealing instructions and calibration procedure. 
Calibration, 1f required. must be performed by a 
Cummins Distributor on a fuel pump test stand. 
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11. Reinstall the flexible hose or tube from the aneroid 
cover to the intake manifold. 

Inspect/Install Rebuilt Unit as Necessary 

The following assemblies should be inspected at this 
time. The options are: inspect and reuse. rebuild per 
shop manual instructions, replace with a new or 
Distributor/Dealer exchange unit or Cummins Diesel 
ReCon Inc. unit. 

Inspect Water Pump and Fan Hub 

Inspect the water pump and fan hub for wobble and 
evidence of grease leakage. Replace with r~built pre
lubricated units as necessary. 

Idler Pulley 

Inspect, rebuild and repack the idler pulley with correct 
grease. Refer to the Engine Shop Manual for the 
rebuild and lubricating procedure for the idler pulley. 

Inspect Turbocharger 

Check Turbocharger Bearing Clearance 

Check bearing clearances. This can be done without 
removing the turbocharger from the engine, by using a 
dial indicator to indicate the end-play of the rotor shaft 
and a feeler gauge to indicate the radial clearance. 
Fig. 2-66. 

Fig. 2-66, (Nl 1956). Checking turbocharger bearing and clearance 

Checking Procedure 

1. Remove the exhaust and intake pipir,g from the 
turbocharger to expose the ends of the rotor 
assembly. 
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2. Remove one capscrew from the front plate (com
pressor wheel end) and replace it with a long 
capscrew. Attach an indicator to the long capscrew 
and register the indicator point on the end of the 
rotor shaft. Push the shaft from end-to-end making 
note of the total indicator reading. Fig. 2-66. On 
T-50, ST-50 and VT-50 the end clearance should be 
0.006 to 0.018 inch [0.15 to 0.46 mm). 

a. Push the wheel toward the side of the bore. 

b. Using a feeler gauge, check the distance be
tween the tip of the wheel vanes and the bore. 
On T-50, ST-50 and VT-50 the clearance should 
be 0.003 to 0.033 inch (0.08 to 0.84 mm]. 

3. Check the radial clearance on the compressor 
wheel only. 

4. If end clearances exceed the limits, remove the 
turbocharger from the engine and replace it with 
a new or rebuilt unit. 

5. Check T-18A turbochargers as follows: 

a. For checking procedures refer to Service 
Manual Bulletin No. 3379055. 

b. End clearance should be 0.004 to 0.009 inch 
[0.10 to 0.23 mm). radial clearance should be 
0.003to0.007 inch [0.08to0.18mm]. lftheclear
ances exceed these limits, remove the turbo
charger(s) from the engine and replace them · 
with new or rebuilt units. 

6. lntall the exhaust and intake piping to the 
turbocharger ( s). 

Inspect Vibration Damper 

Rubber Damper 

The damper hub (1. Fig. 2-67) and the inertia member 
(2) are stamped with an index mark (3) to permit the 
detection of movement between the two components. 

There should be no relative rotation between the hub 
and the inertia member resulting from engine 
operation. 

Check for extrusion or rubber particles between the 
hub and the inertia member. 

If there is evidence of inertia member movement and 
rubber extrusion. replace the damper. 

Viscous Dampers 

Ct-ieck the damper for evidence of fluid loss, dents and 
wobble. Visually inspect the vibration damper's thick-

-
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Fig. 2-67. (N10146). Vibration damper alignment marks 

ness for any deformation or raising of the damper's 
front cover plate. 

1. If a lack of space around the damper will not permit 
a visual inspection, run a finger around the inside 
and the outside of the front cover plate. If any 
variations or deformations are detected, remove the 
vibration damper and check as follows. 

2. Remove paint, dirt and grime from the front and 
rear surface of the damper in four (4) equal spaced 
areas. Clean the surface with paint solvent and fine 
emery cloth. 

3. Using a micrometer measure and record the thick
ness of the dampers at the four (4) areas cleaned 
in Step 3. Take the reading approximately 0.125 

inch [3.18 mm] from the outside edge of the front 
cover plate. 

4. Replace the damper if the variation of the four (4) 
readings exceed 0.010 inch [0.25 mm]. 

Viscous vibration dampers should be checked under 
the following conditions: 

1. At any time the damper is removed from the engine. 

2. At any time the engine experiences the following 
problems: 

a. Gear train failure 

b. Accessory drive shaft failure 

c. Crankshaft failure 

d. Damper mounting capscrew failure 

e. Flywheel mounting capscrew failure 

Viscous vibration dampers should be replaced at our 

recommended change interva1•• regardless of condi
tion. Gellation of the damper's silicon fluid occurs after 
extended service because of the high shear rates and 
resulting high temperatures imposed on the fluid 
during normal damper operation and, if the damper 
has not failed at this time, its failure is imminent. 

Table 2-20: Viscous Vibration Damper Thickness 
Sepclflcallons - Inch [mm] 

Maximum 
Damper Allowable **Recommended 
Part Number Thickness Change Interval 

20633-1 1.981 [50.32] 9000 
20634-1 1.644 [41.76] 9000 
20835-1 1.142 [29.01] 9000 
145789 1.663 (42.24] 6000 
190213 1.663 [42.24] 6000 
207531 2.574 [65.38] 18000 
210758 1.550 [39.37] 6000 
211268 1.663 [42.24] 6000 
211914 1.981 [50.32] 9000 
211915" 
211916 1.663 [42.24] 6000 
217321 1.663 [42.24] 15000 
217322 1.663 (42.24] 15000 
217323 1.663 [42.24] 15000 
218755 1.663 [42.24] 15000 
3005973 2.574 [65.38] 18000 
3015464 2.574 [65.38] 18000 

• Due to vendor manufacturing differences 211915 

Vibration Damper maximum allowable thickness 
depends upon the style of damper installed on the 
engine. Fabricated type 211915 Vibration Dampers, 
identified by a weld bead on the inside of the damper 
where the mounting flange joins the housing and 
vendor Part Number 709555. have a maximum allow
able thickness of 1.570 inch (39.88 mm]. The recom
mended change interval for this damper is 12,000 
hours. Cast and machined type 211915 Vibration 
Dampers (vendor Part Number 707843) have a maxi
mum allowable thickness of 1.550 inch [39.37 mm]. 
The recommended change interval for this damper 
is 6,000 hours. 

Air Comp;2ssor 

Inspect the air compressor, check for evidence of oil 
or coolant leakage. Drain the air tank and check for air 
compressor lubricating oil carry over. Replace with 
a rebuilt unit as necessary. 
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Backside Idler Fan Drive 

Remove the pivot arm assembly, disassemble and 
clean. Replace the Teflon bushings. Inspect the thrust 
washers and replace as necessary. Pack Teflon bush
ings with Aeroshell No. 5 Lubriplate (type 130AA) or 
Moly-disulfide grease, reassemble and install the idler 
assembly. 

Clean Crankcase Breathers 
(KT(A)-2300 and KTA-3067 Engines 

Remove the crankcase breathers from the right bank 
front and left bank rear of the cylinder block. Clean 
in an approved cleaning solvent, dry with compressed 
air, install the breather. 

1.2.7.310 
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Z-54 Operation and Maintenance 
Construction and Industrial 

Seasonal Maintenance Checks 

There are some maintenance checks which may or 
may not fall exactly into suggested maintenance 
schedule due to miles or hours operation but are per
fonned once or twice each year. 

Clean Cooling System (Fall) 

The cooling system must be clean to do its work 
properly. Scale in the system slows down heat absorp
tion from water jackets and heat rejection from the 
radiator. Use clean water that will not clog any of the 
hundreds of small passages in the radiator or water 
passages in the block. Clean the radiator cores, heater 
cores, oil cooler and block passages that have become 
clogged with scale and sediment by chemical cleaning, 
neutralizing and flushing. 

Chemical Cleaning 

If rust and scale have collected, the system must be 
chemically cleaned. Use a good cooling system 
cleaner such as sodium bisulphate or oxalic acid 
followed by neutralizer and flushing. 

Pressure Flushing 

Flush the radiator and the block before filling with 
antifreeze, or installing a water filter on a used or rebuilt 
engine. 

When pressure flushing the radiator, open the upper 
and lower hose connections and screw the radiator cap 
on tight. Use the hose connection on both the upper 
and lower connections to make the operation easier. 
Attach a flushing gun nozzle to the lower hose con
nection and let water run until the radiator is full. When 
full, apply air pressure gradually to avoid damage to the 
core. Shut off the air and allow the radiator to refill: then 
apply air pressure. Repat until the water coming from 
the radiator is clean. 

Caution: Do not use excessive air pressure while 
starting the water flow. This could split or damage 
the radiator core. 

Sediment and dirt settle into pockets in the block as 
well as the radiator core. Remove the thermostats 
from the housing and flush the block with water. 
Partially restrict the lower opening until the block fills. 
Apply air pressure and force water from the lower 

opening. Repeat the process until the stream of water 
coming from the block is clean. 

Replace Hose (As Required) 

Inspect the oil filter and cooling system hose and hose 
connections for leaks and/or deterioration. Particles 
of deteriorated hose can be carried through the cooling 
system or lubricating system and restrict or clog small 
passages, especially radiator core, and lubricating 
oil cooler, and partially stop circulation. Replace as 
necessary. 

Check Preheater Cold-Starting Aid {Fall) 

Remove the 1/8 inch pipe plug from the manifold, near 
the glow plug, and check the operation of the preheater 
as described in Section 1. 

Check Shutterstats and Thermatic Fans {Fall) 

Shutterstats and thermatic fans must be set to operate 
in the same range as the thermostat with which they are 
used. Table 2-21 gives the settings for shutterstats and 
thermatic fans as normally used. The 180 to 195° F [82 
to 91° C] thermostats are used only with shutterstats 
that are set to close at 187° F [86° CJ and open at 
195° F [91° C]. 

Check Thermostats and Seals {Fall) 

Remove the thermostats from the thermostat housings 
and check for proper opening and closing temperature. 

Most Cummins Engines are equipped with either 
medium 170 to 185° F [77 to 85° CJ or low 160 to 175° F 
[71 to 79° CJ and in a few cases high-range 180 to 
195° F [82 to 91° C] thermostats, depending on engine 
application. 

Steam Clean Engine (Spring) 

Steam i:, the most satisfactory method of cleaning a 
dirty ~!ngine or piece of equipment. If steam 1s not 
available, use an approved solvent to wash the engine. \) 

All electrical components and wiring should be pro
tected from the full force of the cleaner spray nozzle. 

1.2.7.311 

I 



~-) 

.. '~ 

OperaUng Instructions 2-55 

Table 2-21: Thermal Control Settings 

Setting With Setting With Setting With 
180 to 195°F 
[82 to 91°CJ 

160 to 175°F 110 to 185°F 
Control [71 to 79°CJ [77 to 85°CJ 

.Open Close Open 

Thermatic Fan 18s°F 170"F 190" F 
(85°C) [77°C) [88°C) 

Shutters tat 180" F 172" F 185°F 
(82" CJ [78°C) [85°C) 

Modulating 175°F 185°F 
Shutters Open [79" CJ [85°C) 

Checking Mountings (Spring) 

Tighten Mounting Bolts and Nuts (As Required) 

Engine mounting bolts will occasionally work loose 
and cause the engine supports and brackets to wear 
rapidly. Tighten all mounting bolts or nuts and replace 
any broken or lost bolts or capscrews. 

Tighten Turbocharger Mounting Nuts 
(As Required) 

Tighten all turbocharger mounting capscrews and nuts 
to be sure that they are holding securely. Tighten the 
mounting bolts and supports so that vibration will be 
at a minimum. Fig. 2-68. 

Check Fan and Drive Pulley Mounting (Spring) 

Check the fan to be sure it is securely mounted; tighten 

~,..., .. ·-'iil.1.-1,' 

' 

Close 

182" F 
[82°C) 

177°F 
(81°C) 

Open 

195°F 
[91°C) 

[91°C) 

Close 

187°F 
[86°C] 

the capscrews as necessary. Check the fan for wobble 
or bent blades. 

Check the fan hub and crankshaft drive pulley to be 
sure they are securely mounted. Check the fan hub 
pulley for looseness or wobble; if necessary, remove 
the fan pilot hub and tighten the shaft nut. Tighten the 
fan bracket capscrews. 

Check Crankshaft End Clearance (Spring) 

The crankshaft of a new or newly rebuilt engine must 
have end clearance as listed in Table 2-22. A worn 
engine must not be operated with more than the worn 
limit end clearance shown in the same table. If the 
engine is disassembled for repair, install new thrust 
rings. 

Table 2-22: Crankshaft End Clearance - Inch [mm] 

Engine New New Worn 
Series Minimum Maximum Limit 

H, NH, 0.007 0.017 0.022 
NT (0.18) (0.43) (0.56) 
V-903, 0.005 0015 0022 ,, ... 

~--~--
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VT-903 (0.13) (0.38) (0.56) 
V-378, V-504 0.004 0.014 0.022 
V-555 [0.10) (0.36] (0.56) 
V-1710 0.006 0.013 0.Q18 

(0.15] (0.33) (0.46] 
KT(A)-1150 0007 0.017 0.022 

(0.18) (0.43) (0.56) 
KT(A)-2300 0.005 0.015 0.022 
KTA-3067 [0.13) (0.38) [0.56) 

Fig. 2-68, (Nl 1953). Tightening turbocharger mounting marks 
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Construction and Industrial 

Caution: Do not pry against the outer damper rtng. 

The check can be made by attaching an indicator to 
rest against the damper or pulley, while prying against 
the front cover and inner part of the pulley or damper. 
End clearance must be present with the engine 
mounted in the unit and assembled to the transmission 
or converter. 

Check Heat Exchanger Zinc Plugs (Spring) 

Check the zinc plugs in the heat exchanger and change 
if they are badly eroded. Frequency of change depends 
upon the chemical reaction of raw water circulated 
through the heat exchanger. 
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Specifications 
and Torque 

Operating Instruction• 3-1 

Providing and maintaining an adequate supply of 
clean, high-quality fuel, lubricating oil, grease and 
coolant in an engine is one way of ensuring long life 
and satisfactory performance. 

Lubricant, Fuel and Coolant 

The Functions of Lubricating Oil 

The lubricating oil used in a Cummins engine must 
be multifunctional. It must perform the primary 
functions of: 

Lubrication by providing a film between the moving 
parts to reduce wear and friction. 

Cooling by serving as a heat transfer media to carry 
heat away from critical areas. 

Sealing by filling in the uneven surfaces in the cylinder 
wall, valve stems and turbocharger oil seals. 

Cleaning by holding contaminants in suspension to 
prevent a build up of deposits on the engine surfaces. 

In addition, it must also provide: 

Dampening and cushioning of components that 
operate under high stress, such as gears and push 
tubes. 

Protection from oxidation and corrosion. 

Hydraulic Action for components such as Jacobs 
Brake and hydraulic controls. 

Engine lubricating oil must be changed when it can 
no longer perform its functions within an engine. Oil 
does not wear out, but it becomes contaminated to 
the point that it can no longer satisfactorily protect 
the engine. Contamination of the oil is a normal result 
of engine operation. During engine operation a wide 
variety of contaminants are introduced into the oil. 
Some of these are: 

Byproducts of Engine Combustion - asphaltenes, 
soot and acids from partially burned fuel. 

Acids, varnish and sludge which are formed as a 
result of the oxidation of the oil as it breaks down 
or decomposes. 

Dirt entering the engine through the combustion air, 
fuel, while adding or changing lubricating oil. 

The oil must have an additive package to combat 
these contaminates. The package generally con
sists of: 

Detergents/Dispersants which keep insoluble matter 
in suspension until they are filtered from the oil or 
are removed with the oil change. This prevents sludge 
and carbon deposits from forming in the engine. 

Inhibitors to maintain the stability of the oil, prevent 
acids from attacking metal surfaces and prevent rust 
during the periods the engine is not operating. 

Other Additives that enable the oil to lubricate highly 
loaded areas, prevent scuffing and seizing, control 
foaming and prevent air retention in the oil. 

Oil Performance Classification System 

The American Petroleum Institute (API), The Ameri
can Society for Testing and Materials {ASTM) and 
the Society of Automotive Engineers (SAE) have 
jointly developed and maintained a system for classi
fying lubricating oil by performance categories. The 
following are brief descriptions of the API categories 
used in the Cummins oil performance recommen
dations. 

CC (Equivalent to MIL-L-2104B.) This category des
cribes oils meeting the requirements of the military 
specification MIL-L-21048. These oils provide low 
temperature protection from sludge and rust and are 
designed to perform moderately well at high tempera
ture. For moderate-duty service. 

CD (Equivalent to Series 3 and MIL-L-451998.) This 
category described oils meeting the requirements of 
the Series 3 specification and MIL-L-451998. These 
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3-2 Operation and Maintenance 

Construction and Industrial 

oils provide protection from deposits and oxidation 

at high temperature. For severe-duty service. 

SC (Equivalent to 1964 MS Oils). This category des

cribes oils meeting the 1964-1967 requirements of 

automobile manufacturers. Primarily for use in 

automobiles, it provides low temperature anti-sludge 

and anti-rust protection required in a light-duty 

diesel service such as a stop-and-go operation. 

SD (Equivalent to 1968-1971 MS Oils.) This category 

describes oils meeting the 1964-1967 requirements 

of automobile manufacturers. Primarily tor use in 

automobiles, it provides low temperature anti-sludge 

and anti-rust protection required in a light-duty diesel 

service such as a stop-and-go operation. It may be 

substituted for SC category. 

SE (Equivalent to 1972 MS Oils.) This category 

describes oils meeting the 1972 requirements of 

automobile manufacturers. Primarily for use in auto

mobiles, it provides protection from high tempera

ture oxidation and low temperature anti-sludge and 

anti-rust as required in a light-duty diesel service such 

as a stop-and-go operation. It may be substituted for 

SC category. 

CB {No equivalent Specification.) These oils were 

usually referred to as Supplement 1 oils. This cate

gory describes oils which met the requirements of 

the military specification MIL-L-2104A where the 

diesel engine test was run using fuel with a high 

sulphur content. For moderate duty service. Oils in 

this performance category should not be used in 

Cummins Engines. 

The Engine Manufacturers Association (EMA) pub

lishes a book entitled "Lubricating Oils Data Book". 

Copies may be purchased from the Engine Manufac

turers Association, 111 E. Wacker Drive, Chicago, Ill. 

60601. This book lists commercially available oils by 

oil company and brand name with the API perform

ance categories met by each brand. 

011 Performance Recommendations 

Cummins Engine Co., Inc. does not recommend the 

use of any specific brand of engine lubricating oil. 

Cummins recommends the use of oil designed to 

meet the following API categories: 

CC for use in naturally aspirated engines. 

CC/CO for use in turbocharged engines. 

light-duty service including standby and emergency 

operation. 

Dual Categories are used where more protection is 

required than is provided by a single category. 

CC/CO and CC/SC categories indicate that the oil is 

blended to meet the performance level required by 

each single category. 

A sulfated ash limit has been placed on lubricating 

oil for use in Cummins engines. Past experience has 

shown that oils with a high ash content may produce 

deposits on valves that can progress to guttering 

and valve burning. A maximum sulfated ash content 

of 1.85 mass % is recommended for all oil used in 

Cummins engines except engines fueled with natural 

gas. For natural gas engines a sulfated ash range 

of 0.03 to 0.85 mass % is recommended. Cummins 

Engine Co., Inc., does not recommend the use of 

ashless oils for natural gas engines. When the ash 

content is below .1 S mass %, the ash should repre

sent organo-metallic anti-wear additives. 

Break-In Oils 

( 

·.~ 

Special "break-in" lubricating oils are not recom- • 

mended for new or rebuilt Cummins engines. Use the 

same lubricating oils used in normal engine operation. 

Viscosity Recommendations 

The viscosity of an oil is a measure of its resistance to 

flow. The Society of Automotive Engineers has classi

fied engine oils in viscosity grades; Table 3-1 shows 

the viscosity range for these grades. Oils that meet 

the low temperature (0° F (-18° Cl) requirement 

carry a grade designation with a "W" suffix. Oils that 

meet both the low and high temperature requirements 

are referred to as multigrade or multiviscosity grade 

oils. 

Multigraded oils are generally produced by adding 

viscosity index improver additives to retard the thin

ning effects a low viscosity base oil will experience 

at engine operating temperatures. Multigraded oils 

that meet the requirements of the API classifications, 

are recommended for use in Cummins engines. 

Cummins recommends the use of multigraded lubri

cating oil with the viscosity grades shown in Table 3-2. 

Table 3-2 shows Cummins viscosity grade recom- . 
I 

mendations at various ambient temperatures. The \, 

only viscosity grades recommended are those shown ~ 
in this table. · 

CC/SC for use only in engines that operate in a Cummins has found that the use of multigraded lubri-
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eating oil improves oil consumption control, improved 
engine cranking in cold conditions while maintaining 
lubrication at high operating temperatures and may 
contribute to improved fuel consumption. Cummins 
does not recommend the use of single grade lubricat
ing oils. In the event that the recommended multi
grade oil is not available, single grade oils may be 
substituted. 

Caution: When single grade oil is used, be sure that 
the oil will be operating within the temperature rangn 
lhown In Table 3-3. 

Table 3-1: SAE Viscosity Numbers for Lubricating Olis 

Operating Instructions 3-3 

The primary criterion for selecting an oil viscosity 
grade is the lowest temperature the oil will experience 
while in the engine oil sump. Bearing problems can 
be caused by the lack of lubrication during the crank
ing and start up of a cold engine when the oil being 
used is too viscous to flow properly. Change to a 
lower viscosity grade of oil as the temperature of the 
oil in the engine oil sump reaches the lower end of 
the ranges shown in Table 3-2. 

SAE 
VIICOSlty 
Grade 

Viscosity Range 
mllllpascal-second, mPa•s mllllmelre2/second, mm2/s 

(centlstoke, cSt)@ 212°F [100°C] 

5W 
10W 
15W 
20W 

20 
30 
40 
50 

(centlpolse, cP)@ 0°F [-18°C) 
maximum 

1250 
2500 
5000 

10000 

1. SAE Recommended Practice J300d 
2. 1 mPa•s = 1 cP 
3. 1 mm2/s = 1 est 

Table 3-2: Cummins Recommendations for 
Viscosity Grade vs. Ambient Temperature 

SAE Viscosity 
Grade* 

Recommended 
10W-30 
15W - 40 
20W-40 

Ambient 
Temperature0 

-13°F to 95°F [-25°C to 35°C) 
14°F and above [-10°C and above) 
32° F and above [0° C and above) 

*SAE-SW mineral oils should not be used. 
**For temperatures consistently below -13° F (-25°C] See 

Table 4. 

minimum maximum 

3.8 
4.1 
5.6 
5.6 

5.6 less than 9.3 
9.3 less than 12.5 
12.5 less than 16.3 
16.3 less than 21.9 

Table 3-3: Alternate Oil Grades 

10W 
20W 
20W-20* 
20 
30 
40 

-13°F to 32°F [-25°C to 0°C] 
23°F to 68°F [-5°C to 20°CJ 
23°F to 68°F [-5°C to 20°C] 
23° F to 68° F (-5° C to 20° CJ 
39° F and above ( 4° C and above J 
50° F and above [ 10° C and above] 

*20W-20 is not considered a multigrade even though it meets 
two grades. 
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Synthetic Lubricating Oil 

Synthetic oils for use in diesel engines are primarily 

blended from synthesized hydrocarbons and esters. 

These base oils are manufactured by chemically 

reacting lower molecular weight materials to produce 

a lubricant that has planned predictable properties. 

Synthetic oil was developed for use in an extreme 

environment where the ambient temperature may be 

as low as -50° F [-45° CJ and extremely high engine 

temperatures at up to 400° F (205° C]. Under these 

extreme conditions petroleum base stock lubricants 

(mineral oil) do not perform satisfactorily. 

Cummins Engine Co.. Inc. recommends synthetic 

lubricating oil for use in Cummins engines operating 

in areas where the ambient temperature is consistently 

lower than -13° F (-25° C]. Synthetic lubricating 

oils may be used at higher ambient temperatures 

provided they meet the appropriate API Service 

categories and viscosity grades. 

Cummins Engine Co., Inc. recommends the same oil 

change interval be followed for synthetic lubricating 

oil as that for petroleum based lubricating oil. 

Arctic Operations 

For engine operation in areas where the ambient 

temperature is consistently below -13° F [-25° C] 

and where there is no provision to keep the engine 

warm when it is not operating, the lubricating oil 

should meet the requirements in the following table. 

Oil meeting these requirements usually have synthetic 

base stocks. SAE 5W viscosity grade synthetic oils 

Table 3-4: Arctic Oil Recommendations 

Parameter 
(Test Method) 

Performance 
Quality Level 

Viscosity 

Pour Point 
(ASTM D-97) 

Sulfated Ash Content 

(ASTM D-874) 

Specifications 

API Classil1cat1on CC/SC 

API Classification CC/CD 

10,000 mPa•s Max. at 

-31° F (-35° CJ 

4.1 mm 2/s Min. at 

212° F [100° CJ 

Min. of 9° F [5° CJ Bel.9w the 

Lowest Expected Ambient 

Temperature 

1.85% by Weight Maximum 

may be used provided they meet the minimum vis
cosity requirement at 212° F [100° CJ. 
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Grease 

Cummins Engine Company, Inc., recommends use of 
grease meeting the specifications of MIL-G-3545, 
excluding those of sodium or soda soap thickeners. 
Contact the lubricant supplier for grease meeting 
these specifications. 

TEST 

High-Temperature Performance 

Dropping point,° F. 

Bearing life, hours at 300" F 
10,000 rpm 

Low-Temperature Properties 

Torque, GCM 
Start at O" F 
Run at O" F 

TEST PROCEDURE 

ASTM D 2265 
350 min. 
"FTM 331 
600 min. 

ASTM D 1478 
15,000 max. 
5,000 max. 

Rust Protection and Water Resistance 

Rust Test 

Water resistance, % 

Stability 

Oil separation, % 
30 hours @ 212° F 

Penetration 

Worked 

Bomb Test, PSI Drop 
100 Hours 
500 Hours 

Copper, Corrosion 

Dirt Count, Particles/cc 

25 Micron+ 
75 Micron+ 
125 Micron+ 

ASTM D 1743 
Pass 
ASTM D 1264 
20 max. 

"FTM 321 
5 max. 

ASTM D 217 
250-300 

ASTM D 942 
10 max. 
25 max. 

"FTM 5309 
Pass 

"FTM 3005 

5,000 max. 
1,000 max. 
None 

1.2.7~318 

Rubber Swell 

Operating Instructions 

*FTM 3603 
10 max. 

• Federal Test Method Standard No. 791 a. 

3-5 

Caution: Do not mix brands of grease. Damage to 
the bearings may result. Excessive lubrication Is as 
harmful as Inadequate lubrication. After lubricating 
the fan hub, replace both pipe plugs. Use of fittings 
will allow the lubricant to be thrown out, due to 
rotative speed. 
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Fuel 011 

Cummins diesel engines have been developed to take 
advantage of the high energy content and generally 
lower cost of No. 2 Diesel Fuels. Experience has shown 
that a Cummins diesel engine will also operate satisfac
torily on No. 1 fuels or other fuels within the following 
specifications. 

Recommended Fuel Oil Properties: 

Viscosity 
(ASTM D-445) 

Cetane Number 
(ASTM D-613) 

Sulfur Content 
(ASTM D-129 or 1552) 

Water and Sediment 
(ASTM D-1796) 

Carbon Residue 
(Ransbottom ASTM 
D-524 or D-189) 

Flash Point 
(ASTM D-93) 

Density 
(ASTM D-287) 

Cloud Point 
(ASTM D-97) 

Active Sulfur-Copper 
Strip-Corrosion 
(ASTM D-130) 

Ash 
(ASTM D-482) 

Dlstlllatlon 
(ASTM D-86) 

1.3 to 5.8 CentiStoke 
[ 1.3 to 5.8 mm2 Per Second] 
at 104° F (40° CJ. 

40 minimum except in cold 
weather or in service with 
prolonged low loads, a higher 
cetane number is desirable. 

Not to exceed 1% by weight. 

Not to exceed 0.1 % by weight. 

Not to exceed 0.25% by 
weight on 10% residue. 

125° F [52° CJ minimum. 
Certain marine registries 
require higher flash points. 

30 to 42° F (-1 to 6° CJ A.P.1. 
at 60° F [16° CJ (0.816 to 0.876 
Sp. Gr.) 

10° F [-12° CJ below lowest 
temperature expected to 
operate at. 

Not to exceed No. 2 rating 
after 3 hours at 122° F ( 50° CJ. 

Not to exceed 0.02% by 
weight. 

The distillation curve should 
be smooth and continuous. 
At least 90% of the fuel should 
evaporate at less than 680° F 
[360° CJ. All of the fuel should 
evaporate at less than 725° F 
[385°C]. 
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Coolant 

Water should be clean and free of any corrosive 
chemicals such as chloride, sulphates and acids. It 
should be kept slightly alkaline with a pH value range 
of 8.5 to 10.5. Any water which is suitable for drinking 
can be treated as described in the following paragraphs 
for use in an engine. 

Maintain the Fleetguard DCA Water Filt,;,r on the 
engine. The filter bypasses a small amount of coolant 
from the system via a filtering and treating element 
which must be replaced periodically. 

1. In summer, with no antifreeze, fill the system with 
water. 

2. In winter, select an antifreeze and use with water 
as required by temperature. 

Note: Some antifreeze also contains anti-leak additives 
such as inert inorganic fibers, polymer particles or 
ginger root. These types of antifreeze should not be 
used in conjunction with the water filter. The filter 
element will filter out the additives and/or become 
clogged and ineffective. 

3. Install or replace the DCA Water Filter as follows 
and as recommended in Section 2. 

New Engines Going Into Service Equipped 
With DCA Water Filters 

1. New engines shipped from Cummins Engine 
Company are equipped with water filters contain
ing a DCA precharge element. This element is 
compatible with plain water or all permanent-type 

Table 3-5: Spin-on Type DCA Water Filter 

Cooling System Ethylene Glycol Base Antifreeze 

Capacity (U.S. DCA-4L Precharge Service 

Specifications and Torque 3-7 

antifreeze except Methoxy Propanol. See Table 
3-5 for Methoxy Propanol precharge instructions. 

2. At the first "B" Check (oil change period) the DCA 
precharge element should be changed to DCA 
Service Element. See Table 3-5. 

3. Replace the DCA Service Element at each succeed
Ing "B" Check. 

a. If make-up coolant must be added between 
element changes, use coolant from a pre
treated supply, see "Make-Up Coolant 
Specifications", Section 2. 

b. Each time the system is drained, precharge per 
coolant specifications, Table 3-5. 

4. The service element may be changed at the "C" 
Check if 3300858 (DCA-4L) direct chemical addi
tive is added to the cooling system at each "B" 
Check between service element changes. One 
bottle of direct additive should be used for every 
10 gallons of cooling system capacity. Add one 
bottle for every 15-gallon capacity if methoxy 
propanol antifreeze is used in the cooling system. 

5. To ensure adequate corrosion protection, have 
the coolant checked at each third element change 
or more often. See "Check Engine Coolant", 
Section 2. 

Methoxy Propanol Base Antifreeze 

DCA-4L Precharge Service 

Gallons) (P/N 3300858) Element(s) (P/N 3300858) Element(s) 

0-8 1 WF-2010 1 WF-2011 
(P/N 299080) (P/N 3300721) 

9-15 2 WF-2010 2 WF-2011 

16-30 5 WF-2010 4 WF-2011 

31-60 10 (2) WF-2010 8 (2) WF-2011 

35-90 12 (2) WF-2016 8 (2) WF-2017 

(V-1710) (P/N 299086) (P/N 3300724) 

70-90 16 (2) WF-2010 16 (2) WF-2011 

(KT-2300 

f 1.2.7.320 

-

-

-



I 

I 
j -

-

-

Capscrew Markings and Torque Values 

Current Usage 

Minimum Tensile 
Strength PSI 
MPa 

Much Used 

To 1/2-69,000 (4761 
To 3/4-64,000 (421 I 
To 1-55,000 (3791 

Quality of Material Indeterminate 

SAE Grade Number 1 or 2 

Capscrew Head Markings 

Manufacturer's marks 
may vary 

These are al I SAE 
Grade 5 (3 line) 

@@Q 
Capscrew Body Size 
(Inches) - (Thread) 

1/4 - 20 
- 28 

5/16 - 18 
24 

3/8 - 16 
24 

7/16 - 14 
20 

1/2 13 
- 20 

9/16 - 12 
- 18 

5/8 11 
- 18 

3/4 - 10 
- 16 

7/8 - 9 
- 14 
- 8 

14 

Notes: 

Torque 
Ft-Lbs [No ml 

5 [7] 
6 [8] 

11 [ 15] 
13 [ 18] 
18 [24] 
20 [271 
28 [381 
30 [41 I 
39 [531 
41 [56) 
51 [69] 
55 [75) 
83 I 113 l 
95 [ 129! 

105 [ 1421 
115 [ 1561 
160 [2171 
175 [2371 
235 [3191 
250 [339) 

Much Used 

To J/4-120,000 (8271 
To 1-115,000 (793) 

Minimum Commercial 

5 

Torque 
Ft-Lbs [N° m) 

a I 11 l 
10 [14]' 
17 (23] 
19 [261 
31 (42] 
35 [47] 
49 [66) 
55 [75) 
75 [ 1021 
85 [ 1151 

110 (149) 
120 I 1631 
150 1203) 
110 [231 I 
270 [3661 
295 [400/ 
395 [5361 
435 (5901 
590 (8001 
660 [8951 

Used at Times 

To 5/8-140,000 (965] 
To 3/4-133,000 (917] 

Medium Commercial 

6or 7 

@ 
6 

© 
7 

Torque 
Ft-Lbs [Nomi 

10 (14) 

19 (26] 

34 [46) 

55 [75] 

85 (1151 

120 I 1631 

167 (226] 

280 (3801 

440 [5971 

660 (895] 

1. Always use the torque values listed ahove when spec1f1c torque values are not available. 

Used at Times 

150,000 (1 034] 

Best Commercial 

8 

Torque 
Ft-Lbs [N°m] 

12 I 161 
14 [19) 
24 (331 
27 (37) 
44 [60] 
49 (66) 
70 [95] 
78 [1061 

105 (142) 
120 (163) 
155 (210] 
170 (231) 
210 [285] 
240 (325] 
375 (5081 
420 [5691 
605 (8201 
675 [915] 
910 (1234] 
990 [ 1342) 

2. Do not use above values 1n place of those spcctf1ed 1n other sections of this manual; special attention should be observed 

when uslflg SAE Grade 6, 7 and 8 Cdpscrews. 
3. The above 1s based on use of cleJn, dry threads. 
4. Reduce torque hy 10°0 when e11y111t: otl 1s used as a lubricant. 
5. Reduce tot que by 20"o If new pl,HPd capscrews are used. 
6. Capscrews thrf'aded into aluminum m~y requ11e rf'duct1ons 111 torque of 30% or more of Grade 5 capscrews torque and 

must attalfl two capsc1ew d1arnete1s of rhread en4aqernenr. 

Caution: If replacement capscrews are of a higher grade than originally supplied, adhere to torque specifications for 

that placement. 

. 1.2.7.321 
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Troubleshooting 

Cummins Diesel Engines 

The chart does not give all the answers for correction 
of the problems listed, but it is meant to stimulate a 
train of thought and indicate a work procedure directed 
toward the source of trouble. To use the trouble
shooting chart, find the complaint at the top of the 
chart; then follow down that column until you come to 
a black dot. Refer to the left of the dot for the possible 
cause. 

Think Before Acting 

Study the problem thoroughly. Ask these questions: 

1. What were the warning signs preceding the 
trouble? 

2. What previous repair and maintenance work has 
been done? 

3. Has similar trouble occurred before? 

4. If the engine still runs, is it safe to continue running 
it to make further checks? 

Do Easiest Things First 

Most troubles are simple and easily corrected: ex
amples are "low-power" complaints caused by loose 
throttle linkage or dirty fuel filters, "'excessive lube 
oil consumption" caused by leaking gaskets or 
connections, etc. 

Always check the easiest and obvious things first. 
Following this simple rule will save time and trouble. 

Doubl.e-Check Before Beginning 
Disassembly Operations 

The source of most engine troubles can be traced not 
to one part alone but to the relationship of one part 
with another. For instance, excessive fuel consumption 
may not be due to an incorrectly ad1usted fuel pump. 
but instead to a clogged air cleaner or possibly a 
restricted exhaust passage, causing excessive back 

Operating ln1tructlon1 4-1 

Troubleshooting is an organized study of the problem 
and a planned method of procedure for investigation 
and correction of the difficulty. The chart on the 
following page includes some of the problems that an 
operator may encounter during the service life of a 
Cummins diesel engine. 

pressure. Too often, engines are completely disas
sembled in search of the cause of a certain complaint 
and all evidence is destroyed during disassembly 
operations. Check again to be sure an easy solution 
to the problem has not been overlooked. 

Find And Correct Basic Cause Of Trouble 

After a mechanical failure has been corrected, be sure 
to locate and correct the cause of the trouble so the 
same failure will not be repeated. A complaint of 
"sticking injector plungers" is corrected by replacing 
the faulty injectors, but something caused the plungers 
to stick. The cause may be improper injector adjust
ment, or more often, water in the fuel. 

Tools And Procedures To Correct A Complaint 

Tools and procedures to correct the complaints found 
in this Troubleshooting section are available from 
Cummins distributors and dealers. A list of publica
tions, by bulletin numbers, is included in the back of 
this manual in the form of a purchase order. This list 
includes all engine model shop and and engine repair 
and rebuild manuals. 

AFC Fuel Pump Adjustments 

All AFC fuel pump adjustments are specified for 
calibration on a fuel pump test stand and not to be 
made on the engine. Contact your nearest authorized 
Cummins distributor to perform maintenance, if 
required. 

-
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Operating Principles 

Operating Principles 5-1 

Dependable service can be expected from a Cummins 
diesel engine when the operating procedures are 
based upon a clear understanding of the engine's 
working principles. Each part of the engine affects 
the operation of every other working part and of the 
engine as a whole. Cummins diesel engines treated 
In this manual are four-stroke-cycle, high-speed, 
full-diesel engines. 

The Cummins Diesel Engine 

Cummins Diesel Cycle 

Cummins diesel engines have a high compression 
ratio; the charge taken into the combustion chamber 
during the intake stroke consists of air only- with no 
fuel mixture. Cummins injectors receive low-pressure 
fuel from the fuel pump and deliver it into the individual 
combustion chambers at the proper time, in equal 
quantity and atomized condition for burning. Ignition 
of the fuel is caused by the heat of the compressed 
air in the combustion chamber. 

It is easier to understand the function of the engine 
parts if it is known what happens in the combustion 
chamber during each of the four piston's strokes of 
the cycle. The four strokes and order in which they 
occur are: Intake Stroke, Compression Stroke, Power 
Stroke and Exhaust Stroke. 

In order for the four strokes to function properly, the 
valves and injectors must act in direct relation to each 
of the four strokes of the piston. The intake valves, 
exhaust valves and injectors are camshaft actuated, 
linked by tappets or cam followers, push rods, rocker 
levers and valve crossheads. The camshaft is gear 
driven by the crankshaft gear, thus the rotation of the 
crankshaft directs the action of the camshaft which 
in turn controls the opening and closing sequence of 
the valves and the injection timing (fuel delivery). 

Intake Stroke 

During the intake stroke, the piston travels downward; 
the intake valves are open. and the exhaust valves are 
closed. The downward travel of the piston allows air 
from the atmosphere to enter the cylinder. On turbo
charged engines the intake manifold is pressurized 
as the turbocharger forces more air into the cylinder 
through the intake manifold. The intake charge con
sists of only air with no fuel mixture. 

! 1.2.7.324 

Compression Stroke 

At the end of the intake stroke, the intake valves close 
and the piston starts upward on the compression 
stroke. The exhaust valves remain closed. 

At the end of the compression stroke, the air in the 
combustion chamber has been forced by the piston to 
occupy a smaller space (depending upon the engine 
model, and is one-fourteenth to one-sixteenth as great 
in volume) than it occupied at the beginning of the 
stroke. Thus, the compression ratio is the direct pro
portion in the amount of space the air occupies in the 
combustion chamber before and after being 
compressed. 

Compressing the air into a small space causes the 
temperature of that air to rise to a point high enough 
for ignition of the fuel. 

During the last part of the compression stroke and 
the early part of the power stroke, a small metered 
charge of fuel is injected into the combustion chamber. 

Almost immediately after the fuel charge is injected 
into the combustion chamber the fuel is ignited by the 
existing hot compressed air. 

Power Stroke 

During the beginning of the power stroke, the piston 
is pushed downward by the burning and expanding 
gases. Both the intake and exhaust valves are closed. 
As more fuel is added and burned, the gases get hotter 
and expand more to further force the piston downward 
and thus adds driving force to the crankshaft rotation. 

Exhaust Stroke 

During the exhaust stroke, the intake valves are closed. 
the exhaust valves are open, and the piston on the 
upstroke. 

-

-
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5-2 Operation and Maintenance 
Construction and Industrial 

The upward travel of the piston forces the burned 
gases out of the combustion chamber through the 
open exhaust valve ports and into the exhaust 
manifold. 

Proper engine operation depends upon two things -
first, compression for ignition; and second, that the 
fuel be measured and injected into the cylinders in the 
proper quantity at the proper time. 

1.2.7.325 
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Fuel System 

The PT fuel system is used exclusively on Cummins 
Diesels. The identifying letters, "PT', are an abbrevia

tion for "pressure-time". 

The operation of the Cummins PT Fuel System is 
based on the principle that the volume of liquid flow is 

proportionate to the fluid pressure, the time allowed to 
flow. and the passage size through which the liquid 
flows. To apply this simple principle to the Cummins 

PT Fuel System, it is necessary to provide: 

1. A fuel pump to draw fuel from the supply tank and 
deliver it to individual injectors of each cylinder. 

2. A means of controlling pressure of the fuel being 
delivered by the fuel pump to injectors so individual 
cylinders will receive the right amount of fuel for the 
power required of the engine. 

3. Fuel passages of the proper size and type so fuel 
will be distributed to all injectors and cylinders with 
equal pressure under all speed and load conditions. 

C!) PT ITYP[ GI FUEL PUMP 

(!) SMUT-DDWN VALVE 

Q) FUEL CONNECTOR 

© INJECTOR 

,/ 

CD INJECTOR RETURN 

@ FROM UIIII 

Q) FUEL Fil TER 

Fig. 5-1, (FWC-13). Fuel flow schematic - NtNT-855 Engine 

l 1.2.7.326 

Operating Instructions 5-3 

4. Injectors to receive low-pressure from the fuel 
pump and deliver it into the individual combustion 

chambers at the right time, in equal quantities and 
proper condition to burn. 

The PT fuel system consists of fuel suction line, fuel 

filters, fuel pump, aneroid, supply lines, fuel passages, 
fuel manifolds, injectors, drain passages and drain 

lines. See Fig's. 5-1 through 5-5 for fuel flow. 

There are four types of fuel pumps currently used on 
Cummins Engines. The PT (type G), PT (type G) VS, 
PT (type g) AFC and the PT (type G) AFC (without 

Air/Fuel control). 

Fuel Pump 

The fuel pump is coupled to the air compressor, 
vacuum pump or fuel pump drive which is driven from 
the engine gear train. The fuel pump main shaft in turn 

drives t~e gear pump, governor and tachometer shaft 
assemblies. 

© FUEL FILTER 

©FUEL PUMP 

© 111,ECTOR IU,,L Y 

(Dumc1011 

© IIIJECTOII DRAIN 

Fig. !>-2. (FWC-30). Fuel flow schematic - V Engine 
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Fig. 5-3, (FWC-15A). Fuel flow schematic - V-1710 Engine 

Fig. 5-4. (Kl 1941 ). Fuel flow schematic - KT{A)-1150 Engine 
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Fig. S-5, (FWC-40). Fuel flow schematic - KT(A)-2300 Engine 

PT (type G) Fuel Pump 

The PT (type G) fuel pump assembly, Fig. 5-6, is made 
up of three main units: the gear pump, standard 
governor and throttle. 

PT (type G) VS Fuel Pump 

The PT (type G) VS fuel pump, Fig. 5-7. is made up of 
four main units: the gear pump. standard governor, 
throttle as in PT (type G) Fuel Pump and a VS (Variable 
Speed) governor. 

Gear Pump and Pulsation Damper 

The gear pump is driven by the pump main shaft and 
contains a single set of gears to pick up and deliver fuel 
throughout the fuel system. Inlet to the gear pump on 
small V-type engines may be through the fuel pump · 
main housing. On other engines it's at the rear of the 
gear pump. 

A pulsation damper mounted to the gear pump con
tains a steel diaphragm which absorbs pulsations and 
smooths fuel flow through the fuel system. From the 
gear pump, fuel flows through the filter screen and: 

In the PT (type G) and PT (type G) VS fuel pumps to 

j 1.2.7.328 
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CD JUNCTION BLOCK 

@ DRAIN LINES 

@ SUPPLY LINES 

@ FUEL PUMP 

@ FUEL FILTERS 

@ FUEL MANIFOLDS 

(D tNJECTOR 

@ FUEL SUPPLY PASSAGE 

@ FUEL DRAIN PASSAGE 

the governor assembly as shown in Fig's. 5-6, 5-7 and 
5-8. 

Throttle 

The throttle provides a means for the operator to 
manually control engine speed above idle as required 
by varying operating conditions of speed and load. 

In PT (type G) and PT (type G) VS fuel pumps, fuel 
flows through the governor to throttle shaft. At idle 
speed, fuel flows through idle port in governor barrel, 
past the throttle shaft. To operate above idle speed, 
fuel flows through the main governor barrel port to 
throttling hole in the shaft. 

Governors 

Idling and High-Speed Mechanical Governor: The 
mechanical governor. is actuated by a system of 
springs and weights. and has two functions. First. the 
govcrncr maintains sufficient fuel for idling with the 
throttle control in idle position; second, 11 cuts off fuel 
to the injectors above maximum rated rpm. The idle 
springs m the governor spring pack. position the 
governor plunger so the idle fuel port is opened 

-
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Fig. ~6. (FWC-31 ). PT {type G) fuel pump and fuel flow 

Fig. 5-7, (FWC-35). PT (type G) VS (Variable Speed) fuel pump and fuel flow 
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Fig. 5-8, (FWC-52). PT (type G) fuel pump (Non-air fuel control) 

enough to permit passage of fuel to maintain engine 
idle speed. 

During operation between idle and maximum speeds, 
fuel flows through the governor to the injectors. This 
fuel is controlled by the throttle and limited by the size 
of the idle spring plunger counterbore on PT (type G) 
fuel pumps. When the engine reaches governed speed, 
the governor weights move the governor plunger, and 
fuel passages to the injectors are shut off. At the same 
time another passage opens and dumps the fuel back 
into the main pump body. In this manner, engine speed 
is controlled and limited by the governor regardless 
of throttle position. Fuel leaving the governor flows 
through the shut-down valve, inlet supply lines and on 
into the injectors. 

PT (type G) Variable-Speed Governors 

The VS governor, Fig. 5-7, in the upper portion of the 
fuel pump housing, operates in series with the standard 
governor to permit operation at any desired (near 
constant) speed setting within the range of the 
standard governor. Speed can be varied with the VS 
speed control lever, located at top of the pump. This 
pump gives surge-free governing throughout the 

CD TACHOMETER DRIVE 

@ BARREL PLUG 

@ FUEL TO INJECTORS 
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@ VALVE PLUG 
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engine speed range with a speed droop smaller than 
the standard governor and is suited to the varying 
speed requirements of power take-off etc., in which the 
same engine is used for propelling the unit and also 
driving a pump or other fixed-speed machine. 

When operating the PT (type G) VS fuel pump at any 
desired constant speed, the VS governor lever should 
be placed in operating position and the throttle locked 
in full open position to allow a full flow of fuel through 
the standard governor. 

Hydraulic Governor 

Hydraulic governors are used on stationary power 
applications where it is desirable to maintain a constant 
speed with varying loads. 

The Woodward Hydraulic Governor uses lubricating 
oil, under pressure, as an energy medium. It is supplied 
from a sump on the governor drive housing. For oil 
viscosity, see Page 3-2. 

The governor acts through oil pressure to increase 
fuel delivery. An opposing spring in the governor 
control linkage acts to decrease fuel delivery. 
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TERMINAL LEVER 0 PILOT VALVE PLUNGER 

IALLARII PIN 0 THRUST BEARING 

SERVO IIOTOR PISTON (i) SPRING SEAT 

GOVERNOR BASE 0 SPEED DROP ADJUSTING SCREW 

Fig. 5-9, (FWC-1). Woodward hydraulic governor 

In order that its operation may be stable. speed droop is 
introduced into the governing system. Speed droop 
means the characteristic of decreasing speed with 
increasing load. The desired magnitude of this speed 
droop varies with engine applications and may easily 
be adjusted to cover a range of O to 5 percent on the 
PSG to 7 percent on SG. 

Assume a certain amount of load is applied to the 
engine. The speed will drop, flyballs will be forced 
inward and will lower the pilot valve plunger This will 
admit oil pressure underneath the servo piston. which 
will rise (as shown in Fig. 5-9). The movement of the 
servo piston is transmitted to the terminal shaft by the 
,terminal lever. Rotation of the terminal shaft causes 
the fuel setting of the engine to be increased. 

Aneroid 

The aneroid control, Fig. 5-10. provides a fuel by-pass 
system that responds to air manifold pressure and is 
used on turbocharged engines for close control of 
exhaust smoke 

The aneroid limits fuel pressure to the iniectors when 
accelerating the engine from speeds below normal 
operating range, and while air intake manifold a,r 

Fig. 5-10, (F-5244). Aneroid cutaway 

pressure is not sufficient for complete combustion. 
Air intake manifold pressure rises with the turbo
charger speed which is powered by exhaust gas 
energy and is therefore low at low engine speed and 
exhaust gas output. 

During acceleration or rapid engine load changes, 
turbocharger speed (intake manifold pressure) change 
inherently lags behind the power or fuel demand 
exercised by opening of the throttle. This lag does not 
exist in the fuel system; therefore, an overrich or high 
fuel to air ratio, usually accompanied by smoke. occurs 
until the turbocharger "catches up". 

The function of the aneroid is to create a lag in the fuel 
system so response is equivalent to the turbocharger, 
thus controlling engine smoke level. 

Caution: Aneroids must not be removed, disconnected 
or otherwise rendered ineffective. nor should settings 
be altered to exceed specifications as set at the factory. 
See ~Maintenance Schedule". 

Fuel Flow 

1. Fuel from the fuel pump enters the aneroid and is 
directed to the starting check valve area (5. Fig. 
5-10). 

2. The starting check valve (3) prevents the aneroid 
from by-passing fuel at engine cranking speeds. 
For speeds above cranking, fuel pressure forces 
the check valve open. allowing fuel to flow to the 
valve port (4) of the shaft (9). 

3. The shaft (9) and ,ts bore form a fuel by-pass valve. 
This shaft and bore allows passage or restricts the 
fuel flow. 
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.J 4. The shaft and sleeve are by-passing fuel when the 

arm (10) of the lever is resting against the adIusting 

screw (1 ). The amount of fuel by-passed is adjusted 

by this screw, which protrudes from the bottom 

of the aneroid. 

5. The lever arm connected to the piston (8) by the 

actuating shaft (6). rotates the shaft. closing the 

valve port. The lever is rotated by the action of the 

air intake manifold pressure ( 11) against the piston 

and diaphragm (7), moving the actuating shaft 

downward against the resisting spring force. 

6. Anytime the engine intake manifold air pressure is 

above preset "air actuation pressure", the aneroid 

is "out of the system". 

7. The aneroid begins dumping when the intake 

8. 

9. 
/ 

manifold pressure drops below a preset value. 

The aneroid does not by-pass fuel under full throttle 

lug down conditions until speed is low enough to 

reduce the intake manifold air pressure to the 

aneroid operating range (usually below engine 

stall-out speed). 

Fuel allowed to pass through the by-pass valve is 

returned (2) to the suction side (Inlet fitting) of the 

PT gear pump. The by-passed fuel reduces the fuel 

pump output to the engine and reduces the fuel 

manifold pressure in proportion to the by-pass rate. 

PT (type D) Injectors 

The injector provides a means of introducing fuel into 

each combustion chamber. It combines the acts of 

metering, timing and injection. Principles of operation 

are the same for in line and V-engines but mIector size 

and internal design differs slightly. Fig. 5-11 and 5-12. 

Fuel supply and drain flow are accomplished through 

internal drillings in the cylinder heads. F1g·s. 5-1 
through 5-5. A radial groove around each 1nIector 

mates with the drilled passages in the cylinder head 

and admits fuel through an adIustable (adIustable by 

burnishing to size at test stand) orifice plug in the 

injector body. A fine mesh screen at each inlet provides 

final fuel filtration. 

The fuel grooves around the injectors are separated 

by "O" rings which seal against the cylinder head 

injector bore. This forms a ieak-proof passaqe between 

the injectors and the cylinder head inIector bore 

~_.,,,,surface. 

Fuel flows from a connection atop the fuel pump shut

down valve through a supply hne into the lower drilled 

Operating lnslrucllon1 5-9 

passage in the cylinder head. A second drilling in the 

head is aligned with the upper injector radial groove 

to drain away excess fuel. A fuel drain allows return of 

the unused fuel to the fuel tank. 

The injector contains a ball check valve. As the injector 

plunger moves downward to cover the feed opening, 

an impulse pressure wave seats the ball and at the 

same time traps a positive amount of fuel in the injector 

cup for injection. As the continuing downward plunger 

movement injects fuel into the combustion chamber, 

it also uncovers the drain opening and the ball rises 

from its seat. This allows free flow through the injector 

and out the drain for cooling purposes and purging 

gases from the cup. 

Fuel lines, Connections and Valves 

Supply and Drain Lines 

Fuel is supplied through lines to the cylinder heads. 

A common drain line returns fuel not injected, to the 

supply tank. 

Connections 

Fuel connectors are used between the inline engine 

cylinder heads to bridge the gap between each supply 
and drain passage (3, Fig. 5-1 ). 

Flanged injectors are connected to the supply and 

drain manifolds through connections. The inlet con

nection contains a fine mesh screen which acts as the 

final filter before fuel enters the combustion chamber. 

Shut-Down Valve 

Either a manual or an electric shut-down valve is used 

on Cummins fuel pumps. 

With a manual valve, the control lever must be fully 

clockwise or open to permit fuel flow through the valve. 

With the electric valve. the manual control knob must 

be fully counterclockwise to permit the solenoid to 

open the valve when the "switch key" is turned on. 

For emergency operation in case of electrical failure. 

turn the manual knob clockwise to permit fuel to flow 

through the valve. 
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fig, 5-11, (FWC-24). Fuel inJection cycle PT (type D) inIector 3/8 inch diameter plunger 
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Fig. 5-12, (FWC-29). Fuel 1nIect1on cycle PT (type DI In1ector 5/16 men diameter plunger 
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Lubricating System 

Cummins engines are pressure lubricated; pressure 

is supplied by a gear-type lubricating oil pump located 

in the oil pan or on the side of the engine. 

A pressure regulator is mounted in the lubricating oil 

pump to control lubricating oil pressure. 

Filters and screens are provided in the lubricating 

oil system to remove foreign material from circulation 

and prevent damage to bearings or mating surfaces. 

A by-pass valve is provided in the full-flow 011 filter head 

as insurance against interruption of 011 flow by a dirty 

or clogged element. 

Maximum cleansing and filtration is achieved through 

use of both by-pass and full-flow lubricating oil tilters. 

Full-flow filters are standard on all engines; by-pass 

filters are used on all turbocharged models and option

ally on all other engines. 

Some engines are equipped with special 011 pans and 

filters for specific applications. and others with aux-

\ 

\ 
\ 
© 

\ 
\ 
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iliary oil coolers to maintain closer oil ·,temperature 

regulation. 

Air compressors and turbochargers are lubricated 

from the engine oil system. The turbocharger is also 

cooled by the same lubricating oil used for lubrication. 

Fuel pumps and injectors are lubricated by fuel oil. 

lnline Engines 

NH and NT Series 

Oil is drawn into the pump through an external oil line 

connected to the 011 pan sump. A screen in the sump 

filters the 011. On NH and NT Engines (Fig. 5-13) oil is 

drawn from the pan by the pump out through a full

flow filter and circulates back into the block. The filter 

may be mounted directly to the rear of the pump, 

vertically mounted on the exhaust side of the engine 

or remote mounted. External lines are used for remote 

mounting arrangements. 
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On remote and pump mounted filters oil flows from 
the pump to the oil cooler then flows to oil headers 
through internal drillings in the gear case. On NTA 
Engines oil flow is from the pan to the pump, to the 
filter, to the oil cooler. to the block. 

An oil header drilled the full length of the block. fuel 
pump side, delivers oil to moving parts within the 
engine. Internal oil passages carry oil from the cam
shaft to the upper rocker housings and dnllings 
through the block, crankshaft. connecting rods. and 
rocker levers complete the oil circulation. 

On engines equipped with oil cooled pistons. an oil 
header drilled the length of the block, exhaust mani
fold side, supplies 011 to six spray nozzles used for 
piston cooling. 

A piston cooling oil pump, as a second section of the 
engine lubricating oil pump or a larger capacity oil 
pump, pumps this oil to the oil header. 

NTA-855 Engines (Full Flow Oil Cooling) 

The NTA (FFC) Engine is pressure lubricated by a 
gear-type lubricating oil pump located on the intake 
manifold side of the engine. Oil pressure to the main 
rifle is controlled by a regulator located 1n the cooler 
support on the exhaust side of the engine. 

lubricating oil is drawn from the pan. through a suction 
tube, by the lubricating oil pump. Fig's. 5-14 and 5-15. 
then transferred from the suction cavity by the pump 
gears into the pressure cavity. 

lubricating oil passes from the pump into the block. 
then across the front of the block by means of an 
internal oil passage and enters the cooler support. Oil 
is routed out of the cooler support and into the cooler 
housing. passing through the cooler housing. (The 
oil cooler 1s a counterilow tube-and-shell type heat 
exchanger. with 011 passing from front to rear through 
the shell and coolant passing from rear to front through 
the tubes ) Oil exits the cooler housing and passes 
into the cooler cover. then enters the "rifle drilling· at 
the bottom rear of the cooler housing and flows for

ward into the filter head. 

lubricating oil llow1ng into the filter shell from the 
filter head enters outside the filter element and passes 
thorugh the element from outs1dP to inside Filtered 
lubricating oil then re-enters the r11ter head and flows 
through rifle drilling 1n the bottom of the cooler 
housing. then flows forward out of the cooler housing 
and into the cooler support where the flow d1v1des. 

Filtered and cooled lubricating oil from the cooler 

FFC Oil FLOW CIRCUIT 

---..... _ ........ 
.:M11N&n .,..... 

c:•--u>•• 

•-•-
- CDOUD 6 ... ft.Tl ... 

laC0018aN.ftMD 

Fig. 5-14, (N10740). Full flow oil cooling schematic - NTC-a55 
Engine 

support is routed to the turbocharger through the 
supply hose. Turbocharger return oil is then routed by 
the drain hose back to the crankcase. 

Filtered and cooled lubricating oil re-enters the block 
from the cooler support and is transferred internally 
back across the front of the block through a drilled oil 
transfer passage to the head of the main rifle drilling. 
Accessory drive lubrication 1s supplied from the trans
fer passage leading to the head of the main rifle drilling. 
An intersection drilling routes lubricating oil from the 
transfer passage out the front of the block and into the 
gear cover on the exhaust side of the engine. then 
across the front of the engine through a tube in the 
gear cover. The flow path then splits. part being routed 
to the accessory drive bushing in the gear cover and 
the rest being routed to the air compressor. 

Piston-cooling 1s supplied from the transfer passage 
leading to the head of the main rifle drilling. An inter
secting drilling allows flow to the p,ston-cooling rifle 
from the 011 transfer passage. The piston-cooling nfle 
extends from the front to the rear of the block on the 
exhaust side of the engine. Six piston-cooling nozzles 
inserted from the outside of the block direct a spray of 
lubricating oil from the p,ston-coollng rifle to the 
bottom of each piston 

Lubricating oil entenng the main rifle is routed by 1 

means of drilled passages to the main bearings. rod 
bearings. piston pin bushings. camshaft bushings. 
cam followers shafts and levers. rocker box shafts 
and rocker arms. etc .. then returns to the 011 pan. 
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Fig. 5-15, (LWC-25). Lubricating oil and coolant flow - FFC (NTA Engine) 

V Engines 

V6 and VS Engines are pressure lubricated by a aear 
type lubricating oil pump mounted on the bottom of 
the block, enclosed in the oil pan, and gear driven 
from the crankshaft gear. 

Oil drawn from the pan sump through a screen is 
delivered to the engine working components through 
oil lines and oil headers which are drilled the length 
of the block. Drillings in the block, cylinder head. 
crankshaft and rocker lever shafts complete the 011 

circulation passages. Fig's. 5-16 and 5-17. 

Oil flows through a suction tube to the lubricating oil 
pump up a passage in the rear of the block to the cooler 
(if used) and filter. 

V-903 Engines 

1. Oil flows from the cooler and filter to the right bank 
of the oil drilling at the front of the engine to the 
front center of the block. Oil flows througt1 the 
crossover at the front of the block to the left bank 
and right bank main oil dnllings (drilled the length 

~he block). Fig. 5-16. 
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2. Oil flows through the lt•lt t).,,n11 dIt11<nq tow-3rd the 
rear of the engine to ir-.., i..r, r,.1,.i. 1.1.11-..:s acces
sory drive, to the numt:,c,,. .' J " .u\J ~ ,.,m bush
ings, main bearings and c.:un,...ct,ng 11.lllls 

3. At the same time 0,1 l!i ,wi to o1 , ,;t>t t.ar-11 dr,11,ng 

toward the rear ol ''"·' ,-i ,,;.r'll' to u I ti·,.. h)ht b."lnk 

tappets. 

4. The nght bank ro..:i..,,, "'•'""" .-,r ,_ .. ,..., ,,-~r•m,,tt .. Hly 

from the rear c.1m t'v' .,q "" .,•. "' ~• ... ;.-f1 h.1nk 

rocker levers .:uL' u ,..,l ,r,k•1•·. •~...,, !"; ,,,_..,, ,-.c, front 

cam bushing 

V-378, V-504 and V-555 Eng,,.... 
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Fig. ~16, (LWC-16). Lubricating oil and coolant flow - V-903 Engine 
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Fig. 5-18, (CWC-13). Lubricating oil and coolant now - V-1710 Engine 

to the center cam bushings. main bearings and 
connecting rods. 

4. Oil flows through a crossover at the front of the 
block to the left bank. 

5. The left bank rocker levers are oiled intermittently 
through the front cam bushing. 

6. Oil then flows to a left bank dnllinq toward the rc>ar 
of the engine to oil the left bank iniector tappets 

V-1710 Engines 

Cummins V-171 O Engines. Fig 5-18. are prc>ssure 
lubricated, pressure being supplied by a cwar-tvpe 
lubricating oil pump, located 1n t11e 011 pan and Qt•ar 

driven from the crankshaft gear. 

1. Oil is drawn into the pump through an oil line to 
the oil pan sump. A screen in the pump str.1,ns tne 

oil. 

2. Internal lubricating oil flows trum thi' .,-;,mo 10 the 
cooler to the full-flow filters rnouritcd o,: rn,• s,c:t· of 
the engine, then to oil headers in the Ol(JC"-

3. The main oil header, drilled the full length 1n tne 

center of the block delivers oil to moving parts 
within the engine. 

4. Oil pipes - or a combination of pipes and passages 
- carry oil from the camshaft to the upper rocker 
housings; various drillings through the block, 
crankshaft, connecting rods and rocker levers 
complete the oil circulating system. 

5. On engines equipped with oil-cooled pistons, oil is 
supplied from the front of the block to oil headers 
which are drilled the length of the block on each 
side: headers supply oil to the spray nozzles. which 
direct the oil to the piston skirts. 

6 Lubricating oil pressure is controlled by a regulator 
located in the lubricating oil pump. 

KT(A)-1150 Engines 

The KT (A)-1150 Engines are pressure lubricated by a 
gear-type lubricating 011 pump located on the exhaust 
rnaniloid side of the engine directly below the water 
r:ump inside the gear cover. 

LL,br1catrng 0111s drawn from the pan. through a suction 
tube. by the lubricating 011 pump, Fig. 5-19, then trans-
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Fig. 5-19, (LWC-29). Lubricating oil flow - KT(A)-1150 Engine 

ferred from the suction cavity by the pump gears into 

the pressure cavity. A pressure regulator valve dumps 

excess oil directly into the pump intake rather than 

back into the oil pan. 

From the lubricating oil pump. oil flows to the lubricat

ing oil cooler, through the cooler, then across the 

block. On the air intake side of the block It flows to the 

filter head. A by-pass valve is provided in the oil inlet 

cavity to assure against interruption of oil flow 11 the 

filter elements become clogged. From the filter head 011 

enters the shells and passes through the elements, 

then up, splitting into two passages. One flows to the 

main engine oil passage and the other to the piston

cooling passage. A second pressure control valve, 

located in the base of the filter head, limits the flow of 

lubricating oil to the nozzles depending on pump 

supplied pressure. 

Main bearings are lubricated through intersecting 

drillings, directly from the main 011 pr1ssr1ge 011 flows 

from the main passage into the camsr1att bushings: 

from there, by constant flow, It goes to the cam follower 

shafts and up through the cylinder heads. The cam 

followers are lubricated from their shaft: the cam 

followers are 1ndiv1dually drilled to supply lubricating 
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@ Oil COOLER ELEMENTS 

@ Oil PUMP 

@ OIL PAN ADAPTER 

@ SUCTION TUBE 

G)OIL PAN 
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@TRANSFER TUBE 

@ TO LUBRICATING OIL Flt TERS 

oil to the rollers and the push tube seats. The rocker 

lever bushings are also shaft lubricated. Adjusting 

screws are lubricated through drillings in the levers 

and bushings. See Fig. 5-20. 

The connecting rod bearings get lubrication from 

cross drillings in the crankshaft; oil then flows through 

angle drillings in the connecting rods to lubricate the 

piston pins and bushings. It is then routed from the 

main passage through drillings in the gear housing 

and cover to the camshaft and water pump idler gears. 

It then moves across to the gear cover and is routed by 

drillings to the rest of the gears and bushings. 

Filtered and cooled lubricating oil is routed to the 

turbocharger through an external drilling in the gear 

housing. The turbocharger drain oil is dumped directly 

into the crankcase. Fig. 5-19. 

KT(A)-2300 and KT A-3067 Engines 

The KT(A)-2300 and KTA-3067 Engines are pressure 

lubricated by a gear-type lubricating oil pump located 

in the oil pan at the rear of the engine. The pump is t:;I 
mounted to the block directly below the crankshaft 

and is dnven from the rear crankshaft gear. 
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Fig. 5-20, (LWC-28). Lubricating oil flow - KT(A)-1150 Engine 

Lubricating oil is drawn from the pan, through a suction 
tube, by the pump then transferred from the suction 
cavity by pump gears into the pressure cavity. A pres
sure regulator valve dumps excess oil back into the 
oil pan. 

From the lubricating oil pump, oil flows through the 
block drillings to the lubricating oil cooler located in 
the block "V", through the cooler, then to filters which 
may be mounted on either side of the block. Fig's. 5-21, 
5-22, 5-23 and 5-24. A by-pass valve is provided in 
the filter head oil inlet cavity to assure against inter
ruption of oil flow if the filter elements become clogged. 

From the filter head, oil enters and passes through the 
filter elements; it then flows to the main oil passage 
located in the block "V". This passage feeds two (2) 
camshaft and two (2) piston cooling dnllings in the 
block. Pressure control valves limit the flow of lubri
cating oil to the piston cooling nozzles, depending on 
lubricating oil pump pressure. 

The main bearings are lubricated through intersecting 
drillings, directly from the main oil passage. Oil flows 
from cam passages into camshaft bushings; from there 
by constant flow, it goes to the cam follower shafts and 

Operating Instructions 5-17 

©INJECTOR 
@ ROCKER LEVER 

I CD ROCKER LEVER SHAFT 

@PUSH TUBE 

@ CAM FOLLOWER 

@ CAM FOLLOWER SHAFT 

(!)CAMSHAFT 

@LUBRICATING OIL FILTERS 

@ MAIN OIL PASSAGE 

@) PISTON COOLING OIL PASSAGE 

@ PISTON COOLING NOZZLE 

@CONNECTING ROD 

@PISTON PIN 

@ CRANKSHAFT 

@ OIL FLOW TO GEAR TRAIN 

up through the cylinder heads. The cam followers are 
lubricated from their shaft; cam followers are indi
vidually drilled to supply lubricating oil to the rollers 
and push tube seats. The rocker lever bushings are 
also shaft lubricated. Adjusting screws and valve 
guides are lubricated through drillings in the rocker 
levers and bushings. 

The connecting rod bearings are lubricated from cross 
drillings in the crankshaft; oil then flows through angle 
drillings in the connecting rods to lubricate the piston 
pins and bushings. Lubricating oil is routed from the 
main oil passage through passages in the gear housing 
and cover to lubricate the front gear train gears, bush
ings and idler shafts. The rear gear train receives 
lubrication through an intersecting drilling from the 
right bank camshaft passage. 

Filtered and cooled lubricating oil is routed from 
camshaft passages to each turbocharger through 
external lines from drillings in the cylinder block Tt1e 
turboci-... ~ger drain oil 1s dumped back into the oil pan 
through a drilling in the cylinder block. 
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Fig. 5-21, (LWC-35). Front view standard lubricating oil flow - KT(A)-2300 Engine 

®-----

Fig. 5-22. (LWC-34). Front view optional lubncat1ng oil flow - KT(A)-2300 Engine 
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1 MAIN OIL RIFLE 
2 OIL COOLER 
3 ALTER HEAD 
4 WBRICATING Oil PUMP 
5 SUCTION TUBE 
I DISCHARGE TUBE 
7 PISTON COOLING OIL RIFLES 
S CAMSHAFT Oil RIFLES 
9 CAMSHAFT DRIVE GEAR 

10 ACCESSORY DRIVE GEAR 
11 IDLER GEARS 

12 HYDRAULIC PUMP DRIVE GEAR 
13 WATER PUMP DRIVE GEAR 
14 EXHAUST VALVES 
15 ROCKER LEVER 
16 OIL CONTROL ORIFICE 
17 CAMSHAFT 
18 CAM FOLLOWER 
19 PISTON COOLING NOZZLE 
20 CRANKSHAFT 
21 CONNECTING ROD 
22 PISTON 

Fig. 5-23, (LWC-35). Lubricating oil flow schematic - KTA-3067 Engine 
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1 MAIN OIL RIFLE 
2 PISTON COOLING REGULATOR R. B. 
3 FLOW FROM OIL COOLERS 
4 PISTON COOLING NOZZLE 
5 BYPASS TO OIL PAN 
I PRESSURE REGULATOR 
7 BYPASS VALVE 
8 FILTER HEAD 

w 
12 TURBOCHARGER OIL SUPPLY LINE 
13 TURBOCHARGER 
14 TURBOCHARGER OIL DRAIN LINE 
15 CAMSHAFT OIL RIFLE 
16 THRUST BEARINGS 
17 FROM MAIN OIL RIFLE 
18 OIL COOLERS 
19 DISCHARGE TUBE 
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Operating Instructions 5-19 

Front Gear Train 

Rear Gear Train 

9 REGULATOR CONTROL RIFLE 
10 FILTERS 

20 LUBRICATING OIL PUMP 
21 SUCTION TUBE Optional Filter Head Mounting 

11 PISTON COOLING REGULATOR L 8. 

Fig. 5-24, (LWC-36). Optional lubricating oil flow schematic - KTA-3067 Engine 
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COOLING SYSTEM 

Water is circulated by a centrifugal water pump 
mounted either in or on the front of the engine belt 
driven from the accessory drive or crankshaft. 

Water circulates around wet-type cylinder liners, 
through the cylinder heads and around the injector 
sleeves. Fig. 5-13 through Fig. 5-18. The injector 
sleeves, in which the injectors are mounted, are 
designed for fast dissipation of heat. The engine has a 
thermostat or thermostats to control the engine 
operating temperature. Engine coolant is cooled by a 
radiator and fan or a heat exchanger. 

The Fleetguard Water Filter is standard on Cummins 
Engines. The filter by-passes a small amount of coolant 
from the system via a filtering and treating element 
which must be replaced periodically. Refer to "Coolant 
Specifications" for water filter capacity and treatment 
of make-up water. 

Fig. 5-25. (LWC-22). Coolant and lubricating 011 flow - NTA Engine 

NTA Aftercooled Engine 

Water flows from the radiator into the cavity of the 
water pump, where the water flow splits. One portion 
circulates to the cylinder block water header around 
wet type cylinder liners. through the cylinder head and 
around the injector sleeves, upwards to the water 
manifold, to the thermostat housing. At the rear of the 
block water header, the water is directed to the after
cooler, Fig. 5-25. Water flows forward through the 
aftercooler to the water crossover to the thermostat 
housing. The second portion of water flows from the 
cavity of the water pump housing through the oil cooler 
and tubing to the rear of the water manifold forward 
to the thermostat housing, to control engine 
temperature. 

KT(A)-1150 Engines 

Water is circulated by a centrifugal water pump, Fig. 

CGOL,'\fvT HO'tv 
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@ Oil PAN 

@ OIL SUPPLY TUBE 

@ LUBRICATING OIL PUMP 
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5-26, mounted on the exhaust side of the block. The 

pump is driven by an idler gear from the crankshaft. 

Coolant flows from the water pump volute into the oil 

cooler housing, through the cooler housing (serving 

as a water distribution manifold) into the block, main

taining an equal flow around all cylinder liners. From 

the liner area coolant flows into individual cylinder 

heads through holes drilled between the valves and 

around the injector "wells". From the cylinder heads 

water flows to the rocker housing (water outlet mani

fold) then to the thermostat housing. At the thermostat 
housing water is returned to the water pump via a by
pass tube until the engine coolant temperature 

activates dual thermostats. Coolant flow is then 

directed through a radiator or heat exchanger. 

KT(A)-2300 and KTA-3067 Engines 

Water is circulated by a centrifugal water pump 

mounted on the right bank side of the block. The 

pump is driven by an idler gear from the crankshaft. 

Fig's. 5-27 and 5-28. 

Coolant flows from the water pump volute into the 
center of the "V" of the cylinder block, around the 

~ lubricating oil cooler elements. The center of the "V" · 

Fig. 5-26, (CWC-14). Coolant flow - KT(A)-1150 Engine 

Operating Instructions S-21 

serves as a water distribution manifold to supply a 

flow of coolant through the aftercooler elements and 

around the cylinder liners. 

From the liner area coolant flows into individual 

cylinder heads through passages between the valves 

and around the injector "wells". From the cylinder 

heads coolant flows to the rocker housing (water outlet 

manifold) then to the thermostat housings. At the 

thermostat housings coolant is returned to the water 
pump via a by-pass tube until the engine coolant 

temperature activates the thermostats. Coolant flow 
is then directed through a radiator or heat exchanger. 
Coolant circulated through the aftercooler is also 

returned into the thermostat housings. 
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@ WATER FILTER 
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Fig. 5-27, (CWC-27). Coolant flow - KT(A)-2300 Engine 

C 
lli~ 

Fig. 5-28, (CWC-29) Coolant flow schematic - KTA-3067 Engine 

1 AFTERCOOLER HOUSING 
2 AFTERCOOLER CORE 
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Air System 

The diesel engine requires hundreds of gallons of air 
for every gallon of fuel that it burns. For the engine to 
operate efficiently, it must breathe freely: intake and 
exhaust systems must not be restricted. 

The intake air should always be routed through an air 
cleaner. The cleaner may be mounted on the engine 
or equipment and may be either oil bath, paper element 
or composite type depending upon engine application. 
Air is routed from the air cleaner directly to the intake 
air .manifold, or turbocharger. 

NTA and KT(A)-1150 Aftercooler 

An aftercooler (or intercooler as it is sometimes called) 
is a device in the engine intake system designed •to 
reduce intake air temperature and/or preheat intake 
air temperature. 

--J The aftercooler consists of a housing, used asa portion 
of the engine intake air manifold, with an internal core. 
The core is made of tubes through which engine 
coolant circulates. Air is cooled or heated by passing 
over the core prior to going into the engine combustion 
chambers. Fig. 5-29. Therefore, improved combustion 

, results from better control of the intake air tempera
ture cooling or warming as applied by the aftercooler. 

KT(A)-2300 and KTA-3067 Aftercooler 

The aftercooler consists of a housing, mounted above 
the cylinder block, with two (2) internal cores. The 
cores through which engine coolant circulates. cools 
or heats the air passing over the core prior to going 
into the engine combustion chambers. Therefore. 
improved combustion results. 

Turbocharger 

The turbocharger forces additional air into the com
bustion chambers so the engine can burn more fuel 
and develop more horsepower than if ,t were naturally 
aspirated. In some cases the turbocharger ,s used for 
the engine to retain efficiency (balanced fuel to air 
ratio) at altitudes above sea level. 

"0-.j The turbocharger consists of a turbine wheel and a 
centrifugal blower, or compressor wheel. separately 

Operating ln1tructlon1 5-23 

F,g 5-29. 1K119471 Intake air flow schematic - KT(A)-1150 Engine 

encased but mounted on and rotating with a common 
shaft 

The power to drive the turbine wheel - which in turn 
dr1v1•s the compressor - ,s obtained from the energy 
n! lr1£> enqini> exhaust gases. The rotating speed of the 
turb,ne cnanqes as the energy level of gas changes; 
ttwrefore. the engine ,s supplied with enough air to 
burn llJCI for 11s load r('QU1rements. Fig's. 5-32. 5-33, 
5-J.4 and 5-35 The turbocharger is lubricated and 
cooled by engine lubricating 01I. 

Air Compressor 

Th• Cummins air compressor may be either a single 
or two cylinder urnt cour,lmq or gear driven from the 
l'"ci,n,• q1·,1r tr;i,n acce::.sory dr,,.e. Lubrication 1s 
rt!'cc,v•:'<1 from me eno,ne lubncaung system. with 011 
c.1rr,ed t,y inh•rnal d1,ll1nqs: on 80 degree tilt engines 
llit! a,r compressor crankcase 1s drained by a scaven-
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Fig. 5-30, (AWC-19). Intake air flow - KT(A)-2300 Engine 
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Fig. 5-31, (AWC-21) Intake air flow schematic - KTA-3067 Engine 

-
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©EXHAUST IN @COMPRESSOR WHEEL @INSULATION BATT 
©OIL IN @AIR IN 
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-/ Fig. 5-32, (AWC-8). T-50 Turbocharger (cross section) 
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Fig. 5-33, (AWC-9). VT-50 turbocharger (cross section) 
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Fig. 5-34, (AWC-12). ST-50 turbocharger (cross section) 
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Fig. 5-35. (TA-1) T-18 turbocnarger (cross sectoon) 
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ger pump mounted on the gear case cover and is driven 

by the lubricating oil pump drive gear. The cylinder 

head is cooled by engine coolant. Operating functions 

are as follows: 

Air Intake 

Air is drawn into the compressor through the engine 

intake air manifold or compressor mounted breather. 

As the piston moves down, a partial vacuum occurs 

above it. 

The difference in cylinder pressure and atmospheric 

pressure forces the inlet valve down from its seat, 

allowing the air to flow through the intake port and into 

the cylinder. When the piston has reached the bottom 

of its stroke, spring pressure is sufficient to overcome 

the lesser pressure differential and forces the valve 

against its seat. Fig's. 5-36 and 5-37. 

G) COOLANT 

@ UNLOADER VALVE 

CD AIR GOVERNOR 
CONNECTION 

© AIR INLET 

(D INTAKE VALVE 

@ EXHAUST VALVE 

Fig. 5-36, (AWC-10) Cummins air compressor (single cylinder) 

Compression 

When the piston starts its upward stroke, the increased 

pressure of the air in the cylirider and head forces 

the outlet valve away from its seat The compressed 

air then flows through the outlet ports and into the air 

tank as the piston continues its upward stroke. On the 

piston downstroke, the exhaust valve closes and the 

intake valve opens except during the unloading period. 

CD THRUST WASHERS 

@ CRANKSHAFT 

@SUPPORT 

© BUSHINGS 

@ EXHAUST VALVE 

@INTAKE VALVE 

CD AIR GOVERNOR INLET 

@ UNLOADER VALVE ASSEMBLY 

@ CYUNOER HEAD COVER 

@ CYLINDER HEAD 

@ PISTON RINGS 

@ PISTON 

@ CONNECTING ROD 

@ FUEL PUMP DRIVE 

@) LUBRICATING OIL INLET 

Fig. 5-37, (AWC-11). Cummins air compressor (two cylinder) 

Unloading 

When the pressure in the air tank is at a predetermined 

level, air pressure is applied to the top of the unloader 

cap by a compressor governor. This pressure forces 

the unloader cap down and holds the intake valve open 

during non-pumping cycle. 

When the pressure in the air tank drops, the unloader 

cap returns to its upper position and the intake and 

compression sequences begin once again. 

Vacuum Pump 

The Cummins Vacuum Pump, shown in Fig. 5-38, is 

an adaptation of Cummins Air Compressor: it is a 

single-cylinder unit driven from the engine gear train 

accessory drive. Lubrication is received from the 

engine lubricating system, with oil carried by internal 

drillings. The cylinder head is cooled by engine 

coolant. Operating functions are as follows: 

Air Intake 

As the piston moves downward on the intake stroke 

a vacuum occurs above the piston. The difference in (1 
cylinder pressure and atmospheric pressure forces tile 

inlet valve from its seat allowing air to flow through 
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@ INTAKE VALVE 

@ INTAKE VALVE SEAT 

Q) VALVE SET SCREW 

Fig. 5-38, (V11205). Cummins vacuum pump 

the intake port into the cylinder from the vacuum tank 
thus creating vacuum in the vacuum tank. When the 
piston has reached the bottom of its stroke, spring 
pressure is sufficient to overcome the lesser pressure 
differential and forces the valve against its seat. 

_) Compression 

When the piston starts its upward stroke, the increased 
pressure of air in the cylinder and head forces the outlet 
valve away from the seat. Air then flows through the 
outlet port and is discharged into the vacuum pump 
crankcase or engine crankcase, as the piston con
tinues its upward stroke. When the piston reaches 
the end of its stroke, air pressure in the head drops 
to a point where the spring forces the exhaust valve 
against its seat and closes the outlet passage. 

Torque Converter Governor on PT (type G) VS 
Fuel Pump 

When a torque converter is used to connect the engine 
with its driven unit, an auxiliary governor is driven off 
the torque converter output shaft to exercise control 
over the engine governor. The torque converter 
governor controls the converter output shaft speed. 
The engine governor and converter governor must be 
adjusted to work together. 

The PT-G - VS governor and the torque converter 
governor are two separate mechanical variable-speed 
governors - one driven by the engine. the other by 
the converter. 

A conventional VS governor allows variable speed 
governing when operating at low tailshaft speeds or 
with the tailshaft governor disconnected. The con-

1.2.7.360 
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verter governor is in series with the automotive and 
VS governors and controls engine speed by sensing 
the converter tailshaft speed. Dual levers in the cab 
allow the operator to operate on either the tail-shaft 
governor or the VS governor. There is no automotive 
throttle lever. 

An adjustable converter plunger stop prevents the 
tail-shaft governor from shutting off the engine. when 
the load motors and overspeeds the tailshaft, as is the 
case when moving vehicles down hill. 
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Cooling System Cleaning .................... 2-54 Adjustment. .... 2-35, 2-38, 2-39, 2-41, 2-43, 2-47 

Crankcase Breather Cleaning ........... 2-32. 2-53 Intake Stroke ................................. 5-1 

Crankshaft End Clearance ................... 2-55 
Crosshead AdIustment .. 2-36, 2-38, 2-42, 2-45, 2-48 Lubricating 011 Change Intervals .............. 2-15 

Lubricating Oil Analysis ...................... 2-26 

Daily Checks ................................. 2-7 Lubricating Oil Spec1f1cat1ons .................. 3-1 

Diesel Cycle ................................. 5-1 Lubricating System .......................... 5-11 

Drive Pulley ................................. 2-55 Lubricating System Priming ................... 1-1 

Engine Break-In .............................. 1-1 Maintenance Check Sheet ..................... 2-3 

- ··,I 
Engine Coolant .............................. 1-3 

Engine Exhaust .............................. 1-7 

Engine Oil Changing ........................ 2-15 

Maintenance Operation ....................... 2-1 

Maintenance Schedule .......... 1-14, 2-2. 2-5. 2-6 

Mounting Bolt and Nut Tightening ............ 2-55 -
1.2.7.351 



Oil Change Charts .......................••. 2-18 
Oil Change Limits ........................... 2-15 
Oil Filter Element Changing .................. 2-27 
Oil Level .........................•..•..•. 1-1, 2-7 
Oil Pressure Gauge .................•...•..•.. 1-7 
Oil Temperature Gauge ................•...... 1-6 
Operating Instructions .......................• 1-1 
Operating Principles .......................... 5-1 
Operator's Daily Report ................•...... 2-7 

Power Stroke ................................ 5-1 
Power Take-Off Applications .................. 1-7 
Pressure Flushing ........................... 2-54 
Preheater - Cold Starting ................... 2-54 
Pre-Cleaner and Dust Pan .................•. 2-11 
Pre-Starting ............................... _ ... 1-1 

Rebuild Units - Inspection and Installing ..... 2-51 

Specifications and Torque ..................... 3-1 
Shut-Down Valve ............................. 5-9 
Shutterstat Checking .......................•. 2-54 
Starting Procedure ............... : ............ 1-3 
Steam Clean Engine ......................... 2-54 
Storage for Engine Out of Service ............. 2-1 

Temperature Settings ........................ 2-54 
Thermal Control Settings .................... 2-54 
Thermatic Fan Checking ..................... 2-54 
Thermostat and Seal Checking ............... 2-54 
Throttle ...................................... 5-5 
Torque Specifications ......................... 3-8 
Trouble-Shooting ............................. 4-1 
Trouble-Shooting Chart ....................... 4-2 
Turbocharger ............................... 5-23 
Turbocharger Bearing Clearance ............. 2-51 
Turbocharger Mounting Nut T1ghten1ng ....... 2-55 

Vacuum Pump .............................. 5-26 
Valve Adjustment ............ 2-36, 2-39. 2-43, 2-48 . 
Vibration Damper Inspection ................. 2-51 

'"Warming Up" Engine ........................ 1-6 
Water Filter Changing ....................... 2-31 
Water Pump Inspection ...................... 2-51 
Water Temperature Gauge .................... 1-6 
Weekly Checks .............................. 2-11 

Zinc Plugs ..... ·: ............................ 2-56 
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Cummins Service Publications 

The following Cummins Service Publications related to Operation and Maintenance can be purchased from any 
Cummins Distributor or Cummins Dealer. 

Many publications have been translated into other languages. Cummins Distributors or Cummins Dealers have 
information on which publications are available in languages other than English. 

For information about any Cummins publications, contact your local Cummins Distributor or Dealer. 

Bulletin 
Number 

3379116 
3379138 
3379156 
3379137 
3379141 
3379052 
3379075 
3379069 
3379067 
3379076 
3379057 
3379088 
3379078 

Publication Description 

Mechanic's Specifications Handbook ( 1976) 
Mechanic's Specifications Handbook ( 1977) 
Mechanic's Specifications Handbook (1978) 
Automotive Operation and Maintenance Manual - United States and Canada 
Automotive Operation and Maintenance Manual - International 
Construction/Industrial Operation and Maintenance Manual 
Marine Operation and Maintenance Manual 
V/VT-378, V/VT-504, V/VT-555 C.1.0. Engine Shop Manual 
H, NH-672, 743 Engine Shop Manual 
NH/NT Engine Shop Manual 
V/VT-903 C.I.D. Engine Shop Manual 
V/VT/VTA-1710 C.1.O. Engine Shop Manual 
KT/KTA-1150 C.I.D. Engine Shop Manual 

3379053 
~3379084 

3379071 

KT/KTA-2300 and KTA-3067 Engine Shop Manual 
Fuel Pump PT (type G and R) Rebuild and Cal1brat1on Instructions 
lnJectors PT (All Types) Rebuild 

3379091 
3379056 
3379090 
3379591 
3379509 
3379589 
3379632 
3379518 
3379581 
3379577 
3379587 
3379549 
3379586 
3379535 
3379588 
3379532 
3379540 

Turbochargers Component Shop Manual (T-18A. T-35. T-46. T-50. VT-50, and ST-50 Models) 
Air Equipment Component Shop Manual 
Guide to Troubleshooting 
NT-855 Small Cam Parts Catalog 
NTC-855 Big Cam Parts Catalog 
NTC-855 Big Cam II Parts Catalog 
KT /KTA-1150 Parts Catalog 
KT/KTA-2300 Parts Catalog 
KT A-3067 Parts Catalog 
V-378 Parts Catalog 
V/VT-378 Big Cam Parts Catalog 
V-504 Parts Cataloq 
ViVT-504 O,q C;im Parts C.italoq 
V/VT-555 Parts C.italuq 
V/VT-555 819 Carn Parts Catalog 
V/VT-903 Parts Catalog 
V/VT/VTA-1710 Parts Catalog 

1.2.7.353 
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Parts Ordering for: 
V-378-F1,F2, V-504-F1,F2 Fire Pump Engines 

Genuine Cummins Parts and service facilities are world• 

wide. There are more than 2700 Cummins Sales and 

Service locations in the principal cities of the United 

States and Canada, and more than 500 Sales and Service 

locations situated elsewhere throughout the free world. 

Each distribution outlet is thoroughly equipped with tech• 

nical data, factory-trained mechanics, modern equipment 

and a full, adequate stock of Genuine Cummins Parts. 

For quicker and better service, your parts requirements 

should be ordered from your nearest Cummins Distributor 

or Dealer. At any of the locations prompt, intelligent, 

courteous service is a basic trademark. Each is ready and 

eager to help in every possible way through personal con• 

tact or through the mail - at your convenience. 

The satisfactory ordering and receiving of parts by the 

p:,rchaser is greatly dependent upon the proper use of 

available information. In order that all a.voidable errors 

may be eliminated, the following instructions are offered 

as the purchaser's guide: 

1. Write your order clearly, using a typewriter if possible. 

2. Be sure to list the correct part number. If in doubt as to 

the correct part number, state the model and serial number 

of the engine on which the part is to be used. Part num· 

bers are usually located in various places on the part itself. 

3. When possible, arrange your purchase order in part number 

numerical sequence. 

4. Always specify shipping instructions - "Best Way" is 

satisfactory if you have no preference 

5. State your company name and shipping address clearly. 

Genuine Cummins Parts mean QUALITY! They're designed 

and engineered to fit best in your Cummins Diesel. Each 

part is made of the highest quality material - on the most 

accurate of machines - by the top craftsme,n of the trade. 

You can be sure a Genuine Cummins Part will fit better -

do the job better - lessen the chances of costly break-

down. When you buy replacement parts, buy quality. Buy A 
Genuine Cummins Parts! -

YOU OWN THE BEST . . . REPAIR WITH THE BEST 

1.2.7.356 
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This Parts Catalog contains standard parts information for the following Industrial Fire Pump Engines: 

V-504-F1, F2; V-378-F1, F2 

Part numbers appearing in ( ) are for identification purposes only and should not be used when ordering 
service replacement parts. 

The form below is provided for your convenience and when properly filled out, will allow proper identifica
tion of your unit and the normal maintenance items. Parts information errors that could cause extended 
down time could be avoided if the information on this form is referred to when ordering parts from your 
Cummins Distributor or Dealer. 

ALWAYS SPECIFY ENGINE MODEL AND SERIAL NUMBER 

WHEN ORDERING PARTS FROM THIS CATALOG 

Engine Model-------------- Engine Serial No _______________ _ 

MFG Make ------------- Mode] ________ Chassis No,-------

Fuel Pump Assembly No.--------------- Injector No.,------------

Belt, Water Pump ______ Belt, Gen, _________ Air Cleaner __________ _ 

Element, Fuel Filter ____________ Full Flow Lub, Filter _____________ _ 

Special Equipment 

- Cummins Distributor _________________________________ _ 

1.2.7.357 
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Air Cleaner . 29 Heat Exchanger . 23 

Air Crossover Connection 26 Injector 33 

Alternator . 35 Instrument Pahel. 34 

Camshaft And Cover 9 Intake Manifold . 26,27 

Camshaft Bushings . 1, 2 Lifting Bracket 24 

Connecting Rod 7 Lubricating Oil Cooler 20,21 

Crankshaft 5,6 Lubricating Oil Filter. 19 

Cylinder Block. 1, 2 Lubricating Oil Pump. 16 

Cylinder Head. . 12, 13 Main Bearing Shells 5,6 

Cylinder Head Cover 14 Oil Pan. 17, 18 

Cylinder Liner . 1, 2 Overspeed Switch 31 

Dipstick And Tube . . 17, 18 Piston . 7 -Drive Shaft . 36 Piston Rings 7 

Electrical Equipment . 35 Push Rods 10 

Exhaust Manifold 28 Rear Support 36 

Flywheel Housing 36 Rocker Levers . 11 

Flywheel And Ring Gear 36 Shutdown Valve . 33 

Front Cover . 8 Starting Motor. 35 

Front Engine Support 8 Tappets 10 

Fuel Filter 31 Terminal Block 34 

Fuel Gear Pump 31 Thermostat And Housing 24 

Fuel Pump Drive . 30 Vibration Damper . 5,6 

Fuel Pump Damper. 31 Water Crossover . 24 

Fuel Pump . 31 Water Filter . . 25 

Fuel Tubing . 32 Water Header Cover 3,4 

l • -Gasket Sets . 36 Water Pump And Pulley. 22 

Gear Housing And Cover 15 Wiring Harness. . 34 
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C. CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
PART NAME NO. REF. PART PART NAME NO. REF. NUMBER REC'D. NO. NUMBER REC'D. NO. 

CYLINDER BLOCK MOUNTING PARTS 

V-604-F1, F2 554311 Liner. cylinder 8 19 
216283 Seal, crevice 8 20 AR-60781 Block. cylinder (553580) 1 1 216284 Packing. cylil'lder liner 8 21 180676 Bolt. main bearing cap 10 2 

554003 Bushing, camshaft (No. 1 and 5 
position) 2 3 

554004 Bushing, camshaft (No. 2. 3 and 4 OVERSIZE FOR SERVICE 
position) 3 4 

188395 Capscrew, main bearing side locking 10 5 171786 Shim. liner (.007") AIR 23 
171787 Shim, liner (.010") A/R L3 162182 Capscrew, cylinder head (short) 26 6 171788 Shim, liner (.012") A/R 23 
171789 Shim. liner (.014") AIR 23 162183 Capscrew, cylinder head ( long) 10 7 171790 Shim. liner (021 ") A/R 23 

148547 Dowel, rear main bearing cap 2 8 104470 Dowel housing !O block (.125") A/R 
100973 Dowel ring, cylinder head to block 4 9 
69562 Dowel, gear housing to block 

(Master) 2 10 SEMI-FINISHED MAIN BEARING 
102957 Dowel. gear housing to block CAPS 

(Diamond) 2 11 
70645 Dowel, front cover to block 193010 Main bearing cap front 

(Master) 12 193013 Main bearing cap intermediate No. 2 
68568 Dov.el. front cover to block 193011 Main bearing cap intermediate No. 4 

(Diamond) 1 13 193012 Main bearing cap intermediate No. 3 
161825 Plug, cup 2 14 193009 Main bearing cap rear 
S-911-8 Plug, pipe 4 15 
188394 Washer. main bearing side locking 

capscrew 10 16 
164601 Washer. main bearing cap 10 17 
153411 Washer, cylinder head capscrew ~ 18 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

-- 1 ____ _ 
1.2.7.359 
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ENGINE APPLICATION AUTOMOTIVE B - OFF-HIGHWAY .C · CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

AR-60778 
180676 
554003 
554004 
188395 
162182 
162183 
148547 

100973 
69562 

102957 

70645 
68568 
161825 
S-911-B 
164601 
188394 
153411 

PART NAME 
NO. 

REO'D. 

CYLIND:ER BLOCK 

V-378-Ft, F2 

Block, cylinder (553590) 1 

Bolt, main bearing 8 

Bushing, cam (No. 1 and 4) 2 

Bushing, cam (No. 2 and 3) 2 

Capscrew, main bearing side locking 8 

Capscrew, cylinder head-short 20 

Capscrew, cylinder head-long 8 

Dowel ring main bearing cap 

(Diamond) 2 

Dowel ring, cylinder head to block 4 

Dowel ring, cylinder head to block 

(Master) 2 

Dowel ring, cylinder head to block 

(Diamond) 2 

Dowel, front cover to block 1 

Dowel, front cover to block 1 

Plug, pipe 2 

Plug, pipe 3 

Washer, main bearing cap 8 

Washer. main bearing, side locking 8 

Washer. cylinder head capscrew 28 

REF. 
NO. 

1 
2 
3 
4 
5 
6 
7 

8 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 

PART 
NUMBER 

554311 
171270 
171880 

171786 
171787 
171788 
171789 
171790 

104470 

193010 
193013 
193011 
193009 

PART NAME 

MOUNTING PARTS 

Liner, cylind8r 
Packing, cylinder linur 
Seal, crevice 

OVERSIZE FOR SERVICE 

Shim, liner (.007") 
Shim, liner (.010") 
Shim, liner (.012") 
Shim, liner (.014") 
Shim, liner (.021") 

Dowel, housing to block (.125") 

SEMI-FINISHED MAIN BEARING 

CAPS 

Main bearing cap front 
Main bearing cap intermediate No, 2 

Main bearing cap intermediate No. 4 

Main bering cap rear 

PARTS INDENTED ARE INCL!DED IN THHART UNDER WHICH THEY ARE INDENTED 

1.2.7.360 2 

NO. REF. 
REO'D. NO. 

6 20 
6 21 
6 22 

A/R 
AIR 
A/R 
A/R 
A/R 

A/R 
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C - CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

193557 
172216 
68606 

PART NAME 

WATER HEADER COVER 

V-504-F1, F2 

Cover, water header ( L B. I 
Cover, water header (R.B) 
Plug. pipe 

NO. REF. 
REC'D. NO. 

PART 
NUMBER 

S109 

1 167800 
2 176598 
3 S-604 

PART NAME 

MOUNTING PARTS 

Capscrew, cover to block 

GaskP.t. cover to block ( L B I 
Gasket, cover to block ( R .8.) 
Lockwasher cover to block 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2.7.361 3 

NO. REF. 
REC'D. NO. 

3J 

1 
30 

5 

6 
7 
8 
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ENGINE APPLICATION AUTOMOTIVE ' B · OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART PART NAME 
NO. REF. PART PART NAME 

NO. REF. 

NUMBER REO'D. NO. NUMBER REO'D. NO. 

WATER HEADER COVER MOUNTING PARTS --V-378-F1, F2 S-109 Capscrew 27 4 

176597 Gasket, water header (R.B.) 1 5 

167779 Cover, water header (L.B.) 167778 Gasket, water header (L.B.) 1 6 

AR-61629 Cover and baffle (R.B.) S-604 Lock washer 27 7 

553813 Cover, water header 2 68606 Plug, pipe 1 8 

175428 Baffle 3 

- . 

PARTS INDENTED ARE INC&µDED IN THE PART UNDER WHICH THEY ARE INDENTED 

11.2.7.382 4 
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P. INDUSTRIAL POWER 

PART 
NUMBER 

AR-60473 
194840 
177086 
144131 
S-911-B 

186375 
S-149-B 
S-608 

556818 
S-110 
S-115 
S-605 
S-119 

PART NAME 

CRANKSHAFT 

V-604•F1, F2 

Crankshaft assembly 
Crankshaft 
Gear, crankshaft 
Key, crankshaft gear 
Plug, pipe 

VIBRATION DAMPER 

Damper, vibration 
Capscrew 
Lock washer 

MOUNTING PARTS 

Guard, vibration damper 
Capscrew 
Capscrew 
Lock washer 
Capscrew 

NO. REF. 
REC'D. NO. 

1 
1 1 
1 2 
1 3 
4 4 

1 5 
5 6 
5 7 

1 
2 
4 
4 
2 

PART 
NUMBER 

BM-99820 
182320 
182400 
182200 
182210 
553670 
173640 

128765 
148547 

173641 
553671 
173642 
553672 
BM-99821 
BM-99822 
BM-99823 

PART NAME 

MAIN BEARINGS 

*Bearing set, main (Std.) 
Bearing, main (Upper 1 and 51 
Bearing, main (Upper 2, 3 and 4) 
Bearing, main ( Lower 1 and 5) 
Bearing, main (Lower 2, 3 and 41 
Ring. half thrust (Upper) 
Ring. half thrust (lower) 
Dowel, half ring 
Dowel, half ring 

Note: Use 148547 after engine 
serial number F048195. 

*Main bearings may be purchased in 
.010", .020" or .030" unders,ze. 

OPTIONAL OVERSIZE 

Half ring crankshaft thrust (.010") 
Half ring crankshaft thrust (.010") 
Half ring crankshaft thrust (.020") 
Half ring crankshaft thrust (020") 
Bearing set main (.010"1 
Bearing set main (.020··1 
Bearing set main (.030") 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
I 1,2,7,363 5 

NO. REF. 
REC'D. NO. 

1 
2 8 
3 9 
2 10 
3 11 
2 12 
2 12 
2 13 
2 

2 
2 
2 
2 
1 
1 
1 
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ENGINE APPLICATION AUTOMOTIVE 8. OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P • INDUSTRIAL POWER 

PART 
NUMBER 

AR-60774 
195240 
177086 
144131 
S-911-B 

650380 
S-149-B 
S-608 

556818 
S-110 
S-115 
S-605 
S-119 

NO. REF. PART PART NAME PART NAME REO'D. NO. NUMBER 

CRANKSHAFT MAIN BEARINGS 

V-378-F1, F2 BM-99830 . Bearing set, main (Std.) 
182320 Bearing, main (Upper 1 and 4) 

Crankshaft assembly 1 182400 Bearing, main (Upper 2 and 3) 
Crankshaft 1 1 182200 Bearing, main (Lower 1 and 4) 
Gear, crankshaft 1 2 182210 Bearing, main (Lower 2 and 3) 
Key, crankshaft gear 1 3 173640 Ring, half thrust (Lower) 
Plug, pipe 3 4 553670 Ring, half thrust (Upper) 

128765 Dowel, half ring 
148547 Dowel, half ring 

VIBRATION DAMPER 
Note: Use 148547 Dowel after 

Damper, vibration 1 9 engine serial Number FO48195. 
Capscrew 5 10 
Lockwasher 5 11 

• Main bearings may be purchased in 
.01 0", .020" or .030" undersize. 

MOUNTING PARTS 

Guard, vibration damper 1 OPTIONAL OVERSIZE 

Capscrew 2 
173641 Half ring crankshaft thrust (.01 0") Capscrew 4 

Lock washer 4 553671 Half ring crankshaft thrust ( .01 0") 

Capscrew 2 173642 Half ring crankshaft thrust (.020") 
553672 Half ring crankshaft thrust (.020") 
BM-99831 Bearing set main (.010") 
BM-99832 Bearing set main (.020") 
BM-99833 Bearing set main (.030") 

PARTS INDENTED ARE INCL~JM..lHE PART UNDER WHICH THEY ARE INDENTED 
j 1.2.7.364 6 

NO. REF. 
REO"D. NO. 

1 
2 5 
2 5 
2 6 
2 6 
2 7 
2 7 
2 8 
2 

2 
2 
2 
2 
1 
1 
1 

-
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART PART NAME NO. REF. PART PART NAME NO. REF. 
NUMBER REQ'D. NO. NUMBER REQ'D. NO. 

CONNECTING ROD CONNECTING ROD 

e, V-604_--Fl, F2 V-378-Fl, F2 

BM-78784 Rod, connecting (166452) 8 1 BM-78784 Rod, connecting ( 166452) 6 1 
551143 Bolt, connecting rod 16 2 551143 Bolt, connecting rod 12 2 

195360 Bushing, piston pin 8 3 195360 Bushing, piston pin 6 3 
152838 Nut. connecting rod bolt 16 4 152838 Nut, connecting rod bolt 12 4 

157620 * Bearing, connecting rod (Std.) 16 5 157620 Bearing, connecting rod (Std.) 12 5 

PISTON PISTON 

AR-60740 Piston, assembly (Std.) 8 AR-60740 Piston, assembly (Std.) 6 
200800 Piston 8 6 200800 Piston 6 6 
151770 Pin, piston 8 7 151770 Pin. piston 6 7 
157978 Ring, snap 16 8 157978 Ring, snap 12 8 

RINGS RINGS 

AR-61500 Ring set, piston (Std.) 8 AR-61500 Ring set, piston (Std.) 6 
201650 Ring, compression (Top) 8 9 201650 Ring, compression (Top) 6 9 
208990 Ring, compression 8 10 208990 Ring, compression 6 10 
201645 Ring, oil 8 11 201645 Ring, oil 6 11 

* Connecting rod bearing shells may 
be purchased in .010", .020", .030" 
undersize. 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
---·-

: 1.2.7.365 l 
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ENGINE APPLICATION AUTOMOTIVE ' B - OFF-HIGHWAY C - CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART PART NAME 
NO. REF. PART PART NAME 

NO. REF. 

NUMBER REQ'D. NO. NUMBER REQ'D. NO. 

FRONT COVER FRONT ENGINE SUPPORT , __ 
V-604-F1, F2 V-604-F1,F2 

V-378-F1, F2 V-378-F1, F2 

188393 Cover. front 556809 Support, front 9 

S-109 Capscrew, front cover 
4 2 

173090 Deflector, oil 1 3 MOUNTING PARTS 

70645 Dowel (Master) 1 4 

68568 Dowel (Diamond) 1 5 106289 Capscrew, front support 4 10 

188396 Gasket, front cover 1 6 
S-604 Lockwasher 4 7 S-608 Lockwasher 4 11 

551514 Seal, oil 1 8 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1ii1~366 1 
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ENGINE APPLICATION II AUTOMOTIVE I II B. OFF-HIGHWAY I C. CONSTRUCTION & INDUSTRIAL I II P - INDUSTRIAL POWER I 
PART 
NUMBER 

201050 
167305 
187649 
S-313 

201060 
167305 
187649 
S-313 

S-107 

68908-A 

200715 
200716 
200717 
200718 
200719 
200721 

PART NAME 

CAMSHAFT 

V-504,Fl. F2 

Camshaft 
Bearing, thrust plate 
Gear. camshaft 
Key, camshaft 

V-378-Fl. F2 

Camshaft 
Bearing, thrust plate 
Gear. camshaft 
Key. camshaft 

MOUNTING PARTS 

Capscrew, thrust bearing 

Lockplate, thrust bearing 

CAMSHAFT KEYS FOR 
ADVANCE AND RETARD TIMING 

Key camshaft .006" offset 
Key camshaft .012" offset 
Key camshDft . 018" offset 
Key camshaft .024" offset 
Key camshaft .030" offset 
Key camshaft .036" offset 

NO. 
REC'D. 

1 
1 
1 
1 

1 
1 
1 
1 

2 

2 

AIR 
A/R 
A/R 
A/R 
AIR 
A/R 

REF. PART PART NAME 
NO. NUMBER 

CAMSHAFT COVER 

V-504-Fl. F2 
V-378-Fl, F2 

1 
2 167834 Cover. camshaft 
3 108707 Capscrew. camshaft cover 
4 

550164 Gasket. camshaft cover 
S-604 Lock washer 
S-602 Washer. plain 

1 
2 
3 
4 

5 

6 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

I 1 .2.7.367 9 

NO. REF. 
REC'D. NO. 

1 7 
6 8 

1 9 
6 10 
6 11 



PART 
NUMBER 

BM-94016 
111272 
114223 
154571 
107738 

BM-94014 
108186 
169154 
153679 

168209 
170326 

S-110 

S-605 

551084 
156438 
156439 

11---~ 

12~ 

13 ~ ----~ 10 

---------1 
-----14 

15 

5 

14 

1 

• 
PART NAME 

NO. REF. PART PART NAME 
REO'D. NO. NUMBER 

PUSH ROOS ANO TAPPETS PUSH ROOS ANO TAPPETS 

V-604-F1,F2 V•378-F1, F2 

Tappet, injector assembly (171936) 8 1 BM-94016 Tappet, injector (171936) 

Lockwire, tappet 8 2 111272 Lockwire, tappet 

Pin, injector tappet roller 8 3 114223 Pin, injector tappet roller 

Roller, injector tappet 8 4 154571 Roller, injector tappet 

Socket 8 16 107738 Socket, cam follower 

Tappet, valve (171937) 16 5 BM-94014 Tappet, valve (171937) 

Lockwire, tappet 16 6 108186 Lockw_ire, tappet 

Pin, valve tappet 16 7 169154 Pin, valve tappet roller 

Roller, valve tappet 16 8 153679 Roller. valve tappet 

Rod, valve push 16 9 168209 Rod, valve push 

Rod, injector push 8 10 170326 Rod, injector push 

MOUNTING .PARTS MOUNTING PARTS 

Capscrew. tappet guide plate 16 11 S-110 Capscrew, tappet guide plate 

Lockwasher, tappet guide plate 16 12 S-605 Lockwasher. tappet guide plate 

16 12 

Plate, tappet guide 8 13 551084 Plate, tappet guide 

Spring, valve tappet 16 14 156438 Spring, valve tappet 

Spring, injector tappet 8 15 156439 Spring, injector tappet 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

j1.2.7.368 10 

-

NO. REF. 
REO'D. NO. 

6 1 -• 6 2 
6 3 
6 4 
6 16 

12 5 
12 6 
12 7 
12 8 
12 9 
6 10 

12 11 

12 12 

6 13 
12 14 
6 15 



-.... 

-\. 

1\ 

ENGINE APPLICATION II AUTOMOTIVE I II 8-OFF-HIGHWAV I C. CONSTRUCTION & 1NDUSTRIAL l 1 p. INDUSTRIAL POWER I 
PART 
NUMBER 

154109 
551608 
BM-79723 

BM-79722 
152937 

S-212 
168306 

BM-79725 
BM-79724 

152937 
S-212 
168306 

BM-99987 
BM-99986 

152936 
194037 

5-212 
168306 

AR-61113 
161825 

551609 

PART NAME 
NO. REF. 

REO'D. NO. 

ROCKER LEVERS 

V-604-F1,F2 

Bracket, rocker lever shaft 8 1 
Bracket, rocker lever shaft 2 2 
Lever, exhaust valve rocker 
( 168285) 8 
Lever and bushing 8 3 
Bushing, valve rocker lever 8 4 
Nut, adjusting screw 8 5 
Screw, adjusting 8 6 
Lever, intake rocker ( 168255) 8 
Lever and bushing 8 7 
Bushing, valve rocker lever 8 8 
Nut, adjusting screw 8 9 
Screw, adjusting 8 10 
Lever, injector rocker ( 194038) 8 
Lever and bushing 8 11 
Bushing, injector rocker lever 8 12 
Socket, injector link 8 13 
Nut, adjusting screw 8 14 
Screw, adjusting 8 15 
Shaft, rocker lever (553455) 2 16 
Plug, rocker shaft 4 17 
Pin, rocker shaft locating 2 18 

PART 
NUMBER 

154109 
551608 
BM-79723 

BM-79722 
152937 

S-212 
168306 

BM-79725 
BM-79724 

152937 
S-212 
168306 

BM-99987 
BM-99986 

152936 
194037 

S-212 
168306 

AR-60595 
161825 

551609 

PART NAME 

ROCKER LEVERS 

V-378-F1, F2 

Bracket, rocker lever shaft 
Bracket, rocker lever shaft 
Lever, exhaust valve rocker 
( 168285) 
Lever and bushing 
Bushing, valve rxker lever 
Nut, adjusting screw 
ScrelN, adjusting 
Lever, intake rocker ( 168255) 
Lever and bushing 
Bushing, valve rocker lever 
Nut, adjusting screw 
Screw, adjusting 
Lever, injector rocker ( 194038) 
Lever and bushing 
Bushing, injector rocker lever 
Socket, injector linK 

Nut, adjusting screw 
Screw, adjusting 
Shaft, rocker lever (551606) 
Plug, rocker shaft 
Pin, rocker shaft locating 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

i 1.2.7.369 11 

NO. REF. 
REO'D. NO. 

6 1 
2 2 

6 
6 3 
6 4 
6 5 
6 6 
6 
6 7 
6 8 
6 9 
6 10 
6 
6 11 
6 12 
6 13 
6 14 
6 15 
2 16 
4 17 
2 18 



'\l 
e 

21 

ENGINE APPLICATION AUTOMOTIVE ' B · OFF-HIGHWAY C - CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

AR-60769 
166772 
155441 
156541 
163037 
166774 
553811 
AR-60770 

154220 
154946 
195000 
154390 
553461 
551475 
554416 
S-910-B 
S-911-B 
S-995 
169630 
196641 

PART NAME 
NO. REF. PART PART NAME 

REO'D. NO. NUMBER 

CYLINDER HEAD MOUNTING PARTS 

V-604-F1, F-2 162182 Capscrew, cylinder head (short) 
162183 Capscrew, cylinder head (long) 

Head, assembly. cylinder ( 157782) 2 1 156879 Crosshead, valve 
Half collet, valve 64 2 100973 Dowel ring, cylinder head 
Retainer, spring 32 3 214621 Gasket, cylinder head 

Seal, intake valve 16 4 214731 Cap.end 
Spring, valve 32 5 S-273 Nut, crosshead adjusting 
Valve, intake and exhaust 32 6 147389 Screw, crosshead adjusting 
Wear plate 32 7 3275545 Tube, vent (3275131) 
Head assembly, less valves 2 S-1003-1 Conn1:1ctor. tube 
Guide, crosshead 16 8 S-1022-A Nut, tube 
Guide, valve stem 32 9 153411 Washer, cylinder head capscrew 
Insert, valve seat (intake) 16 10 
Insert, valve seat (exhaust) 16 11 
Plate, swirl 16 12 OPTIONAL 

Plug, cup 8 
Plug, cup 16 AR-62074 Gasket, cylinder head 
Plug, pipe 2 13 AR-62075 Gasket, cylinder head 
Plug, pipe 6 14 171999 Guide, valve crosshead (oversize) 
Plug, pipe 8 15 
Sleeve, injector 8 16 
"O" ring B 17 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2. 7 .370 12 

NO. REF. 
REO'D. NO. 

26 18 
10 19 
16 20 
4 21 
2 22 
4 

16 28 
16 30 
2 31 
2 
2 

36 32 

2 
2 

A/R 

-

--:) 



-

ENGINE APPLICATION AUTOMOTIVE , B · OFF-HIGHWAY C - CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

AR-60776 
166772 
155441 
156541 
163037 
166774 
553811 
AR-60777 

154220 
154946 
195000 
154390 
553461 
551475 
554416 
S-910-B 
S-911-B 
S-995 
169630 
196641 

PART NAME 
NO. REF. 

REC'D. NO. 

CYLINDER HEAD 

V-378-F1, F2 

Head, assembly cyl,nder (152143) 2 1 
Collet, valve half 48 2 
Retainer, valve spring 24 3 
Seal, intake valve 12 4 
Spring, intake and exhaust valve 24 5 
Valve, intake and exhaust 24 6 
Wear plate 24 7 
Head, cylinder 2 
Guide. crosshead 12 8 
Guide, valve 24 9 
Insert, valve seat ( intake) 12 10 
Insert, valve seat (exhaust) 12 11 
Plate, swirl 12 12 
Plug, cup 6 
Plug, cup 12 13 
Plug, pipe 2 14 
Plug, pipe 2 15 
Plug, pipe 2 16 
Sleeve, injector 6 17 
"O" ring 6 18 

PART 
NUMBER 

162182 
162183 
156879 
100973 
S-273 
147389 
556857 

214731 
3275545 
S-1003-1 
S-1022-A 

153411 

AR-61586 
AR-61589 
171999 

PART NAME 

MOUNTING PARTS 

Capscrew, cylinder head (short) 
Capscrew, cylinder head (long) 
Crosshead, valve 
Dowel ring, cylinder head 
Nut, crosshead 
Screw, crosshead adjusting 
Gasket, cylinder head 
Cap, end 
Tube,vent (3275131) 
Connector, tube 
Nut, tube 
Washer, cylinder head capscrew 

OPTIONAL 

:Gasket, cylinder head 
Gasket, cylinder head 
Guide, valve crosshead (oversize) 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.371 13 

NO. REF. 
REO'D. NO. 

20 
8 

12 
4 

12 
12 
2 
4 
2 
2 
2 

28 

2 
2 

AIR 

19 
20 
21 
22 
23 
24 
25 

32 

33 



I 

9 

ENGINE APPLICATION AUTOMOTIVE I 8. OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL 

PART 
NUMBER 

107981 
AR-60122 

551786 
550113 

553462 

108707 
157018 
S-604 
554833 
S-602 

PART NAME 
NO. REF. PART PART NAME 

REO'D. NO. NUMBER 

CYLINDER HEAD COVER CYLINDER HEAD COVER 

V-804-F1, F2 V-378-F1, F2 

Cap, oil filler 107981 Cap, oil filler 

Cover and tube (R.B.) AR-60375 Cover and tube (R.B.) 

Cover, cylinder head (R.B.) 2 552383 Cover, cylinder head (R.B.) 

Tube, filler 3 550113 Tube, filler 

Cover, cylinder head (L.B.) 553521 Cover, cylinder head (L.B.) 

MOUNTING PARTS MOUNTING PARTS 

Capscrew 20 4 108707 Capscrew 

Gasket 2 5 154019 Gasket, cover 

Lock washer 20 6 S-604 Lock washer 

Nameplate 3 554833 Nameplate 

Washer, plain 20 7 S-602 Washer, plain 

PARTS INDENTED ARE INCLU.DED IN .TIU PART UNDER WHICH THEY ARE INDENTED 

1.2. 7 .372 14 

-

NO. REF. 
REO'D. NO. 

_;-
8 
3 

16 4 
2 9 

16 6 
3 

16 7 
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ENGINE APPLICATION AUTOMOTIVE ' B · OFF-HIGHWAY C - CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

168644 
S-102-D 
S-104 
S-109 
S-126 
108707 
9089 
69562 
102957 
153807 
168649 
168650 
S-604 
175282 
551467 
69901 
S-965-E 
551515 
S-602 

PART NAME 

GEAR HOUSING 

V-604-Fl, F2 
V-378-Fl, F2 

Housing, gear 
Capscrew, housing to block 
Capscrew, housing to block 
Capscrew, plate to block 
Capscrew, housing to block 
Capscrew, housing to block 
Dowel (Master) 
Dowel (Master) 
Dowel (Diamond) 
Dowel (Diamond) 
Gasket, plate to block 
Gasket, gear housing to plate 
Lock.washer, housing to block 
Lockplate, plate to block 
Plate, gear housing 
Plug, pipe 
Plug, pipe 
Seal, oil 
Washer, plain 

NO. 
REC'D. 

1 
1 
6 
2 
2 
6 
1 
1 
1 
1 
1 
1 

14 
2 
1 
2 
1 
1 

14 

REF. 
NO. 

1 
2 

PART 
NUMBER PART NAME 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.373 15 

NO. REF. 
REC'D. NO. 



ENGINE APPLICATION AUTOMOTIVE ' B · OFF-HIGHWAY C. CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

AR-62181 
AR-60089 

68586 
S-107 
S-155-A 
S-109 
AR-60092 

68586 
178283 
187012 
AR-60090 

68586 
184044 
109319 
551117 
175805 
183014 
178284 
190138 
135627 
554616 
126304 

AR-62048 

PART NAME 
NO. REF. PART PART NAME 

REO'D. NO. NUMBER 

LUBRICATING OIL PUMP 
V-378-F1, F2 

V-604-F1, F2 
Same as VB except: 

Pump, lubricating oil 1 OMIT: 

Body, and bushing ( 187011) 1 1 

Bushing 1 2 AR-62181 Pump, lubricating oil 

Capscrew 2 4 135527 Spring, regu later 

Capscrew 2 5 AR-62048 Tube, oil suction assembly 

Capscrew 1 6 

Cover and bushing (181165) 1 7 

Bushing 1 8 ADO: 

Gasket, cover 1 9 

Gear, idler drive l 10 AR-60801 Pump, lubricating oil 

Gear, idler (187013) l 11 551079 Spring, regulator 

Bushing 1 12 AR-60762 Tube, oil suction assembly 

Gear, main drive 1 13 

Lockplate, regulator l 14 . 
Lockplate, cover to body 2 15 MOUNTING PARTS 

Plug, by-pass valve l 

Plunger, pressure regulator l 16 S-103-D Capscrew, pump to block 

Shaft, drive 1 17 S-109 Capscrew, tube to pump 

Shaft, idler l 18 S-112 Capscrew, pump to block 

Spring, regulator 1 19 164916 Gasket, tube to pump 

Tube, by-pass 1 20 109319 Lockplate, tube to pump 

Yoke, pressure regulator 1 21 175282 Lockplate, pump to block 

Tube, oil suction assembly l 22 

PARTS INDENTED ARE INCLU~ED IN TliE PART UNDER WHICH THEY ARE INDENTED 

1.2.7.374 16 

NO. REF. 
REO'D. NO. 

19 
22 

19 
29 

2 23 
2 24 
1 25 
1 26 
2 27 
3 28 

-
,I 

, 

·.-. 
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ENGINE APPLICATION AUTOMOTIVE , B -OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

554038 
550389 
S-199-A 
S-103-D 
S-124-C 
S-102 
175727 
553856 
553854 
S-604 
S-605 
553855 
555601 
161704 
69901 
S-602 
S-626 

PART NAME 

OIL PAN 

V-504-F1, F2 

Pan, oil 
Capscrew 
Capscrew 
Capscrew 
Capscrew 
Capscrew 
Gasket, oil pan 
Gasket, drain plug 
Helicoil, insert 
Lock washer 
Lock washer 
Plug, oil drain 
Plug, pipe 
Plug, pipe 
Piuci. pipe 
Washer, plain 
Washer, plain 

NO. REF. 
REO'D. NO. 

1 1 
2 2 
2 3 
8 4 
2 5 
2 6 
1 7 
1 8 
1 

10 9 
4 10 
1 11 
1 
1 
1 12 

10 13 
6 14 

PART 
NUMBER 

3275184 
556071 
556069 

PART NAME 

DIPSTICK AND TUBE 

Connector, dipstick tube 
Dipstick 
Tube, dipstick 

PARTS INDENTED ARE INCLUD!I! IN_!HE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.375 17 

NO. REF. 
REO'O. NO. 

19 
20 
23 
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ENGINE APPLICATION AUTOMOTIVE , 8 · OFF-HIGHWAY C · CONSTRUCTION Ii INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

553496 
S-103-D 
S-199-A 
S-124-C 
S-119 
S-117 
550389 
175726 
553856 
553854 
S-605 
S-604 
109319 
553855 
69901 
161704 
555601 
S-962 
S-602 
S-626 

PART NAME 

OIL PAN 

V•378-F1, F2 

Pan, oil 
Capscrew 
Capscrew 
Capscrew 
Capscrew 
Capscrew 
Caoscrew 
Gasket, oil pan 
Gasket, oil pan 
l nsert, drain boss 

Lock washer 
Lock washer 
Plate, lock 
Plug. oil drain 
Plug, pipe 
Plug, pipe 
Plug, pipe 
Plug, pipe 
Washer, plain 
Washer. plain 

NO. REF. PART 
NUMBER REO'D. NO. 

1 
6 
2 
2 
2 
2 
2 , 
3 
3 
6 
8 
2 
3 
1 
1 
2 , 
8 
6 

556068 
556069 

1 3275184 
2 
3 
4 
5 

7 
8 
9 

,o 
11 

12 

, 
14 

PART NAME 

DIPSTICK ANO TUBE 

Dipstick 
Tube, dipstick 
Connector, dipstick tube 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2. 7 .376 18 

NO. REF. 
REO'D. NO. 

15 
16 
20 

-
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ENGINE APPLICATION II AUTOMOTIVE ,I II B. OFF-HIGHWAY I C. CONSTRUCTION & INDUSTRIAL I II P - INDUSTRIAL POWER I 
PART 
NUMBER 

AR-60253 
173174 
555378 

556507 
551681 
556506 
554374 
554375 
551685 
554377 
551683 
554376 
551684 

200819 
175623 
S-908 
193302 
156676 
188476 
S-689 

PART NAME 
NO. REF. PART PART NAME 

REC'D. NO. NUMBER 

LUBRICATING OIL FILTER MOUNTING PARTS 

V-504-F1, F2 108707 Capscrew 
V-378-F1, F2 S-126 Capscrew 

176924 Gasket 
Filter. lubricating oil S-604 Lock washer 
Element 1 1 
Shell assembly, filter 1 
Bolt, center 1 2 
Can, filter 1 3 
Circlip 1 4 
Plate 1 6 
Retainer, seal ring 1 
Seal, bolt 1 8 
Spacer 1 9 
Spring, cartridge 1 10 
Support, cartridge 1 11 
Washer, bolt seal 1 12 
Disc, by-pass 1 13 
Head, filter 1 14 
Plug, pipe 1 15 
Ring, sealing, head 1 16 
Ring, snap disc 1 17 
Spring, by-pass 1 18 
Washer, disc 1 19 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2.7.377 19 

NO. REF. 
REQ'D. NO. 

5 20 
2 21 
1 22 
7 23 
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C • CONSTRUCTION Iii INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

AR-01670 
146052 
172207 
148293 
S-910-B 
110827 

PART NAME 

LUBRICATING OIL COOLER 

V-804-F1, F2 

Cooler, lubricating oi I 
Element 
Housing 
"O" ring 
Plug, pipe 
Retainer, element 

NO. REF. 
REO'D. NO. 

PART 
NUMBER 

S-103-D 
165153 
166407 1 

1 
1 
2 
1 
1 

1 S-604 
2 
3 
4 
5 

PART NAME 

MOUNTING PARTS 

Capscrew 
Gasket, housing to block 
Gasket, housing to junction 
Lockwasher 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.378 20 

NO. REF. 
REC'D. NO. 

9 6 
1 7 
1 8 
9 9 

-
-

--,..,,. 
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4 

ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C. CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

BM-91604 
110848 
166401 
148293 
112076 
110827 

PART NAME 

LUBRICATING OIL COOLER 

V-378-F1, F2 

Cooler, lubricating oil 
Element 
Housing 
"O" ring 
Plug, pipe 
Retainer, element 

NO. REF. 
REO'D. NO. 

PART 
NUMBER 

S-103-D 
165153 
166407 1 

1 
1 
2 
1 
1 

1 S-604 
2 
3 
4 
5 

PART NAME 

MOUNTING PARTS 

Capscrew, mounting 
Gasket, housing to block 
Gasket, cooler to filter 
Lockwasher 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2.7.379 21 

NO. REF. 
REO'D. NO. 

9 
1 
1 
9 

6 
7 
8 
9 



ENGINE APPLICATION AUTOMOTIVE , B - OFF-HIGHWAY 

PART 
NUMBER 

AR-60677 
552335 
177596 
552332 . 
107776 
200515 
AR-12732 

217366 
217367 

173228 
S-995 
69901 
160586 
552334 
S-915-A 

178660 
108707 
169042 
S-604 

PART NAME 

WATER PUMP 

V-504-F1, F2 
V-378-F1, F2 

Pump, water 
Bearing, ball 
Bearing, ball 
Body, water pump 
Flinger. water pump 
Impeller 
Assembly, seal and seat 
Seal 
Seat 
Pulley 
Plug, pipe 
Plug, pipe 
Ring, retaining 
Shaft, water pump 
Plug, pipe 

MOUNTING PARTS 

Belt, drive 
Capscrew, water pump to block 
Gasket, water pump to block 
Lock washer 

NO. REF. 
REC'D. NO. 

1 
1 1 
1 2 
1 3 
1 4 
1 5 
1 
1 6 
1 11 
1 7 
1 8 
1 9 
1 10 
1 12 
1 

2 
4 13 
1 14 
4 15 

C • CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

AR-60698 
552335 
177596 
200515 
AR-12732 
217366 
217367 

169042 
107776 

PART NAME 

WATER PUMP REPAIR KIT 

Kit, water pump repair 
Bearing, ball 
Bearing, ball 
Impeller 
Assembly, seal and seat 
Seal 
Seat 
Gasket 
Flinger, water pump 

NO. REF. 
REC'D. NO. 

1 
2 
5 

6 
11 
14 
4 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
-------------

1.2.7.380 22 

-
/ 
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ENGINE APPLICATION AUTOMOTIVE ' B · OFF-HIGHWAY C - CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

556806 
555407 
555999 
557006 
555636 
650604 
650605 
650599 
650600 
650595 
556067 
555707 
554499 
555908 

PART NAME NO. REF. PART PART NAME REC'D. NO. NUMBER 

HEAT EXCHANGER MOUNTING PARTS 

V-504:F1, F2 S-112 Capscrew 
V-378-F1, F2 43828-D Clamp, hose 

650371 Connection, water inlet 
Heat, exchanger 1 S-1003-1 Connection 
Cap, filler l l S-962-E Cock, drain 
Cover, end 1 2 S-1004-1 Elbow, pipe 
Cover, end 1 3 167802 Gasket 
Nut, tie rod cap 1 4 9221 Gasket 
Plug, drain 1 5 110980 Hose 
Plug, drain and vent 2 6 S-604 Lockwasher 
Rod, tie 1 7 188572 Nipple, pipe 
Seal, tube stack 2 8 555034 Support 
Stack, tube 1 9 556814 Support 
Washer, cap nut 1 10 556811 Support 
Washer, copper 1 11 554995 Pipe, vent 
Body, heat exchanger 1 26 3275206 Tube, vent 
Gasket 1 27 83241-E Hose 

554996 Hose 
S-172-B Capscrew 
3275217 Tube, water over flow 
555079 Clip, tube 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.381 23 

NO. REF. 
REC'D. NO. 

7 12 
6 13 
1 14 
2 15 
1 16 
1 17 
1 
1 18 
1 19 
8 20 
2 21 
1 22 
1 23 
1 24 
1 
1 
1 
1 
1 
1 
3 
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ENGINE APPLICATION AUTOMOTIVE B - OFF-HIGHWAY C • CONSTRUCTION Iii INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

556810 
S-197 
S-103-O 
S-112 
188565 
157290 
140329 
S-604 
S-908 
S-915-A 
199530 
S-163 
550789 

650804 
S-197 
S-103-O 
S-112 
650394 
157290 
140329 
S-604 
S-908• 
S-915-A 
199530 

PART NAME 
NO. REF. PART PART NAME 

REO'D. NO. NUMBER 

THERMOSTAT HOUSING WATER CROSSOVER 

V-504-F1, F2 
V-604-F1, F2 

V-378-F1, F2 
V-378-F1, F2 

Right Bank Front S-921-D Bushing 

554013 Clip, pipe 

Housing, thermostat 1 1 S-1005-A Elbow 90° 

Capscrew 1 2 554156 Tube 

Capscrew 2 3 

Capscrew 2 4 

Connection 1 6 LIFTING BRACKET R.B. FRONT 

Gasket, cylinder head cover pl3te 1 7 

Gasket, thermostat 1 8 556813 Bracket, I ifting 

Lock washer 2 10 S-109 Capscrew 

Plug, pipe 1 11 157290 Gasket, cylinder head cover 

Plug, pipe 2 12 S-604 Lock washer 

Thermostat 1 13 152398 Plate, cylinder head cover 

Capscrew 1 

Capscrew 3 
LIFTING BRACKET L.B. REAR 

Left Bank Front 187296 Bracket, lifting 

S-109 Capscrew 

Housing, thermostat 1 14 157290 Gasket, cylinder head cover 

Capscrew 2 2 S-604 Lock washer 

Capscrew 5 3 1.52398 Plate, cylinder head cover 

Capscrew 2 4 

Connection 1 15 

Gasket, cylinder head to cover plate 1 7 

Gasket, thermo~tat 1 8 

Lock washer 2 10 

Plug, pipe 2 11 

Plug, pipe 2 12 

Thermostat 1 13 

PARTS INDENTED ARE INCLUDED IN Ull.P~RT UNDER WHICH THEY ARE INDENTED 

24 1.2.7.382 

NO. REF. 
REQ'D. NO. 

2 17 
1 18 
2 20 
1 21 

1 22 
7 23 
1 25 
7 26 
1 27 

1 28 
7 23 
1 25 
7 26 
1 29 

-
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

258859 
299082 
299080 
204163 
3000801 

PART NAME NO. REF. PART PART NAME REQ'D. NO. NUMBER 

WATER Fil TER MOUNTING PARTS 

V-504-F1, F2 556536 Bracket 
V-378-F1, F2 S-103-D Capscrew 

S-604 Lock washer 
Filter. water assembly S-142 Capscrew 
Element (WF-2012) Precharge 1 S-605 Lock washer 
Element (WF-2010) Service 1 179903 Elbow 
Head 2 179918 Hose 
Decal 179908 Hose 

179904 Clamp, hose 
179901 Valve, shut-off 
550692 Clip, hose 
550299 Clip 
S-983 Bushing, pipe 
S-973 Elbow, street 
S-956-D Elbow, street 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2. 7.383 25 

NO. REF. 
REQ'D. NO. 

1 3 
4 4 
4 5 
2 6 
2 7 
2 8 
1 9 
1 9 
4 10 
2 11 
1 12 
1 13 

14 
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ENGINE APPLICATION AUTOMOTIVE B · OFF-HIGHWAY C, CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

168067 
159267 

S-102 
S-103-D 
S-110 
AR-62294 
156996 
S-604 
S-605 
S-602 
S-626 

PART NAME 
NO. REF. 

REC'D. NO. 

AIR INTAKE MANIFOLD 

V-604-F1, F2 

Manifold, air intake 2 1 
Plate, push tube cover 2 2 

MOUNTING PARTS 

Capscrew, plate to block 2 
Capscrew, manifold to plate 16 3 
Capscrew, plate to block 24 4 
Gasket, push tube cover 2 5 
Gasket, intake manifold 2 6 
Lockwasher, manifold 16 7 
Lockwasher, plate 26 8 
Washer, plain, manifold 16 9 
Washer, plain, manifold 26 10 

PART 
NUMBER 

168076 

S-103-D 
168069 
66292 
S-604 
69901 
S-995 
66030 
S-602 
S-910-B 

PART NAME 

CONNECTION, AIR CROSSOVER 

V-&04-F1, F2 

Connection, air crossover 

MOUNTING PARTS 

Capscrew, connection 
Gasket, connection 
Gasket, plug 
Lock washer 
Plug, pipe 
Plug, pipe 
Plug, pipe 
Washer, plain 
Plug, pipe 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2.7.384 26 

NO. REF. 
REC'D. NO. 

8 
2 
2 
8 
1 
1 
2 
8 
1 

11 

12 
13 
14 
15 
16 
17 
18 
19 

-
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ENGINE APPLICATION AUTOMOTIVE B - OFF-HIGHWAY C · CONSTRUCTION & INDUSTRIAL P - INDUSTRIAL POWER 

PART 
NUMBER 

168066 
160509 

S-110 
S-103-D 
154415 
AR-62293 
S-604 
S-605 
S-602 
S-626 

PART NAME NO. REF. PART 
PART NAME REO"D. NO. NUMBER 

AIR INTAKE MANIFOLD CONNECTION.AIR CROSSOVER 

V-378-Fl, F2 V-378-Fl, F2 

Manifold, air intake 2 1 168068 Connection. air crossover 
Plate, push tube cover 2 2 

MOUNTING PARTS 
MOUNTING PARTS 

S-103-D Capscrew, connection 
Capscrew, plate to block 22 3 168069 Gasket, connection 
Capscrew, manifold to plate 12 4 S-604 Lockwasher, connection 
Gasket, intake manifold 2 5 S-995 Plug, pipe 
Gasket, push tube cover 2 6 66030 Plug, pipe 
Lock washer, manifold 12 7 69901 Plug, pipe 
Lockwasher, cover plate 22 8 66292 Gasket, plug 
Washer, plain manifold 12 9 S-602 Washer, plain 
Washer, plain, cover plate 22 10 S-910-B Plug, pipe 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.385 27 

NO. REF. 
REQ'D. NO. 

11 

8 12 
2 15 
8 16 
1 
2 17 
1 18 
2 20 
8 21 
1 
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ENGINE APPLICATION AUTOMOTIVE B - OFF-HIGHWAY C - CONSTRUCTION Iii INDUSTRIAL P · INDUSTRIAL POWER 

PART PART NAME 
NO. REF. PART PART NAME 

NO. REF. 

NUMBER REO'D, NO. NUMBER REO'O. NO. 

EXHAUST ~ANIFOLO EXHAUST MANIFOLD 

l V-604-F1, F2 V-37B-F1, F2 

553825 Manifold, exhaust 2 554400 Manifold, exhaust 2 18 

MOUNTING PARTS MOUNTING PARTS 

168003 Gasket, exhaust manifold B 2 168003 Gasket, exhaust manifold 6 2 

178817 "O" ring 6 3 178817 "O" ring 4 3 

S-166-B Capscrew 16 4 S-166-B Capscrew 12 4 

146161 Washer, plain 16 5 146161 Washer, plain 12 5 

S-604 Lock washer 24 6 S-604 Lock washer 20 6 

554446 Plate, blan:<ing 2 7 554446 Plate, blanking 2 7 

S-112 Capscrew B B S-112 Capscrew 8 B 

191984 Gasket, plate 2 9 191984 Gasket, plate 2 9 

554447 Plate, blanking 2 10 554447 Plate, blanking 2 10 

S-115 Capscrew B 11 S-115 Capscrew B 11 

S-605 Lock washer B 12 S-605 Lock washer 8 12 

651046 Gasket, plate 4 13 651046 Gasket, plate 4 13 

554443 Connection, water outlet (L.B.) 1 14 554443 Connection, water outlet (L.B.) 1 14 

554444 Connection, water outlet (R.B.) 1 15 554444 Connection, water outlet (R.B.) 1 15 

553414 Hose 2 16 553414 Hose 2 16 

550547 Clamp, hose 4 17 550547 Clamp, hose 4 17 

S-910-B Plug, pipe 7 S-910-B Plug, pipe 5 

S-962 Plug, pipe 10 S-995 Plug, pipe 8 

S-995 Plug, pipe 10 

S-962-E Cock, drain 1 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
--·--·----- -

1.2.7.386 28 
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ENGINE APPLICATION II AUTOMOTIVE -1 ~ B. OFF-HIGHWAY I II c. CONSTRUCTION s. INDUSTRIAL 171 p. INDUSTRIAL POWER I 
PART 

NUMBER 

650051 
650056 
650055 
650058 

650665 
108707 
S-129 
125740 
105312 
S-604 
S-205 
650041 
650059 

PART NAME 

AIR CLEANER 

V-504-F1, F2 
V-378-F 1, F2 

Air cleaner 
Cover 
Element 
Seal 

MOUNTING PARTS 

V-504-Fl, F2 

Bracket 
Capscrew 
Capscrew 
Clamp, 'T' bolt 
Elbow, 90 deg. 
Lock washer 
Nut 
Strap 
Hood. air cleaner 

NO. REF. 
REO'D. NO. 

1 
1 1 
1 2 
2 3 

1 4 
4 5 
4 6 
2 7 
1 8 
4 9 
4 10 
2 11 
1 12 

PART 
NUMBER 

650667 
108707 
S-166 
125740 
650356 
S-604 
S-205 
650041 
650059 
140311 
140312 

PART NAME 

MOUNTING PARTS 

V-378-Fl, F2 

Bracket 
Capscrew 
Capscrew 
Clamp, "T" bolt 
Elbow, 90 deg. 
Lock washer 
Nut 
Strap 
Hood, air cleaner 
Clamp 
Clamp 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
1.2.7.387 29 

NO. REF. 
REO'D. NO. 

1 
4 
4 
1 
1 
4 
4 
2 
1 
1 
1 

4 
5 
6 
7 
8 
9 

10 
11 
12 



4 

ENGINE APPLICATION AUTOMOTIVE 

PART 
NUMBER 

BM-93760 
177097 
BM-93759 

147610 
171636 

PART NAME 

FUEL PUMP-DRIVE 

V-504-F1, F2 
V-378-F1, F2 

Drive, fuel pump 
Gear. drive 
Housing, drive (171635) 
Bushing, shaft 
Shaft, drive 

9 

B · OFF-HIGHWAY 

NO. REF. 
REC'D. NO. 

1 
1 1 
1 2 
2 3 
1 4 

2 11 5 8 7 

C',CONSTRUCTION & INDUSTRIAL P · INDUSTRIAL POWER 

PART 
NUMBER 

PART NAME 
NO. REF. 
REQ'D. NO. 

S-105-A 
S-105 
551160 
164059 
153433 
S-604 
S-610 
131449 
S-607 
167993 
S-622 
100915 
109859 

MOUNTING PARTS 

Capscrew, drive 
Capscrew, drive 
Cover. drive shaft 
Gasket, cover 
Gasket, support 
Lock washer 
Lock washer 
Screw. cover 
Lock washer 
Gasket, fuel pump 
Washer 
Capscrew 
Spider, coupling 

2 
2 
1 
1 
1 
2 
4 
4 
4 
1 
2 
2 
1 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
. ----·-- --·- --·- -

1.2.7.388 30 
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ENGINE APPLICATION II AUTOMOTIVE I II B -OFF-HIGHWAY I C - CONSTRUCTION & INDUSTRIAL I II P- INDUSTRIAL POWER I 
PART 
NUMBER PART NAME 

NO. REF. 
REC'D. NO. 

I PT FUH PUMP I I 
Each Cummins PT Fuel Pump is calibrated to obtain 

the best performance and fuel economy for your engine. 
Your Cummins Distributor or Dealer has the special tools 
required for complete rebuild and calibration. Caution 
Do Not disturb the fuel pressure settings or the throttle 
screw settings. as serious damage to your engine may 
result. 

Only PT Fuel System parts which can be replaced 
without pump calibration are listed here. Your Cummins 
Distributor will record the specific part number of your 
complete PT Fuel Pump in the front of this catalog. 

FUEL PUMP DAMPER 

ALL MODELS 

BM-76340 Damper. fuel pump 1 
153336 Body, damper 1 
S-105-C Capscrew 2 
202897 Diaphragm 1 
S-600 Lock washer 2 
139988 "O" ring 1 
100099 "O" ring 1 
153338 Plate, damper 1 
151900 Seal 1 
70704 Washer 2 
160514 Washer, nylon 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

PART 
NUMBER 

AR-73621 
210647 

156171 
156172 
255622 

142784 

651026 
S-103-D 
S-112 
S-604 
129859 

210314 

210315 

PART NAME 

GEAR PUMP 

Pump, gear 
Gasket 

FUEL FILTER 

Filter, fuel 
Cartridge (FF-105-D) 
Gasket, cover 
Head 

MOUNTING PARTS 

Bracket, sumo oump and fuel filter 
Capscrew 

.Capscrew 
Lock washer 
Elbow 90 deg 

OVERSPEED SWITCHES 

V-504-F1; V-378-F1 

Overspeed switch 

V-504-F2; V-378-F2 

Overspeed switch 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 
------·--~ 

1.2.7.389 31 

NO. REF. 
REC'D. l~O. 

1 
4 
4 
8 
2 

1 

1 

11 
12 

13 
14 
15 

16 
17 
18 
19 
20 



ENGINE APPLICATION II AUTOMOTIVE l l 8-0FF-HIGHWAYI C. CONSTRUCTION I!, INDUSTRIAL I II p. INDUSTRIAL POWER I 

PART 
NUMBER 

553057 
S-1003-1 
S-929-B 
148376 
551394 
555079 
114850 
68368-A 
S-1006 
554313 
554343 
650513 
650512 
185505 
178079 
555366 
555367 
555368 
650679 
3275207 
553056 
69465-A 
552358 
218052 
S-964 
556152 

PART NAME 
NO. REF. PART PART NAME 

REO'D. NO. NUMBER 

FUEL TUBING 

ALL MODELS 

Adapter 2 
Adapter 3 
Bushing 1 
Bushing 2 
Clamp 2 
Clamp 1 
Spacer 1 
Spacer 1 
Tee, piece 1 
Tube, fuel (V6) 1 
Tube, fuel (VB) 1 
Pipe, L.B F. 1 
Pipe, R.B.F. 1 
Valve check 1 
Valve check 1 
Tube, fuel 1 
Tube, fuel 1 
Tube, fuel 1 
Elbow 1 
Tube, fuel 1 
Tee, piece 1 
Clamp 1 
Tee, piece 1 
Clip, hose 1 
Bushing 1 
Tube, fuel 1 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2. 7 .390 32 

NO. REF. 
REO'D. NO. -
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ENGINE APPLICATION II AUTOMOTIVE I II B. OFF-HIGHWAY I c. CONSTRUCTION s. INDUSTRIAL 11 , . INDUSTRIAL POWER 1 
PART 

NUMBER 

216930 

S-189-C 
67684 
181466 
S-1004'.1 
154087 

3275273 
194041 
AR-73716 
556895 
3275266 
174299 
173086 
101754 
165296 
556894 
174298 
166009 
AR-40063 

185782 
167157 

* 

PART NAME 

SHUTDOWN VALVE 

ALL MODELS 

Valve, shutdown 

MOUNTING PARTS 

Capscrew 
Washer, plain 
Lock washer 
Elbow, tubing 
"O" ring 

INJECTOR 

V-604-F1, F2 

Injector 
Link, injector 
Injector (less link) 
Adapter, injector 
Cup, injector 
Clip, filter screen 
Gasket, orifice 
"O" ring 
Pin, roll 
Retainer, cup 
Screen, filter 
Spring, injector 
Barrel and plunger 
Gasket 
Ball, check 
Plug, orifice 

NO. REF. 
REC'D. NO. 

2 
2 
2 
1 
1 

8 
8 
8 
8 
8 
8 
8 

24 
16 
8 
8 
8 
8 
8 
8 

8 

2 
3 
4 
5 
6 

16 

17 
18 
19 
20 
21 
22 
24 
25 
26 
27 
28 
29 

23 

PART 
NUMBER 

552458 
166392 
69280 

3275273 
194041 
AA-73716 

556895 
3275266 
174299 
173086 
101754 
165296 
556894 
174298 
166009 
AR-40063 

185782 
167157 

552458 
166392 
69280 

. 

PART NAME 

MOUNTING PARTS 

Clamp. injector 
Capscrew, hex he<>d 
Washer. plain 

INJECTOR 

V-378-F1, F2 

Injector 
Link, injector 
Injector (less link) 
Adapter, injector 
Cup, injector 
Clip, filter screen 
Gasket, orifice 
"O" ring 
Pin, roll 
Retainer, cup 
Screen, filter 
Spring, injector 
Barrel and plunger 
Gasket 
Ball, check 
Plug, orifice 

MOUNTING PARTS 

Clamp, injector 
Capscrew, hex head 
Washer, plain 

• Not sold separately. 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED -- --- -- ---~- -~ 

1.2.7.391 33 

NO. REF. 
AEO'D. NO. 

8 
8 
8 

6 
6 
6 
6 
6 
8 
6 

h8 
n2 

6 
6 
6 
6 
6 
6 
6 

6 
6 
6 

30 
31 
32 

16 

17 
18 
19 
20 
21 
22 
24 
25 
26 
27 
28 
29 
23 

20 
31 
32 



ENGINE APPLICATION II . AUTOMOTIVE I ~ B. OFF-HIGHWAV I C. CONSTRUCTION & INDUSTRIAL I II p. INDUSTRIAL POWER I 

PART 
NUMBER 

551462 
108601 
S-106 
106289 
69562 
102957 
556346 
S-608 
S-670 
S-187 
S-136 

553627 
S-145 
S-608 

PART NAME 
NO. REF. PART PART NAME 

REC'D. NO. NUMBER 

STANDARD FLYWHEEL FLYWHEEL AND RING GEAR 

HD USING 
ALL MODELS 

ALL MODELS 
BM-99705 Flywheel and ring gear (185539) 

Housing, flywheel 1 154849 Ring gear 

Capscrew 2 554316 Capscrew 

Capscrew 4 
Capscrew 9 
Dowel 1 DRIVE SHAFT 
Dowel 1 
Seal, dust 1 ALL MODELS 

Lock washer 13 
Washer 13 650722 Flange 

Capscrew 4 61238-W Shaft, flywheel stub 

Capscrew 2 555144 Key 
108707 Capscrew 
S-604 Lock washer 

REAR SUPPORT 

ALL APPLICATIONS OABKET SETS 

Support, rear 1 V-&04-F1, F2 

Capscrew 4 
Lock washer 4 AR-09604 Engine Gasket Set 

AR-09603 Cylinder Head Gasket Set 

V-378-F1, F2 

AR-09606 Engine Gasket Set 
AR-09605 Cylinder Head Gasket Set 

PARTS INDENTED ARE INCLUDED IN THE PART UNDER WHICH THEY ARE INDENTED 

1.2.7.392 36 

NO. REF. 
REC'D. NO. 

1 
1 
B 

1 
1 
1 
B 
B 

1 
1 

1 
1 

CummiN 9-75 

-
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- Cummins Fire Pump Engines 
Initial Start-up And Operation - Instructions 

Cummins engines are run-in on dynamometers before being shipped from the factory and are ready for imme
diate use. However, certain pre-start procedures and operational practices will be beneficial to extended service 
life of the engine. 

The following recommendations are for initial start-up and normal operation procedures, assuming the pumping 
unit installation has been correctly completed in accord with procedures established by the quality agency 
having jurisdiction. Consult Cummins Operation and Maintenance Manual for detailed instructions. 

Initial Start-Up 

1. Remove heat exchanger cap, check or fill engine coolant supply; open water filter inlet and outlet valves. 

2. Pre-lubricate engine with oil meeting specification Mil-L-46152 (API-CC/SC) viscosity 10W30. This includes 
removal of turbocharger oil inlet line on turbocharged engines to pre-lubricate housing by adding 2 to 3 
ounces (60 cc) of clean engine lubricating oil. 

3. Check crankcase oil level and fill to high mark on dipstick. 

4. Remove fuel pump solenoid lead and crank engine through both cranking cycles. 

5. If engine is equipped with "Vernier throttle", place in idle position; if not place MVS throttle in idle position. 
On turbocharged models the delay cylinder line may be disconnected at the block and the block opening 
plugged. 

6. Reconnect fuel solenoid lead and start engine; run at idle speed. 

7. Verify lubricating oil pressure has been established, normally in 6 to 8 seconds. 

Note: Some automatic controllers require lubricating oil pressure higher than the normal pressure at 600 
RPM idle. Increase idle to 800 to 900 RPM if this condition is encountered. All turbocharged engines should 
be set to 800 to 900 RPM idle. 

8. Continue to operate engine and review all systems for leaks or unusual conditions; correct as required. 

9. Stop the engine and install ST-1224 Adapter. 

11. Start engine and adjust overspeed. 

13. Clean raw water strainer. 

15. Adjust raw water pressure regulator. 

Normal Operation 

10. Check crankcase oil level and fill to high mark. 

12. Remove ST-1224 and replace original adapter. 

14. Start engines and adjust operating speed 

16. Engine is now ready for normal operation. 

1. Daily or normal operation would include checking of fuel, lubricating oil, coolant and correcting any leaks 
or unusual conditions as required. 

2. Check coolant and oil heaters to assure at least 120 deg. F water temperature has been maintained. 

3. Manually start engine using prescribed starting procedure. 

4. Operate engine the prescribed period of time or 5 minutes after stabilization of coolant temperature. 

5. Shut engine down using normal test shut-down procedures. 

1.2.7-401 
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Maintenance Schedule EQUIPMENT NO. 

MECHANIC 
TIME SPENT 
PARTS ORDER NO. 

Cummins Diesel Industrial Fire Pump Engines 
Check each operation as performed 

A-CHECK B-CHECK C-CHECK O-CHECK 

Dally Repeat "A" (Oally/WNkly) Repeat "A" a "B" Repeat "A", "B" a "C" 
D Check engine operating 

log D Change engine 011 D Adjust valves & iniectors D Clean & calibrate injectors. 
D Check engine. D Change filters Clean oil bath air cleaner fuel pump 

• oil level • oil lull flow D Check and/or rebuild 
• coolant level • fuel filter and/or replace the follow-

D Check engine lubricating D Check coolant ing assemblies: 
oil and coolant heaters • check engine coolant • turbocharger 
• oil bath cleaner 011 level DCA concentration • vibration damper 

D Visually inspect engine for level. Add make-up D Rebuild or replace the 
damage, leaks. loose or DCA and change following assemblies: 
frayed belts element ii required • water pump 

WNkly D Clean/change 
D Repeal Daily "A" Check • crankcase breather 
D Check air cleaner Clean oil bath air cleaner 

• clean precleaner dust pan tray/screen 
• check restriction 

indicator 
• clean/change air 

cleaner element 
• change oil bath cleaner 

oil 
D Drain water/sediment 

from fuel tanks & fuel filters 
D Check raw water strainer 
D Check starter battery 
D Start engine & check for 

unusual noise 

Engine Serln Interval B C D 

All Hours 250 1500 4500 
Calendar 6mos. 1 year 2 years 

Note: Unaer circumstances where hours of operation are not accumulated at a last rate, use calendar time 

*Cummins Engine Company, Inc. recommends the use of dry type air cleaners. 

Cummins Engine Company, Inc. 
Columbus Indiana U.S.A. 47201 
Bulletin I 379004-02 Printed in U.S.A. 2-79 

ENGINE SERIAL NO. 
HOURS, CALENDAR 
CHECK PERFORMED 
DATE 

SEASONAL 

Fall 

D Clean & flush cooling 
system 

D Replace hose as required 
D Check cold start & thermal . aids 
D Clean electrical 

connections and check 
batteries 

D Clean engine water heater 

Spring 

D Steam clean engine 
D Tighten mounting bolls 
D Check crankshaft end 

clearance 
D Check heat exchanger 

zinc plugs annually or 
as required 

D Check overspeed switch 

-
. 

OTHER 

D • Starter 
D • Allernator 
D • Batteries 
D • Voltage regulator 
D • Switches 
D • Gauges 
D • Tachmometer 

D • On these components 
follow the manu-
lacturer's procedure 

N 
0 
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AURORA PUltlP 
A UNIT CF GENERAL SIGNAL 

ENGINEERING DEPT. 
NORTH AURORA, ILLINOIS· 60542 

METRON FIRE PUMP CONTROLLER 

FIRE PUMP F.0.# 4-GO- o570C 

FIRE PUMP CONTROLLER 
COMBINATION MANUAUAUTOMATIC 

Z.4 VOLT DUAL- BUILT-IN 
BATTERY CHARGER 

1. CHARGER MALFUNCTION ALARM 
2. WEEKLY TEST START 
3. N£MA Jl, E-:,"1Cb-0.SUR£ 
4, LQtc..l ~UEkl FYFL ALA&M ""'/ tLCAT .SWlTCJ.4 

· 5, spAc;.t" t\eATEIZ 
6. PO 1-</E;.R, - FA l LU RE; ST,b,...&T 

7. Auro- -STOP 
8. _ PYA.t- BArrE.g Y vo'--:rt:i e:, e::; gs 

9. --------------
10. --------------

CONTROLLER TO BE USED W/C.uHHIN.S 
\/-37B-r=Z DIESEL ENGINE 
;!...4- VOLT '"€~, GROUND. 

AUTOMATIC OPERATION PRESSURE 
SWITCH O -3 00 RANGE 

BY: '&./c.u 

DATE : 12. - I O - 80 

STEARNS-ROGER ENGINEERING CORP. 
'-----------PRCJECT NO. 621700 

SCLAR-C~E FILOT PLANT 
UfliIT Cr.E 

l. 2·7·403 P.C. 2001 ''"'°'". 
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BULLETIN FD-12-76 

Matron Fire Pump Controllers are listed by 
Underwriters Laboratories Inc., Underwriters' 
Laboratories of Canada, as well as approved by 
the Factory Mutual Engineering Corp. These con
trollers are for use with all approved types of 
engine driven fire pumps. Manufactured in 
accordance with the standards established by 
the National Fire Protection Association, 1976 
Pamphlet 20, they are designed and constructed 
to provide the highest measure of reliability. 

The basic function of a Fire Pump Controller 
for engine driven fire pumps is to automatically 
start the engine upon a drop in pressure in the 
water supply, or from a number of other demand 
signals. The controller provides automatic cycled 
cranking and alarm protection for various engine 
failures when running. Stopping the engine after 
the demand period is terminated may be either 
manual or automatic. Several optional features 
are available which may be required by the local 
authority having jurisdiction. These options are 
desribed further in this bulletin. 

For over 20 years Metron has manufactured 
automatic control equipment for all types of engine 
applications. Our policy has always been to stress 
dependable operation in field use because of the 
inherent vital nature of these installations. 
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STARTING 
Controller will start the engine from any or all of the following 

demand signals: 

Drop in water line pressure. The Mercoid pressure switch 
has independently adjustable (10-300 PSI) high and low 
set points. Higher range available, see Option "G". The 
controller will also start the engine from remote start sta
tions, deluge valve switches, dry pipe valve switches, etc. 

The four position selector switch is labeled "TEST-AUTO-OFF
MANUAL·· _ 

''TEST" -momentarily drops water pressure closing 
pressure switch, starting engine. 

"AUTO.. -controller in standby mode, all automatic 
functions ready for operation. 

''MANUAL" -all automatic functions of controller are 
by-passed when started with manual push
button. Two manual start pushbuttons for 
manually cranking the engine from either 
set of batteries or depress both switches 
simultaneously increasing battery potential 
to starter in event of adverse battery con
dition. 

MANUAL STOP PUSHBUTTON 
Mounted outside of controller. By-passes selector switch allow

ing engine shutdown after starting demands have returned to 
normal. Controller is automatically reset for standby mode. 

AUTOMATIC WEEKLY TEST 
Includes a 7-day program clock which can be set to give auto

matic test runs on any day bf the week and any time of day desired. 
The clock is adjustable to 60 minutes. Any demand signal will over
ride the automatic shutdown of this feature The clock opens the 
solenoid drain valve momentarily, relieving pressure to the pres
sure switch. This drop in pressure starts the engine and the length 
of the test run is timed by the clock (30 minutes is recommended). 
Since the valve is opened only momentarily. only a very small 
amount of water ,s released. 

SOLID STATE CRANK CONTROL AND 
BATTERY ALTERNATING CIRCUIT 

Six fifteen second fixed crank periods separated by five fifteen 
second fixed rest periods are provided This control is fail-safe in 
that should a failure occur within the crank control the engine will 

' ·; _'), ·, -1 
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set of batteries for the next starting attempt after the rest period. 
The controller will continue this alternating until the engine starts. 
If the engine fails to start at the end of the six crank attempts, 
the overcrank lamp will be lighted and the audible alarm will sound. 

BATTERY FAILURE LOCKOUT 
Should one set of batteries fall below 60% of its rated voltage 

during cranking, the controller will automatically lock on to the other 
set of batteries for the remaining cranking cycles. The appropriate 
battery lamp will go out. 

FAILURE ALARMS ON CONTROLLER 
Circuits are supplied to provide local lights, alarm and 1 set of 

dry contacts (N.O. and N.C.) for the following: (1) Failure to Start 
(overcrank), (2) Low 011 Pressure (alarm only), (3) High Water 
Temperature (alarm only), (4) Overspeed (alarm and shutdown), 
(5) Loss of Battery Charger Output. This last alarm also provides 
a means of monitoring loss of A.C. power (115VAC). Loss of 
11 SVAC results in loss of charger output. Shutdown on Oil and 
Water during weekly test available upon request. See Option "U". 

FAILURE ALARMS FOR REMOTE INDICATION 
Dry contacts (N·.o. and N. C.) are brought out to the field wiring 

terminal bar for remote indication of the following: Pump Running 
(2 sets), System Failure, Switch in Off or Manual and Battery 
Failure. The System Failure contacts provide a common alarm for 
(1) Overcrank, (2) Low Oil Pressure, (3) High Water Temperature, 
(4) Overspeed, (5) Loss of Battery Charger. Individual dry contacts 
for each alarm are available, see Option "A". 

STATUS LIGHTS 
Three green lights are provided on the controller indicating 

battery power is available from Battery 1 and Battery 2. The third 
lamp indicates that the control switch is in." Auto" position. 

ENCLOSURE 
Nema 2, heavy duty (14 gauge steel), moisture resistant. drip

proof, free standing with locking door (gasketed) and break glass 
panel over control switch and manual start pushbuttons. Enclosure 
is available with wall mounting brackets or without legs for base 
mounting. Swing out hinged relay panel for ease of servicing and 
field modifications. 

CONTROL RELAYS 
Relays are dust-tite. plug-in for ease of servicing from front 

of cabinet. 

be cranked continuously until it starts or the batteries fail. Solid TESTING 
State Battery Alternating: Should the engine fail to start during any Each controller is factory wired and tested. ready for immediate 
given crank cycle the controller will automatically switch to the other installation. 

ILLUSTRATION NUMBERS SHOW STANDARD FEATURES ANO MOST COMMON OPTIONS. 
SEE BACK PAGE FOR DETAILED INFORMATION ON OPTIONS. 

1 STATUS AHO FAILURE LAMPS. GREEN LAMPS INDICATE 
BATTERY POWER AVAILABLE, SWITCH IN AUTOMATIC, AHO 
RED LAMPS FOR FAILURE SIGNALS. 

2 STOP PUSHBUTTON. 

3 BATTERY CHARGER AMMETERS AND VOLTMETERS. 

4 DUAL BATTERY CHARGER (BEHIND LIGHT PANEL). 

5 AUDIBLE ALARM BELL. 

6 MANUAL CRANK PUSHBUTTONS. 

7 MERCOID PRESSURE SWITCH. 

8 CONTROL SWITCH. 

9 PRESSURE RECORDER. 

10 BATTERY CIRCUIT BREAKERS. 

11 WIRING DIAGRAMS PERMANEHTL Y ATTACHED, LAMINATED 
Ill PLASTIC. 

12 SOLID STATE SEQUENTIAL START TIMER. 

13 SOLIO STATE CRANK CONTROL AND BATTERY SWITCHING 
CIRCUIT. 

14 CONTROL RELAYS. 

15 PROGRAM TIMER FOR WEEKLY AUTOMATIC TEST STARTS. 

16 MINIMUM RUN PERIOD TIMER FOR AUTOMATIC $TOP 
OPTION "R". 

17 JUMPER FOR FIELD CONVERSION TO MANUAL STOP WHEN 
OPTION "R", AUTOMATIC STOP, II PROVIDED. 

18 FIELD WIRING TERMINAL BAR. 

19 SOLENOID DRAIN VALVE TO INITIATE WEEKLY TEST START. 

20 ENCLOSURE IS HEAVY DUTY FREE STANDING NEMA 2 CABINET, 
WITH GASKETED DOOR AND BREAK GLASS OVER CONTROL 

1.2.7-409 SWITCH. 



Option A. Individual Alarm Contacts. Provides dry contacts (N.O. 
and N. C.) for remote indication of any failure. This option allows 
the five failure alarms which are common under "System Failure" 
to be brought out individually. In addition, up to seven more 
individual pump room alarm contacts can be supplied. Metron can 
supply a remote alarm panel for indication of any combination of 
the above failure alarms. 

Option B. Pressure Recorder. A recording pressure gauge with 
7 day chart provides a permanent record of water pressure fluctua
tions and also records engine starts. Standard range is O to 300 
PSI. 
Oatlon D. Energized To Stop Circuit. Certain non-approved engines 
have a fuel solenoid which must be energized to stop the engine. 
This option provides the circuit for this purpose. 

Option E. Engine Lockout Circuit. This option is used with multiple 
pump installations when more than one pump should not run simul
taneously. Upon receipt of an external signal this option will prevent 
the engine from starting, or will stop it if running. It is also used 
with Low Suction Cutoff Panels when authorized. When used for this 
purpose, power to the Low Suction Cutoff Panel is provided by the 
controller (this power circuit is fused). 

during engine cranking. Two ammeters in the front of the cabinet 
indicate rate of charge. 

Option K. Pump Room Alarms. NFPA Pamphlet 20 allows addi
tional alarms to be provided in the controller to monitor various 
pump room conditions. Specifically, these alarms are noted as 
follows: Low Pump Room Temperature, Reservoir Low, Reservoir 
Empty, Low Suction Pressure, Relief Valve Open, Flow Meter On. 
These alarms will automatically reset. An Alarm Silence pushbutton 
is provided for these alarms only. 

Option L. Stainless Steal Plumbing. All water bearing parts and 
piping may be supplied made of stainless steel. 

Option N. Step-Down Transformer. When 117 V .A. C. is not avail
able, a transformer may be provided .for operation at 208, 230. 
380 or 460 V.A.C. input voltages. 

Option P. Automatic: Start On Loss Of D.C. Output Of Charger. 
With this option, if for some reason battery charging current is 
lost, the controller will automatically start the engine after a time 
delay. This option replaces the previously used option which started 
the engine upon loss of A. C. power to the controller. However, 
this new option serves a dual purpose since either a charger failure 
or loss of A.C. will start the engine. The time delay may be either 
fixed or adjustable, with times from 15 seconds to 5 minutes. 

Option R. Automatic: Stop. After a specified minimum run time (at 
least 30 minutes) the engine will stop automatically if starting causes 
have returned to normal. If at a later date it is desired to change to 
manual stop, field conversion is easily accomplished by removal of 

-

Option F. Low Fuel Level Alarm. This option provides an alarm 
in event the fuel in the storage tank reaches a low level. A light and 
audible alarm will provide indication at the controller, and the 
"System Failure" contacts will operate for remote alarm. A float 
switch is supplied with this option which must be mounted in a 
threaded two inch opening on the top of the tank. The dimensions 
of the tank must be specified so that the depth of the float.switch 
in the tank can be determined. This switch will be factory set to 
alarm when the fuel level drops to 80% of tank capacity unless 
otherwise specified. 

a jumper. A 

Option G. High Pressure Plumbing. Pressure Switch, Solenoid 
Drain Valve, Pressure Recorder (if provided) and interconnecting 
plumbing are rated at 600 PSI. 

Option H. Space Heater. If the ambient atmosphere is especially 
damp, a space heater rated at 100 or 150 watts may be supplied 
to reduce moisture in the cabinet. A thermostat is supplied as 
standard with this option. A humidistat may be supplied if specified. 

Option J. Integral Battery Charger. This option provides an integral 
dual battery charger for simultaneously charging both sets of 
batteries. This is an all solid state charger which continuously 
monitors both batteries. Rate of charge, up to 35 amperes, is 
dependent on the state of charge of the batteries, and tapers to 
less than 500 milliamperes at full charge. The charger is line 
voltage regulated and current limited to provide full protection 

Option S. Sequential Start. This option is for use on multiple pump ._., 
installations to keep all pumps from starting simultaneously. It is 
accomplished by use of an adjustable timer supplied in all controllers 
except the one for the lead pump. These timers should be adjusted 
to 5 to 1 O second intervals in order to allow a preceding pump to 
start. Failure of a preceding pump to start will not prevent a subse-
quent pump from starting. 

Option U. Shutdown On Weekly Test Run. This Option Is Not 
Approved By Factory Mutual. This option provides shutdown 
during weekly test runs for low oil pressure or high water tempera
ture if all other starting demands are normal. This feature will not 
interfere with normal automatic demand operation, "Test" opera
tion, or "Manual" operation of the controller. 

Option V. Battery Voltmeters. Two voltmeters may be supplied 
in addition to the ammeters to indicate battery voltage. 

Option W. Omit Legs. For systems where the controller is mounted 
on a common skid with the pump and engine, the legs of the con
troller may be omitted, resulting in lower cost. 

ORDERING INFORMATION 

Specify Model F02 followed by options required as described on page 4 of this bulletin. 

Be sure to specify make and type of engine, battery voltage and ground polarity. Ship

ping weight approximately 300 lbs. 
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MANUAL FOR MODEL FD-2 FIRE PUMP CONTROLLERS 

This manual provides General Information, Installation Operation, 
Maintenance, and Trouble-Shooting.Information for 

Metron Model FD-2 Engine Driven Fire Pump Controllers 
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GENERAL INFORJ,!ATION 

The basic function of the Model FD-2 Fire Pump Controller for Diesel engine 
driven fire pumps is to automatically start the engine upon a drop in pressure 
in the water main, or from a nr.unber of other demand signals. This controller 
provides automatic cycled cranking and alarm or shutdown protection for 
various engine failures. Stopping of the engine after the demand period is 
over may be either manual or automatic. This controller includes an automatic 
weekly test starting feature. Sixteen standard approved options may be 
provided. 

FUNCTIONS 

Equipment is provided in the Controller to provide the follow~ng fW1ctions: 

1. Automatic starting from: 

2. 

3. 

a. Drop in water line pressure. 
b. Loss of battery charger output {Option P). 
c. Operation of optional remote start switches, such as remote 

start switch, deluge valve switch, fire ala.rm switch, etc. 
d. Neekly test timer. 

Control Switch - A four position switch is provided ma.rked "Test 
Automatic-Off-Manual." 

Automatic cranking - A solid state crank control provides six fixed 
crank. periods separated by five rest periods each of approximately 
15 seconds duration. 

4. Alarms and signal lights - Eight to fifteen lights are provided to 
give visual signals for Overcrank, Low Oil Pressure, High Water 
Temperature, Loss of Charger Output, Low Fuel Level (Option F), 
control switch in "Automatic" position, two lights for "Battery On," 
Overspeed, and one to six additional pump room alarms (Option K). 
In addition, an ala.rm bell is mounted on the side of the cubicle to 
give aud1.ble alarm in event of failures. Terminals are provided for 
remote failure alarms, indicating "Switch,in Off or Manual," 
"System Failure," "Engine Running," and "Battery Failure." Option A 
provides individual alarm contacts for renr:,te indication of each 
ala.rm. 

5. A Weksler recording instrument with 7-day chart is provided when 
specified as Option B. This records continuously the line water 
pressure. 

6. A weekly test timer is supplied to automatically start the engine 
any set day of the week, at a set time of day, and let it run for 
the time set. 

7. Stop Pushbutton - A pushbutton switch is provided to stop the engine 
only after starting causes have returned to normal. This returns 
the controller to the automatic po$;~;nn 

l 
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8. Integral Battery Charger (Option J). This is a fully automatic 
solid state charger for maintaining full charge on the dual sets of 
engine batteries. Charging current ammeters are included and battery 
voltage voltmeters may also be provided (Option V). 

9. Cabinet - a heavy gage steel cubicle encloses the Controller. The 
lights, stop button and meters are mounted on the front of the 
cubicle. The control switch, battery circuit breakers, and manual 
start pushbuttons are mounted behind a break-glass in the door of 
the cabinet. 

OPERATION OF THE CONTROLLER 

A. When the four position control switch is in the "Automatic" pos_ition an4 
both circuit breakers are in the "On" position, the control is in standby 
condition ready to start the engine automatically. A green pilot light 
marked "Auto" will light in this position •. Also, Battery No. l and 
Battery No. 2 green lights will light indicating that battery power is 
available. If both battery lights are not on, push "Battery Reset" 
button. 

When water pressure drops below a level which is preset on the internal 
water pressure switch, the pressure switch contacts will close, and the 
Controller will actuate the starter motor and the cranking cycle will 
commence. If the engine starts and runs, cranking will cease and the 
protective circuits will be operative. If the engine fails to start 
after six crank periods, cranking will cease, the overcrank light will 
light, and alarm bell will sound. The battery alternating circuit 
alternates batteries on each crank attempt unless one.battery is in a 
discharged state and incapable of cranking the engine. In this instance 
the control will lock onto the other battery for the remaining cranking 
attempts. This nonoperative battery lockin circuit is reset by pushing 
the "Batter~ Reset" pushbutton. Dry contacts for remote indication of 
"Battery Failure" are provided. 

After an Overcrank or Overspeed failure it is necessary to turn the control 
switch to "Off" to reset. On Overspeed, the speed switch on the engine 
must be manually reset before the Overspeed ala.rm on the controller can 
be reset. Water Temperature and Oil Pressure failure alarms are self 
resetting when the trouble condition is corrected at the engine. 

The panel is wired so that optional remote start switches may be used, 
such as Deluge Valve switches, Remote Start pushbutton, Fire Alarm 
switches, etc. In addition, when Option Pis provided, the Controller 
will automatically start the engine upon loss of Battery Charge Output 
after a time delay of 15 seconds. The loss of charger light and bell are 
energized without delay. 

While the engine is running all protective circuits are operative. If the 
engine stops while running, the control will attempt to restart the 
engine. Failing in this, the Overcrank light will be lit and alarai
sounded. If, while the engine is operating, the oil pressure drops· below 
a safe limit, the oil light will light immediately. After 15 seconds the 
alarm will sound. Should the engine temperature exceed a safe limit while 
running, the alarm will sound and the water light will light to indicate 

2 
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overheating. The alarm will continue to sound and the light to burn 
until the failure corrects itself, or until the control switch is turned 
to "Off." In case of Overspeed, the engine will be stopped and the 
Overspeed light and alarm energized. It will remain energized until the 
engine speed switch is manually reset and the Overspeed alarm on the 
controller is reset by turning the switch to "O:ff." 

The Controller may be provided with either "Manual" or "Automatic" stop 
(Option ·R) as required. If "Automatic" stop is piovided, terminals T3-l 
and T3-2 on the relay panel must be jumpered for manual stop. These 
terminals are to the right of the Engine RWl Timer. With "Manual" stop, 
the engine will continue to rWl even though the pressure switch or other 
remote starting switch returns to its normal position. The control will 
be stopped only by pressing the stop button or moving the control switch 
to "Off," at which time the engine stops immediately. If set up for 
"Automatic" stop, the engine will be stopped automatically upon restora
tion to normal of whatever demand switch started the engine providing it 
has run at least 30 minutes or for the period of time set on the Engine Run 
Timer. If the demand period was less than the time set on the timer the 
engine will continue to run until the timer times out and will then stop. 

B. When the control switch is in the "Test" position, the engine will be 
started and operated through the Controller by causing a drop in water 
pressure. Failure circuits will be operative in the "Test" position. 
This method of starting provides a test of the Controller, thereby assur
ing proper operation when required. The engine will run continuously in 
this position until the switch is moved to "Off." 

c. Placing the control switch in the "Off" position stops the engine when 
running, as explained in preceding paragraphs. It also prevents the 
engine from starting when stopped. The switch should always be placed in 
this position when servicing the engine. 

D. The Manual position of the control switch is for manually starting the 
engine from either battery. The throttle solenoid is energized in this 
position, and the engine must be cranked by pushing one of the buttons 
above the control switch. Manual crank l cranks from Battery 1 and Manual 
crank 2 cranks.from Battery 2. Pressing both buttons will result in 
cranking from both batteries simultaneously. 

E. Periodic Self Testing - The program clock can be set to give test runs 

F. 

on any day of the week and time of day desired. A timing element is 
incorporated in the controls so that when the engine starts in this manner, 
it will run for a definite time before it shuts down. This time is con
trolled by the Program Clock and should be set for 30 to 60 minutes. 

The water pressure recorder is a Weksler instrument which is provided 
when specified as Option B. Its purpose is to provide a permanent chart 
recording of fluctuations of water main pressure. A record of engjne 
starts is shown by a sharp rise in pressure each time the engine starts. 
a 1/2 inch.pipe connection is brought out the side of the cubicle for 
connection of the water line. 

3 
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G. Provision for sequential starting {Option S) is accomplished by the use 

of adjustable time delay relays installed in each controller except the 

leading pump. These timers, set sequentially and progressively longer 

in time, prevent more than one pump from starting si1!1U.l taneously with 

another pump. Failure of a leading pump to start will not prevent 

subsequent pumps from starting. 

INSTALLATION AND TEST PROCEDURE 

Installation 

The Fire Pump Controller has been assembled and wired at ~he factory in 

accordance with the highest workmanship standards. All circuits and functions 

have been thoroughly tested to assure correct operation when properly installed. 

The installer should completely familiarize himself with the external hookup 

of the engine components to the terminal bar in the Controller. Engines of 

different make may not, always be wired to the engine junct=ion block alike, and 

it is very important that the various engine components be wired to the proper 

terminal in the controller, using the correct size stranded wire. The cubicle 

and chassis are not grounded, and a 10 gauge wire rr.ust be run from the proper 

terminal on the terminal bar to a good ground on the engine. 

In rrost cases, the engines are furnished by the manufacturer with all accesso

ries installed and wired to the connection box; in which case it is only 

necessary to wire from the engine connection box to like numbered terminals in 

the controller. Note proper wire size. All wire must be stranded. 

A drain valve is provided to relieve water pressure to the pressure switch, 

thus closing it!> contacts and starting the engine. This system simulates an 

actual demand start. Since the drain valve is actuated only IIPmentarily by 

the Controller, a small amount of water is drained off. If adequate floor 

drainage is provided in the pump room the drain valve outlet may be left open. 

The water pressure line to the Controller from t..½e pump should be thoroughly 

flushed, before connection to the Controller, in order to remove chips, 

pa~ticles, or other matter which could enter the Controller. Controllers 

provided with "Automatic" stop (Option R) may be changed to "Manual" stop by 

connecting a jumper between T3-l and TJ-2. 

Terminals 15-16 and 25-26 have jumpers installed at the factory. If rem::,te 

start or deluge valve switches are to be used for starting, remove the appro

priate jumper and wire to normally closed contacts of the remote start switch. 

Test Procedure 

After all external wiring is completed, install the plug-in relays and com

ponent packages which have been shipped loose. These units are packed in a 

separate carton inside the cubicle. They are numbered a:id should be plugged 

into ~½e corresponding numbered socket in the panel. 

All of the following tests should be made on each unit after installation. If 

each test is satisfactory, the operator may place the cont:.rol switch in "Auto" 

1.2.7-415 4 



position and depend upo~ the panel operating properly when the occasion arises. 
Also, any one or al2 of these tests may be carried through at any time after 
installation, if so desired. 

NOTE: If 115 Volts A.C. is not connected to Controller, remove CR-13 
to prevent Loss of Charger Output light and alarm from being 
energized. 

I. Battery Lockout Test. 

A. Turn on Battery 1 switch, Battery l ~ight should be on. 

B. Turn on Battery 2 switch, nothing should happen. 

c. Press the Battery Reset Button. Battery 2 light should come on. 

D. Turn Battery 1 switch off for a couple of seconds and back on. 
Battery l light should go off and remain off. 

E. Press Battery Reset. Battery 1 light should come on. 

II. Cranking Cycle Test 

This te.st simulates a condition where the engine refuses to start. 

A. Disconnect terminal No. 1 on engine panel. 

B. Place control switch in "Test" position to crank engine. Time crank 
and rest periods, count number of cranks. There should be six crank 
periods separated by five rest periods each of approximately 
15-second duration. The overcrank light should come on and the 
alarm bell should ring. 

C. Turn Control Switch to noff" and properly reconnect all leads. 

NOTE: In order to prevent discharging the starting batteries 
this same test can be made without actually cranking the 
engine by disconnecting the starter cable and observing 
the action of the starter contactor. 

III. Checking Starting Motor Release 

A. Place control switch in "Test" position. Engine should start 
promptly and starting motor should release at approximately 1/3 
engine speed. 

NOTE: A convenient method of determining the exact instant the 
starter releases is to connect a battery test light or 
voltmeter across the starter terminals and observe when 
circuit goes dead. 

1.2.7-416 
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B. Return switch to "Off" to stop engine. 

IV. Oil Pressure Failure Test 

A. Place control switch in "Test" position to start engine. 

B. When engine is starting and oil pressure is not yet up to full 
pressure, the Oil Pressure Light will light, but the bell will not 
ring. When pressure builds up, and the switch opens, the light will 
go out. This feature provides indication that -the pressure switch 
contacts are actually operating in a normal manner. 

C. After the engine is running, connect temporary jumper between· 

terminal of oil pressure switch and ground. 

D. Oil light should come on immediately. Wait approximately 15 seconds. 
Alarm bell should ring. 

E. Turn control switch to "Offn t:o st:op engine and remove jumper from 
oil switch. 

F. Wait at least 30 seconds for elements to reset before making any 
further tests. 

v. Water Temperature Failure Test 

A. Place Cont:rol switch in "Test" position to .start-engine. 

B. Jumper ~ontacts on water temperature switch on engine. 

C. Alarm bell rings and water ltght on controller comes on immediately. 

D. Turn control switch to "Off" to stop engine, and remove jumper on 
water switch. 

VI. Overspeed Failure Test 

VII. 

A. Turn control switch ·to "Test" to start engine. 

B. Momentarily short contacts on engine speed switch. 

C. Alarm bell rings and Overs peed light comes on immediately. Engine 
comes to stop. 

D. Turn Control switch to "Off." 

Automatic Starting Tests 

A. If program clock is in running position, turn dial to an off setting. 

B. Place control in "Auto" position. 

c. Bleed off pressure in system until pressure switch closes. 
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D. Engine should start automatically and continue to run after switch 
has opened if arranged for manual stop. If arranged for automatic 
s'top, engine will continue to run for time set on engine run timer 
and then stop. 

E. Turn control switch to noff" to stop engine. 

VIII. 

F. Repeat tests for each demand switch such as deluge valve, etc. 

Periodic Starting Test 

A. Pressure must be up and pressure switch open and all other demand 
switches closed. 

B. 110 V.A.C. power must be alive to panel. 

C. Place control switch in nAuton position. 

1. If drain valve operates and if engine starts at once, the 
program clock is tripped to the operating position, and 
engine will run for the remaining time on the program clock. 

2. If engine does not start immediately, turn dial of program 
clock until it trips on. The drain valve will relieve 
pressure, the engine will start; and then run for the time 
setting of the program clock and stop. 

IX. Adjust Setting of Engine Run Timer (Option R only) 

Turn pointer on front of Engine Run Timer. Set to desired time. Do 
not reset while timer is operating. Never set time less than 30 minutes. 

x. Setting Program Clock 

Loosen screw on the white tab on the edge of the dial and move tab to 
desired starting time and tighten screw. set the black tab in the same 
manner for at least 30 minutes later. 

Turn the dial counter-clockwise until correct time of day shows opposite 
arrow on name plate. To omit days of the week, install screw in point.s 
of small star wheel corresponding to days desired. Six screws are fur
ni.shed for this purpose. 

NOTE: Make sure the screw is omi tt=ed on th,e star wheel on the day 
the engine is to be started. Make sure screws are inserted 
on those days the engine is not to start. If all seven screws 
are in place, the engine will never start automatically on 
weelcly test runs. 

t· 
XI. Remote Start Switch Circuits 

Field wiring terminals are provided on this panel so that optional 
normally closed remote start switches such as Remote Pushbutton Stations, 
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Deluge Valve Switch, Fire Alarm Switch, etc., may be used to start the 

engine. Two sets of terminals are provided. Terminals 15 and 16 are 

used for remote manual start pushbuttons. Terminals 25 and 26 are used 

for remote Deluge Valve Switch or other remote automatic start switches. 

Upon automatic start from this type of switch, t:he engine will be stopped 

either automatically after the demand switch closes and Engine Run Timer 

times out, or manually at the controller. If relDOte start switches are 

not to be used, the terminals must be jWllpered. When s/1i.pped from the 
factory, jumpers are installed. · · 

XII. Power Failure $tarting - ppt:ion P) 

XIII. 

To test this optional feature, disconnect: normal 120 V.A.C. to the 

Controller. After a 15 second time delay, the controller will commence 

cranking the engine. The "Loss of Charger Output" lamp wil.l light.and 

alarm sound without delay. 

Normal Operation - Automatic 

Place control switch in "Auto" position. Green Auto light will burn 

and engine will automatically start upon drop in pressure or operation of 

other start switches. If provided with manual stop feature engine must 

be turned off at Controller. The engine will also start periodically 

from the Program Clock and run for length of time set: on the Program 

Clock, then stop. On Automatic stop Controllers, upon termination of 

the demand signal, the engine will overrun for the length of time left 

on the Engine Run Timer and then will stop automatically. 

XIV. Adjust Sequence Start Timers When Option Sis Supplied for Multiple Pump 

Installation 

Normally, the leading pump controller will not have a delay timer and will 

commence cranking the engine immediately upon operation of a demand signal 

(other than Power Failure which is time delayed). The subsequent control

lers will have a solid state time delay relay adjustable from 3 to 300 

seconds. The dial on the top of each delay relay should be set with 

progressively longer times on each subsequent pump. The recommended time 

interval is 10 to 15 seconds; however, this may be ertended or shortened 

as required by the local authorities having jurisdiction. If the length 

of adjustment time required is other than 3 to 300 seconds, a suitable 

timer will be supplied as required. 

NOTE: If time delayed power failure starting (Option P) is also 
supplied in addition to sequential start (Option S) all of 
the power failure timers will add an additional 15 seconds 
delay before the sequence timers start functioning. Upon 
power failure, all of these timers will begin and end 
timing at the same tir.ie. However, the pumps will not start 
at the end of this time, but will be delayed in accordance ' 
with the time set on the sequential start timers. If power 
is restored before all pumps are started, the pumps which 

are running will continue to. run _until stopped in the normal 

manner. Those pumps which have not started will not start. 

1.2.7-419 
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XV. Low Fuel Supply {Option F) 

Field terminals have been provided for low fuel level contacts. The 
controller is arranged so the alarm will sound and the low fuel light 
will come on when the low fuel contacts close. 

XVI. Pump Room Alarms {Option K) 

Field terminals may be provided for up to seven pump room alarms. These 
alarms include: Low Fuel, Low Pump Room Temperature, Reservoir Low, 
Reservoir Empty, Low Suction Pressure, Relief Valve Discharge and Flow 
Meter.On. The controller is arranged so that the alarm will sound, and 
the light will come on when alarm sensor contacts close. 

TROUBLE SHOOTING HINTS 

This controller has been carefully engineered and built to give years of 
dependable trouble-free service. However, sometimes due to various reasons, 
difficulty may be encountered in the operation. For this reason, the following 
information is submitted as a guide for locating troubles which are easily 
corrected. If the trouble proves to be beyond the scope of this book, consult 
the factory before proceeding further. 

NOTE: .Check to see that all relays are firmly seated in their 
sockets. 

I. Engine Refuses to Crank 

A. Check with voltmeter or battery test light between terminals No. 2 
and No. 11 on the lower chassis terminal bar. If No. 2 is "hot" the 
crank termination speed switch is closed. Check or replace speed 
switch. 

B. If there is no voltage at terminal No.Zand engine still does not 
crank, the crank relay, engine running relay, or battery switchover 
relay may be defective. Replace. 

C. Check batteries to be sure they are fully charged. VOLTAGE MEASURE
KENTS WITHOUT ACTUAL CRANKING LOAD IS NOT A SUFFICIENT CHECK FOR 
BATTERY CONDITION. 

D. Check all battery and ground connections from battery to junction 
box to panel • Also, check circuit breakers to be certain they are 
turned on. Also, check starting motor cables and contactor connections. 

II. Engine Cranks But DOes Not Start 

A. Check fuel and throttle solenoid. 

B. If no current to throttle solenoid, check with voltmeter or test 
light to see if terminal No. l is "hot." If not, Fuel Solenoid Relay 
may be defective. Replace. 
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c. When engine does not start1• cranking time is limited as previously 
described. If cranking does not stop and overcrank signal does not 
come on, check Solid State Crank Control. 

III. Engine Starts But Starter Does Not Release 

A. Connect voltmeter bet:ween t:erminals No. 2 and No. 11 on t:he lower 
terminal bar of the panel. Voltmeter should indicate no voltage 
while t:he engine is cranking and should come up to full battery 
value when engine starts and before it reaches 1/2 normal speed. 
The speed switch used for starter disconnect should close contact 
at about 1/3 engine speed to put battery into terminal No. 2. If 
not, replace switch. 

B. If above test indicates voltage on No. 2 is satisfactory, engine 
running relay may be defective. Replace. 

c. If starter does not release, check contacts to make sure the main 
contacts have not welded together. 

IV. Engine Will Not Start on Test Runs 

NOTE: On these test runs, the engine starts· from the program 
clock. Instructions for setting and operating are 
.covered under installation and test procedures. 

A. Make sure screw on star wheel is removed on day engine is to start. 

B. Turn Clock Dial until switch trips on and drain valve operates. 

1. If drain valve does not operate the Program Clock, Relays CRl 
or CR3 could be defective. If drain valve operates but engine 
does not start, check to see if pressure switch trips. Also 
check CR5. 

v. Engine Will Not Stop On Test Runs or Starts Every Time Control Switch is 
Placed in "Auto" Position 

A. Stop engine by turning control switch to "Off." 

B. Check pressure switch making certain that its contacts are open and 
that all other de~and switches are closed. 

C. Check to 1:>e sure A. C. voltage is on .• 

D. Be sure Program Clock is not tripped on. 

E. If Solenoid Drain Valve opens each time, the Program Clock may be 
defective. 

F;·- If Remote Start Switches are used make sure they are closed. If not 
used, check to see if terminals 15-16 and 25-26 are jumpered. 
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VI. Low Oil Pressure Alarm Does Not Operate 

A. Check wire from panel to oil pressure switch and also from switch 
to ground on two-wire switches. 

B. Simulate oil pressure failure by shorting oil pressure switch. Oil 
light should come on immediately. Wait approximately 15 seconds for 
time delay to operate alarm. 

VII. High Water Temperature Alarm Does Not Operate 

VIII. 

A. Check wire from panel to water temperature switch and also from switch 
to ground on two-wire switches. 

B. Simulate high water temperature by shorting terminals of temperature 
switch. 

c. If operation is secured on this test but not under actual high water 
temperature conditions, replace water switch. 

D. If operation is not secured check water temperature light and diode 
package DPl. 

OVerspeed Alarm and Shutdown Does Not Operate 

A. Check wire from panel to overspeed switch. 

B. Simulate overspeed by rromentarily shorting terminals of speed switch. 

c. If engine stops, light and alarms operate on this test, but not under 
actual conditions by overspeeding engine, replace overspeed switch. 

D. If operation is not secured, check relay CRl2, CRl3, and diode 
package DP 3. 

IX. Circuit Breakers in Controller Trip 

A. Check to see if Voltage Regulator is sticking. 

B. Check to see if engine generator or alternator is charging above the 
capacity of the breaker - 20 amperes. 

c. Check for external short circuits to iround in all wires from panel. 

z. Loss of Battery Charger Output 

A. Check A.C. voltage to charger. 

B. Check charger input and output fuses. 

c. Check connections to charger. 

1.2.7-422 
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SEQUENCE OF OPERATION 

Introduction 

Refer to schematic wiring Diagram. All relay contacts are shown in the de-en

ergized position. Control relays are designated CR, relays associated with 

the crank control and battery switching circuit (CC) are designated CCR (CCRl 

and CCR3 operate at one-half the battery voltage). Diodes designated DP are 

located in one of four diode packages, diodes designated Dare stud mounted 

on the chassis and time delay relays are designated XR. Circles with numbers 

designate field wiring terminals and those with letters designate terminals 

for connections within the controller. 

Controller Battery Power 

Power to operate the controller comes from the two-engine batteries. Battery 

No. 1 is connected to field terminal 6 and is fed through circuit breaker CBl 

to diode Dl, the voltage sensing circuit (VS-7), the Manual Crank push button 

(PBl), and the battery switching relay CR2-l. Battery No. 2 is connected to 

field terminal 8 and is fed through CB2 to D2, vs-8, the Manual Crank 2 push 

button (PB2) and CR2-4. Diodes Dl and D2 allow the controller to receive 

battery power from the battery with the higher potential. 

Relays CR7 and CRB are battery failure relays and are energized through a solid 

state Voltage Sensing switch (VS). If both batteries. are fully charged CR7 

and CRB are held energized through the VS and both battery lamps Bl and B2 will 

be lighted. The voltage sensing circuit allows the battery failure relay to 

drop out when the battery potential drops below a level of about 60 percent 

of nominal for a period of several seconds. The purpose of this delay is to 

keep the battery cranking. If a low battery voltage is sensed, the appro

priate battery failure relay will drop out and lock the other one in. 

If Battery No. 1 goes low or fails, CR7 will drop out. Its N.C. contacts close 

and keep CRB energized independent of the VS circuit. Also CR7 N .C. contacts 

close and lock t:he battery switching relay CR2 in the energized position. With 

CR2 held energized its N.O. contacts will be held closed so that cranking power 

can be provided only by Battery No. 2 through CR4 contacts to field terminal 

10. CR7 N.C. contacts 1-7 energizes the Alarm Relay CRl.O through DP2-4-5 and 

sounds the alarm. If Battery No. 2 fails, CRB drops out and locks in CR7 and 

CRB N.O. contacts 9-6 open and keep CR2 from energizing. The N.C. contacts of 

CR2 remain closed so that cranking power can be provided only by Battery No. l 

through CR4 contacts to terminal 9. CRB N.C. contacts 1-7 energizes the alarm 

relay C-10 through DP2-2-5 and sounds the alarm. 

When the two batteries are turned on, the first one on will energize its 

batteiy failure relay and lock out the other one. Pressing the Battery Reset 

push button, PB3, will pull in the second battery failure relay if the battery 

voltage is high enough. Anytime a battery failure is sensed and one of the 

relays drop out, the Battery Reset push button must be pressed to reset the 

circuit. 

Diodes DP2-l-2 and DP2-3-4 are used to isolate the voltage sensing circuit 

from the alarm circuit. 
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For automatic operation, the selector switch is in the "Auto" position. The 
controller is then in a standby mode and all automat.ic functions ready for 
operation. The "Auto" light and both battery lights should be on. The con
troller will start from any of the following demand signals: 

l. Closing of pressure switch contacts due to drop in water pressure. 

2. Re.mo-te start switches. 

3. Deluge switch. 

4. Power failure start (Option PJ. 

All automatic starting is accomplished through the auto start relay CRS. In 
sequential start controllers, all auto starts except 2 above are delayed by 
the sequentia.l start timer, (TR3) • 

I. Drop in Water Pressure 

On drop in water pressure, the pressure switch contacts close, applying 
power to the coil of auto start relay CRS. In sequential start control
lers, the-pressure switch contacts apply power to the coil of the sequen
ti.tl start time delay relay, (TR3) and the contacts of TR3 operate the 
coil of CRS, after the time delay set on TR3. CRS will lock in through 
its own N.O. contacts, the "Stop" push button, CRl N.C. contacts and, if 
provided, the Engine Run Timer (ERT) contacts. CRS is locked in and 
rema.:ins energized even after the pressure switch contacts open until 
either the "Stop" push button contacts are open, the ERT contacts open, 
or the selector switch is turned to off. If the pressure switch contacts 
remain closed the "Stop" push button and ERT contacts will have no effect. 

With CRS energized, its N.O. contacts 7-4 close to apply power to the 
Fuel Solenoid relay CR3, to the Crank Control unit through CR6 N.C. 
contacts and to the Crank relay CR4. At this time the Crank Control unit 
starts timing the--first crank period and CR4 energizes closing its con
tacts 7-4 to apply Battery power through CR2 N\C. or N.O. contacts to 
field terminal 9 or 10 depending on whether or not CR2 is energized. 
Battery -power on terminal 9 or 10 energizes the engine starter contactor 
and thus cr~ng of the engine starts as soon as the pressure switch 
closes. 

After a period of approximately 15 seconds, if the engine has not started, 
the Crank Control unit energizes CCRl • When CCRl energizes, its N. C. 
contacts open and CR4 de-energizes, thus stopping the crank cycle. Relay 
CCR2 is a latching relag and is activated when CR4 is energized. When 
CCR2 energizes, its contacts close or open to energize or de-energize CR2. 
CR2 contacts on transfer to switch to Battery 2 power and to field,termi
nal 10. After approximately 15 seconds rest, CCRl de-energizes and CR4 
energizes, thus completing the circuit from the other Battery to field 
terminal 9 or 10. The engine now cranks on the alternate battery power. 
If the engine fails to start, this cycle repeats for a total of six crank 
periods alternating batteries each time. 
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After six crank periods the overcrank relay CCR3 is energized. Its 
N.O. contacts 9-6 close to energize the alarm relay CRlO through diode 
DP2-7-5. One set of N.C. contacts 7-1 opens to stop the cranking and 
another set 3-9 opens to drop out the fuel solenoid relay CR3. A set 
of N.O. contacts 7-4 closes t:o light the overcrank light (OC). 

If the engine starts, the engine speed switch applies battery voltage to 
field te~nal 2 and energizes Engine Running relay CR6. CR6 N.C. contacts 
1-7 open and cut off power to the cranking ci.rcuits. CR6 contacts connec
t:ed to field terminals 19, 20, 21, 33, 34, and 35 are used for remote 
indications of the engine running. 

The engine oil pressure li'ght is powered only when the controller is in 
the run mode and CR3 contacts 9-6 are closed or when the selector switch 
is in the Manual position. This prevents the oil pressure light from 
coming on when the controller is in Auto and in the standby ,rode with the 
engine not running. It also allows the light to come on during the crank
ing while the oil pressure switch is still closed, thus giving an indi
cation that the oil pressure switch is working. When the engine starts, 
battery power is applied to one side of the Oil Pressure Alarm Delay 
Timer, TRl. If the oil pressure is low, the oil pressure switch is 
closed and completes the circuit through terminal 4 and DP3-4-5 to TRl. 
If the oil pressure remains low TRl will time out and its N.O. contacts 
will close and energize the alarm relay CRlO through diode DPl-2-5. The 
oil pressure light will remain on as long as the oil pressure switch is 
closed. Normally the oil pressure comes up as soon as the engine starts 
so TRl does not remain energized long enough to time out. 

The water temperature switch is N.O. and closes on high engine water tem
perature. When it closes it operates the water temperature light on the 
controller through field terminal 5 and energizes the alarm relay through 
diode DPl-4-5. 

If an overspeed condition should develop while the engine is running, a 
speed switch on the engine closes and puts battery voltage on field 
terminal 3. This energizes the Overspeed relay CRl2 through diode DP3-6-7. 
CR12 locks in on its own N.O. contacts and thus remains energized until 
reset by switching the controller to OFF. CR12 N.O. contacts 6-9 close 
to turn on the Overspeed light and energize CRlO through diode DPl-8-5. 
CR12 N.c. contacts 3-9 open to de-energize the fuel solenoid and disal:)le 
the cranking circuits and shutdown the engine. 

If the controller is wired for "Automatic Stop" and the water pressure 
has returned to normal, CRS will drop out after the ERT times out and its 
contacts open. The ERT starts timing when CRS is energized by the clos~re 
of N.O. contacts 3-8 to the ERT Jtr)tor. If the controller is wired for 
"Manual Stop" CRS will remain locked in until the central switch is 
turned to OFF or·the stop push button is pressed. The ERT is installed 
to assure that the engine runs for a minimum time and should be set· to 
at least 30 minutes. If the pressure switch remains closed for a longer 
period than set on the ERT, ·the ERT will time out but CRS will remain 
energized through the pressure switch until the pressure switch contacts 
open. 
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A controller may be provided with an Energize to Stop feature {Option D). 
With this feature, terminal 12 will be energized for a period of time 
estahlishad by TR4. When the controller goes to the start mode CRJ 
energizes and its N.O. contacts 9-6 close and apply battery to CR15. 
CRl5 then locks in on its own contacts through TR4 N.C. contacts to 
CRJ-9 which is at battery potential. When the controller goes to the 
stop mode CRJ de-energizes and its N.C. contacts 3-9 close and energize 
TR4 through the selector switch and CR15 N.O. contacts which are now 
ciosed; this also applies battery to terminal 12. When TR4 times out 
its N.c. contacts open and let CRlS de-energize. CRl.S N.O. contacts 
open and de-energize TR4 and terminal 12. 

The alarm circuit consists of a bell mounted on the outside of the 
enclosure and is controlled by CRlO N.O. contacts 6-9. CRlOis energized 
by one any of the following failures; 

a. Engine overspeed. 
b. Low oil pressure. 
c. High water· temperature. 
d. Loss of battery charger output. 
e. Overcrank. 
f. Battery failure. 
g. Low fuel level (Option F). 
h. Pump room alarms (Option K). 

The diodes in the alarm circuit are used to isolate the various alarm 
contacts so that one set of contacts may be used for more than one function. 

II. Remote Start 

The remote start switch or switches are N.C. switches and keep remote start 
relay CR9, energized. Depressing a remote start switch de-energizes CR9. 
The N.C. contact of CR9 then closes to energize CR5. The remaining 
sequence of operation is the same as for a start from water pressure drop 
described above. 

III. Deluge Switch 

The deluge switch or switches are N.C. switches and keep the deluge relay 
CRll energized. Opening a deluge switch contact de-energizes CRll to 
allow its contacts to close and energize CR5. The remaining sequence 
of operation is the same as for a start from water pressure drop described 
above. 

IV. Power Failure Start (Option P) 

This option automatically starts the engine after a delay time upon loss 
of battery charger output. Relay CRlJ is held energized by an alarm out
put of the battery charger. If the battery charger output should fail 
CRlJ will drop out and its N.C. contacts 1-7 will energize TR2, a fixed 
time delay relay. When TR2 times out its N.O. contacts will close and 
energize CR5. The remaining sequence of operation is the same as for a 
start from water pressure drop described above. 
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VI. 

Weekly Test Start 

The weekly test is initiated by a 7-day program clock (PC) operated from 

the A.C. line. At the time and day of week programmed, its N.O. contacts 

close and energize a solenoid drain valve (SDV) through DP3-B-l, CR3 and 

CRl. The SDV is normally closed and is connected to the water line to 

the pressure switch. When it is energized it opens and drains the water 

line to the pressure switch causing a drop in the pressure. This in 

turn causes an automatic start as described above. When the fuel solenoid 

relay CR3 energizes its N.C. contacts 1-7 open and de-energize the SDV. 

These contacts also keep the SDV from energizing while the engine is run

ning. The SDV is open just long enough to drop the pressure and initiate 

the start sequence, minimizing the amount of water discharged. 

When the crank relay CR4 energizes its N.O. contacts close to energize CRl, 

the weekly test relay, which locks in on its own N.O. contacts. CRl N.C. 

contacts 3-9 open to keep CR5 from locking in on those controllers wired 

for manual stop. CR5 is held energized by the P.C. contacts through DPJ-8-1 

and DPJ-1-2 for the duration of time set on the P.C. The purpose of DPJ-1-2 

is to isolate CRl contacts from the SDV. The purpose of DPJ-8-1 is to 

isolate the test position of the selector switch from CRl. When the P.C. 

contacts open CRl drops out and if all starting causes are normal CR5 

also drops out and the engine stops. 

Test Start 

Switching the controller selector switch to the Test position initiates an 

automatic start by energizi~g the solenoid drain valve as described above 

to drop the water pressure to the pressure switch. The starting sequence 

is the same as described above. Diode DPJ-1-8 keeps CRl from energizing. 

Diode DJ is used to isolate the Automatic position of the selector switch 

from the Test position. The engine will continue to run until the 

selector switch is switched to OFF. 

VII. Manual Start 

The Manual position of the controller disconnects all automatic circuits 

of the controller and permits manual starting of the engine on either or 

both batteries by pressing the appropriate crank push button. The engine 

1-lill continue to run until the selector switch is switched to OFF. 

VIII. Additional Features 

A. Engine Lockout (Option E) 

Relay CR14 is an Engine Lockout relay which when energized will keep 

· the engine from starting or stop the engine that is already running. 

This feature may be used to lock out one pump in a two-pump system, 

when the other is running or to lock out the pump in case of low 

suction pressure 1-1hen this is a requirement. 

Relay CR14 is connected directly across terminals 17 and 18. This 

arrangement requires that CR14 receives its power from the control

ling device. This arrangement can be made fail-safe by fusing the 
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power at the controlling end so that neither shorting or opening the 
interconnecting wires will cause the engine to lock out. The fuses 
are provided for protection of the power circuits to a low-suction 
panel when provided. 

B. Remote Alarm Contacts 

Terminals 27,_28, and 29 provide contacts for a remote indication 
that the switch is not in the Auto position. · 

Terminals 19, 20, 
running contacts. 
and the other for 

and 21 and 33, 34, and 35 provide two sets of Engine 
One set can be used for remote alarm indications 

any other required control function. 

Terminals 22, 23, and 24 provide a set of contacts for a remote 
indication of a system failure. 

Terminals 30, 31, and 32 provide a set of contacts for remote 
indication of the failure of either battery. 

Terminals 36 through 43 are used to provide for an alarm signal in 
case of low fuel level (Option F), or any other pump run alarm 
condition (Option K). These alarm functions require N.O. contacts 
t~at close to represent an alarm condition. Terminal 36 is a common 
terminal for all alarm sensor contacts. Terminal 37 through 43 
connects to one side of the pump room alarm sensor contacts. Relay 
CR17 is an alarm silence relay energized by Alarm Silence Push Button 
PBS. CR17 is held energized by its own N.O. contacts as long as the 
alarm condition is present. CR17 N.C. contacts 1-7 open and let CRlO 
drop out. 

C. Individual Alarm Contacts (Option A) 

Contacts for individual indication of each alarm condition may be 
provided by Relays CR51 through CR60 and one pole of CR12 and CR13. 

These contacts are wired to terminals 51 through 86. Relays CR51 
through CR60 and terminals 51 through 86 are mounted on a separate 
panel mounted below the controller panel. 

D. Pressure Recorder (Option B) 

A pressure recorder may be furnished to provide a 7-day continuous 
recording of the water pressure. This recorder will have either a 
300 or 600 psi full scale rating and will operate ~rom the AC voltage 
to the controller. It is designated CD on the schematic. 

E. Battery Charger Operation (Option J) 

The battery charger is mounted in the engine controller and is 
factory wired to the controller terminal block from which it obtains 
its 120 volt, 50-60 HZ supply voltage and through which it provides 
charging current to the batteries. The charging current to the two 
batteries is monitored by means of two ammeters mounted in the 
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controller light panel. Optional voltmeters (Option V) may also 
be provided to monitor the two battery voltages. 

The battery charger is line voltage regulat;ecl and will operate 
over a voltage range of 102 volts to 132 volts at 50-60 HZ. 
Below about 110 volts the charger output will be slightly reduced. 
The charger output is current limited .u,d provides full protection 
during the engine cranking cycle. The charger input _and output are 
fused for protection in case of a failure of the control circuit or 
other internal component. 

The battery d1arger is fully automatic and will simultaneously 
charge two batteries at a rate of up to 25 amperes total current 
to the two batteries. The current will be distributed to the two 
batteries according to the battery demands. As the batteries 
approach full charge, the current rdll ta.per off to a predeterm.in2d 
le·.rel at which the charge automatically switches to the float r.:ode 
of operation. In the float mode the charger r.iaint.:iin::; the bc1ti::e:.des 
at the float potential (approximately 13 volts for a 12-volt battery 
or 26 volts for the 2-1-volt battery). 

The only adjustment on the charger is the float voltage potentiom
eter ~,hich is factory set for a typical fairly net·l battery at ,'i.orr::,:il 
rcom temperature of 65° to so°F. This adjustm:nt may have to be 
altered for older batteries or for high or lo~, temperatures. If, 
,-,ith no load on the batteries, the charger dra;vs current in e:,cess 
of O. 5 amps when in the float ,r.ode, tJ-ie float potential should be 
decreased (counter-cloch,ise adjustment). If the charger does not 
mainta.in the batteries at a full charge, the float potential should 
be increased (clockwise adjustment). 

The charger pro•.rides a means of n:onitori:1g the cha:rger output to 
sound an alann in case of loss of charger output on the output side 
of the fuse. This also provides a means of rr.onitoring the A.C. 
poiv'er since a loss of A.C. power results in a loss of charger 
output. 

l.2.7-429 
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PARTS LIST FOR METRON FD-2 ENGINE CO:-l'fROLLER 

DESCRIPTION' 

Alarm Silence Switch (FBS) . 
(Opt. K) 

Al.arm Bell (Alarm) 

Lamp Bulb 

Relays CRl, CR2, CR4 
CR9 thru CR17 
CRSl thru CR60 (Opt. A) 

Relays CR3, CRS f:hru CR8 

Relays CCRl & CCRJ 

Sockets.for Sigma and 
KUP Relays 

Octal Sockets 

'Crank Control & Battery 
Switching Unit 

TRl (Oil Pressure) 

TR2 (Opt. P) - Fixed 
**Adjustable (See Below) 

TR3 (Opt. S) 

TR4 (Opt. D) 

Voltage Sensing Unit (VS) 

·DPl & DP2 Diode Modules 

DP3 Diode Module 

DP4 Diode Modure 

PART Ntr.-tBEa 

81087J, Arrow-Hart-Hagerman 
or Equiv. 

12V, -2223, 24V, -2224, Jenkins 

12V, -756, 24V, -757, Norelco, 
Chicago Miniature or Equiv.· 

12V, -68R2-12, Sigma 
24V, ~68R2-24, Sigma 

12V ," -68R3-12 ,- Sigma 
24V, -68R3-24, Sigma 

12V, -68R2-6, Sigma 
24v,--68R2-12, Sig"ma 

-
AD40-21125, Sig~a 

60SR2P51, IDEC 

*12V, -C30491-12, Metron 
*24V, -C30491-24, Metron 

12V, -12N015, Amperite 
24V, -26i;o1s, A.'Ilperi te 

12V, -12N015, A:nperite 
24V, -26N015, Amperite 

12V, -TIK-30-466, NCC 
24V, -TIK-30-462, NCC 

12V, -12C45, Amperite 
24V, -26C45, Amperite 

*12V, -B20876-12, Metron 
*24V, -B20876-24, Metron 

*12Y.&•24V, -B20877, Metron 

*12V & 24V, -B20880, Metron 

*12V & 24V, -B20885, Metron 

*Specify Battery Voltage and Ground Polarity 
:#Specify Battery Voltage, Ground Polarity and Time Range Required 

STEAR~S-RO~ER ENGINEERING CCRP. 
PRCJECT NO. 621700 

1.2.7-430 SCLA R-C I\E F ILOT PL ANT 
C~IT C1'E 
P .c. 2001 

-REC. 
SPARES 

10 

3 

1 

1 

1 

l -1· 

1 

1 
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i. 
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l 

1 

l 
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PARTS LIST FOR METRON FD-2 ENGINE CONTROLLER 

DESCRIPTION 

Circuit Breaker (CBl & 2) 

Selector Switch (SW-1) 

Crank Pushbuttons (PBl & 2) 

Reset Pushbutton (PB3) 

Stop Pushbutton (PB4) 

Pressure Switch (PS) 

Program Clock (PC) 

Engine Run Timer (ERT) 
(Opt. R) 

Diodes (D1-D4) 

Pressure Recorder (CD) 
(Opt. B) 

Recorder Pen (Opt. B) 

Cleaning Wire for Pen (Opt. B) 

Weksler Charts (Opt. B) 

Solenoid Drain Valve (SDV) 

Battery Charger (Opt. J) 

Battery Charger P.C. 
Board (Opt. J) 

uiodes (Opt. J) 

SCR (Opt. J) 

cuse (35 AJ1P) (Opt. J) 

*Specify Battery Voltage and Ground Polarity 
,:·,::rf Low Suction Lockout Panel is provided 

1.2.7-431 

PART NIDIBER 

JAI-B3-20-50-2A, Heinemann 

3100 4A 4 Deck, Electro-Switch 
3100 SA 5 Deck, Electro-Switch 

81087J, Arrow-Hart-Hagerman 

81087J, Arrow-Hart-Hagerman 

KRIR-KA3-KN302, Square ''D" 

DA31-2, Mercoid 

7100, 120VAC/60 HZ., Tork 
7100, l20VAC/SO HZ., Tork 

CSF60M-115/60, Industrial Timer 
CSF60M-115/50, Industrial Timer 

REC •. ~ 
SPARES 

1 

1 

1 

1 

1 

1 

l 

BR110A6-03-120/60, 60 Min., Eagle 1 

Note: Specify Manufacturer of 
Timer 

IN1192, Motorola 

06:?L-IBM4, llOVAC/60 HZ., Weksler 
06PL-IBM4, llOVAC/50 HZ., Weksler 

25-19, Weksler 

25-22, Weksler 

W7-300-0-6, Weksler 

*LC-2DB-415, Skinner 

*1808-12-25, Metron 
*1808-24-25, Metron 

*12V, -B30683-12, Metron 
*24V, -B30683-24, Metron 

IN1183, Motorola 

GEC35B, General Electric 

NON35, Bussman 

2 

l 

l 

100 

l 

1 

1 

l 

2 
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PARTS L'iST FOR METRON FD-2 ENGINE CONTROLLER 

DESCRIPTION 

Fuse (.1 AMP) (Opt. J) 

Fuse (Opt. J) 

Fuse (4 A.~) (Fl, F2) 

Fuse (1 AMP) (F3, Opt. E) 

Ammeter (30 AMP) 

Voltmeter (Opt. V) 

Heater (Opt. H) 
(Specify Wattage) 

Thermostat (Opt. H) 

Humidistat (Opt. H) 

Circuit Breaker '(Opt. H) 

~witch Box (Opt. H) 

Lamp Assy. with Lens (Red) 

Lamp Assy. with Lens (Green) 

Lens (Red) 

Lens (Green) 

Oil Tight Lamp Assy. (Red} 

Oil Tight Lamp Assy. (Green) 

Door Handle With Keys 

Break Glass 

*If Low Suction Lockout Panel is Provided 

PART NUMBER 

MDA .1, Bussman 

12V, -MDAlO, Bussman 
24V, -MDA15, Bussman 

**KTK-4AMP, Limitroo 

KTK-1.&'IP, Limitron 

440D5, Electro-Mechanical 

12V, 445D5-15 
24V, 445D.5-30 
Mfg. Electro-Mechanical 

SCB-l00W, SCB-150W 
Mfg. Emerson-Chromalox 

WR.65, Emerson-Chromalox 

H46-C, Honeywell 

JAI-A3-2-250VAC-2, Heinemann 

C30534, Metron 

41-1310-0111-301, Dialco 

41-1310-0112-301, Dialco 

41-0111-301, Dialco 

41-0112-301, Dialco 

80-0410-1331-303, Dialco 

80-0410-1332-303, Dialco 

68-0294CH, National 

6-3/4" X 8-3/4" 

STEAR~S-RO(E~ ENGl~EERlNG 
PRCJECT NO. t217CO 
SOLAR-C~E FILOT PLJNT 

CCPP. 

Uf\lT CI\E 
p.C. 2001 . 1.2.7-432 

_REC. 
SPARES 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

1 

1 
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QUALITY CONTROL VERTI-LINE 

Procedure: Hydrostatic Test 2006 

Scope: This procedure describes the inspection and recording for 

hydrostatic test per commercial and government r~quirements. 

1008. 

1008.1 

1008.2 

All pressure parts of all pumps 'Cri.11 be given a hyd;ostati~ 

test when the specifications on a contract require it; 

the suction bell is not considered a pressure part and 

will not be hydro tested. 

The test pressure shall be in accordance 'With contract 

referenced specification, or to a minimwn pressure of one 

and one half times shutoff head, for a minimum period of 

30 minutes (1/2 hour) • 

The Production Control Processor shall request the hydrostatic 

test to the Hydro Operator 'With a "Hydro Work Order" 

(Form V-L QClS). 

1008.2.1 The Production Control Processor shall indicate on the 

''Hydro Wark Order" (Form V-L QCl S) the following information: 

A. Aurora Pwnp serial number 

B. Customer P.O. number 

C. Desk number (processing order) 

D. Customer name 

E. Quantity of items or components requiring hydro 
', 

F. Pattern number 

G. Finish part number 

Item description H. 

I. Date released to be hydro tested 

1.2.7-433 
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J. Pressure Required on Contract or Specifications 

K.· Time Pressure to b~ Held 

' L. Witness by a Customer or Representative Inspector 

1008.3 

1008.4 

The hydrostatic tests are set up in the Main-Hydro Lab 

under the direction or instructions of the·Quality Control 

Technician or the Test Supervisor. 

The hydro test will be made on individual components of 

the pump (not_com~letely assembled). 

1008!4.l The pressure medium: City water at ambient temperature 

at 50 to"'tS PSIG. The pressure is boosted as desired by 

an air operator booster diaphragm pump with check valves 

at inl.et and outlet side to prevent reverse flow; components 

are vented to penni.t air from escaping during filling 

with water. 
I 

1008.4.2 The co111ponents of the pump to be tested shall be placed 

on a proper pedestal under the electric or manual hoist 

for proper handling and position so that all air can be 

eliminated from the-components before hydrostatic pressure 

is applied. 

1008.4.3 Close off the suction and discharge of the pressure ~-
retaining boundaries using flanges so designed as, to 

withstand 150% of pump shutoff head, sealed by the use of 

gaskets·and grease. 

1008.4.4 An indicating gauge shall be connected directly to the 

component or item being tested. If the indicating gauge 

is not readily visible to the operator controlling the 

pressure applied, an additional indicating gauge shall be 

1.2. 7.434 
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provided where it will be visible to the operator throughout 

the duration of the test. 

1008.4.5 Indicating pressure gauges used in testing shall have 

dials graduated over a range of about double.the intended 

-maximum test pressure, but in no case shall the range be 

less than one and one half (l-1/2) times that pressure. 

1008.4.5.l All gauges shal.l be calibrated against the National 

Bureau of Standards and a certification shall be maintained 

in the Quality Control Office for reference purposes. 

1008.5 Attach the pump filter housing to the fixture. 

1008.5.1 Attach the air vent tube assembly at the highest point in 

order to vent all air from components. 

1008.5.2 After water begins flowing from air vent tube, close the 

petcock on the air vent tube assembly. 

1008.5.3 Disconnect the filler hose. 

1008.6 The Quality Control Technician or Test Supervisor, after 

the pump or components are set at the required test 

pressure, will visually inspect the pressure boundaries 

of the pump or components for leakage. 

1008.7 

1008.8 

Accept or reject criteria: Any water leaking thro~ghout 

the external surface of the components during the hydro 

test will be subject to rejection. 

The results of the hydrostatic test shall be recordad on 

form V-L QC18 (Hydro Work Order) by the Hydro Operator 

~ith the following information: 

A. Date received at Hydro 

B. Date test performed 

1.2.7-435 
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I. Signature of the Quality Control Technician or Test 

Supervisor approving test 

1008.8.1 The results of the hydrostatic test shall also be recorded 

by the operator on the daily hydro log or daily operation 

with the corresponding remarks of "failure or pass". 

1008.8.2 In the event of any rejection due to leakage or any other 

discrepancies, the component shall be scrapped and replaced 

with another of the same required in the Hydro Work 

1008.9 

Order. The Order Processor shall provide the Hydro 

Operator with a new work order. 

Hydro certifications (form V-L QC6) shall be provided in 

every test performed.· They will be prepared by the 

Quality Control Deparnnent, stating the following: 

A. Customer Name .,. 

B. Customer P.O. number 

c. Aurora serial number 

D. Quantity and item description 

E. Statement of conformance 

F. Date of test 

G. Gauge number 

H. Gauge calibration 
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I, Certified by 

.J • 
\. 

Witnessed by 

1008.10 The test pressure ~equirement to contract specifications 

. 'Will be available on the nameplata, which is, attached to 

the head of the pump. 

NOTES: 

MGrh 2/1 

A legible copy of this procedure shall be in the Hydro Test 

Lab at all times, attached to the Hydro Machine for your 

verification. 
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A standard performance test is run on the purchased bo~l assembly, using standard 

test labor~t?ry column, discharge head and motor. 

Readings are taken at a minimum of five capacity points, including one point within 

+ 2 percent of the design capacity. - . . . 

Test Arrangement 

Attached ~g. No. 1 shows the general arrangement of the test. The points of measure

ment for four·basic quantities are marked. The four quantities are: 

· Capacity· 
Bead 
Force-{used for the calc~lation of BHP) 

RPM· 

The sump is approximately a 20 x 72 foot rectangle, with a ~aximum depth of 35 feet 

below the pump mounting positions. It contains approxicately 200,000 gallons of 

water. Pumps can be set in one of four positions according to size, and are 

arranged to pump through a discharge manifold, meters, 3nd into a full width return 

char.nel that increases in depth gradually from 10 feet to the full 35 foot sµmp 

depth. In this manner, casca"ding tendencie!!, and return velocities are lo-., enough 

to eliminate any deliterious effects from this cause • 
. 

The bowls are suspended from five feet of ·column and operated as described. Prior 

to start up of the units the vater level in the sump vill be reduced to swulate 

the low water level required by the specifications. the test curves are plotted 

during operation ~nd all calculations are checked vhile the pump is ri,.ming. 

The hoist equipment is a 10-ton capacity crane, bridge mounted approxbntely 24 

feet above the floor. This allows the handling of one piece asse~blies not in 

excess of 20 feet in length. Diameters as large as 46" can ·be lo·.:ered into the 

sur.ip. 

Capacitv Measurement . - ----.; -. -
. . .. 

The capacity of a pump 1s=measured by ccans of the Venturi meter, =anufactured by 

BIF, a division of General Signal Corporation. Six sizes are available, na.~ely 

2". 4", 8", 12", 20" and 30". By using singly or t'lo:'O in parallel co::binaticn, 

a r~nge from 15 GPM ro 50,000 G?M can·be covered. 

\1,1., SlZ 
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A detailed description of these instruments is: 

Pipe Size In. Inlet Dia. In. Throat Dia. In. Scale Range GPM 

2 l.9375 1.304 0-216 
4 4.000 2.169 O-S60 
8 8.000 3.643 0-lSS0 

l2 12.000 6.160 0-4500 
20 19.281 10.038 0-12000 
30 29.98S 21.750 o-40000 

The smaller valves, 2" through 12", are operated manually. The 20" gate valve is 
operated by electric motor. For the 30" line, a gear adjusted butterfly valve is 
inscal.led at. the end of the line. 

Head Measurement 

The primary indicators are Mercury manometers. These manometers are placed 
approximately 25 feet from pump discharge. At this po.int heads, free of turbulence, 
up to 300 feet can be read. Bourdon-tube gages are used for heads from 300 feet to 
lJ.50 feet of water. Bourdon-tube gages are cal.ibrated regularly on a dead.weight 
tester. Extremely low heads are taken by water manometer. We are able to measure 
head as low as 5 feet. 

Power Measurement 

The power input to the pump is determined·with vertical dynamometers as cali
brated motors. Two dynamometers are available. The smaller size is used up 
to 250 HP and the larger one.to 500 HP. 

~e dynamometer is essentially a turning table which is made to turn freely by 
the reactive torque of the driver. A moment arm of suitable length is attached 
to the turning table and~- force is applied to stop the rotation. This force 
is registered on a scale or-a load cell. Below is a formula for the calculation 
of power: 

2LFN 
BHP• 33000 

Yhere L • length of arm, ft. 
F • force on scale ~r load cell, lbs. 
N • RPM : . 

V•l. S:JJ 
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Below are the calibrated motors available in our laboratory. 

BP-

20 
so 
60 

125 
200 
400 

. 600 

7.., 

3600 

X 

X 

~ 
1800 

X 
X 
X 

X 

~ ~,,, £/ 

1200 900. 

X 

X X 

X X 

Below is shown the power service available (60 Rz.) 

440 volt 
2300 volt 
4160 volt 

Max. 660 BP 
Max. 1000 BP 
Max. 1500 HP 

'"""' 720 

X 

/2,,, 
,13:;, /f;, 

600 514 

_x 

:x X 

;< 

FIJ3E PUMP Be1ov shows the special performance requirement of fire pumps(NFPA #20 para.3-2 .1) 

Q 
~.120 
: 
Q 

~ 100 
< a: --
~ 80 r-Hrt--t-t++-t-+-+-H~'~+-µW-l.....t.J 6 ' 
~ ~ 

~ m r,hHHH--t--t-t-+-+-+-+--i::~~~.J..++-1-~ ~ ~ ~ 
z ~ ~iiHH-t--t-+-++++-+-+-+-+-H~~lJ...-l-~ 
a: 
Ill 
II,, 

20 M11_t-H-++H-4-.+--+ .. -+--4-~......t.~ 
• •. lo,. • 

0 so 100 150 200 
PERCENT OF RATED CAPACITY 

• 

L---------------AURORA PUMP A UNIT OF GENERAL SIGNAL STANDARD PRACTICE V•L. S:1:1 

200 N. PUENTE AVENUE •CITY OF INOUSTRY, CA. 91749 •TELEPHONE 213/330-3411 
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