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UPDATE FOR 
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-~5 thru 1.2.1-49~ 

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

Flash Tank Drain Pump - Pages 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. 

- BCS Fluid Receiver Pump - P~ges 1.2.36-1 thru 1.2.36-17. 
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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. 

V 
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1.2.23 Receiver Feedwater Pump 

1.2.23.l Identification 

Tag Number 

P917 

1.2.23.2 Description 

Pump 

Manufacturer: 

Pump type: 

Stuffing Box 

Manufacturer: 

Type: 

Bearings 

Manufacturer: 

Type: 

Driver 

Manufacturer: 

Frame No: 

Coupling 

Manufacturer: 

Frame No.: 

Description 

Receiver Feedwater Pump with pressure 
controller tag number PC1105 and 
Lube oil pump (tag P942) 

Bingham-Willamette Co. 
P.O. Box 1085 
Denver, CO 80201 

CP-1080, 4 X 6 x 9E 

Bingham-Willamette Co. 

Injection system, temperature control 

Kingsbury, Inc. 
Philadelphia, PA 19154 

JHJ-5 

Reliance Electric Co. 
Cleveland, Ohio 44117 

E581 OS 

Thomas 
Warren, PA 16365 

DBZ-C 

1.2.23-1 



Gyrol Fluid Drive 

Manufacturer: 

Type: 

Controller 

Manufacturer: 

Type: 

1.2.23.3 Vendor 

Bingham-Willamette Co. 

1.2.23.4 Procurement Specification 

American Standard 
Dearborn, Michigan 48121 

VS Class 6 

Leslie Co. 
Parsippany, N.J. 07054 

Series 2310 

Stearns-Roger Spec No. 046. l (DOE Spec 40M700-27S) 

1.2.23.5 Operation/Maintenance 

See attached Bingham-Willamette manual, Serial No. 1A995 

1.2.23-2 
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CAUTION 
BEFORE OPERATION, 

AUXILIARY EQUIPMENT SETTINGS 
MUST BE CHECKED/RESET 

Printed in the U.S.A. COPYRIGHT October 1980 CP 1080 
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INTRODUCTION 

SCOPE ___________________________ _ 

This manual provides installation, operation and maintenance 
instructions for the Bingham-Willamette type CP, CP-DS, CPA, 
and CPA-OS multistage double case horizontal pumps. Instruc
tions are developed by engineering and field service personnel 
who are involved in design, manufacture and service. This manual 
is prepared for operation and maintenance personnel. 

Read instructions carefully before operating system. 

Use this manual with a cross section drawing, parts list and outline 
drawing {see specific manual). Instructions on vendor equipment 
is included in the specific manual. 

DESCRIPTION _________________________ _ 

CP, CP-DS, CPA, CPA-OS The Bingham-Willamette type CP, 
CP-DS, CPA, and CPA-OS are double case, opposed impeller, 
multistage pumps. The CP and CPA has a double volute and 
single suction first stage impeller. The CP-DS and CPA-OS is a 
double volute, double suction first stage design. 

The CPA and CPA-OS utilize compohents, such as impellers, 
common to the MSD line. The CP and CP-DS are designed and 
built to answer "high specification" requirements. 

MAJOR COMPONENTS---------------------
OUTER CASE Suction and discharge nozzles are provided to 
match customer requirements. Nozzles are welded to the outer 
case and are typically attached at the case top centerline. 

INNER CASE The inner case halves are cast with an alloy to suit 
application. 

SHAFT Machining provides proper impeller fit for each stage. 

IMPELLERS The impellers are key driven and positioned axially 
with split thrust rings. 

WEAR RINGS Replaceable case and impeller rings provide a 
close running clearance to reduce quantity of liquid leaking from 
high pressure side to low pressure side. 

SHAFT SEAL Shaft sealing is provided by either a cartridge type 
mechanical seal, a packed type stuffing box or a packing less stuf
fing box. Refer to outline drawing for arrangement furnished. 

BEARINGS Choice of three standard bearing configurations 
depend on size, speed and service requirements: 

1. Double row ball thrust bearing and single row radial bearing. 

2. Duplex angular contact ball thrust bearing and sleeve journal 
radial bearing. 

3. Pivot shoe thrust bearing and sleeve journal radial bearing. 

COUPLING The coupling is selected to suit operating condi
tions and service requirements for a specific application. 

1.2.23-10 

--

--



--

--

--

PERFORMANCE FACTOR$ ____________________ _ 

2 

Pump performance may be affected by changes in pumpage, 
specific gravity, viscosity, pump operating speed, and NPSH (Net 
Positive Suction Head). Centrifugal pumps are designed for spe
cific services and may not be suited for any other service without 
loss of performance or damage. 

IMPORTANT NOTE: Do not change operating conditions from 
original design parameters without contacting a Bingham
Willamette representative. 

1.2.23-11 

-



~ 
! 

INSTALLATION 

INSPECTION-------------------------
INSPECT UPON ARRIVAL Equipment is inspected prior 
to shipment. Check for shipping damage upon receipt. Re
port damage or shortage immediately to the carrier and to a 
representative of Bingham-Willamette. 

STORAGE _________________________ _ 

NOTE: The following storage instructions apply only to the 
pump and may not be appropriate to driver units, switches, 
etc. Follow vendor instructions for all other components of 
the pump system. 

REQUIREMENTS Prior to shipment, the pump and its 
components are adequately prepared for outside storage 
with the following additional requirements: 

1. Store off ground on skids or cribbing so that no water 
will accumulate around unit. 

2. Protect pump and attachments with a vinyl coated nylon 
tarpaulin. Lash tarp down evenly to provide drainage 
that does not form pools. Maintain sufficient air circula
tion with a3 in. (8 cm) minimum clearance between tarp 
and pump. 

3. 

4. 

5. 

6. 

7. 

8. 

Locate in an area which is free from blowing sand and 
dirt. 

Maintain desiccant effectiveness. 

Do not stack on top of this equipment. 

Prevent animal entry by keeping connections sealed. 

Maintain bearing lubricant or rust preventive protection. 

Periodically rotate shaft to prevent set, and lubricate 
bearings. 

APPROVED STORAGE MATERIAL The following mate
rials shall be used for maintenance: 

1. Use packages of VPI crystals or a desiccant. Desiccant 
will be non-halogenated, non-deliquescent, chemically 
inert silica gel (or equivalent) to meet MIL-D-3464-D, 
type 11. 

2. Vinyl-coated nylon tarpaulin. 

3. OVER-COAT (Certified Laboratories, Fort Worth, Texas) 
or equivalent, rust preventive. 

4. Lubriplate No. 4, or equivalent. 

INSPECTION AND MAINTENANCE Inspect every four 
weeks: 

1. Remove protective tarpaulin. 

2. Remove nozzle cover( s). Desiccant is attached to cover. 

3. Change desiccant as-necessary and re-attach to cover. 
Change desiccant every 6 months. 

4. Recoat surfaces requiring protection with approved rust 
preventive. 

3 
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5. Wipe up spilled or excess rust preventive. 

6. Recoat bearings with approved lubricant every 6 months. 
Drain bearing housing and replace plugs. 

NO TE: Bearings should be disassembled and inspected be
fore operation. 

7. Hand rotate shaft for ten correct-direction revolutions. 
Leave shaft at least 90 degrees from original. 

8. Replace and reseal protective cover(s). 

9. Replace and lash protective tarpaulin. 

RECORDS Keep an inspection record with equipment: 

1. Date of inspection 

2. Signature of person performing inspection and/or 
maintenance. 

3. Results of inspection. 

4. Date of maintenance. 

5. Description of maintenance performed. 

6. Amount and type of desiccant replaced. 

NOTE: Requirements of a job specific Bingham-Willamette 
Storage Procedure supersede the aforementioned instruc
tions. 

CLEANING ___________________________ _ 

RUST PREVENTIVE External nonpainted machined sur
faces may be protected with a rust preventive. This external 
coating can be removed with kerosene or safety solvents. 

Any internal parts of the pump that are vulnerable to rust are 
protected with a film of rust inhibitor. 

NOTE: Rust inhibitors are not normally used on corrosion 
resistant materials. Flushing is unnecessary. 

FLUSH AND CLEAN Before installation, thoroughly flush 
to remove rust inhibitor and any foreign material that may 
have accumulated during shipping or storage. Use a mild 
alkali solution at 180° F(82° C), or a safety petroleum solvent. 
Flushing step may be eliminated if the pumpage is a petro
leum product compatible with the rust preventive. 

NO TE: Before cleaning, be sure to remove any desiccant. 

WARNING: The cleaning solution or solvent accumulates 
within impeller cavities. If subject to freezing temperature. 
evacuate pump by draining or air pressure. A hot air purge is 
required to completely dry the interior. 

FOUNDATION ________________________ ..___ 

4 

DESIGN The foundation must be sufficiently rigid to in
hibit pump vibration. The most satisfactory foundation is 
made of reinforced concrete. The foundation design will 
depend on the specific system support and external piping 
requirements. Pour foundation well in advance of installa
tion to allow time for drying and curing. 

1.2.23-13 
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Fig. 2 Template 

Fig. 3 Foundation 
bolt 
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Fig. 4 Hooked 
foundation bolt 

WOODEN ,CONCRETE 
FORMS ~• FOUNDATION 

Fig. 5 Leveling adjustment nuts, 
angle base 

Fig. 6 Leveling adjustment wedges, 
angle base 

Fig. 7 Leveling adjustment wedges, 
channel base 

When unit is to be mounted on steel work or a similar 
structure it should be set directly over or as near as possible 
to supporting beams or walls. It must be supported securely 
to prevent distortion and misalignment caused by yielding 
or springing of either structure or base. 

SITE Install as close as possible to source of pumpage. 
Allow adequate space for operation, maintenance, and in
spection. The outline drawing provides dimensions neces
sary for site design. Motor-driven pumps should not be 
located in damp locations unless equipped with moisture 
proof motors. 

BASE PLATE-FOUNDATION CONSTRUCTION Construct 
a template to dimensions of base plate. The template holds 
foundation bolts in place during foundation pour (Fig. 2). 

Each foundation bolt should be surrounded by a pipe with 
an inside diameter about three times bolt diameter. In this 
way, the pipe is held solidly in place while allowing some 
later minor adjustment of the bolt (Fig. 3 & 4). 

The bolts should extend above the top of the pipe sleeves 
enough to allow one to two inches (2.5 - 5.1 cm) of grouting 
between base plate bottom and foundation. Provision for 
leveling the base plate is by use of support and leveling nuts 
and washers placed on the foundation bolts (Fig. 5) or 
shims, wedges or leveling screws (Fig. 6). 

The bolt, washer, and pipe are tack-welded together before 
placement into the template. Pack rags or stuffing around 
bolt to center it within the sleeve. 

A hooked foundation bolt is useful for installation on exist
ing construction, or where height of pier is limited. This type 
of bolt has greater mechanical hold and is less sensitive to 
vibration. 

Pour the foundation. After the foundation is cured, remove 
any water from foundation bolt sleeves and dry entire foun
dation. 

It is essential that the concrete foundation be fully cured 
before mounting the unit. Prepare the foundation surface for 
grout by scarfing with a chipping hammer. Remove one inch 
minimum of foundation material. This recommended remo
val is intended to remove low strength, high porosity 
concrete. 
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If grout must be applied to damp concrete, thoroughly coat 
with a penetrating sealer at least four hours before pouring 
grout. Inspect for and remove any loose particles, dirt or 
oil-soaked concrete. 

BASE PLATE INSTALLATION--------------------

GROUT CONDITIONS 

REFERENCES: 
1. Annual book of ASTM STANDARDS, Part 13. 

ASTM C-109. '"Cement; Lime; Ceilings and Walls" 

2. Corp or Engineers: CRD-C79-77; Dec. 1. 1977; 
··Test Methods for Flow Grout Mixtures, 

3. CRD-C588-78; March 1, 1978: "Corp of Engineers 
Specification for Non-Shrink Grout". 

CHARACTERISTICS: 
1. Shall be non-bleeding (no water run-off) while 

being transported or placed, 

2. Shall be non-shrink in nature as defined by CRD
C588-78, 

3. Shall require minimum strengths as specified in 
CRD-C588-78 (minimum 5,000 psi at 28 days). 

TYPES: 
1. High fluidity grouts as defined in CAD C-588 and 

C-79 shall be m the range of 20-30 second efflux 
from a standard flow cone, 

2. Flowable grout, as def med per ASTM C-109, Shall 
fall within the range of 124-145 percent with five 
drops, 

3. Standard dry pack grout uses moist sand and 
cementitious materials. 

PLACEMENT: 
1. High fluidity grouts shall be placed by pouring 

down an inclined plane into grout holes on the 
base plate. Sufficient materials should be poured 
In to overflow the forms. In difficult to reach loca
tions placement with steel strapping is recom
mended. Where special placement requirements 
must be met, pumping of high fluidity grouts can 
also provide acceptable placement. The use of 
vibrators to aid placement can cause water and 
grout to separate and therefore should be dis
couraged 

2. Flowable grouts normally require movement into 
pos1tIon. The use of steel straps or a well and 
plunger Is recommended Placement with a chain 
Is not recommended due to air entrainment in the 
links The use ol vibrators to aid placement can 
cause water and grout to separate and therefore 
should be discouraged. 

3 Dry packing requires manual placement followed 
by compaction using a round-end rod. Care 
should be taken to avoid excessive packing and 
subsequent buckling of the baseplate. 
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The pump is shipped mounted on its base plate. To satisfac
torily install base plate, it may be necessary to disconnect 
auxiliary piping or remove pump entirely. Lift pump by sling 
placed around pump feet. 

All base plate surfaces which will be in contact with grouting 
must be clean. Remove rust, oil, paint or other foreign sub
stances. 

NOTE: Do not use oil-l)ase solvents for base plate cleaning. 
The residue may pre11ent adherence. 

Attach wire rope slings to base plate lifting lugs and lift base 
plate into position over foundation bolts. 

LEVELING Before lowering the base plate, check that le
veling adjustment nuts have been run down to the founda
tion (Fig. 5). 

WEDGE LEVELING Use wedges or shims 4 to 6 inches ( 10 
- 15 cm) long, 2 to 3 inches (5.1 - 7.6 cm) wide, and thick 
enough to allow proper grouting clearance (Fig. 6). 

To level base plate, place a machinist's level on mounting 
pads. Adjust as necessary and begin to tighten nuts of foun
dation bolts. Continue to check level, re-adjust as required. 
until all nuts are completely tightened and base plate is level. 

GROUT Build a .dam around base plate perimeter. Forms 
must be of sufficient strength to withstand pressure of grout, 
and must be sealed and rendered watertight by caulking 
between forms and foundation. Attach a chamfer strip on 
inside of forms at grout grade elevation, to provide a neat 
beveled edge. 

If forms are placed on rough concrete surface, seal bottom 
with a stiff sand and cement mortar, flush with form inside 
face. This should be done immediately prior to placing grout 
because shrinkage of mortar may result in leakage. 

Apply two heavy coats of good quality paste wax. or one 
coat of shellac and one heavy coat of wax to the forms. 
Plastic sheeting is acceptable, but must be stretched tightly 
to prevent wrinkling. 

Cover wedges with caulk or plastic tape. if later removr1I is 
desired. Mark wedge positions on mounting flange. to locate 
after grout pour. 

Select a non-shrinking grout. resistant to damage by any 
chemicals that may be spilled in the vicinity. and compatible 
with the highest temperature that may be encountered. 

After grout has thoroughly hardened. remove forms and any 
supporting wedges. If wedges are removed, fill holes with 
grout. 

1.2.23-16 

' 



• Tapping with a steel rod or chisel (not hammer) will detect a 
void (usually one square inch or more) by making a dull A 
sound rather than a ringing sound. Epoxy grout may be used W 
to fill voids. 

Before void filling epoxy grout is applied, a full 28 day cure of 
the previously poured grout is recommended. Epoxy grout 
is usually hand pumped through high pressure threaded 
fittings installed in the base plate at the void locations. Ex
treme care should be taken to avoid excessive pressures and 
resultant base plate buckling. At least one vent hole should 
be drilled into each void to help prevent excessive pressure. 

Seal grout by covering exposed grout with a quality oil base 
paint. 

DRIVER INSTALLATION _____________________ _ 

Fig. 9 Driver shaft runout 

PUMP INSTALLATION 

1.2~23-16 

ORDER OF INSTALLATION Driver components may be 
mounted separate from pump. Heavier driver components 
are generally mounted before the pump but space and ser
vice requirements will dictate which unit is positioned first. 
Refer to outline drawing and manufacturer's instructions. 

DRIVER SHAFT RUNOUT It is important to check shaft 
runout on all drivers. Distortion can occur whether driver is 
mounted or not during shipment. 

Driver shaft runout should be checked with dial indicators 
(Fig. 9), not to exceed .001 inch (.0254 mm) angular, and .002 
inch (.0508 mm) concentric TIR (Total Indicator Reading). 
This data will also be used during pump to driver alignment. 
In the case of an apparent out of tolerance driver, consult a 
Bingham-Willamette representative or the driver manufac
turer. 

DRIVER POSITIONING When a driver shaft runout has 
been checked, lift driver onto base. Refer to manufacturer's 
instructions for correct handling of unit(s). See pump out
line drawing for driver mounting dimensions. Use suggested 
dimensions for first approximation only. 

NOTE: Do not drill driver mounting base plate holes before 
determining driver shaft placement and mounting hole size. 

A nominal distance between shafts is usually noted on pump 
outline drawing. Use the outline drawing dimension for ref
erence only. Use the coupling drawing and instructions (see 
vendor section of specific manual) for final determination of 
distance between shafts. When a limited end float coupling 
is used, be certain driver shaft is in correct running position 
or magnetic center. 

INSTALLATION After an appropriate concrete curing pe
riod, mount the units. Refer to outline drawing for possible 
use of alignment guide key blocks (mounted on pedestal 
ties), for high temperature applications. 

--

CAUTION: When it is necessary to weld around system be A 
certain the ground connection is located very close to the W 
weld area. Keep electrical currents from passing through A 
any unit. W 
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A nominal distance between shafts is usually noted on pump 
outline drawing. Use the outline crawing dimension for ref
erence only. Use the coupling drawing and instructions for 
final determination of distance between shafts. When a li
mited end float coupling is used, be certain driver shaft is in 
correct running position or magnetic center. 

COUPLING __________________________ _ 

A + A = total coupling end float 
example: .094 in.+ .094 in.= .188 in. 

(2.381 mm+ 2.381 mm= 4.762 mm) 

B + C = total motor end float 
example: .156 in.+ .344 in.= .500 in. 

(3.969 mm+ 8.731 mm= 12.700 mm) 

Fig. 10 Coupling and motor 
measurements 

LIMITED END FLOAT COUPLING A motor not equipped 
with a thrust bearing uses a limited end float (LEF) coupling. 
This coupling limits axial movement of one shaft relative to 
the other. 

End float is restricted to protect motor bearings from shaft 
shoulder damage. Because limiting end float determines 
driver shaft position in its bearing, distance between pump 
and driver is critical. 

NO TE: The shaft of a motor without a thrust bearing must be 
in proper running position before distance between shafts is 
established. The correct running position can either be cen
ter of axial travel, or magnetic center. Refer to manufactur
er's instructions. 

GEAR COUPLING Measure four dimensions illustrated in 
Fig. 12. Use these measurements, along with coupling and 
driver manufacturer instructions, to correctly position the 
limited end float coupling. 

DISC OR DIAPHRAGM Measure dimensions Band C, Fig. 
12. Use these measurements, along with coupling and driver 
manufacturer's instructions, to correctly position the disc 
type coupling. 

ALIGNMENT __________________________ _ 
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DIAL INDICATOR YOKE r ASSEMBLY 

·~, ANGULAR 

Fig. 11 Yoke assembly on coupling hub 

ALIGNMENT PROCEDURE Precise alignment is manda
tory for correct system performance. Accurate alignment is 
required each time a unit is removed and remounted: 

1. MOUNT IND/CA TORS Mount two dial indicators. 
When possible, use a yoke assembly to provide greater 
ease in obtaining accurate readings. A yoke assembly 
permits both shafts to be turned in unison (Fig. 10). 

2. READINGS Rotate shafts to four readings, 90 de
grees apart. Place shims under driver mounting lugs to 
bring angular and concentric TIR within tolerance (Fig. 
11 ). All measurements are made with mounting bolts 
properly tightened. Some situations may require shims 
under the pump. 

3a. DRIVER EXPANSION Allow for driver thermal ex
pansion shaft rise. 

3b. DRIVE GEAR EXPANSION A drive gear requires al
lowance for vertical offset and some horizontal offset. 
Exact amount is specified by gear manufacturer. 
Fasten and pin (with dowel pins) a drive gear to base 
plate directly below output shaft. All horizontal expan
sion will then be realized on input shaft. 
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OPERATING 
SPEED TIA max 

rpm concentric angular 

1800 and slower 0.006 in. (0.152 mm) 0.004 in. (0.102 mm) 

1800 to 4000 0003 (0.076 ) 0.002 (0.051 ) 

over 4000 0002 (0.051 ) 0.001 (0.025 ) 

Fig. 12 Operating speed - maximum TIR 

4. MOUNTING HOLES Carefully scribe mounting hole 
locations on base plate, taking care that drilled holes 
will be exactly centered below mounting lug holes. The 
driver must be removed during drilling operation. 

The mounting bolt diameter should be 1/, inch smaller 
than driver mounting hole diameter. 

Drill and tap driver mounting base plate holes, then 
remount driver. Return shaft to correct position and 
realign. 

5. RECHECK Tighten mounting bolts and recheck 
alignment. 

6. MOTOR ROTATION Connect motor wiring accord
ing to motor manufacturer's instructions. Before cou
pling installation, momentarily start driver and verify 
correct rotation. 

7. INSTALL SPACER After pump and driver are cor-
rectly aligned, coupling spacer can be installed. 

NO TE: Final or "hot" alignment is done only after the system 
is brought to normal operating temperature. Do not make 
permanent attachments until this is done, preferably after a 
week of operation within normal AP/ vibration limits. If sys
tem is out of vibration limits, shut it down immediately and 
realign. See OPERATION. 

STUFFINGBOX ------------------------
MECHANICAL SEAL POSITIONING Methods of estab
lishing seal setting dimensions vary with manufacturer and 
type of seal. In every case a specific seal drawing must be 
consulted. Generally the seal setting dimension is given as a 
relationship of a component of the seal to the pump stuff
ingbox face. 

1.2.23-18 

A seal manufacturer's seal assembly drawing provides seal 
setting dimensions. Seal drawing and instructions are lo
cated in the vendor section of a specific pump manual. 

MECHANICAL SEAL INSTALLATION The sealing sur
faces of a mechanical seal must be protected from nicks or 
scratches. Imperfections of any kind on mechanical seal 
faces will cause leakage. Care must be used to keep these 
surfaces clean and free of substances that would mar seal 
faces. 

Remove all burrs and sharp edges from the shaft or shaft 
sleeve, including edges of keyways and threads. Inspect 
stuffingbox bore and face for cleanliness and freedom from 
burrs. 

A lubricant is recommended for installation, but match 
compatibility of lubricant to materials of the seal and pump
age. See manufacturer's instructions. A light coating of oil 
on the shaft or sleeve will allow the seal parts to move freely. 
A clean finger method of applying oil will avoid leaving lint. 

Install mechanical seal. Bolt gland flange to stuffing box after 
coupling is installed. To determine correct seal setting, refer 
to seal manufacturer's drawing. Be sure to follow seal manu
facturer's instructions for installation and maintenance. 
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1 & S - Packing 
L - Lantern ring 
G - Gland 

Fig. 13 Typical packing ring sequence 

Fig. 14 Spiral twist is correct 

Some units have special mechanical seals or auxiliary seal 
equipment, such as heat exchangers or cyclone separators. 
Refer to the manufacturer's instructions for general mainte
nance. 

PACKING Packing rings are not preinstalled and are now 
inserted into the stuffingbox. They prevent leakage by com
pressing against shaft and gland. 

Success of packing depends upon even compression of 
rings by the gland along with a slight amount of leakage 
required to cool and lubricate the packing. 

Insert rings in sequence indicated on outline drawing (left to 
right is inside to outside). Begin with inner ring: 

1. Remove gland ring halves. Use a hooked wire to slide 
lantern ring out of stuffing box. Clean stuffing box of any 
debris. 

2. Note location of sealing liquid passages. Lantern ring 
openings line up with inlet and outlet. 

3. Begin with inner ring. Correct ring sequence is noted on 
outline drawing. 

Insert rings one at a time, seating each ring before 
installing next. Stagger joints of successive rings by 90 
degrees. 

To fit packing rings around shaft, pull into a spiral. 
Attempting to expand radially results in breakage. 

WARNING: It is imperative that the lantern ring be 
aligned with liquid passageways. 

4, When last ring is in place, install and assemble gland 
halves. Tighten gland nuts evenly until barely snug. 
Then back off nuts and retighten finger-tight. Do not 
tighten to compress packing rings against shaft sleeve. 

See OPERATION, ST ART-UP CHECKS. At start-up pack
ing rings may leak substantially. A minimum leakage rate of 
2 drops each second is required to cool and lubricate pack
ing rings. 

At start-up excessive packing ring leakage is adjusted by 
tightening gland nuts one flat or one-sixth of a turn. Wait 
several minutes for leakage to stabilize, then check new 
leakage rate. 

PACKINGLESS STUFFINGBOX This design uses a shaft 
throttle sleeve and a surrounding throttle bushing. A pack
ingless stuffingbox is fully factory assembled and no field 
assembly is required. Piping connections are required 

PIPING _____________________________ _ 
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SUCTION AND DISCHARGE PIPING Use special care to 
prevent dirt, pipe scale, or welding residue from entering 
pump during installation. Thoroughly flush suction system 
before piping is connected. 

It is suggested that a suction screen be in place for at least 
the first 24 hours of operation. Install strainer into a spool 
piece and insert pressure gauges so that screen pressure 
drop can be monitored. 

1.2.23-19 
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STRAP SCREEN SUPPORT IS 
WELDED TO THE SCREEN 
AND PLATE. 

Fig. 15 Suction strainer example 

Install piping so that no piping loads are imposed. Allowable 
piping forces and moments are operational only and should 
not be used as justification for imposing excessive loads. 
Piping loads can adversely affect component life. 

BYPASS PIPING If pump is to be operated at reduced 
discharge, it will be necessary to install a bypass pipe from 
discharge back to suction source. This protects against 
damage caused by heat generated within pumpage, created 
by throttling the discharge line. 

CAUTION: Pump should not be operated below minimum 
flow. 

Install a minimum-flow orifice in bypass line to regulate flow 
and thus control amount of recirculation. 

AUXILIARY PIPING Auxiliary piping may be required for 
bearing lubrication, oil cooling, gland cooling, seal injection, 
stuffingbox drain, bearing bracket drain, or case drain. This 
piping is normally factory installed. Required connections 
are noted on the outline drawing. 

CAUTION: It is mandatory that piping from drain connec
tions create no back pressure. Refer to piping drawing(s) for 
specific water flow rate information. 

FINAL ALIGNMENT _______________________ _ 

1.2.23-20 

ALIGN AT OPERATING TEMPERATURE Final "hot" 
alignment is done only after pump system is brought to 
normal operating temperature. Do not make final attach
ments until this is done. See OPERATION. 

Perform a hot run and alignment check. 

MISALIGNMENT If realignment is required after hot run, 
loosen hold down bolts and adjust pump and/or driver as 
necessary. Recheck alignment. 
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BEARING LUBRICATION 

DESCRIPTION ________________________ _ 

STD BEARING CONFIGURATIONS: 
1. Single row ball with double row ball 
2. Sleeve ;ournal with ball 
3. Sleeve journal with pivot shoe 

OIL RING: Rotating ring used to carry oil from reser
voir to bearing. 

Fig. 16 Submerged oil cooler 

1.2.23-21 

LUBE SYSTEMS A number of bearings and lubrication 
systems are employed to suit application. Lubrication sys
tem variations are available for each bearing configuration. 
Choice depends on size, speed and service requirements. 
An integral oil ring lubrication system is standard. Refer to 
pump outline drawing for arrangement furnished. 

Oil rings are employed on every unit. A pressure lubrication 
system is added as required. Pivot shoe bearings necessarily 
have pressure oil delivery. 

Supplemental cooling can be added by placement of a sub
merged cooler into bearing oil reservoir and/or an outboard 
heat exchanger of a pressurized lubrication system. 

Coolant can be applied to seal circulation, stuffingbox and 
pedestal cooling. Additional equipment such as isolating 
valves, strainers, heat exchangers, controllers, alarms, and 
gauges may be supplied. See outline drawing and any refer
enced specific piping drawing. 

SUBMERGED COOLER The submerged cooler is a hol
low, finned casting tapped for water flow. It is placed into the 
oil reservoir beneath the bearing. Oil rings maintain oil circu
lation over the fins of the submerged cooler and deliver oil to 
bearings. 

HEAT EXCHANGER A pressurized lubrication system 
employs a heat exchanger. A variety of size combinations 
are available for specific heat transfer requirements. 

LUBRICATION HEATERS Some applications call for lub
rication heating. Heaters may be added to the external re
servoir of a pressure lubrication system or to the bearing oil 
reservoir. 

PRESSURE LUBE SYSTEM The main components of any 
pressurized lubrication system generally include: 

1. Oil pump 
2. External reservoir 
3. Filter 
4. Pressure regulating valve ,. 
5. Heat exchanger 
6. Pressure gauge 
7. Thermometer 

General pressure lubrication system requirements: 

1. Supply bearings at 8 - 12 psi (55.2 - 82.7 kPa), 
2. Use appropriate viscosity turbine-type neutral mineral 

oil, 
3. Maintain oil inlet temperature between 60° F and 170° F 

(15.6° - 76.7°C). 

A typical two oil pump pressure lubrication system normally 
includes switching controls. A reservoir-mounted motor
driven auxiliary oil pump provides pressure before the main 
pump is started and also acts as backup to the main pump 
shaft-driven oil pump. 
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NOTE: This illustration is 
for reference only and may 
differ from a special appli
cation. See specific outline 
drawing and piping draw
ings. 

COUPLING 

DRIVER 

._PRESSURE GAUGE 

' '· PRESSURE SWITCH , PRESSURE SWITCH PRESSURE SWITCH 
MAIN PUMP AUXILIARY OIL 

LOW PRESSURE 
ALARM 

RADIAL 
BEARING 

' 
START-UP PUMP 

HEAT 
EXCHANGER 

' PRESSURE 
GAUGE 

c:;.HERMOMETER -

MOTOR DRIVEN 
OIL PUMP 

PUMP - INTAKE FILTER 

- OIL RETURN 

EXTERNAL OIL RESERVOIR 

Fig. 17 Typical pressure lube system 
with primary and auxiliary oil pumps 

The pressure switch controls of a tyical application provide 
the customer with capability of: 

1. Sounding low oil pressure alarms, 
2. Delay of main pump start until lubrication system is 

operating, 
3. Shut off of motor-driven auxiliary oil pump after main 

pump shaft-driven oil pump is operating, 
4. Switch on of motor-driven auxiliary oil pump upon fail-

ure of main pump shaft-driven oil pump. 

NOTE: Controls provided are switches only. Customer must 
provide appropriate interface wiring with motor starter con
trols to obtain desired functions. 

MOTOR-GEAR DRIVEN LUBE SYSTEM Pressurized oil 
delivery to motor-gear driven pump bearings is typically 
provided by an integral lubrication system of the gear unit. 
See pump outline drawing. 

INSPECT AND CLEAN _______________________ _ 
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REMOVE BEARINGS Prior to shipment bearings were 
coated with an oil soluble rust preventive. 

Remove pump bearings before flushing the lubrication sys
tem. Bearing removal is required to prevent dirt from lodging 
in the bearings during a flush and subsequent damage at 
start-up. 

Handle bearing components with clean dry hands and with 
clean rags. Lay bearings on clean paper and keep covered or 
wrapped with plastic film or oil-proof paper. 

BALL BEARINGS Don't wash a new ball bearing - it is 
already clean and the coating should not be removed. Bear
ings should be washed only when necessary. 

1.2.23-22 
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SLEEVE BEARINGS Note match marks on sleeve bear
ings before removal. This will aid replacement to original 
position after flush operation is complete. 

FLUSH SYSTEM Flush entire lubrication system before 
adding lubricant. 

NOTE: Remove pump bearings before flush operation. 
Lodged dirt can seriously damage bearings upon start-up. 

Flushing is done with kerosene or a safety solvent. Flush the 
bearing housings, piping, cooler and reservoir by operating 
the auxiliary lube oil pump. Remove cleaning fluid before 
filling with oil. 

INSTALL BEARINGS Wipe up with clean rags any residue 
of cleaning fluid from bearing housings before bearing reas
sembly. Observe clean conditions while installing bearings. 
Give bearings a generous coating of recommended lubri
cant at time of installation. This will assure protection during 
the first moments of start-up. 

OIL FILL, NONPRESSURIZED SYSTEM$ _______________ _ 

Fig. 18 Oil level plate 

LEVEL ADJUSTER 

CROSS ARM 

Fig. 19 Level adjuster 

CONSTANT LEVEL OILER Refer to oil level plate mounted 
on bearing housing. The plate calls out oil level in inches 
below shaft centerline. Oil level of constant level oiler is 
compared to this oil fill level. 

Fill bottle of constant level oiler, insert onto lower reservoir of 
oiler and allow oil to flow into bearing reservoir. Several 
fillings of bottle may be required before oil level of bearing 
reservoir is equal to level for which oiler is adjusted . 

NOTE: Never fill bearing reservoir through lower reservoir of 
oiler. 

Correct oil level, as noted on oil level plate, brings oil level to 
just above inside diameter of oil ring. 

As an alternative to oiler-only filling, the greater volume of oil 
can be introduced directly into the bearing housing. Finish 
by filling the oiler bottle until oil level of bearing reservoir is 
equal to level for which oiler is adjusted. 

BEARING HOUSING OIL CAPACITY 

housing' w/cooler2
' w/o cooler' oil level3 

#1 
drive 16.0 oz ( .47 L) 20.0 oz ( .59 L) 

thrust 32.0 ( .95 

#
2 

drive 20.8 ( .62 

thrust 51.2 (1.51 

j 3 drive 44.8 (1.32 
# thrust 86.4 (2.56 

Notes: 1 Drive and thrust housings. 

'With submerged cooler. 

) 40.0 (1.18 

) 25.6 ( .76 

) 60.8 (1.80 

) 49.9 (1.48 

) 96.0 (2.84 

3 Distance 1rom shalt cen1erline to oil level. 

'U.S. fluid ounce (litre). 
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A constant level oiler is adjusted at factory prior to shipping 
but should be checked before use. If it becomes necessary 
to adjust oil level, remove bottle from oiler and lift level 
adjuster from lower reservoir. Slightly raise the crossarm, 
secure with the lock, then replace adjuster and bottle. Check 
new level and readjust as required. 

PRIME OIL PUMP _______________________ _ 

PRESSURIZED SYSTEMS The main shaft driven oil pump 
requires priming before operation of the pressure lubrica
tion system. Loosen vent of oil pump and tighten when 
emitted oil runs clear. 

RECOMMENDED LUBRICANT/ALARM SETTINGS ____________ _ 

GENERAL To ensure maximum bearing life, use a turbine
type neutral mineral oil. The oil must not contain any free 
acid, chlorine, sulphur, or more than a trace of free alkali. 
Viscosity choice depends on operating temperature. 

VISCOSITY, NORMAL TEMP OPERATION Under normal 
operating conditions, with oil temperatures between 120 
and 150° F (49-65.6°C), choose ISO/ASTM viscosity grade 
32 {SUS viscosity grade 150@ 100°F). 

ALARM SETTINGS, NORMAL TEMP OPERATION When 
ISO VG 32 is used, the maximum oil temperature {shutdown 
setting) is 160°F {71.1°C). If a high oil temperature alarm is 
used, set it at 155° F (68.3° C). If a high bearing {sleeve type) 
temperature alarm is used, set it at 190°F {87.7°C). Pump 
must be shut down when bearing temperature exceeds 
200°F {93.3°C). 

VISCOSITY, HIGH TEMPERATURE OPERATION Choose 
ISO/ ASTM viscosity 68 {SUS viscosity grade of at least 235, 
300 recommended @ 100° F) when oil temperature is be
tween 160 and 170°F (71.1 - 76.?°C). 

ALARM SETTINGS, HIGH TEMP OPERATION When ISO 
VG 68 is used the maximum oil temperature {shutdown 
setting) is 180° F (82.2° C). If a high oil temperature alarm is 
used, set it at 170° F (76.7° C). If a high bearing (sleeve type) 
temperature alarm is used, set it at 230°F {110°C). Pump 
must be shut down when bearing temperature exceeds 
240°F (115.6°C). 

INTERCHANGEABLE LUBRICANT$ _________________ _ 
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LUBRICANT CHOICE Listing of a product does not indi
cate quality of lubricant nor what performance can be ex
pected under a particular set of operating conditions. 
Further information should be sought from a Bingham
Willamette representative or oil company application engi
neer. 

INTERCHANGEABLE LUBRICANT CHART Two ISO/ 
ASTM viscosity grade listings are given: (1) Products with 
nominal ISO VG 32@ 40°C, application 120 to 150°F (49 
-65.6° C); and (2) Products with nominal ISO VG 68@40° C, 
application 160 to 170°F (71.1 -76.6°C). 

Previous product notations, generally SUS viscosity grade, 
are indicated by parenthesis enclosure. 
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- IIO/UTI VIICOIITY &HOE 3t IIO/UTI VIICOIITY IRADE 11 - SUPPLIER VIICOIITY, 2U -:11.2 di@ 104°1 VISCOSITY: 11.2 - 74.1 ell@ 104°1 
11411 -llt BUS@ 1DD°FI 1317-!alUl@lllll"fl 

AMERICAN OIL AND •pa ISO VG 32 •PQ ISO VG 68 
SUPPLY CO iPO LUBE C-1021 (PO LUBE C-105) 

ASHLAND ETC (R&O) 15 ETC (R&O) 30 
VALVOLINE "AW 15 "AW30 

ATLANTIC DURO S-150 DURO S-315 
RICHFIELD "DURO AWS-150 "DURO AWS-315 

BP OIL CORP ENERGOL HL-C32 ENERGOL HL-C68 
ENERGOL HL-65 ENERGOL HL-100 

"ENERGOL HLP-C32 "ENERGOL HLP-C68 

CITIES SERVICE PACEMAKER 15 PACEMAKER 30 
"AIW HYDRAULIC 15 • A/W HYDRAULIC 30 
"PACEMAKER XD-15 "PACEMAKER XD-30 

PACEMAKER T-30 

COOK'S INDUSTRl,\L "ALBAVIS B "ALBAVIS 20 
LUBRICANTS 

EXXON TERESSTIC 32(43) TERESSTIC 681521 
NUTO 32143) NUTO 681531 

"NUTO H-32(44) 0 NUTO H-68(54) 

FISKE BROS "LUBRIPLATE "LUBRIPLATE 
REFINING HYDRAULIC #0 HYDRAULIC #2 

GULF OIL HARMONY 44 HARMONY 53 
"SECURITY 43AW 0 SECURITY 54AW 
"HARMONY 32AW (43AW) 0 HARMONY 68AW (54AW) 

E F. HOUGHTON CO 0 HYDRO-DRIVE HP-150 0 HYDRO-DRIVE HP-300 
HYDRO-DRIVE MIH LIGHT HYDRO-DRIVE MIH · 20 
COSMOLUBRIC 515 COSMOLUBRIC 530 

A MARGOLIS •up 100-15-7 "HP. 100-30-7 
& SONS 

MOBIL OTE LIGHT DTE HEAVY MEDIUM 
DTE 797 "DTE 26 

"DTE 24 ETNA 26 
ETNA 24 

SHELL TURBO 32(25) TURBO 68(33) 
"TELLUS 321251 0 TELLUS 68(33) 

STEWART WARNER "HYDRAULIC HD #0 "HYDRAULIC HD #2 
AtEMITE DIVISION 

SUN SUNVIS 916 SUNVIS 931 
SUN R&O 150 SUN R&O 300 

"SUNVIS 706 "SUNVIS 754 

TEXACO RANDO 321AJ RANDO 681C) 
"RANDO HD 32 !HD Ai "RANDO HO 68 !HOC) 

WHITE & BAGLEY SUPER HYDRAULIC 150 SUPER HYDRAULIC 300 
"EP HYDRAULIC 150 "EP HYDRAULIC 300 

Fig. 20 Lubricant suppliers 

MAINTENANCE 

--
1.2.23-26 

Antiwear products are noted with an asterisk ( ·). 

Products listed are designated as hydraulic and general 
purpose oil, rust and oxidation inhibited. 

ADD OIL Monitor oil level and refill oiler or reservoir as 
required. A sudden drop of oil level may indicate a leak. Stop 
operation and inspect unit. 

OIL CHANGES Oil is subject to gradual deterioration from 
dirt and moisture. Accumulated sludge is harmful to bear
ings. Moisture caused by condensation contributes to ac
celerated bearing wear. 

Periodically, remove plug and drain used oil. Then flush 
lubrication system and refill with new oil. Oil change inter
vals vary according to actual operating conditions. Under 
normal conditions oil should be changed after twelve 
months of operation. 

Change oil of non-filtered systems 24 hours after initial 
start-up. 

FILTER ELEMENTS Replaceable filter elements are re
placed when differential pressure indicates that the filter 
element is clogged. Refer to filter manufacturer's recom
mendations for change point pressure drop. 
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OPERATION 

PRE-START--------------------------
Also see INSTALLATION. 

1. Clean the unit. Be certain to remove any drying agents. 

2. Determine tightness of bolted flange connections. Review 
external connections and function. 

3. Inspect piping for correct installation. 

4. Verify shaft freely rotates. 

5. Be certain driver and coupling is installed according to man
ufacturer's instructions. 

6. Provide adequate lubrication. See BEARING LUBRICATION. 

STARTING PROCEDURE ____________________ _ 

HOT SERVICE When pumpage is hot over 300°F (149°C), the 
pump case should be heated before start-up. Circulate a small 
amount of hot liquid (induced pumpage is preferable) through 
pump until within 100° F (38° C) of product temperature. 

PRIME OIL PUMP The main pump shaft driven oil pump re
quires priming before operation of the pressure lubrication sys
tem. Loosen vent of oil pump and tighten when emitted oil runs 
clear. 

--

COOLANT AND LUBE SERVICES Activate coolant and lubri- A 
cation systems. Follow manufacturer's instructions. W 
PRIME Before starting any centrifugal pump the case and sue- A 
tion piping must be completely filled with liquid. The liquid lubri- W 
cates rotating parts within the pump. Damage can be caused if 
operated dry. 

With discharge valve closed, slowly open pump suction valve to 
allow pumpage to enter pump. 

1. When p.ump is located below suction level source, open vents 
to release trapped air or vapor, and pump will prime itself. Full 
prime is indicated when vented liquid no longer contains 
bubbles. 

2. When pump is located above liquid level of pumpage, an 
ejector or other means must be provided to evacuate air or 
vapor from pump case. 

NO TE: Bleed air from any seal circulation piping. Damage to seals 
may be caused by absence of liquid. 

3. Once suction valve is fully open, set discharge valve to ap
proximately 10 percent open. A minimum flow bypass line 
may be used for start-up purposes. 

NOTE: When pump is located above suction source, the dis
charge valve cannot be opened until driver has been started, since 
this would cause loss of prime. 

START-UP Start pump and bring immediately to operating 
speed. As soon as pump begins to develop discharge pressure, 
start slowly opening discharge valve. Avoid making any abrupt 
change in discharge velocity in order to prevent surging within 
piping. Surging can cause serious damage. 

19 
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START-UP CHECKS 

CAUTION: Turbine driven pump systems must be brought to 
immediate operating speed. Damage may occur at less than 1,500 
rpm due to lubrication failure. f); 
NOTE: Pump should produce pressure at discharge as soon as 
rated operating speed is reached. If not, shut down immediately. 

As soon as pump stops, open vent valves and reprime. 

CAUTION: Do not operate against closed discharge valve, unless 
pump is equipped with bypass piping. 

CAUTION: Never attempt to control pump output by throttling 
suction valve. Use of suction valve as a throttle causes cavitation 
damage. 

BYPASS If pump is required to operate at less than design 
output it is necessary to utilize a bypass line. Consult with a 
Bingham-Willamette representative. 

LEAKAGE Periodically check for leakage at stuffing box. Excess
ive mechanical seal leakage indicates wear or damage. 

Watch for any signs of leakage at suction and discharge lines and 
auxiliary piping. 

PACKING RING LEAKAGE At start-up packing rings may leak 
substantially. A minimum leakage rate of 2 drops each second is 
required to cool and lubricate packing rings. 

Correct excessive packing ring leakage by evenly tightening 
gland nuts one flat, one-sixth of a turn. Wait several minutes for 
leakage to stabilize, then check new leakage rate. f 
OIL TEMP/LEVEL Monitor bearing oil temperature and level. 
See BEARING LUBRICATION. If oil temperature exceeds maxi-
mum allowable, shut unit down immediately. 

OIL PRESSURE Monitor oil pressure on units so equipped. 
Adjust pressure relief valve as necessary. 

SUCTION STRAINER Observe pressure drop across suction 
strainer. Some drop is normal, even when screen is clean. Watch 
for any increase in pressure drop that indicates accumulation of 
debris. Strainer must be cleaned if there is an increase of 5 psi 
(34.5 KPa) pressure drop. Leave strainer in line for at least first 24 
hours of operation, then remove if system is clean. 

SHUTDOWN The pump should be shut down rapidly to prevent 
internal parts from running dry and seizing. Turbine-driven units 
in particular must be shut down rapidly. If possible, it is recom
mended that the overspeed trip switch be manually tripped. 

ALIGNMENT Final alignment is done only after all components 
are brought to normal operating temperature. See INSTALLATION. 

EXTENDED SHUTDOWN----------------------

PERIODIC RESTART If possible, a standby lube system should 
be started once every two weeks and run for 20 minutes. This will 
prevent condensation from accumulating. 

20 

STANDBY SERVICE When pump is on standby for instant start
up service, it should be kept ready by circulating pumpage. Main
tain any coolant services. 

1.2.23-27 



-FREEZE DAMAGE Exposure to freezing temperatures requires 
care to prevent liquid from freezing within pump. Drain all cooling A 
jackets to prevent freeze damage. • 

NO TE: The inner case cannot be completely drained. 

LUBRICATION A pump shut down for more than 30 days must 
have bearings relubricated before start-up. Apply oil directly to 
shaft and bearings. 

CAUTION: Failure to relubricate bearings before start-up may 
result in scored bearings! 

1.2.23-28 
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MAINTENANCE 

MECHANICAL SEAL----------------------

A mechanical seal may be removed for inspection and re
placement wihout disturbing the pump and driver. This may 
be done without disturbing the case. Removal of any neces
sary auxiliary piping, bearings, bearing housings, and spacer 
coupling is required. See DISASSEMBLY. 

Be sure to follow seal manufacturer's instructions for instal
lation and maintenance. See the seal manufacturer's draw
ing for correct assembly and seal setting. New O-rings, 
springs and faces should be installed. 

DISASSEMBLY, GENERAL ____________________ _ 

PRELIMINARY Be certain pump has been isolated. Close 
suction, discharge and auxiliary piping valves. 

Lock power breakers to off position. 

Drain pump case and bearing housings. 

If rotating element will be removed, disconnect all piping, 
instrumentation or leads from bearing housings and case 
ends. 

If furnished, remove the constant level oiler to prevent 
breakage. 

Disconnect pump-to-driver coupling and remove any cou
pling spacer. (Limited thrust bearing maintenance can be 
performed with coupling in place). 

It is not necessary to disconnect suction and discharge lines 
or any auxiliary piping that is connected to the outer case. It 
is not necessary to disturb position of driver or outer case. 

TOOLS AND PROCEDURES A variety of equipment is 
required to remove the pump. Specific requirements differ 
according to location, physical surroundings and size of 
each pump. Review entire removal procedure in advance to 
determine what equipment and disassembly procedures are 
necessary. 

INNER CASE REMOVAL Removal of inner case requires 
special tools and equipment. Each pump receives a kit of a 
dismantling fixture, crossbars, spacers, eyebolts, and jack
screws. 

Refer to specific pump cross section drawing and parts list. 

WARNING: Check rotation of pump. Note that threaded 
components of shaft are normally tightened against rota
tion, removed with rotation. 

All parts should be protected. Larger parts should be placed 
in a protected area and wrapped in cloth or plastic. Smaller 
parts should be placed in bags or boxes. 

PACKINGLESS STUFFINGBOX -------------------

DISMANTLING Refer to pump cross section drawing and 
parts list. Throttle bushing and shaft sleeves are removed 
after rotating element has been pulled from case. 

1.2.23-29 
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from specific application. 

Fig. 21 Typical pivot shoe thrust and sleeve journal bearing, drive end 
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PACKING----------------------------
REMOVE PACKING Remove gland nuts and gland ring 
halves. Use a hooked wire to pull packing and lantern rings 
from the stuffingboxes. 

DISASSEMBLY, PIVOT SHOE THRUST BEARING & MECHANICAL SEAL$ ____ _ 

1.2.23-31 

1. Carefully remove and store any vibration probes, key-
phasor probes, or bearing temperature detectors. 

DRIVE END: 

2. Remove coupling spacer. 

3. Remove coupling by loosening socket head setscrew in 
shaft extension nut and remove nut. 

4. Remove coupling hub with use of a puller. Some moder
ate heating of hub may be required. Avoid damage to 
sealing ring. 

5. Loosen setscrews of inboard and outboard deflector 
discs. 

6. Remove outboard deflector disc. 

7. Insert a seal setting spacer between seal drive collar and 
seal gland. See seal manufacturer's instructions for seal 
setting dimension. 

8. Loosen socket head setscrews of seal drive collar. 

THRUST END: 

9. Loosen setscrew of inboard deflector disc and move 
away from bearing housing. 

10. Insert a seal setting spacer between seal drive collar and 
seal gland. 

11. Loosen socket head setscrews of seal drive collar. 

12. Loosen capscrews of thrust bearing cover and remove 
only the capscrews which go into upper half housing. 

13. Remove two taper pins located at split line of top and 
bottom of bearing housing. 

14. Remove capscrews holding bearing housing halves to
gether. 

15. Using eyebolts, lift off bearing housing upper half. 
Lower onto a flat surface, padded with cloth to protect 
the flange surface. 

16. Remove all exposed thrust bearing shoes. Rotate base 
ri'lgs, lifting drive keys out of their slots in the bearing 
housing to expose another set of shoes. Remove these 
shoes. Now rotate base rings back so split lines of rings 
align with housing flange, then lift off top halves of base 
rings. 

17. Rotate bottom halves of base rings out of the housing, 
removing thrust shoes as exposed until base rings can 
be removed. Be sure to keep matched halves together. 

NOTE: Wrap each shoe individually in soft mater,a/ to pro
tect the babbit face. Shoes should be kept in order so that 
they can be replaced in the same slots. 

25 
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continued: Disassembly, Pivot Shoe Thrust Bearing & Mechanical Seals 

18. Remove remaining capscrews of thrust bearing cover 
and remove end cover along with any attached oil pump 
or speed transmitter. 

19. Loosen setscrews ,f thrust bearing locknut and remove 
locknut. 

20. Remove thrust bearing collar. 

21. Remove thrust bearing drive key. 

22. Remove adjusting plate. 

23. Remove socket head capscrews and dowels of bearing 
shells. Lift off top half. 

24. Move oil rings from bearing and rest on shaft. 

25. Lift shaft slightly and remove lower bearing shell half. 

26. Remove taper pins from lower bearing housing to pump 
bracket. 

27. Remove capscrews of bottom thrust bearing housing 
half. Lower housing and remove. 

28. Remove seal ring. 

29. Remove oil rings. 

30. Remove inboard bearing cover. 

31. Remove inboard deflector disc. 

32. Loosen and remove 4 hex head nuts and washers from 
mechanical seal gland. 

33. Check that spacers are in place between seal drive collar 
and gland, then remove mechanical seal. 

DRIVE END: 

34. Remove two taper pins located at split line of top and 
bottom of bearing housing. 

35. Remove capscrews holding bearing housing halves to
gether. 

36. Using eyebolt, lift off bearing housing upper half. Lower 
onto a flat surface, padded with cloth to protect the 
flange surface. 

37. Remove socket head capscrews and dowels of bearing 
shells. Lift off top half. 

38. Move oil rings from bearing and rest on shaft. 

39. Lift shaft slightly and remove lower bearing shell half. 

40. Remove two taper pins of lower bearing housing to 
pump bracket. 

41. Remove capscrews of bottom thrust bearing housing 
halt. Lower housing and remove. 

42. Remove outboard end cover. 

43. Remove oil rings. 

44. Remove inboard end cover. 

45. Remove inboard deflector disc. 

46. Loosen and remove 4 hex head nuts and washers from 
mechanical seal qland. 

27 
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NOTE: This illustration is for reference only and may differ 
from specific application. 

Fig. 23 Typical ball thrust and sleeve journal bearing, drive end 
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47. Check that spacers are in place between seal drive collar 
and gland, then remove mechanical seal. 

See INNER CASE REMOVAL. 

DISASSEMBLY, 
BALL THRUST AND SLEEVE JOURNAL BEARINGS & MECHANICAL SEALS 

1. Carefully remove and store any vibration probes, key-
phasor probes, or bearing temperature detectors. 

DRIVE END: 

2. Remove coupling spacer. 

3. Remove coupling by loosening socket head setscrew in 
shaft extension nut and remove nut. 

4. Remove coupling hub with use of a puller. Some moder
ate heating of hub may be required. Avoid damage to 
sealing ring. 

5. Loosen setscrews of inboard and outboard deflector 
discs. 

6. Remove outboard deflector disc. 

7. Insert a seal setting spacer between seal drive collar and 
seal gland. See seal manufacturer's instructions for seal 
setting dimension. 

8. Loosen socket head setscrews of seal drive collar. 

THRUST END: 

9. Loosen setscrew of inboard deflector disc and move 
away from bearing housing. 

10. Insert a seal setting spacer between seal drive collar and 
seal gland. 

11. Loosen socket head setscrews of seal drive collar. 

12. Loosen capscrews of thrust bearing cover and remove 
only the capscrews which go into upper half housing. 

13. Remove two taper pins located at split line of top and 
bottom of bearing housing. 

14. Remove capscrews holding bearing housing halves to
gether. 

15. Using eyebolt, lift off bearing housing upper half. Lower 
onto a flat surface, padded with cloth to protect the 
flange surface. 

16. Remove remaining capscrews of bearing cover. Re
move cover and shim set along with any attached oil 
pump or speed transmitter. 

17. Bend tab of lock washer out of bearing mounting sleeve. 
Remove capscrew and lockwasher. 

18. Slip oil ring sleeve and oil ring off shaft. 

19. Remove bearing and retainer ring. Apply even pressure 
to inner race. 

29 
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Fig. 24 Typical ball thrust and sleeve journal bearing, thrust end 
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continued: Disassembly, Ball Thrust & Sleeve Journal Bearings & Mechanical Seals 

DISASSEMBLY, 

20. Remove bearing shim set. noting position for reassem
bly. 

21. Remove socket head capscrews and dowels of bearing 
shells. Lift off top t alf. 

22. Move oil rings from bearing and rest on shaft. 

23. Lift shaft slightly and remove lower bearing shell half. 

24. Remove taper pins from lower bearing housing to pump 
bracket. 

25. Remove capscrews of bottom thrust bearing housing 
half. Lower housing and remove. 

26. Remove oil rings. 

27. Remove inboard end cover. 

28. Remove inboard deflector disc. 

29. Loosen and remove 4 hex head nuts and washers from 
mechanical seal gland. 

30. Check that spacers are in place between seal drive collar 
and gland, then remove mechanical seal. 

DRIVE END: 

31. Remove two taper pins located at split line of top and 
bottom of bearing housing. 

32. Remove capscrews holding bearing housing halves to
gether. 

33. Using eyebolt, lift off bearing housing upper half. Lower 
onto a flat surface, padded with cloth to protect the 
flange surface. 

34. Remove socket head capscrews and dowels of bearing 
shells. Lift off top half. 

35. Move oil rings from bearing and rest on shaft. 

36. Lift shaft slightly and remove lower bearing shell half. 

37. Remove two taper pins of lower bearing housing to 
pump bracket. 

38. Remove capscrews of bottom thrust bearing housing 
half. Lower housing and remove. 

29. Remove outboard end cover. 

40. Remove oil rings. 

41. Remove inboard end cover. 

42. Remove inboard deflector disc. 

43. Loosen and remove 4 hex head nuts and washers from 
mechanical seal gland. 

44. Check that spacers are in place between seal drive collar 
and gland, then remove mechanical seal. 

See INNER CASE REMOVAL. 

BALL THRUST AND BALL RADIAL BEARINGS & MECHANICAL SEALS _____ _ 

1. Carefully remove and store any vibration probes. key
phasor probes, or bearing temperature detectors. 
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DRIVE END 

NOTE: This illustration is for reference only and may differ 
from specific application. 

Fig. 25 Typical ball thrust and ball radial bearing 
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continued: Disassembly, Ball Thrust & Ball Radial Bearings & Mechanical Seals 

DRIVE END: 

2. Remove coupling spacer. 

3. Remove coupling by loosening socket head setscrew in 
shaft extension nut and remove nut. 

4. Remove coupling hub with use of a puller. Some moder
ate heating of hub may be required. Avoid damage to 
sealing ring. 

5. Loosen setscrews of inboard and outboard deflector 
discs. 

6. Remove outboard deflector disc. 

7. Remove capscrews holding inboard end cover to hous
ing. 

8. Move aside inboard deflector disc and inboard end 
cover. 

9. Engage oil ring with a wire hook inserted through oil 
inspection hole. Lift oil ring onto bearing cover projec
tions. This will prevent oil rings from hanging up and 
resultant damage during bearing housing removal. 

10. Carefully remove bearing housing. 

11. Remove locknut and washer. 

12. Pull bearing with suitable puller, applying pressure to 
inner race. 

13. Remove oil ring. 

14. Remove oil ring sleeve. 

15. Remove end cover. 

16. Remove deflector disc. 

THRUST END: 

17. Repeat bearing removal steps given for driver end. 

See INNER CASE REMOVAL. 
INNER CASE REMOVAL _____________________ _ 

PRELIMINARY Bearings and bearing housings must be 
removed before inner case is removed. See disassembly 
instruction section appropriate to specific configuration. 

The inner case is pulled from the thrust end of the outer case. 
The drive end outer case cover need not be removed until 
pump reassembly. 

NOTE: Protect shaft bearing surfaces. 

THRUST END: 

1. Remove nuts from outer case thrust end cover. 

2. Attach a hoist to eyebolt of outer case thrust end cover. 

3. Equally tighten jackscrews to break joint. 

4. Carefully pull end cover away from outer case, support
ing end cover by hoist. 

5. Remove antirotation pin and end cover to inner case 
shims, noting position for reassembly. 

6. Install eyebolts in tapped holes of inner casing. 
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NOTE: This illustration is for reference only and may differ 
from specific application. 

Fig. 26 IMO lube pump options 
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OUTER CASE 

INNER CASE 

PULLING DEVICE 

DISMANTLING FIXTURE 

Fig. 27 Inner case removal 

7. Mount dismantling fixture on end cover studs. Secure 
by installing spacers, then nuts on three studs. Place 
one spacer-nut on the bottom stud and position the 
other two equidistant, 90 degrees from the bottom stud. 

8. Place a jack or other support under the outer end of the 
dismantling fixture. Level the fixture. 

9. Rig a mechanical advantage pulling device between the 
dismantling fixture crossbars and eyebolts installed in 
end of inner case. 

10. Apply a small amount of grease to dismantling fixture 
surfaces which inner case will contact. 

11. Draw inner case from outer case and into dismantling 
fixture. During pull, use a bar leveraged between inner 
case and dismantling fixture in order to keep projection 
of inner case bottom on track of fixture. 
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NOTE: This illustration is for reference only and may differ 
from specific application. 

Fig. 28 Typical 9-stage CP inner case 
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ROTATING ELEMENT REMOVAL 

NOTE: Components and procedures referenced here may 
differ from a specific appltcation. Parts orders and ()ther 
assured identification must be made by use of specific cross 
section and parts list. 

Move inner case to a V11crk station by rigging a sling around 
the case. 

NO TE: Do not lift inner case and rotating element assembly 
by a sling placed under the shaft. 

1. Remove inner to outer case gasket. 

2. Unfasten inner case bushing and remove. 

3. Remove taper pins from case split line. 

4. Remove case nuts. 

5. Install and equally tighten jackscrews to break joint. 

6. Utilize installed eyebolts to carefully lift off case top half. 
Lower onto a flat surface, padded with cloth to prevent 
damage to flange surface. 

NOTE: Flange surfaces of the case halves are precisely 
machined and lapped. Take every precaut,on to prevent 
damage. 

7. Remove the top half of a split center stage piece. (Rotat
ing element may have to be lifted a few inches to provide 
access.) 

8. Use a suitable rope sling to lift rotating element from 
case lower half. Place slings around shaft just inboard of 
stuffingboxes. Apply a slight strain to sling and use a bar 
under the shaft to free case rings. Shaft distortion can be 
caused by any binding of parts during removal. Be care
ful that the bottom half of a split center stage piece does 
not fall free. 

9. Place rotating element on three "V" bocks, supported 
under two ends and center. 

NOTE: Rotating element assembly should be moved to a 
mamtenance shop where proper facilities are available for 
further disassembly. 

INSPECTION--------------------------

1,2.23-43 

NOTE Also see ROTA TING ELEMENT OISASSEMBL Y 
AND INSPECTION. 

CLEAN AND INSPECT After pump disassembly, clean 
parts 1n solvent ( not mechanical seal) and inspect for wear or 
damc1ge. Inspect bearings, shaft sleeves, wear rings. throttle 
bushings. seal parts, and stage pieces. 

All running clearances (wear rings, etc.) must be accurately 
measured for excessive wear. No damaged or excessively 
worn parts should be re-used. 

Grooves and bores within case halves must be clean and 
free of burrs so that wear rings and throat bushings s-?at 
properly. 

If pump is not immediately reassembled protect machired 
surfaces against rust. A thin application of light machine oil 
1s normally adequate for short-term storage. 
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Bore diameter of sleeve 
bearing Clearance 

at running clearance min to max 

1.50 - 2.99 in. .003 - .004 in. (.076 - .102 mm) 
3.00 - 4.49 .004 - .005 (.102 - .127 ) 
4.50 - 5.49 .005 - .006 (.127-.152 ) 
5.50 - 6.99 .006 - 007 (.152 - .178 ) 

Fig. 29 Sleeve bearing clearance 
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PIVOT SHOE THRUST BEARING Carefully inspect every 
thrust bearing shoe. Shoes should be replaced if they show 
extreme wear, scratches or "smearing" of the babbitt. New 
and used shoes should not be mixed. If a shoe is replaced, 
replace all on that side of bearing. 

Inspect both sides of thrust bearing collar. Running surfaces 
should be very smooth. Rough surfaces can be ground or 
lapped to 16 AA if proper equipment is available. Grinding or 
lapping the collar will affect pump end movement, therefore 
be sure to check end movement. Also check runout of a 
reworked collar when it is reinstalled on shaft. 

If thrust collar was reworked, a runout check should be run 
on both sides. Mount a dial indicator to any fixed location to 
run against collar bearing mating surfaces. Rotate element 
360 degrees. The runout must not exceed .001 in. (.025 mm) 
TIA. If runout exceeds limit, collar must be reworked or 
replaced. 

SLEEVE JOURNAL BEARINGS Carefully inspect all sleeve 
journal bearings. Minor irregularities can be removed with a 
scraper. Never use abrasive materials to smooth bearing 
surfaces. Replace if there is extreme wear, scratches or 
"smearing" of the babbitt. Never mix new with worn, replace 
both halves. 

Allowable sleeve journal bearing to shaft diametrical clear
ance depends on shaft diameter (Fig. 29). 

BALL BEARING It is generally considered good practice 
to replace ball bearings during a major overhaul. Estimated 
bearing life for a specific application will provide guidance. 

BEARING HOUSING Check all bearing housing fits for 
burrs and irregularities. Dress down any metal that will inter
fere with proper fit of machined surfaces. Remove all old 
sealer from housing flanges. 

WEAR RING A measurement rule of thumb is to replace 
when the diametrical clearance between running parts ex
ceeds 140 percent of design clearance. A minimum of 85 
percent total wear surface must "clean up" to the acceptable 
wear diameter and the balance must not vary more than .002 
in (.051 mm). 

THROTTLE BUSHING, CENTER BUSHING A measure
ment rule of thumb is to replace when the diametrical clear
ance between running parts exceeds 125 percent of design 
clearance. A minimum of 85 percent total wear surface must 
"clean up" to the acceptable wear diameter and the balance 
must not vary more than .002 in. (.051 mm). 

MECHANICAL SEAL The sealing surfaces of mechanical 
seals are highly polished and optically flat. Care must be 
used to keep these surfaces perfectly clean and free from 
substances that would mar seal faces. 

Before completing seal installation, wipe lapped sealing fa
ces of seat and washer perfectly clean. 

Be sure to follow seal manufacturer's instructions for install
ation and maintenance. See the seal manufacturer's drawing 
for correct assembly and seal setting. New O-rings, springs, 
and faces should be installed. 
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ROTATING ELEMENT DISASSEMBLY AND INSPECTION----------
NOTE: As dismantling proceeds it is essential that wear 
parts be marked as to relative placement. 

NOTE: This illustration is for 
reference only and may differ 
from specific application. 

~ THRUST RING 
. ~SHAFT SLEEVE 

THROTTLE BUSHING 

STAGE PIECE 
CASE RING 

\_ L,~PELLER R'ING 
--IMPELLER 

Clean and polish shaft ahead and behind impellers during 
dismantling. 

IMPELLER REMOVAL 

1. Some pumps are equipped with shaft nuts. These shaft 
nuts are right and left hand thread, tightening against 
rotation. They are locked against reverse rotation by 
socket head setscrews. Loosen setscrews and use a 
spanner wrench to unscrew shaft sleeve nuts. 

THRUST END: 

2. Use heat to remove throttle sleeve. 

3. Remove throttle sleeve key. 

4. Dress shaft at throttle sleeve location. 

5. Use a "soft" flame to heat impeller. Use wet cloths to 
keep shaft cool while heating impeller. Begin at outer 
perimeter of impeller and work toward center, heating 
the hub last. 

Slide impeller towards center, remove any split thrust 
rings and remove impeller. (If a soft hammer is used, be 
sure to tap only the face of the ring fit area.) 

Mark or tag each impeller with stage location identifica
tion in preparation tor reassembly. 

Check that shaft is adequately cool before removal of 
next impeller. 

Cont.inue to remove impellers from thrust end, up to 
center stage piece. 

6. Remove any unsplit center stage piece and center stage 
sleeve. 

DRIVER END: 

7. Turn shaft end for end and remove remaining impellers 
from shaft. 

CASE RING 
IMPELLER R~ 
IMPELLER\ 

SETSCREW 'iN:UY 
KEY~ 

-~ . . -

STRAIGHT EXTENSION 

Fig. 30 Typical CP 9-stage rotating element 

TAPER EXTENSION 
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largest case 
ring ID 

40 

smallest diametrical 
impeller = clearance 
ring OD 

SHAFT Inspect pump shaft for burrs or scratches. Care
fully file off burrs and smooth resulting file marks with cro
cus cloth. Polish shaft with crocus cloth at location of im
peller, seal, coupling, bearing, and shaft sleeve. 

The shaft must be handled with care and supported evenly 
throughout its length to insure straightness. Avoid bumping, 
hitting, or springing the shaft. 

Shaft straightness must be within .002 in. (.051 mm) TIA 
maximum for applications upto3600 rpm, .001 in. (.025 mm) 
TIA maximum for above 3600 rpm. Rest shaft on precision 
rollers at shaft bearing locations. Use dial indicator to de
termine runout at impeller and seal locations. 

IMPELLER Inspect impeller for wear or damage. Particu
larly look for cavitation marks (pits) in the suction opening, 
erosion of vanes and cracks in the shroud. Minor irregulari
ties may be smoothed with a fine file and crocus cloth. 

DESIGN CLEARANCES Bingham Standard Clearances 
are regularly used on pump types CP and CPA. API 610 
Standard Clearances are provided when customer specified. 

Interstage bushings and sleeves are considered as bearings 
and these components are ordinarily furnished to Bingham 
Standard Clearance, even when the wear ring design clear
ance is specified to API 610 Clearances. Customer require
ments or operating conditions may also require interstage 
bushings and sleeves to be furnished to API Clearances. 

The use of running clearances larger than original manufac
tured clearance will result in an efficiency loss. 

WEAR RING CLEARANCES Replace wear rings when 
pump performance drops below acceptable system stand
ards. A measurement rule of thumb is to replace when dia
metrical clearance between running parts exceeds 140 per
cent of design clearance. 

Measure clearance between corresponding sets of rings. 
Compare impeller ring OD and case ring ID. Use several 
measurement locations, then subtract smallest impeller ring 
OD from largest case ring ID to determine diametrical 
clearance. 

BORE DIAMETER OF DESIGN DIAMETRICAL CLEARANCE 
OUTER PART AT BINGHAM BINGHAM "HOT 

RUNNING CLEARANCE STANDARD OR API STANDARD 

2.000 - 2.499 in. 0 008 in. (0.203 mm) 0011 in. (0.279 mm) 
2.500 - 2.999 0009 (0.229 ) 0.012 (0305 ) 

3.000 - 3.499 0010 (0.254 ) 0.014 (0356 ) 

3.500 - 3.999 0011 (0.279 ) 0.016 (0.406 ) 

4.000 - 4.499 0.D11 (0.279 ) 0.016 (0.406 ) 

4.500 - 4 999 0012 (0.305 ) 0.016 (0.406 ) 
5.000 - 5.999 0013 (0.330 ) 0017 (0.432 ) 

For diameters greater than 5.999 in , add 0.001 in (0.0254 mm) for 
each additional inch of diameter or fraction thereof. 
API 610 "HOT"': For materials with greater galling tendencies and/or 
operating temperature above 500°F (260°C), 0.005 in. (0.127 mm) 
shall be added to API Standard diametrical clearances. 
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WEAR RINGS ________________________ _ 

/ FILE FLAT ANO 

' St.AOOTHl ,,--MACHINE SCREW 
; · / _.,r-CLEARANCE DRILL 

/ (FOR RINGS) 

:-1. 
0,311n 

I MIN THREAD 

/lusE Pt.UG TAP. LEAVE TWO L IMPERFECT THREADS 
FILE FLAT AND SMOOTH 

A-52134 

Fig. 32 Locking of impeller rings 

ROUND HD MACHINE SCREWS 
RING DIA AISI 316 MATERIAL 

OD. in qty & size, in. 

to 6.50 3 Of¼ - 28 X .75 long 
6.51 - 1000 6 Of¼ - 28 X .75 long 

1001 - 15.00 6 of s115 - 18 x 1.00 long 
~1501 - up 6 of 3/s - 24 x 1 .00 long 

Fig 33 Locking screw size 

INSPECT Wear rings should be inspected for grooves and 
uneven wear. Minor irregularities can be dressed with fine 
file and crocus cloth. Rings may be machined if proper 
equipment is availabiL'. but only within allowable clearance. 

WEAR RING REMOVAL Rings may be removed by ma
chining on a lathe, splitting by cutting with a grinding disc 
(use care not to contact impeller) or by removing (drilling 
out) setscrews then applying even heat to ring. 

Insert a pulling tool or pry bar between ring and seat. Apply 
pressure evenly to remove ring. 

IMPELLER RINGS Before installing new impeller rings, be 
sure rings and impeller seats are clean and free of burrs. 

NO TE: Preferred method of heating wear rings is by electric 
oven or hot oil bath. Heating by torch is not recommended 
due to uneven heating stresses. If heated with a torch, use a 
"soft" flame and heat slowly and evenly. 

1. Place impellers open ring side up. Heat open side rings 
and install. Install rings so locking screw holes do not 
align with old holes, keyway or any impeller vanes. Note 
that chamfered inside diameter is placed to impeller. Let 
cool. 

2. Similarly, install impeller hub rings. 

3. Drill new locking screw holes into impeller, using ring 
holes as guide. Holes must be at least as deep into 
impeller as they are wide. Be very careful not to drill 
through impeller shroud. 

4. Tap threads but leave imperfect threads at bottom so 
screws will bind to lock. 

5. Install stainless steel machine screws so that they bind 
tightly within imperfect threads. Being very careful of 
ring surface, saw off tops of screws, file flush and finish 
with crocus cloth. Remove any slivers left after filing. 

DRILL SIZE 
(FOR RINGS) 

"alpha" drill = in. 

"F" drill= 257 
"F" drill = .257 
"P" drill = .323 

"W" drill = 386 

CAUTION: Check dress of screws. High spots or loose 
pieces of metal can quickly score the close-fit wear ring 
surfaces. 

ASSEMBLY,GENERAL ______________________ _ 

CLEANLINESS During assembly, it is essential that all 
parts be absolutely clean and free of oil or dust. Techni:;al 
grade acetone is recommended for cleaning machined sur
faces immediately before assembly. Air dry (use clean, fil
tered air) cleaned parts in a dust-free area. 
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WARNING: Acetone is extremely volatile and flammable. 
Work only in a well ventilated area, away from heat or flame. 
A "no smoking" rule must be strictly enforced, and care 
must be taken to prevent sparks. 

0-RINGS AND GASKETS Always use new O-rings, 
gaskets and retaining rings. Replace gaskets with same 
material and thickness as original. 

NOTE: 0-ring material is ethylene propylene. Use only 
glycerine, ethylene glycol or distilled water for assembly. Do 
not allow oil or grease to contact 0-rings. 

ROTATING ELEMENT Ensure that shaft has been polished. 

ROTATING ELEMENT ASSEMBLY _________________ _ 
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SEE STEP 3 
DRIVE END 

IMPELLER 

CENTER STAGE 
PIECE 

SEE STEP 8 
THRUST END 
IMPELLER 

Fig. 34 Impeller mounting sequence 

NOTE: Refer to previously noted marked match marks dur
ing reassembly. 

NO TE: Powdered molybdenum disulphide may be used as a 
lubricant for shaft fits. 

1. A soft-jaw vice will facilitate assembly. Clamp shaft at 
the driver end and support in the middle, just behind the 
first impeller to be mounted. 

2. Check all thrust ring and key fit. 

NOTE: Offset by 90 degrees the thrust ring split of each 
succeeding stage in order to maintain weight balance. Posi
tion the rings so that a split does not align with a keyway. 

3. The first impeller to be mounted is the final stage im
peller on the low pressure end next to the center stage 
sleeve. Place this impeller key into the shaft. This key 
also holds the center stage sleeve. 

4. Wire thrust rings to the shaft in order to temporarily hold 
the thrust rings during impeller installation. 

NOTE: Preferred method of heating impellers is by electric 
oven or hot oil bath. Heating by torch is not recommended 
due to uneven heating stresses. 

5. Heat impeller and place on shaft with impeller opening 
facing the driver end. Line up on the key and slide 
impeller over the key and thrust ring. Do not attempt to 
pull the impeller back once it has bottomed on the thrust 
rings. 

6. Install center stage sleeve tightly against impeller hub. 

7. An unsplit center stage piece is now installed. Correctly 
install with the O-ring groove facing the discharge end. 

NOTE: Parts should be allowed to air cool before the next 
impeller is heated and mounted. The shaft will be comforta
ble to the hand. Do not use water to cool parts as it may 
cause damage to impellers or shaft. 

8. Next impeller to be mounted is the final stage impeller 
on discharge end. Place key in shaft. 

9. Heat impeller, then slide to a position past the thrust ring 
groove. 
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10. Place thrust rings into the shaft groove. Slide the im
peller home over the key and thrust rings, making sure 
impeller is seated tightly against thrust rings. 

11. Install case eye ring after the impeller has air cooled. 

12. Repeat procedure to mount remaining impellers on 
thrust bearing end of shaft. Check that stage piece is 
placed on hub side of impellers during remaining as
sembly of impellers. 

NOTE: On CP-0S and CPA-OS pumps the first stage, dou
ble suction impeller does not utilize thrust rings. A sleeve, 
with thrust rings and stage piece, is installed on the shaft 
between second and first stage impellers. Direction of vanes 
of the double suction impeller must be correctly matched to 
the pump rotation. 

13. Place the throttle key into shaft, heat throttle sleeve and 
install. If sleeve is retained axially by a thrust ring, install 
in same manner as impeller thrust rings. If sleeve is held 
by a shaft nut, install with setscrews. 

14. Turn shaft end for end and mount the remaining im
pellers. Remove the wire that held the thrust rings for the 
first impeller mounted. 

WEAR PART CONCENTRICITY Rest shaft on precision 
rollers and check wear ring surfaces for runout. Where re
quired, slide stage pieces toward adjacent impellers to allow 
access. Allowable maximum TIR is .002 in. (.051 mm) for 
operating speed up to 3600 rpm and .0015 in. (.037 mm) 
above 3600 rpm. 

ASSEMBLY, ROTATING ELEMENT AND INNER CASE-----------
TORQUE VALUES Prior to assembly refer to suggested 
torque values table. See TORQUE VALUES. 

PACKINGLESS STUFFINGBOX Throttle bushing and 
shaft sleeves are placed on shaft before rotating element 
installation. Piping connections are required. 

INSTALLATION OF ROTATING ELEMENT 

NOTE: Check correct installation of case rings and throttle 
bushing on the rotating element. 

Inspect flange surfaces of case halves and blow out any 
foreign matter. 

Place bottom half of a split center stage piece into case 
bottom half. 

Lift and carefully lower rotating element into lower case half, 
carefully guiding case rings into ring seat surfaces. All slots 
for lock pins are located on the bottom of the element. 

NOTE: Rotate and align slots in the stage pieces, case rings 
and throttle bushings with pins of the case. Recheck shaft 
seating and slot-pin seating in every piece. Place top half of a 
split center stage piece onto rotating element. 

INNER CASE ASSEMBLY 

1. Lift case top half and place squarely over case bottom 
half studs. Check that jackscrews are backed off. 
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2. Lower case top half until nearly seated. Install taper pins 
to assist in final seating. 

3. Lower case top half. 

CAUTION: Case should seat properly without any pressure 
other than gravity. Do not provide additional pressure. 
Check reason for non-seating before proceeding. 

4. Seat taper pins. 

5. Lubricate and install case nuts finger-tight. 

6. Properly tighten case nuts. See TORQUE VALUES. 
Start with center studs and alternate tightening se
quence to ensure even loading. Develop required fas
tener stress in a minimum of three steps, with a maxi
mum 50 percent stress on first pass. 

7. Release taper pins by tapping until free. Remove and 
store. 

8. Fasten inner case bushing in place. 

INNER CASE INSTALLATION-------------------
PRELIMINARY Review procedures used in INNER CASE 
REMOVAL. Dismantling fixture is attached to thrust end of 
outer case. Return inner case to dismantling fixture. 
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1. Apply a small amount of grease to dismantling fixture 
slide surface which inner case will contact during instal
lation. 

2. INNER CASE SEA TING MEASUREMENT The inner 
case may be installed without removal of drive end outer 
case end cover. Reference measurements must be 
taken in order to know when inner case is fully seated. 
Use gasket mating surface as measurement starting 
point, taking into account the gasket thickness. Subtract 
inner case measurement from outer case measurement. 
Record measurement for later determination of proper 
seating. 

Service personnel may elect to remove drive end outer 
case end cover to insure proper seating by visual means. 

3. Install inner-outer case gasket. Avoid gasket displace
ment during inner case installation by adhering gasket 
with a light coat of Permatex. 

CAUTION: Stop, invstigate, and correct problem if any bind
ing occurs during installation. 

4. Use a pry bar to ease inner case into outer case. If cover 
has been removed, look into drive end of outer case to 
determine that inner-outer case gasket does not be
come displaced during inner case installation. 

5. Determine that inner case is completely pushed into the 
outer case. Use previously recorded inner case seating 
measurement or a visual check if end cover was re
moved. The inner case will be firmly seated against the 
outer case shoulder. 
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Fig. 35 Dimensions of inner case 
clearance determination 

6. If removed earlier, reinstall drive end outer case cover. 
Use a new gasket. See TORQUE VALUES for proper 
tightening of fasteners. 

7. Remove dismantli11g fixture. 

8. INNER CASE SHIMS Inner case clearance will not 
change unless the original drive end outer case end 
cover or inner case center bushing is replaced. If neither 
component is replaced then original thickness inner 
case shims may be reused. If either of these components 
are replaced contact a Bingham-Willamette representa
tive for new shim pack determination. 

INNER CASE CLEARANCE If inner case, drive end 
cover or center bushing is replaced the proper inner 
case shim thickness needs to be redetermined: 

a. Place a straight edge across end surface of outer 
case, just above pump shaft. Measure distance A 
between straight edge and outermost surface of 
inner case bushing (Fig. 35). 

b. Measure distance B, between end cover shim seat 
surface and case mating surface. 

c. Difference between distance A and B is inner case 
clearance. Choose a shim pack thickness to bring 
inner case clearance within tolerance. Contact a 
Bingham-Willamette representative for specific re
commended shim pack thickness. 

9. Insert antirotation pin into inner case. 

10. Install thrust end outer case cover. use a new gasket. 
See TORQUE VALUES. 

PACKED STUFFINGBOX See INSTALLATION, STUFF
INGBOX. 

ASS EM BL V, PIVOT SHOE THRUST BEARING & MECHANICAL SEALS _____ _ 

THRUST END: 

1. Check seal setting spacer between seal drive collar and 
seal gland. 

2 Install mechanical seal onto shaft and push into stuf
fing box bore until gland is seated. 

3. Install 4 nuts and washers onto seal gland studs until 
finger-tight. 

4. Slide inboard deflector disc as far as possible onto shaft. 

5. Slide inboard end cover onto shaft, beyond bearing 
surface. 

6. Move oil rings onto shaft, rest on bearing surface. 

7. Slide seal ring onto shaft 

8. Lift lower bearing housing half into position, carefully 
guiding inboard cover and seal ring to proper housing 
location. 

9. Determine that cover groove and seal ring are locked 
into position on housing. 
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continued: Assembly, Pivot Shoe Thrust Bearing & Mechanical Seals 
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10. Install taper pins through lower housing half, into pump 
bracket. 

11. Install capscrews finger-tight, seat taper pins, then 
properly torque capscrews. 

12. Wipe and generously lubricate shaft journal surface and 
the lower bearing shell half babbit surface. Slightly raise 
shaft and install bearing and oil rings. 

13. Wipe and generously lubricate shaft journal surface and 
upper bearing shell half babbit surface. Install bearing. 

14. Install bearing dowels and capscrews. 

15. Slide adjusting plate into position. 

16. Install thrust bearing collar key. 

17. Install thrust bearing collar. 

18. Install thrust bearing collar locknut. 

19. Tighten locknut setscrew. 

NOTE: All thrust bearing shoes must be thoroughly lubri
cated before installation. 

20. Place bottom half of inboard base ring over shaft. 
Bottom half is half with no drive key. Rotate base ring 
into lower half bearing housing. 

21. After two bottom shoes are inserted, rotate base ring so 
split line aligns with bearing housing flange. Then install 
top half base ring. 

22. Rotate base ring to move it away from housing parting 
flange about 30 degrees, then insert another thrust shoe. 
Then rotate base ring back so drive key is in top position. 

23. Install new O-ring in thrust bearing end cover. (Install oil 
pump or speed transmitter, if previously removed.) 
Install capscrews finger-tight, through cover to lower 
bearing housing half. 

24. Install remaining thrust bearing ring and shoes. 

25. Measure distance between inboard cover and dowel pin 
hole of top cover. Center bearing so pin will enter top 
cover locating hole. 

26. Lift and temporarily install upper bearing housing cover, 
taper pins and at least 4 capscrews. 

27. Install remaining end cover capscrews. Tighten se-
curely. 

DRIVE END: 

28. Install mechanical seal in same manner as thrust end. 

29. Slide inboard deflector disc as far as possible onto shaft. 

30. Slide inboard end cover onto shaft, beyond bearing 
surface. 

31. Slide oil rings onto shaft, rest on bearing surface. 
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32. Slide outboard end cover onto shaft, rest on bearing 
surface. 

33. Lift lower bearing housing half into position, carefully 
guiding inboard cover to proper housing location. 

34. Determine that cover groove is locked into position on 
housing. 

35. Install taper pins through lower housing half, into pump 
bracket. 

36. Install capscrews finger-tight, seat taper pins, then 
properly torque capscrews. 

37. Wipe and generously lubricate shaft journal surface and 
lower bearing shell half babbit surface. Slightly raise 
shaft and install bearing and oil rings. 

38. Wipe and generously lubricate shaft journal surface and 
upper bearing shell half babbit surface. Install bearing. 

39. Install bearing dowels and capscrews. 

40. Measure distance between inboard cover and dowel pin 
hole of top cover. Center bearing so pin will enter top 
cover locating hole. 

41. Lift cover, apply a thin coat of silicone sealer between 
bearing housing halves. This will assure a complete seal. 
Install upper cover, then insert taper pins. 

42. Install cover capscrews and properly tighten. See 
TORQUE VALUES. Release taper pins (between bear
ing housing halves) by tapping until free. Allow pins to 
remain loosely in place. 

THRUST END: 

43. CHECK END PLAY End movement of thrust bearing 
must be checked before pump is ready to run. Mount a 
dial indicator to bearing housing, with indicator tip in 
contact with end of shaft. 

Push shaft back as far as it will go toward thrust bearing 
and hold in place. Set dial indicator to zero. Move shaft 
as far as it will go to driver end and note reading. 

Recommended end play of selected sizes of pivot shoe 
bearings: 

Kingsbury# 

JHJ-4 
JHJ-5 
JHJ-6 
JHJ-7 
JHJ-8 

End Play 

.005-.007 in. (.127-.178 mm) 

.005-.007 (.127-.178 ) 

.006-.008 (.152- 203 ) 

.007-.009 (.178-.229 ) 

.009-.011 (.229-.279 ) 

END PLAY ADJUSTMENT If end play adjustment is to be 
changed, remove thrust bearing end cover and remove ad
justing plate. 
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continued: Assembly. Pivot Shoe Thrust Bearing & Mechanical Seals 

If clearance is too large, add shims behind adjusting plate. If 
too small, remove shims. In cases when there are no shims 
left to remove, the plate must be ground to size. Ground 
surfaces must be parallel within .002 in. (.051 mm). After 
adjustment, reinstall end cover and check end movement 
again. 

44. Remove capscrews from end cover to top bearing hous
ing half. 

45. Remove dowel pins of top to bottom bearing housing 
halves. then remove capscrews. 

46. Lift cover and apply a thin coat of silicone sealer be
tween bearing housing halves. 

47. Install taper pins, then capscrews. Release taper pins 
(between bearing housing halves) by tapping until free. 
Allow pins to remain loosely in place. 

48. Slide outboard and inboard deflector discs into .035 in. 
(.9 mm) clearance to housing and tighten setscrews. 
Check that deflector disc is square to shaft. 

49. Tighten setscrews of seal drive collar, using existing 
dimples of shaft. 

50. Remove seal setting spacers between seal drive collar 
and seal gland. 

DRIVE END: 

51. Slide inboard deflector disc into .035 in. (.9 mm) clear
ance to housing and tighten setscrews. Check that de
flector disc is square to shaft. 

52. Tighten setscrews of seal drive collar, using existing 
dimples of shaft. 

53. Remove seal setting spacers between seal drive collar 
and seal gland. 

54. Use spanner wrench to check freedom of rotation of 
rotating element. 

55. Install coupling shroud. 

56. Install coupling key. 

57. Install coupling hub. 

58. Install coupling nut and tighten setscrew. 
59. Check alignment of pump and driver. See INST ALLA-

TION. 

60. Install coupling spacer. 

61. Check coupling lubrication. 

62. Replace all auxiliary piping, probes, etc. See INSTAL
LATION and OPERATION. 

ASSEMBLY, BALL THRUST & SLEEVE JOURNAL BEARINGS & MECHANICAL SEAL$_ 
THRUST END: 
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1. Check seal setting spacer between seal drive collar and 
seal gland. 

2. Install mechanical seal onto shaft and push into stuf
fingbox bore until gland is seated. 

1.2.23-64 

---
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continued: Assembly, Ball Thrust & Sleeve Bearings & Mechanical Seals 

3. Install 4 nuts and washers onto seal gland studs until 
finger-tight. 

4. Slide inboard deflt.ctor disc as far as possible onto shaft. 

5. Slide inboard end cover onto shaft, beyond bearing 
surface. 

6. Slide oil rings onto shaft, rest on bearing surface. 

7. Lift lower bearing housing half into position, carefully 
guiding inboard cover to proper housing location. 

8. Determine that cover groove is locked into position on 
housing. 

9. Install taper pins through lower housing half, into pump 
bracket. 

10. Install capscrews finger-tight, seat taper pins, then 
properly torque capscrews. 

11. Wipe and generously lubricate shaft journal surface and 
lower bearing shell half babbit surface. Slightly raise 
shaft and install bearing and oil rings. 

12. Wipe and generously lubricate shaft journal surface and 
upper bearing shell half babbit surface. Install bearing. 

13. Install bearing dowels and capscrews. 

14. Slide thrust bearing shims into position. 

15. If ball bearing is to be replaced, remove bearing retainer 
fasteners and press apart retainer ring and bearing. 

Thrust bearings are mounted "DB", back-to-back. The 
bearings are mounted with stamped backs of outer rings 
together. The contact angle lines of bearings converge 
outwardly. Replacement DB pairs are ordinarily pack
aged together in same relationship as they are to be 
used. 

The new bearing should be placed with an excess of 
shims. Return bearing and retainer ring to bearing hous
ing. 

Check clearances between bearing cover and housing. 
Remove or replace shims to provide a total bearing end 
plciy of .002 to .004 in. (.051-.102 mm). 

16. Install oil ring sleeve and oil ring, lockwasher and lock
nut. Tighten securely, back off 1/4 turn, bend lock
washer tab into locknut. 

17. Lift cover and apply a thin coat of silicone sealer be
tween bearing housing halves. This will assure a com
plete seal. Install upper cover, then insert taper pins. 

18 Install cover capscrews and properly tighten. See 
TORQUE VALUES. Release taper pins (between bear
ing housing halves) by tapping until free. Allow pins to 
remain loosely in place. 

19. Install end cover, 0-ring and capscrews. 

1.2.23-55 49 



continued: Assembly, Ball Thrust & Sleeve Bearings & Mechanical Seals 

DRIVE END: 

50 

20. Install mechanical seal in same manner as thrust end. 

21. Slide inboard deflector disc as far as possible onto shaft. 

22. Slide inboard end cover onto shaft, beyond bearing 
surface. 

23. Slide oil rings onto shaft, rest on bearing surface. 

24. Slide outboard end cover onto shaft, rest on bearing 
surface. 

25. Lift lower bearing housing half into position, carefully 
guiding inboard cover to proper housing location. 

26. Determine that cover groove is locked into position on 
housing. 

27. Install taper pins through lower housing half, into pump 
bracket. 

28. Install capscrews finger-tight, seat taper pins, then 
properly torque capscrews. 

29. Wipe and generously lubricate shaft journal surface and 
the lower bearing shell half babbit surface. Slightly raise 
shaft and install bearing and oil rings. 

30. Wipe and generously lubricate shaft journal surface and 
upper bearing shell half babbit surface. Install bearing. 

31. Install bearing dowels and capscrews. 

32. Measure distance between inboard cover and dowel pin 
hole of top cover. Center bearing so pin will enter top 
cover locating hole. 

33. Lift cover and apply a thin coat of silicone sealer be
tween bearing housing halves. 

34. Install taper pins, then capscrews. Release taper pins 
(between bearing housing halves) by tapping until free. 
Allow pins to remain loosely in place. 

35. Slide outboard and inboard deflector discs into .035 in. 
(.9 mm) clearance to housing and tighten setscrews. 
Check that deflector disc is square to shaft. 

36. Tighten setscrews of seal drive collar, using existing 
dimples of shaft. 

37. Remove seal setting spacers between seal drive collar 
and seal gland. 

THRUST END: 

38. Slide inboard deflector disc into .035 in. (.9 mm) clear
ance to housing and tighten setscrews. Check that de
flector disc is square to shaft. 

39. Tighten setscrews of seal drive collar, using existing 
dimples of shaft. 

40. Remove seal setting spacers between seal drive collar 
and seal gland. 

1.2.23-66 
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DRIVE END: 

41. Use spanner wrench to check freedom of rotation of 
rotating element. 

42. Install coupling shroud. 

43. Install coupling key. 

44. Install coupling hub. 

45. Install coupling nut and tighten setscrew. 

46. Check alignment of pump and driver. See INST ALLA-
TION. 

47. Install coupling spacer. 

48. Check coupling lubrication. 

49. Replace all auxiliary piping, probes, etc. See INST AL
LATION and OPERATION. 

ASSEMBLY, BALL THRUST AND BALL RADIAL BEARINGS & MECHANICAL SEALS_ 
THRUST END: 

1. Check seal setting spacer between seal drive collar and 
seal gland. 

2. Install mechanical seals onto shaft and push into stuf
fingbox bores until gland is seated. 

3. Install 4 nuts and washers onto seal gland studs until 
finger-tight. 

4. Slide inboard deflector disc as far as possible onto shaft. 

5. Install new end cover O-ring. Slide inboard end cover 
onto shaft, beyond bearing surface. 

6. Slide on oil ring mounting sleeve. 

7. Slide oil ring into mounting sleeve position. 

8. Install ball bearing. 

Thrust bearings are mounted "DB" back-to-back. The 
bearings are mounted with stamped backs of outer rings 
together. The contact angle lines of bearings converge 
outwardly. Replacement DB pairs are ordinarily pack
aged together in same relationship as they are to be 
used. 

9. Install bearing, lockwasher and locknut. Tighten nut 
snugly, back off 1/4 turn, bend lockwasher tab into slot 
of nut. 

10. Slide bearing housing over bearing. 

11. Engage oil ring with a wire hook and lift oil ring in order 
to complete housing assembly. 

12. Push housing into final position. 

13. Lower oil ring into oil ring sleeve position. 

14. Install end cover capscrews. 

15. Slide inboard deflector disc into .035 in. (.9 mm) clear
ance to housing and tighten setscrews. Check that de
flector disc is square to shaft. 

51 
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continued: Assembly, Ball Thrust & Ball Radial Bearings & Mechanical Seals 
DRIVE END: 

TORQUE VALUES 

52 

16. Install mechanical seal in same manner as thrust end. 

17. Slide inboard deflector disc as far as possible onto shaft. 

18. Install new end cover O-ring. Slide inboard end cover 
onto shaft, beyond bearing surface. 

19. Slide on oil ring mounting sleeve. 

20. Slide oil ring into mounting sleeve position. 

21. Install ball bearing. 

22. Install lockwasher and locknut. Tighten nut snugly, 
back off 1 /4 turn, bend lockwasher tab into slot of nut. 

23. Slide bearing housing over bearing. 

24. Engage oil ring with a wire hook and lift oil ring in order 
to complete housing assembly. 

25. Push housing into final position. 

26. Lower oil ring into oil ring sleeve position. 

27. Install end cover and capscrews. 

28. Slide inboard and outboard deflector discs into .035 in. 
(.9 mm) clearance to housing and tighten setscrews. 
Check that deflector discs are square to shaft. 

29. Remove seat setting spacers between seal drive collar 
and seal gland. 

30. Use spanner wrench to check freedom of rotation of 
rotating element. 

31. Install coupling shroud. 

32. Install coupling key. 

33. Install coupling hub. 

34. Install coupling nut and tighten setscrew. 

35. Check alignment of pump and driver. See INST ALLA-
TION. 

36. Install coupling spacer. 

37. Check coupling lubrication. 

38. Replace all auxiliary piping, probes, etc. See INST AL
LATION and OPERATION. 

Suggested torque values are recommended to attain proper 
gasket compression and achieve tight, evenly stressed joints 
with a minimum probability of nuts, bolts or studs breaking 
or loosening. 

THREAD LUBE Lubricate all threads with graphite and oil, 
molybdenum disulphide, white lead, or another lubricant of 
comparable quality, except in instances where lubricants 
are incompatible with fastener application. 

1.2.23-68 
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EVEN LOADING Tighten opposing fasteners in an alter
nating sequence to ensure even loading. Avoid possible 
case distortion by use of correct tightening sequence. Start 
at or near the center of the case, alternating from side to side 
while progressing to •he case ends. 

Run up all nuts finger-tight. Develop the required fastener 
stress in three steps, with a maximum 50 percent torque on 
the first pass. 

VENDOR EQUIPMENT Refer to vendor instructions for 
proper torque values on vendor-supplied equipment. 

APPLICATION SIZE & TYPE TORQUE 

outer case cover 1 ¼in.nut 1400 lbt.ft ( 1898 Nern) 
1½ 2450 ( 3322 ) 
15/e 3200 ( 4339 ) 
1¾ 3700 ( 5017 ) 
2 4525 ( 6135 ) 
2¼ 6525 ( 8847 ) 
2½ 9000 (12,202 ) 
2¾ 12,050 (16,338 ) 

inner case halves ¾ nut 220 lbfeft ( 289 Nern) 

bearing housing 5/e in. capscrew 75 lbfeft ( 102 Nern) 
¾ 135 ( 183 ) 
3/e 210 ( 285 ) 

pump/driver hold-down 3/e in. capscrew 210 lbt.ft ( 285 Nern) 
325 ( 441 ) 

1½ 1150 ( 1559 ) 
1¾ 1875 ( 2542 ) 

seal gland (flange) ½ in. stud-hex nut 15 lbfeft ( 20 Nern) 
5/e 30 ( 41 ) 
¾ 50 ( 68 ) 
3/e 65 ( 88 ) 

TROUBLESHOOTING ______________________ _ 
MALFUNCTION 

Pump fails to start pumping. 

PROBABLE CAUSE 

A. Pump not properly primed. 

B. Suction line clogged. 

C. Impeller clogged with foreign 
material. 

0. Wrong direction of rotation. 

E. Foot valve or suction pipe 
opening not submerged 
enough. 

F. Suction lift too high. 

1.2.23-59 

REMEDY 

Reprime pump, be sure that suction 
line shutoff valve is fully open. 

Check suction line pressure. If low, 
locate and remove obstructions. 

Back-flush pump to clean impeller. 

Be sure pump and driver rotate in 
indicated direction. See "direction of 
rotation" arrows on pump and driver 
cases. 

Lower foot valve in suction inlet, or 
lower suction pipe. Be sure foot 
valve does not leak. 

Check with vacuum gauge. Suction 
pipe too long; shorten. 

53 



MALFUNCTION 

Pump output not up to capacity or 
pressure. 

Pump starts, then stops pumping 

Bearings run hot. 

Undue vibration of pump. 

Excessive leakage from 
stuffingbox 

Motor runs hot. 

54 

A. 

B. 

C. 

D. 

E. 

A. 

B. 

A. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

A. 

B. 

C. 

A. 

B. 

C. 

PROBABLE CAUSE 

Air leak in suction line or 
through stuffingbox. 

Impeller partly clogged. 

Worn case rings or impeller 
rings 

Insufficient positive head in 
suction line 

Defective or broken impeller. 

Improperly primed pump. 

Air or vapor pockets in suction 
line. 

Insufficient lubrication or lube 
cooling. 

Improper shaft alignment. 

Partly clogged impeller causing 
imbalance. 

Broken or bent impeller or 
shaft. 

Foundation not rigid enough. 

Worn bearings. 

Suction or discharge piping not 
anchored or properly supported 

If pump is noisy, it is vapor-
bound. 

Packing gland improperly 
adjusted. 

Defective mechanical seal parts. 

Overheating mechanical seal. 

Suction head lower than rating 
pumping too much liquid. 

Motor rated at lower viscosity/ 
specific gravity than that of 
pumpage. 

Stuffingbox packing too tight. 

1.2.23-60 

REMEDY -Check for leakage and correct. --Back-flush pump to clean impeller. 

Replace defective parts as required. 

Ensure that suction line shutoff valve 
is fully open and line is unobstructed. 

Inspect and replace if necessary. 

Reprime pump. 

Rearrange piping as necessary, to 
eliminate air pockets. 

Check lubricant and cooling 
system. 

Align shafts. 

Back-flush pump to clean impeller. 

Replace defective parts as required. 

Tap 3/a" holes in baseplate. 
Weld a¼" half pipe column coupling to 
each hole and insert epoxy grout under 
pressure through the column coupling -to dampen the foundation. 

Replace. --Anchor them per Hydraulic Institute 
Institute Standard Manual recommend-
ations. 

Vent and bleed case. Reprime pump. 

Tighten gland nuts. 

Replace defective parts. 

Check lubrication and cooling lines. 

Contact nearest Bingham-Willamette 
sales office for rating review. 

Contact nearest Bingham-Willamette 
sales office for rating review. 

Adjust per installation instructions. 
Replace if worn. 

---



REPLACEMENT PARTS 

SPARE PARTS _________________________ _ 

Spare parts should b?. kept on hand to reduce downtime. 
Service of a particular pump determines number of spare 
parts. It is recommended that following parts be stocked: 

Pump Shaft 
Impellers and Lockwashers 
Shaft Sleeves 
Throttle Bushing , 
Set Wear Rings with Setscrews 
Set Dowel Pins 
Set Gaskets and 0-Rings 
Set Bearings and Lockwashers 
Set Inner Case Shims 
Mechanical Seals 

or 
Sets of Packing Rings 

For pumps used in critical service, it is recommended that a 
complete rotating element, preassembled as far as practical, 
be stocked at job site. 

PARTS ORDERS ______________________ _ 

Order parts through a local Bingham-Willamette field office. 
Provide: 

(1) Pump serial number 
(2) Cross section drawing number 
(3) Description of part 
(4) The number of part, as shown on cross section drawing 

and parts list. 

1.2.23-61 55 



BINGHAM-WILLAMETTE COMPANY 
A Division of GUY F. ATKINSON Company 

PORTLAND, OREGON• SHREVEPORT, LOUISIANA 

1.2.23-82 

BINGHAM-WILLAMETTE LTD. 
A GUY F. ATKINSON Company 

VANCOUVER, B.C. • CAMBRIDGE, ONTARIO 
CANADA 

---
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•• -



--

--

f•lt ltr1tl 2•.0I 
ITOl&C[ PIOC[DUII 

2 Au1u11 12, 1171 

I PUMP STORAGE 
RECOMMENDED STORAGE PROCEDURE FOR HORIZONTAL PUMPS 

lONG TERM STORAGE 

Check upon arrival. This pump was thorou&hly inspected at the factory prior to shipment, to assure its 
conformity with all specifications. Upon receipt of the unit, check for any da•aae incurred durina ship
aent. Any such damaae should be reported to the carrier i .. ediately. 
LONG TERI STORAGE... . 
If a ne• pump is to be stored for a period of time prior to installation, a number of precautions must 
,e observed to prevent damaee. The pump and its components. as packaeed at the factory, are adequately 
protected for inside storaee prior to installation. with the followina stipulations: 

I) If the unit is stored in an unheated warehouse, there must be protection from the weather. later 
•ust be prevented from accumulatina in the pump casina. NOTE that the plywood covers installed 
over the suction and discharae nozzles at the factory are not ,aterti&ht and will leak if exposed 
to prolona 110isture. If water accumulates in the pump casin&. then is al lowed to freeze, the pump 
will be seriously damaaed. To prevent condensation of atmosphere •oisture in the pump, packages 
of silica ael desiccant should be placed in the suction and discharae openinas before they are 
sealed. Attach a caution notice to the pump 1na1cat1n1 that the s111ca 1e1 must be removed when 
the pump is installed. . 

2) Precautions must also be taken to prevent • ice or other small aniuls from nestin& in the pump 
casina while it is in storaae. All openinas in the casina •ust be tiahtly covered, as the debris 
such animals would leave in the pu1111 could cause serious damaee if undetected. 

3) The pump should be located so as to permit air to circulate freely around it, and should be 
protected from the possibility of damaae by warehouse traffic. A visual inspection of the e1ter
ior of the unit should be conducted every thirty days. 

4) All bearin& surfaces are coated with a protective layer of Lubriplate No. 4 prior to shipping. 
When the pump is placed in storage and at least once every six months thereafter, the bearings 
must be recoated as follows: 
a) Remove the filler plue on the too of the bearjn& housina. and fill the housing to the over

flow pipe with lubriplate No. 4 (or equal). 
b) Rotate the pump shaft by hand, at least ten revolutions in the proper direction of rotation 

as inoicated on the tag. Position the shaft at least 90° from its ori&inal position. 
c) Remove the bear in& housin& drain olugs and drain the housines. Replace the plugs, and clean 

up any spilled preservative. 
5) An inspecti~n record should be maintained on the equipment. This record should contain the 

followine information 
a) Date of inspection. 
b) Signature of person performina the inspection and ~r maintenance. 
c) Result of all visual inspections. 
d) Date of any maintenance performed. 
e) Description of any maintenance performed. 

&l If the equipment is stored longer than 6 •onths, it 1i II be necessary to disassemble the bearing 
housinas and inspect the bearinas prior to startup. 

7) It is recommended that a Field Service Representative be requested to commission pumps which have 
been in e1tended storaae. · 



PUMP: HIGH PRESSURE MULTI-STAGE PUMP 
HORIZONTAL DOUBLE CASE 

PUMP SERIAL NO. 

TYPE: 
CP 

'

SHEET 1 2 !DRAWING B-38000 
NO. of NO. 

PART NO., DESCRIPTION PART NO. DHCRIPTION 
0, 
N 

• 101 
0 z 
~ 105 a: 
0 
"'--

107 

108 

109 

111 

11'.? 

113 

116 

117 

1 ') ,; 

I 123 I 

2C: 

206 

207 

208 

215 

l 

I I :;NER CASE I 
1

1

Bl:SHING (INNER CASE TO 1.· 

COVER) 

1GASKET 
I 

!PIN - (INNER CASE 
iLOCATING) 

;GnSKET (INNER CASE TO 
!Ol:TER CASE) 

!SHIM (INNER CASE 
i /..!)JUSTING) 

: c..:_sE - OUTER 

iCOVER (SUCTION END) 

!COVER (DISCH. END) 

"C'" RINGS 

GASKE: (SUCTIOX E~D) 

, (;,:_sKET (DISCH. END) 

:~ROT!LE BVSHINC 
f:'ISCE END) 

F.::~G. CASE STC:. • 
rE::E SIDE) 

CASE STC. 2-.::. 

s:~GE PIECE (SERIES) 

i8:AGE PIECE (CE~TEt) 
i 
I "C" RING 

j R!t\G, IMF. 
: I:-T . EYE-, 

_,.. ~., •:;.• ..... ~ 

f c-;-·. '~· .. \,. 

I 

! 

ij 
0, 

~1 :, I 
;I .... 
..,! 
0 

l 
ct 
z 
~.1 

' ... 
0 .. 

216 

217 

225 

:, 226 
:l 

I 227 
r 

228 

229 

I 230 

231 

232 

I 233 

I 234 

I 235 

236 

~37 

1, 238 
I 

1 240 

RING, U!P. (STG. 2-14 
IMP. EYE) 

RING, IMP. (SERIES IMP. 
F.YE) 

IMPELLER - STG. 1 

IMPELLER - STG. 2 

I I IMPELLER - STG . 3 

j IMPELLER - STG . 4 

j IMPELLER - STG . 5 
I 
i : IMPELLER - STG . 6 

I IMPELLER - STG . 7 
I 

I IMPELLER - STG. 8 

i IMPELLER - STG. a 

I IMPELLER - STG. 1 r 
! IMPELLER - STf' . 11 

l!'!PELLEF. 

!!':PELLER - ~Tr- . 1 L 

SLEE\•r: (CE~TETZ) 

• z 
0 

... .,. 
:, 

/; 242 SP..!..~T 

j: 244 , KEYS (!!✓.PELLER) 

"'.., .: '-" . 

_____________ ....... ______ _ 
::;; "M ,,,-; .L, A.~ •. £ • "-. .•. . •• ,. ,, . '·, .. . •. ' Cl-"·"' f'' 

-==-- (~,,-~.,....."' ----.....,,.,=------,.;,.--=,-----... ------· ·-·-· -----=-----· 
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PUMP: HIGH PRESSURE MULTI-STAGE PW.P 
HORIZONTAL DOUBLE CASE 

PUMP SERIAL NO. 

TYPE: 
CP !SHEET 

2 
IDRAW!NG 

NO. of 2 NO. B-38000 

PART NO. DESCRIPTION 
a, 
N 

• 248 
0 z 
~ 401 
0 
I&. 

403 

405 

407 

409 

THRUST RINGS 

SHAFT SLEEVE (SUCT.END) 

!SHAFT SLEEVE (DISCH.END 

LOCKNUT. SLEEVE 
(SUCTION END) 

LOCKNUT, SLEEVE 
'(DISCH. END) 

/INJECTION BUSHING (R.H.: 

410 I~JECTION BUSHING (L.H.' 

413 GLAND COVERS 

415 

417 

419 

427 
I 
! L. 2 9 

''O" RING (SHAFT SLEEVE~ 
0 

! "C" RINGS (THROTTLE .., 
;B~SH. TO CASE) S 

. "O'' RING (THROTTLE 
: E:·sH. TO GLAND) 
I 

R:::AINING RINGS 

K:-·,· (SHAFT SLEEVE) 

• I ...... I - - ... ' ... - '. ~ 

Ot 
0, ... 

I 

II 

/: 
1· 
I' 

I 

I, 

,. 
I 
! 

1: 
(: 

PART NO. DESCRIPTION 

I 

i 
j 
I 
I 
I 

i 

I 
I 
' I 

j 

! 

• z 
:1 .,., 
::::,! 
..,; 
I,.; . 

=. ... I 
0, 

! 

!j 
GI 
~I .. , 
~I 
C,' . 

·------------ --------
.- .. -- . -- ··- .. ., . '- ...... ~·~ . -
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HIGH PRESSURE MULTI-STAGE PUMP 
HORIZONTAL DOUBLE CASE 
~NGHAM TYPE "cp• 

B-38000 
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Parts 
List 
PART NO. 

PUMP: 
BRG. ASS'Y JOURNAL W/KINGSBURY 
THRUST BRG. (JHJ-5 AND LARGER) 

PUMP SERIAL NO. 

TYPE: 

'

SHEET IDRA\YING 
NO. 1 of 2 NO. B-37131 

DESCRIPTION PART NO. DESCRIPTION 
OI 1-----+------------"'T---,1-------+---------------------.,.---, N 

• 301 
0 z 
:E 
Q: 
0 
'"- 303-1 

301-2 

301-3 

302 

BEARING HOUSING ASSEMBLi 
DRIVE END 

(INC. 301-1 THRU 301-3) 

BEARING HOUSING 
TOP HALF, BOTTOM HALF 

CAPSCREW-TOP TO BOTTOM 
HALF 

I 

!PIN, TAPER-TOP TO 
I BOTTOM HALF 

/BEARING HOUSING ASSEMBL 1 
I THRUST END 
/(INC. 302-1 THRU 302-3) 
I 

302-1 !BEARING HOUSING 
/ TOP HALF, BOTTOM HAL~ z 

0 
302-2 ICAPSCREW-TOP TO BOTTOM.., , HALF S 

303 , 
I 
l 
I 

1 303-;.. 

I 303-E 
j 
I 303-1 

I 

' 

!JOURNAL BEARING 
ASSEMBLY 

! (EA. INCL. 303-1 
303-4) 

THRt 

... 
!::! ... ... 
0 

~ 

"' % 
C) 
z, 
cl 
.i 
0, ... 

:JOURNAL BEARD~G ASSEMBLY 
-DRIVE EKD 

JOURNAL BEARI~G ASSEMBLY 
,-THRUST END 

iBEARING SHELL 
i 

303-2 !5 lb. BABBIT 

1303-3 !DOWEL 

303-4 ISCRE\{ 

304 iCLOSURE 1 ACCESSORY 
: ASS 'Y K:: 
'(INC. 3C' :- 7ERL" 32 9: 

! 

I 

1: 

305 CAPSCREW -
BEARING HOUSING TO 
PUMP 

305-A CAPSCREW - DRIVE END 

305-B CAPSCREW - THRUST END 

306 PIN, TAPER -
BRG. HSG. TO PUMP 

306-A PIN, TAPER -DRIVE END 

306-B PIN, TAPER - THRUST END 

307 PLUG, PIPE - OIL DRAIN, 
LUBE CONN. & THERMOHELL 
(UNUSED) 

• 
307-A PLUG, PIPE - DRIVE END~ 

... I 307-B 

308 

PLUG, PIPE - THRUST ENP 

PLUG, PIPE 
CLOSURE 

... 
V 

- LUBE RP .. IL: 
0 

~i 

I CAP SCREW - BRG. COVER ~I I 309 

Ii 310 

iTO BRG. HOUSING i 

!i 

:: 311 
,' 
I 

; COVER, BEARil\G 

DOWEL - LOCKH,C: 
I, 
.'• 311-A. DOWEL - END COVEL -

. DRIVE END 
., ,, 
I• 311-B ; DOWEL - EI\1D COVER -I 

I I THRUST END 
I, 
)I 311-C DQi-;'EL - SEAL RH,C -I! i THRUST END 
,, 312 1 

"O" RING - BEARING 
• COVER SEALING 6230-26 ,· 

! 
\, 313 -r ~ •• -

! ',.:... 't 1...: • SEAL 
I 

. - TL. 
:• 

• ~, 
I 

1 , ~; ,_ 1 '• • /, , t f • 

;2,,.__--.L,,A~ , .:, ..... , .. ~.. ...,._, ... ,:,•,., .. , .. i,. 1 c.:.,..Ao;. 
- t,~ .. -------a:•--,-,-·-----· ··--- &L 1.2.23-67 



Parts 
List 

PUMP: BRG. ASS'Y JOURNAL W/KINGSBURY 
THRUST BRG. (JHJ-5 AND LARGER) 

PUMP SERIAL NO. 

en 
N 

PART NO. 

TYPE: 

DESCRIPTION 

.. 315 
0 

SCREW, }1ACHINE -
ADJ. PLATE z 

:E 

~ 316 ... SETSCREW 

316-A SETSCREW - LOCKNUT 

*316-B SETSCREW - KINGSBURY 
BRG. OILERS (SEE ITEM 

329) 

317 

318 

319 

KEY - THRUST BRG. 

RING, SHAFT ADJUSTING 

END COVER - W/"O" RING 

319-A END COVER - DRIVE END 
• 

319-B END COVER - THRUST END~ 

320 

320-A 

320-B 

321 

322 

"' SETSCREW - DEFLECTOR ; 
DISC ... 

!:/ ... ... 
SETSCREW - DRIVE END 0 

:I 

SETSCREW - THRUST END i 
z 

BUSHING, PIPE - FILTER• 
TO BRG. HSG. o ... 
FILTER, AIR BREATHER 

322-A FILTER, AIR BREATHER
DRIVE END 

322-B FILTER, AIR BREATHER
THRUST END 

323 WASHER, LOCK-EYE BOLT 
LOCKING 

323-A WASHER, LOCK-DRIVER ENI 

323-B WASHER, LOCK-THRUST ENI 

324-A BOLT, EYE-DRIVE END 

324-B BOLT, EYE-THRUST END 

'

SHEET ]DRAWING 
NO. 2 of 2 NO. B-37131 

PART NO. 

325 

326 

DESCRIPTION 

PLUG, PIPE 

PLUG, INSP. W/"O" RING 

326-A PLUG, INSP.-DRIVE END 

326-B PLUG, INSP.-THRUST END 

327 

328 

330 

GUARD, OIL DRIP 

CAPSCREW-OIL DRIP GUARD 

KINGSBURY JHJ-5 

331 

332 

THRUST BRG. 

LOCKNUT-KINGSBURY BRG. 

RING, OIL-JOURNAL BRG. 

332-A RING, OIL-DRIVE END 

332-B RING, OIL-THRUST END 

333-A DEFLECTOR DISC . 
(DRIVE END) 

333-B DEFLECTOR DISC. 
(THRUST END) 

* NOT ILLUSTRATED 
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POtfTLAND. OR. 

SHflEYEPORT. LA 

VAftCOUVEA. BC 

--

SLEEVE: JOURNAL W/ KINGSBURY 
THRUST BEARING ( JHJ-5 AND LARGER) 

--

B-37131 



PUMP: 

JHJ-5 LURE PUMP OPTIONS 
TYPE: lSHEET l 

NO. 

PUMP SERIAL NO. 

'

DRAWING 
of l NO. A-52516 

PART NO. DESCRIPTION PART NO. DESCRIPTION 

C1l 
N 
or 
0 z 
2 
a: 
0 
Lo. 

334 

335 

336 

334 

337 

338 

339 

340 

334 

338 

339 

340 

341 

342 

339 

340 
r 
I 

! *343 

OPTIONS 
(SELECT AS REQ 1 D ITEMS 
334 thru 347) 

WITHOUT LUBE PUMP 

CAPSCREW-COVER PLATE TO 
BEARING HOUSING 

COVER PLATE 

GASKET 

I 

i 

4 

l 

l 

I WITH IMO LUBE PUMP B3EBA-8" 

! CAPSCREW-IMP TO BRG. HSG. 2 
; 

I PUMP, DELAVAL IMO. B3EBA-8 l I • 

I 
COUPLING-IMO TO LOCKNUT i l 

.., 
i SETSCREW-COUPLING :) 2 

... 
I KEY-LOCKr-,UT TO COUPLING ~ l 
' 0 
I WITH IMO LUBE PUMP 
, A21Nl00 
! 

:IE 

"' % 

" I Z 

CAPSCREW-IMO TO BRG. HSG. ; 4 

COUPLING-IMO TO LOCKUr.;T 

' SETSCRE~-COUPLING 

1 KEY-LOCKUT TO COUPLING 

.. 
0 ... , 

I 

i 2 

I l 
! PUMP, DELAVAL IMO A21Nl00 j l 

I 

I RING, SNAP I l 

I j WITH IMO LUBE PUMP 
! A31Nl00, A31Nll2, A31Nl31 j 

! SETSCREW-COUPLING 
I 

j KEY-LOCKUi,: TO COUPLING 

PUMP, DEL~VC~ I~D A31~108 1 

u., ... ,.. ...... t,,.~ .. r' ;., • : ... ,.,,,,. •· c••• 

344 
I 345 
I 346 I 

1 347 
I 
I 
I 
I 
I 

CAPSCREW-IMO TO ADAPTOR 
1 ADAPTOR 
I CAPSCREW-ADAPTOR TO BRG. 

I COUPLING-IMO TO LOCKNUT 

8 

6 

l 

* A31N100, A3lNl12 & A31Nl3 
ARE DIMENSIONALLY INTER
CHANGEABLE. MAKE SELECTION 
BASED UPON FLOW REQUIREMENT. 
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WITH IMO LUBE PUMP 
A2 I Nl-100 

WITHOUT IMO 
LUBE PUMP 

PORTLAND, OR. 

SHREVEPORT, LA. 

VANCOUVER, a.c. 

1.2.23-71 

WITH MO LUBE PUMP 
B3EBA-87 

WITH IMO LUBE PUMP 
A3INI-IOO 
A31Nl-ll2 
A31Nl-131 

A-52516 
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IEV. IMSION DESCIIPTION INIT. I APP0. I 0 
[A] 
[BJ 

,, 
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REV. I REVISION DESCRIPTION INIT. I APPD. I DATE 

[A] I NO TES /100€.P :Yr1t LJ-f~ !>/G/8, 

[B] 
LEGEND 

I. AIR SUPPLY R~GIJLATOR'c' CONTROLLER 
2.DUPL~X STRAINER 

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES 
G[NERAL TOLERANCES: 
MACHINING: FABRICATION· 
... G i..0"J0' ANC. ±.: 1·0· 
IIN ±.02 LIN r,12 

3. INDICATING CONTROL THE~MOMETER W/BULB 
4. F"LOW REGULATING VALVE .-, _.,---. 

.3-1S P s. 1. 
3 

20 PS.I. AIR -~-

tiv1 @ 
~ (::I -- -Sl:E E-IA'99.S-/ 

~/4'' 
"- VI'-\ coµN @ 

~~~ ( ~ I 
u~ ~~----~~, r 

? 

,. 

COLO 
CONDENSATE 
FLOW; lo·l2GPM 
TEMP.: 135 ° F Mfl., 
PRESS.: 80 PS.I. MIN. 

/ZOPSZHAX 

3/4" 

3 3- 15 PS.I. 

~. ... 
< 

A- 54924( 1 ......__ __ I 

2" 

z 

_ STE:ARNS- ROGER NO. 40VM 700002 . .~~-' - d~ 
I B ' --L-- - 'Zt/ dJ:,,,,.,,,Jt;. e, ,omAND, OR, ~~ '- I I NJ[ CTION SY.S. s CH £MAT IC • iE MF' C oNTI 
~ ~ SHREVEPORT, l~. I I I --· ··---·· --~ 

-B--, .. u--L--_n-~,,-;a-a.H1$ __ t_'t.e_n.JA ::,dYM APP~::,'16 D/iTL~:2,,&-80 5CA!E:~•IZHJ,I ;,"""!,,._c::..4r-..24! ~~, 
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t 
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1-

,c 
I 
I 
I 
l 
t 1-
l 

: 
I 
·B I 

I 
I ~-

I 
lA 

I 

i 

©) 

[~ 
I Z P. T COJ.JI>. 
. CONN, 

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES 
GENERAl TOLERANCES: 
MACHINING: FABRICATION: 
ANG ±0°30' ANG ±1°0' 
LIN ±.02 LIN ±.12 

.... -. ... -. 4 
I ' 
I...··•- - ···-

I 

SEE B-37279 FOR P:PING LAYOUT 

WHEN SMALL COOLER IS USED 

t 
MAIN 
IMO 

t ~l FROM 
THRUST AUX. 

END BRGS. 

' 
IMO 

/:,. 

B~-'W.- ~ ~ 
B~-'kl~ .ftJ. 

,011\A'"D. OI. 
SHl!:Vll'OIT. LA. BASIC KINGSBURY LUBE 
YAl<OIMl, I.C. IE!'. P-20443 ~:~ JA99S 

3 r 2 
~ --· ·--- -·- - -- .• ...i.. •·- -----•· --·--' 

D-IA995-/ 
!Nii. AF'f'O . . DA TE 

---

----
~·. 

FILTER 

TO ALL BEARINGS 

FROM DRIVE _ 

END BRGS. 
"\' 

----- - - _.,__ 

I° !·f (MAIA/ PVM/1' .S 1'A"1CT v_,.) 
SC7 ,o CONTAcr-71'S'I 

//VCIU:ASING - OPEN /IT 
3 PSI PEC~EA.SING 

PS-Z ( AV)(, PVMP STA~T v. 

C 

' -! 

C 

SET TO co,1r1.cr - S PSI 

J)EC/ZEAS/NG -OPEN "IT 8 
/S ,r'SI /t{C/t£.,t'/S/Ntr 

SET ro co~✓ 'r"c7 Ar .. :,r~.z 
l?EC.ll EASING - OPc A,/ .,,qr 

7 ps.r INCA!El9S/NG 

[C..<:1;twi" --~ r-:,, ..... ··.-~ 
;· : ..,, .. •.:. ; . ·.; ~ 

·:v ;! t.~ -w· ·. •.-:f. ;.-:L•",.,_7 l~O tt;.'ifW 

" • -. ,'.~ .. -~ , •.. · - .. ·; .. : • t"'" 
••. ~• I w' _,,_9 ___ ,: -.4,a·''"' -.::, .... ' , .. ,· ·' ,,,, 

, __ ,:..,-,;j ;J 

' S-R -,,. 40 VM 700003 

0 IL SYS TE \1 l _D_-_l._'A __ S __ 9_ -~ _,._ __ ·uv_B __ • _-J Af>Pf!.!i.../4 DAn,J,13/go SCALE, 1"= 4" 
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IEV. 

[A] 
[8] 

~ OVERALL LENGTH 
.... --------ASSEMBLED LENGTH _________ ----.,.,. ,681 ENGAGEMENT 

a---------- FLEXIBLE LENGTH ______ __. ... 

1.70 

4.62 OllA.+ 
DIA, 

-t .soi. 

~~ 
OINIRal TOURaNCIS: 
4111AC.......,, M8111CATIOII: 
- .t:O"W __ 'J::l'O' 
,,. z,GI •• ~-12 

1]( STAINLESS STEEL 
FLEX HOSE 

~\. .. 

' GTAW) :. :,, , Q 

~x tl( HEX 
BUSHING 

,62 DRIL:.. THRU 
ON 3,50 B. C. , I. 
HOLES EQ. SPACED 

B-37323 
IEVlSION DESCIIPTIOH INIT. I IPPO. I DATE 

81 
& 

NO . ... FLEX HOSE-LUBE OIL RETURN TO TANK-KINGSBURY ENO 

~\!D I DI. 'tt ,~ I DATE,3•7•80 I SCAlE, FULL 18-37323 .,... __ , .. , 

·- -- ·-



I 
l 

_. 

i-' 
N 
ct> 
-.J co 

·-
D 

C 

B 

A 

4 

©> 

IJNLESS OTHERWISE SPECIFIED DIMENSIONS ARE IN INCHES 
GENERAL TOLERANCES 
MACHINING FAeq1cATION 
,e.,..G _:: O,JO' AkG ±:: 1·0· 
1i1• f-.02 llf~ r.12 

4 

3 

3 

--
ScE 8-37279 FOR PIPING LAYOUT 
WHEN SMALL COOLER IS USED 

MAIN 
IMO 

.s 

2 

COOLER 

AUX. 
IMO 

l 

"" l(VIStOH CEZRIP'flO~ 

[A) 
[BJ 

FILTER 

* TO ALL BEARINGS 
I---+~-FROM DRIVE 

• END BRGS. 

--"' .......,.._~ 
't'AKOUlft. "C I IEF. 

BASIC KINGSBURY LUBE OIL SYSTEM 
faST 
USED 

2 

,._ ~ l.....,-"v,,-1 ... n,1-2-eo1SCA1,,r·.,·· D-20443 
l 

·-
D 

C 

B 

A 

!lfY. 
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Maximum Allowable Nozzle Loading Data 
HORIZONTAL, MULTl,STAGE, DOUBLE BEARING. 

(Top Suction & Discharge) 
,✓.::_.,_ .. · : .... 

. , .... ·.· .' 

. '• .. · ~ .. : ,: ' ~ . . ' 
l 
' ' 

; .,._ 

·t• ' . 

. -·. -~·.... ...... ........ . ,, ... 

=?.CFQSAL NUMBER _________ _ 

~. C. NJMB ER _____l A~.S ____ _ 
: I ZE & TY PE __ 4- ·~~:E..__C:..-....,P~--

: GS T n!.lcR. ~~~~ K.o~ "'----
~RC; C:CT _.l.O__.MY4~~ ..... Q. p\~or eLANT 

, • .._,._..._ 0ML 

I SI Z e Fx FY 
! 

Fz 
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PARTS LIST PARTS LIST 

ITEM REQ'D. FOR 
ONE BRG. 

I I 

2 
3 

12 

4 2 

5 2 

6 2 

SIZE 

R.P.M. 

REF. No. 

DESCRIPTION ITEM REQ'D. FOR 
ONE BRG. 

COLLAR 7 12 
SHOE ( babbitt faced ) and 8 12 
SHOE SUPPORT 

9 assembled as one unit. 12 

BASE RING (in halves) 10 12 

BASE RING KEY 

BASE RING KEY SCREW 

OIL INLET 

JHJ-5 RECOM. VISCOSITY 
150 S.S. U. at 100° F. 

3450 
RECOMMENDED 
OIL FLOW in G.P.M. 

1A995 

I REFERENCE ASSEMBLY DRAWING I -- I 

1.2.23-82 

DESCRIPTION 

UPPER LEVELING PLATE 

LOWER LEVELING PLATE 

LEVELING PLATE SCREW 

LEVELING PLATE DOWEL 

Instruction Form 

No. 163866 
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B"I.SE RIIIG ~y 

BASE 1· . . ·, 

'rN~~.S i . SASE RING\) f·---+--·· I INHALV~.L'y 

I LEVEi.iNG I . I.EVEI.ING i --~AT~-. · ~LATE , 

',' 
' 
' ---~~ 

SHOE SHOE 

6 " 6 Shoe Bearla1 

INSTRUCTIONS 
for Installing and Operating 

Double Horizontal Equalizing 

KINGSBURY THRUST BEARINGS 
(6 x 6) and (6 x O) 

with Forced Lubrication 

Folder 271-H-66 

KINGSBURY, INC. 

BASE RtN(j l<EY 

LEV£LIN6 
PL/aT£ 

BASE: 
RING 

IN 
HALVES 

6 " 0 Shoe Bcarin1 

10385 Drummond Road Philadelphia, Pa. 19154 

Cable Addreu "ALKINO," PhJ1adelphia 

PRINTED IN U. 8. A. 
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I. GENERAL DESCRIPTION 
1. The 6x6 thrust bearing is of the Kingsbury 

equalizing type having six thrust segments or 
shoes on each side of the collar and is conse
quently capable of transmitting the full designed 
thrust load in either direction. The 6x0 bearing 
has 6 shoes on the side of normal thrust and a 
"bumper ring" on the unloaded side. In either 
case the thrust of the rotating element is trans
mitted through the thrust collar to the shoes, by 
the shoes to the shoe supporting elements, and 
thence to the stationary housing and the founda
tion. 

2. The general design of the bearing is shown 
in the accompanying illustration and the load 
equalizing means in the diagram below. As will be 
evident upon referring to the diagram, the load 
transmitted by the collar to any one thrust shoe 
causes that shoe to press against the upper leveling 
plate immediately behind it. Each leveling plate, 
in turn, is supported upon one edge of each of two 
adjacent lower leveling plates, the other edges of 
which take part in supporting the next upper level
ing plates on either side. As a result of this ar-

rangement, any incipient excess of thrust on one 
shoe is immediately shared, through the inter
action of the leveling plates, by the adjacent shoes, 
and this interaction and load sharing is distributed 
all around the circle so that all the shoes auto
matically receive equal loading. 

3. The terms "upper" and "lower" leveling 
plate do not refer to the accompanying drawing 
( in which the "lower" leveling plate appears 
above the shaft centerline while the "upper" is 
below it). The "upper" leveling plates are the 
ones in contact with the shoes and "lower" the 
ones in contact with the base ring, regardless of 
their apparent relative positions in the illustration. 

i. If the bearing is not to be used immediately, 
all parts-especially the collar-should be protect
ed against dampness. rust and bruises. 

COLLAR, 

-Equalizing construction used In alx-llhoe bearinga. 

II. DETAILED DESCRIPTION 
1. Referring to the accompanying drawing 

which shows a typical bearing of the kind under 
consideration, it will be noted that on each side of 
the collar ( in 6x6 bearings) or on the load carry
ing side of the collar in uni-directional thrust 
bearings ( 6x0), there is a base ring which sup
ports the lower leveling plates. The lower plates 
are positioned by dowels or dowel discs. The 
upper leveling plates rest upon the edges of the 
lower leveling plates and are held loosely in the 
base ring by the leveling plate set screws. The 
backs of the shoes are provided with hardened 
inserts called shoe supports through which the 
shoes are carried on the upper leveling plates. 

2. Each base ring is fitted with a base ring key, 
which may be a rectangular block secured by a 
base ring key screw, or alternatively may be cylin
drical pin pressed into a hole in the base ring. In 

either case the key fits into a corresponding recess 
in the housing cover and prevents the base ring 
from rotating. Base rings may be made in one 
piece, or split with, or. without, the halves secured 
together with screws. In most normal applications 
they are split to facilitate installation and removal. 

3. Oil is admitted to the bearing through inlets 
behind the base rings. Radial grooves in the base 
rings permit the oil to flow inward to the shaft and 
along through the spaces between the base rings 
and the shaft to the inner edges of the thrust collar 
faces. Thence it flows outward and around with 
the rotation of the shaft and enters between the 
collar faces and the leading edges of the shoes, 
forming a wedge shaped film of oil between each 
shoe and the collar. The oil escapes from the trail
ing edges of the shoes and flows outward to be 
discharged from the collar rim into the housing. 

III. INSTALLATION INSTRUCTIONS 
(A) CLEANING AND INSPECTION: 

1. As packed for shipment from the factory, 
the bearing surfaces are carefully protected against 
bruises, scratches, and corrosion. They are slushed 
with a neutral water-proof coating, and no wood 
or damp packing material is allowed to touch them. 
Subsequent damage may occur in re-shipment or 
storage, unless the same precautions are observed. 

2. All parts of bearings, housings, and oil 
piping should be taken apart and thoroughly 
cleaned before assembling. Remove all anti-rust 
coatings with kerosene or suitable solvent. Use 
rags or cloth for cleaning, as waste leaves lint, 
which might cause trouble in the bearing. 

IMPORTANT. A poorly-cleaned bearing 
will score and wear out rapidly. A bearing 
surface is not clean till a white cloth wiped 
over it shows no soil. 

3. Inspect all bearing parts after cleaning. Re
move with a scraper any bruises on the babbitt 
faces. Remove slight bruises or rust on journal or 
collar surfaces with a fine oil stone. Deep rust 
requires refl.nishing. 

-4. The thrust collar must be exactly square 
with the shaft. If it is separate, remove any bruises 
on the shaft shoulder before assembling. 

1.2.23-84 
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(B) ASSEMBLING: 
1. Any solid oil-seal rings used must be as

sembled over the end of the shaft in proper se
quence. 

2. Six-shoe bearing "base rings" are usually 
split for radial assembling. To assemble the split 
six-shoe type, first put the lower half, with its 
"leveling plates," over the shaft, and rotate into 
bottom position. Put the upper half on shaft simi
larly. being sure the ends of leveling plates inter
lock properly. ( Retaining screws or spring clips 
are furnished to hold the leveling plates.) Then 
insert all shoes rotating base ring as needed. Bolt 
the halves together if bolts are provided. 

3. Oil all bearing surfaces when assembling. 
The upper half of each base ring has a key that 
enters a keyway in upper half of housing. Never 
use force when assembling; if parts do not go to
gether easily, something is out of place. 

4. If shaft is threaded to hold collar, drive 

collar nut very tight, using a heavy spanner, and 
lock securely. 

(C) END-PLAY: 
1. To allow for oil &lms between the bearing 

surfaces, and for expansion by heat, it is necessary 
to provide end-play. This end-play increases with 
the bearing size and the shaft speed. The attached 
print speci.fl.es the desired amount. 

2. The end-play and the axial location of the 
shaft are usually determined by filler rings that 
are solid or split according to the bearing require
ments. To adjust the end-play and to obtain the 
desired axial location of the shaft, shim or machine 
the filler pieces as needed, being careful to secure 
any split shims so that edges of halves will not 
overlap. 

3. The end-play is best checked by jacking the 
shaft fore-and-aft, and measuring accurately the 
change in position. The housing cap must &rat 
be doweled or bolted in its exact position. 

IV. OPERATION 
(A) LUBRICATION AND COOLING: 

1. These bearings are intended for forced 
lubrication and outside cooling. The bearing 
housing should be filled with oil before starting. 
The rate of circulation is specified approximately 
in the attached print. It should be such as to keep 
the outlet temperature within about 25° F. above 
the inlet ( unless otherwise agreed upon). The oil 
pump and the piping should be designed to handle 
the required flow. 

2. A suitable orifice should be installed in the 
oil supply pipe to control the flow. 

3. The oil is cooled, usually by a cooling coil 
or separate oil-cooler supplied with water, but 
sometimes, for low-speed service, merely by radia
tion from the piping. Air cooling, if used, is 
favored by good ventilation. 

(B) GRADE OF OIL: 
I. Correct viscosity is important. Usually the 

thrust bearing has been selected with a view to 
using the same oil as the rest of the machine. Any 

special requirement will be found noted on the 
attached print and also on the Kingsbury nam&
plate . 

2. Changing to an oil much lighter than origin
ally intended may cause the lubricating films to 
become dangerously thin. A much heavier oil wiJJ 
needlessly increase friction. 

3. The oil must be clean and free from grit and 
other injurious substances. Fine grit has a scour
ing action. Poor oil may cause corrosion, or sludge, 
or excessive evaporation. 

(C) OPERATION: 
1. The only attention normally required is to 

maintain proper circulation of clean, cool oil. 

2. Since the bearing surfaces when running 
are completely separated by oil, there is practically 
no wear; hence no take-up is provided. The origin
al scraper marks on thrust shoes in tl,e larger sizes 
are visible, as a rule, even after years of service. 
This may reasonably be expected if the bearing is 
clean when instal1ed, and is kept supplied with 
clean oil of proper viscosity. 

V. CARE AND MAINTENANCE 

(A) INSPECTION AND REPLACEMENT: 

I. To inspect: (a) Lift housing cap; (b) Ro
tate base rings and withdraw shoes radially. Shoes 

of larger sizes have tapped holes for lifting. 

2. Six-shoe base rings are usually split so as 
to be lifted out in halves. Remove other bearing 
parts over the end of shaft. 

1.2.23-85 



3. Thrust collars, if separate, have a sliding &t 
on shaft, and are readily removable after taking 
off the nut. To draw off collars of the larger sizes, 
use tapped holes near bore. Be careful not to 
bruise the collar. 

4. When replacing collar, re-locate nut locks 
after re-tightening collar nut. 

(8) REPAIRS AND SERVICE: 
I. The attached print shows the bearing con

struction and lists the principal parts. In corres
pondence and when ordering parts, give the order 
number marked on the Kingsbury nameplate. 

2. In case the shoes are rebabbitted, or the 
collar re&nished, elsewhere than at our works, the 
following precautions should be observed: 

(a) The collar faces must be perfectly 
ftat, parallel and square with the shaft. 
Remove tool or grinding marks by lapping, 
by smooth grinding or by hand stoning. 

( b) Use high-tin babbitt for the shoes. 
Scrape to a surface plate after machining. 
Round the radial edges slightly. 

3. Prompt service is available from our home_ 
office in Philadelphia, Pa. 
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fl' U '11 ff ' kt.- II li~!,IACLAI 1Ul1 IN~1RUCTIONSTType DBz ... ci 
flex,ble coupling~ 

WARNING: ALL ROTATING POWER TRANSMISSION PRODUCTS ARE POTENTIALLY DANGEROUS AND MUST BE 
PROPERLY GUARDED IN COMPLIANCE WITH OSHA STANDARDS FOR THE SPEEDS AND APPLICATIONS FOR 
WHICH THEY ARE INTENDED. IT IS THE RESPONSIBILITY OF THE USER TO PROVIDE PROPER GUARDING, 

GENERAL INSTRUCTIONS 

I. Disassemble couplinc. Note arran1ement of bolts, wash
ers, and nuts as they must be replaced in the same order. 
Tie a strin& or wire throu&h one bolt hole of each disc pack 
to retain the dialed position of individual discs. 

2. Inspect both drivin& and driven shafts and hub bores, 
makin& sure they are free from burrs. Be sure the keys fit 
the shafts properly, 

3. Mount hub on shaft. If hub is bored for an interferenc~ 
fit on the shaft, we recommend the hub be heated in water. 
or oil and quickly positioned on the shaft. Do not spot heat 
hub as it may cause distortion. 

•• Brin& equipment into position, makini sure the distance 
between hub flanges is equal to the dimension shown in 
the table on reverse side. 

S. Reassemble couplin&, Refer to sectional view on reverse 
side. 

Care in initial aligning will permit this coupling to operate 
to full capacity in correcting future misalignments. 

METI-IOD 1 - INDICATOR METI-IOD - Recommended 

ANGULAR MISALIGNMENT ADJUSTMENT 

Indicator mountin& to be worked out to 
suh conditions at hand. 

I. Ri &idly attach dial indicator to flan1e, as shown in. 
Fi cure I. Rotate coup I in& 360° to locate point of minimum 
readin& on the dial; set indicator to read zero at this point. 
2. Rotate coupling 3600 while watchin& indicator for mis
ali&nment readin&, Move or shim equipment to brinc readin& 
within maximum allowable anaular variation as shown in 
table at ri&ht. 
3. Repeat operations I and 2 after each al i&nment adjust
ment. 

PARALLEL MISALIGNMENT ADJUSTMENT Fi1ure I Figure 2 

•. Ri&idly attach dial indicator to flange, as shown in 
Fi&ure 2. Rotate couplin& 360° to locate point of minimum 
readin& on the dial, set indicator to read zero at this point, 
;, Rotate c:ouplin& 360° while watchin& indicator for mis
ali&nment readin&, Move or shim equipment to brine readin& 
within maximum' allowable parallel variation as shown in 
table at ri&ht. 

Test for An&ular Misali1nment Test for Parallel Misalignment 

6. Repeat operations I thru S until couplin& is properly 
ali&ned. 
7. The couplin& should be rotated several revolutions to 
make sure no "end-wise creep" in connected shafts is 
measured. 

8. Ti&hten al I lock-Ruts to the values shown in table at 
ri&ht. It is recommended that all lock-nuts be reti&htened 
after several hours of operation. 

Cpl. 
Size 

50 
E.'J 

7~ 
IOI 

126 

..., -..., -..... ir . ,, 

Total "Loclcr,.Jt 
lnd'r Read'& Ti ct,oenlnc 

To1ue An1, Para. (ft. bs.) 

.00• Cl 

' • .JU'> ~ .. 
.005 cf 3 .. 

I! ·~ . ~ 
.008 !,)~ . 13 
.009 =oj3j I~ 
.OIi :2,!i .cB., 
,01:Z 

~.!:!! ~~ 
J)I •, 

.f"ll"5 
63 -:mr 95 

~ ;;li 1,~ 
~ s=~ ioo 

'UL;J . ::,-;; :m 

ME:TI-IOD 2 - CALIPE:R AND STRAIGI-IT E:DGE ME:TI-IOD 

I. A less accurate method of allcnment 1s the caliper and 
strai&ht ed&e method. Extreme care must be exercised to 
insure 100d coup I ing performance, 
2. Use calipers to check the gap between hubs as shown 
in Fi&ure 3. Gap should be the same at all points around 
the hub and should equal dimension shown on the table on 
the reverse side of this sheet. 

3. Place a strai&ht ed&e on the rims at the top and sides 
as shown in Figure •. When the coupling is in ali&nment 
the straight edge should rest evenly on both c:ouplinc• rims 
and both disc: pack assemblies should be in a perfect plane 
at •i&ht angles to the strai&ht ed&e, 

•. Ti&hten all loc:knuts to specified values. 

Ficure 3 

lrdlcator readin1s are sur-
cestad ,._,r,un allowable 
V21'iations from zero at t1rre 
of initial al izrrnent. There 
are occasions when equip-
ment manufacw,ers •"Quire 
closer ali&nment in which 
case the manufacturer's 
rec:orrmendations should be 
followed. M>en indicator 
fixture is used the measure-
ment is at a point s I ighlly 
~reater than w dia. oi the 
lan&e but the obtained 

read1n1s cen be saiely used. 
•~ro1<. Tir-,tenin& Torc.ue 
for ubricated locknuts • 

Figure • 5. After several hours of operation recheck hub cap with 
calipers and recheck ti&htness of all nuts. 

Test for Angular Mi sal i enment Test for Parallel Misalignment 

R~xnord Rexnord Inc. 
1111/jG f'I n fJ r1 Coupling Division 
/Ill II ti £I W 1:iJ Warren, Pa. 16365 
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!Type DBZ-CI PARTS ASSEMBLY DIAGRAMS Ii ,f:tttr .'t/: II 
fle1111ble coupling~ 

Sizes 101, 126, 
163 and 201 

I -------- LANINATEDIIING -------------------, 

- HUS AS5'M"-' i---. 
"""C-'.L,,/l~..,- (Includes 8ushin11 I ~ 

Presaed In.I Spec:,ty a 
lore end Keywa, "" 

bch Hub DIAM. 

IOU - ---' - - - .r::u_. _u:,oa_ 

' . tt ----------LOCKNUT----------·---· 
I I 

I L _______ IEYELWASHER F0IIGEDUNK ____ J.._.J 

I I 
&.. - - - - - -- CUTtll SPOOL ASSEMBLY - - - - - -: - - - - - - - - ...J 

NOTE: Disc packs must be assembled in coup
ling exactly as received. Adjacent discs of disc 
packs are dialed to give maximum strength and 
unlfonnlty. Do not order leas than a complete 
pack. 

Disc Packs are supplied In complete sets only. 

Size 226 
and larger 

DISC PACK 
• la•• 50 to 126 

DISC PACK 
• lze• 163 end lar11•1 

·-- -
DIMENSIONS AND PART NUMBERS 

Part KIi Conalata of Bevel W•ahe1'9 or Forged Linke, Bolta end Locknuta 
for One Coupling 

Quantity Per KIi 
Hub Center umln• tec:t Bevaf Waaher 1 

11n AIHmbly• Spool A•Hmbly" Diec Peck Pert Kit or Boll Laclllnut and Dim. 2 per cplfil. 1 per cplg. 2 per cplg. Number Forged Link I 
Type A Part No. Part No. Dlm.C Part No. at,. Part No. Qty. Part No. Qty. 

101oez-c 3¼ 16105 14439 3½ 106111 16320-15 111112 I 8 11161 8 16503 8 . 
14446 3½ 

126DBZ·C 37/a 16107 14'1'48 4 10618 18320-17 10731 1 8 10728 8 1116()4 8 
14'150 43/, 
,14457 3½ 
1•• 59 4 

183DBZ-C 4'%2 16109 14461 4~ 101154 18320-111 10731 I 16 10728 18 18504 16 

1•• 63 43/. 

1•• 65 5 

14•72 3'h 
201DBZ-C 57/11 16111 1•• 74 5 10624 16320-21 11205 I 18 10721 18 18505 18 

1•• 76 51/2 

226DBZ-C 16113 
14183 5 

16 61/a 10689 16320-23 11874 2 18 10634 18 18506 
14485 5½ 

1•• 92 5 

263DBZ•C 71/a 16115 1•• 94 5½ 20357 18320-25 11875 2 16 10787 16 18507 16 
16258 7 

301DBZ-C 83/,. 16117 14501 5½ 20359 16320-27 11876 2 16 10655 16 16508 16 
14503 7 

351DBZ·C 9½ 16119 14510 7½ 20361 16320-29 11877 2 16 10733 16 16510 16 

401DBZ-C 11 16121 -- 8 20363 16320-31 11878 2 16 10240 16 16511 16 

451DBZ-C 12% 16123 -- 9'h 10646 16320-33 11879 2 16 10641 16 16512 16 

"Hubs and Center Spools are supplied with bushings pressed in place. 

Re1-m0rd Rexnord Inc. 

""lllrlfl.- nu Coupling Division 
/Ill lii ii · Warren, Pa. 16365 
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RELIANCE ELECTRIC I!!/ 
24701 Euclid Avenue, Cleveland, Ohio 44117 

REPORT OF ROUTINE TESTS 
For Induction Motor 

Date of Test .....• 1 Q: 1 S:~9 ...... . Purchaser: Bingham Wi 1·1 amet te 
2800 NW Front Ave. 
Portland, Oregon 97210 Manufacturer's 

Order No ....•.. ~-:~~~1~~- ..... . 

Purchaser's 
Order No ..•.... 1 :~?~~? ....... . 

· Nameplate Data 

Rated Service Rated Speed 

"'·· Fr9qu1ncy 
Volts Amp• res HP Factor r/min Hz 

800 1.0 3576 3 60 4160 96 . 

Type Fram• / Temp Rise By ,) (Ambi• nt T• mp &) Time Design Code L• tter For 
Method Indicated Insulation Class R•ting L• tt• r Locked kVA/ho 

p E5810 ao0 c. ,h~ 
47/B Cont. E -. 

Test Characteristics 

Wound ~igh 
Stator W1nd1n9 

No Load Lock•d Rotor RN1stance 
S!laft Rotor Potan- Between 

Serial 
Run Open- tial T• rminals 

No. Fr•· SpHd Am- Kilo- Fr•• Am• Kilo- Circuit Tnt Tem-Voltl !Quency r/min peres watt,• Volts quency wens• Out Voltage Voltage Ohms parature 
Hz Hz per•• OC 

A-1 4160 60 3599 19. I 16. ~ 1600 60 167 78.4 - - 9320 . 341 20 

• If measured, optional: 

Notes: By RTD. @ for 60 seconds. 

Data on test from ........ ; ~ i_ ~ • • • • • • • • • • • • motor. 
llhis or Duplicate) ~ 

Data by/.,~~,F-_, Approved by ~- ............ Date IO-:?.C?.-.C:,_(!_ . ~ J.S: Pokelsek 
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RELIANCE ELECTRIC Ii 

PURCHASER: Bingham Wi 11 amette 
2800 NW Front Ave. 

DATE OF TEST: 10-15-80 

Portland, Oregon 97210 
MANUFACTURER'S 

FILTER 

F.E. 

B.E. 

SHAFT 

·-. 
FILTER 

F.E. 

B.E. 

SHAFT 

.flL TER 

F.E. 

B.E. 

SHAFT 

DATA BY: 6(%~,--f-r./ 

ORDER NUMBER: X-336765-A 1 

PURCHASER'S 
1-58962 ORDER No.: 

OUT BALANCE IN MILLS AT 1040· VOLTS 

HORIZ. VERT. AXIAL 

• 16 .22 .12 

• 19 .30 • 14 

.44 .52 

OUT BALANCE IN MILLS AT RATED SPEED 

HORIZ. VERT. AXIAL 

• 12 • 18 • 042 
.07 .13 .064 

.29 .21 

IN BALANCE IN MILLS AT 7200 CYCLES,LPER MIN. 

HORIZ. 

.029 

.054 

.16 

VERT. AXIAL 

.032 .023 

.066 .057 

.09 

APPROVEOBV~ 
J.S. POKELSEK 

DATE: /~,.20-Be) 

, ·::·;::1.-:-·, . ._J. _ _:.t -~-UAD ::'Cr:?·_..·. ··~., C1.f\/~L--\\J:_;_._:hlC .:.:~!G.'Tt:L~r .. ,~:·.L. ,,. __ ,c 

: : '.; • ~ :-- ·• -· · : ! ·:. ":. :·'. C: L ~ ',,, :: : -:. \,;: . : ~ I, ; 
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SHIP 
TO: 

RELIANCE lllJJ1 
ELECTRIC COMPANY •o 
MOTOR OIVISlON, CLEVELAND, OHIO 44117, U.S.A. 

.:. l • L, 1- :: , • i L U. :-,, ::. T 1 

SAME AS "SOLD TO" UNLESS SHOWN 

. --. .. ..... 

R~Q. :.O. S.O. NQ 

DAT A TRANS:--' p·r A 
AND CERTIFICAiiO 

REF -:li< TO nus NUMB El 
IN ALL CORRESPONDEN 

DATA PROVIDED WITH THIS TRANSMITTAL AND CERTIFICATION IS: 
• FOR CUSTOMER APPROVAL BY DATE: __________ _ 

Return of opprovof prints .:,y the obov• dote 11 required to ouure scheduled 
shipment, delay 1n return and/or revision of approval prints may require 
shipment re1ehedul•. Return opproved 0/ S to doto ,ource. 

ll( FINAL, APPROVED FOR CONSTRUCTION OR INSTALLATION. 

• PRELIMINARY. ENGINEERING IS COMPLETED. 

• REVISED, SUF-ERSEDES DATA PREVIOUSLY ISSUED. 

JM( SEE REMARKS. 

DATA I T~ANSMITTAL AND CERTlflCATION ISSUED BY:__.. ....... c,_.;;.'£_£._R--=-_l..t ___ DATE 2 · l· eo CK BY _ ... 1.,_\IL.l#e-
0 

-:;..;';:;..... _____ _ 

SOURCE . i • •· · • :· - :.. r L - • I ..) 

'~ i::- • L ~ •. , 

- ,_ '. .. ,Jl.li-: PLH,TcC:C]/jl/, 

MOTOR 
ITEM USED FOR USERS PLANT MOTOR OR 

OR I 
GEN. D/S: 6 ,_ l ~ ½- l - _ .. c · 

GEN. QTY. I FRA~'.E I 1

~SERV. FA TYPE l R.P.M. C BOX DATA 
Ii l.Ji., Jo..,C D/S 415802 i ; •. , : - ~ 

PH/ HZ/VOL TS-WINDING jDUT'r I EN~~~SURE AMB./INSL. I PWR. CODE MOTOR OR 
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FOREWORD 

The information given in this bulletin covers 
generally the installation, operation and 
maintenance of the equipment. It is intended 
for use by operating and maintenance personnel 
who have the technical knowledge and experience 
to apply sound safety and operational practices. 
The engineering department of American-Standard's 
Industrial Products Division shall be glad to 
provide further information upon request. 

1.2.23-95 
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OPERATION 

HOUSING 

ROTORS 

INTERNAL OIL PUMP 

FLUID DRIVES 
GENERAL DESCRIPTION 

TYPE 
vs 

CLASS 6 

The Fluid Drive input shaft. impeller. impeller casing, and runner casing rotate 
together at the driving equipment speed. The output shaft and runner rotate 
together at output speed. There is no mechanical connection between the in
put and output members. Power is transmitted from the impeller to the 
runner by a vortex of oil. The impeller pumps oil into the runner where the 
kinetic energy of the oil is absorbed and transmitted to the output shaft. The 
output speed is adjusted by regulating the amount of oil in the working vortex. 

The oil pump moves oil from the housing reservoir through the oil cooler. Oil 
from the cooler is returned to the inside of the Fluid Drive and enters the work
ing circuit. 

Oil entering the working circuit is acted upon by centrifugal force and takes 
the form of an annular ring in the rotating casings. The scoop tube is posi
tioned by the external speed control to set the level of oil in the casings. This 
determines the amount of oil in the working circuit and. therefore. the 
output speed of the Fluid Drive. 

A welded steel oil tight housing encloses the rotating parts of the Fluid Drive 
and provides a reservoir for oil. The housing is split on the horizontal 
centerline with the cover removable for inspection and maintenance. 

Machined flanges with a gasket seal are used between the cover and the lower 
part of the housing. labyrinth grooves and shaft slingers form a seal at the 
shaft ends. 

The Fluid Drive impeller, runner, and casings are machined from solid alloy 
steel forgings, with the exception of sizes 126 and 146, which have cast 
aluminum impeller and runner. 

Some Fluid Drives are provided with an internal oil supply pump or auxiliary 
external pumps. To establish the type of pumping system used refer to the 
enclosed equipment specifications. 

---------------------------------...1 Copyr,1P1t J 173 by Arn•r1can Standard l"c. Th11 data '"'"' 11 tht property of American 
Standard Inc.. and •• loanec:1 with tl'le underst1nd11,1 ft'lllt ,, .••II ftOt be 1i.1wo for any 
ourPoM d9trunental to the 1nterNt: Of tt,11 Corpor1t1on. and II aubtect to return uPon 
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GENERAL DESCRIPTION 
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EXTERNAL OIL PUMP 

BEARINGS 

SHAFTS 

SPEED CONTROLLER 

FACTORY TEST 

SEC. I 
Page 2 

Some Fluid Drives are provided with separately mounted positive displace
ment oil pumps. The pumps are mounted on a subbase usually located at an 
elevation lower than the Fluid Drive. 

The journal bearings are removable bronze backed babbitt line precision 
sleeve bearings. · 

A double. self aligning Kingsbury thrust bearing is mounted in each pillow 
block. It reacts against thrust plates machined integrally with the shaft. This 
effectively absorbs the hydraulic thrust developed by the Fluid Drive rotating 
parts and a specified amount of external thrust. 

Each pillow block is pressure lubricated with filtered and cooled oil from a 
lubrication system. The Kingsbury thrust bearing runs full of Ofl with overflow 
out the top of the pillow block. 

The cast steel pillow blocks are split horizontally so that one or both shafts 
may be lifted out without disturbing alignment. 

Input and output shafts are machined and ground to close tolerances from 
alloy steel forgings. 

The sizes 171 and 198 speed control scoop tube slides in bronze bearings in 
the runner pillow block. An external control shaft is joined to the scoop tube by 
a system of linkages which utilize needle bearings and fitted keys to eliminate 
excessive motion. The external control shaft is fitted with a contact seal at the 
housing to eliminate leakage. The sizes 126. 146 and 212 to 270 have a 
horizontal sliding speed controller supported in bronze guide bushings. It 1s 
operated by a rod extending outside the unit through oil resistant synthetic 
rubber seals. The external rod end piece is furnished with a drilled hole for at
tachment of automatic or manual controllers. 

All Fluid Drives are statically and dynamically balanced. After complete 
assembly and inspection. each unit is tested at full operating speed for an ex
tended period. Periodic measurements are taken of vibration. oil. and bearing 
temperature. oil pressure and flow. 

: 1.2.23-97 
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INDUSTRIAL PRODUCTS DIVISION 
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SHIPPING STRAP 

FOUNDATION 

ALIGNMENT 

FLUID DRIVES 
INSTALLATION INSTRUCTIONS 

TYPE 
vs 

CLASS 6 

Lift housing cover and remove shipping strap from rotor assembly by loosen
ing strap at tension take-up. It is not necessary to remove brackets from tank 
wall. 

The Fluid Drive must be mounted on a substantial foundation. A steel subbase 
filled with concrete or equivalent is desirable. When mounted on a steel sub
base, it is recommended that holes in the subbase be located from the unit af
ter it has been aligned with the other equipment. If a steel subbase is not used, 
sole plates with machined pads should be grouted into the top of a concrete 
foundation. Subbase or sole plates should be securely anchored. 

Since the Fluid Drive housing serves as an oil reservoir its temperature will 
change with the operation of the unit. Therefore, allowance for expansion of 
the metal must be made during alignment of the Fluid Drive to the driving and 
driven equipment. Final alignment must be made at operating temperature. 

Flexible coupling alignment is usually made when the equipment is at the 
temperature of the surrounding ambient conditions. When the Fluid Drive is 
placed into service the oil temperature will rise, increasing the metal tem
perature of the housing. This will result in a rise of Fluid Drive centerline. 

The following allowance for expansion or rise can be made. 

Centerline Expansion Centerline 
Height Allowance Height 

25" .010" 45" 
27" .011" 47" 
29" .011" 49" 
31" .012" 51" 
33" .013" 53" 
35" .014" 55" 
37" .014" 57" 
39" .015" 59" 
41" .016" 61" 
43" .017" 63" 

Expansion 
Allowance 

.017" 

.018" 

.019" 

.020" 

.021" 

.021" 

.022" 

.023" · 

.024" 

.025" 

SEC. 1 
PAGE 3 
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ALIGNMENT (Cont'd.) 

AUXILIARY EQUIPMENT 

OIL PIPING 

SEC. I 
Page 4 

The procedure for alignment of the Fluid Drive is as follows: 

1. Subtract the rise that will occur in the driving and driven equipment 
from that of the Fluid Drive. 

2. Set the Fluid Drive lower that the driving and driven equipment by the 
amount calculated in Step 1 above. 

3. Align the Fluid Drive to the driving machine. Jacking screw are provided 
for temporary alignment. 

4. See the instructions furnished by the flexible coupling manufacturers 
for aligning the flexible couplings. 

5. Align the driven machine to the Fluid Drive. 

6. Use only flat plate metal shims between the Fluid Drive housing and the 
subbase. 

7. Final alignment must be obtained when the entire installation is at 
operating temperature. 

8. Dowel the equipment in place after a trial operation proves that the 
alignment is satisfactory. 

Locate and install auxiliary equipment such as. oil pumps, coolers. filters. con
trol panel. etc. as specified on applicable drawings and equipment 
specifications. SEC. 111. It is essential that the oil pump base be firmly grouted 
to provide a sound foundation for the pumps. See SEC. II for detailed auxiliary 
equipment instructions. 

All piping must be installed in such a manner that no strain or load is imposed 
on the Fluid Drive or the pumps. Follow the approved schematic piping 
diagram for proper installation of the piping. 
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OIL PIPING (Cont'd.) 

SPEED CONTROLLER 

THERMOCOUPLES 

INSTRUMENT PANEL 

CLEANING 

FLUID DRIVES 
INSTALLATION INSTRUCTIONS 

TYPE 
vs 

CLASS 6 

All oil piping used for installation must be thoroughly cleaned inside. It must 
be free from all scale, dirt. chips, weld spatter. and other foreign material. it is 
recommended that inside of the piping be wire brushed and flushed with oil or 
pickled and flushed with oil. See the flushing instructions for recommended 

flushing procedure. 

Remove the wire holding the scoop slide and install the speed control rod if 
shipped loose. 

Attach automatic control linkage to the speed control rod. Adjust the con
troller movement to stop about 1/64 inch before hitting internal stops on 
scoop tube support assembly. 

Connect up thermocouples according to Bearing Thermocouple Arrangement 
Drawing. Sec. Ill. 

If shipped disassembled, install according to Outline Dimensions drawing and 

Instrument Panel Assembly drawing. 

Remove all protective coatings from external finish machined surfaces. The 
protective oil used on internal surfaces is soluble in the Fluid Drive 011 and 
need not be removed. 

Flush the Fluid Drive tank. piping, and coolers until clean. 

Prior to flushing install auxiliary equipment. See Sec. II. Installation Instruc
tions. 

The fluid drive was thoroughly cleaned before shipment and prepared for 
limited storage. Disconnect all lube oil and circuit oil lines from pillow blocks 
and turn 90° to discharge into tank. All piping between the fluid drive and aux
iliary equipment must be free of scale. dirt. chips. weld spatter or other 
foreign material. It is recommended that inside of piping be wire brushed with 
oil or pickled and flushed with oil. 

i .... ______ ~------------------------------------.J Copyri1ht 1973 by Arner,can Standard Inc Tn,, cu.ta ,neet 11 ow prooerty ot Am•rican 
Standard Inc.. •~ 11 toafted with tne unde,-tanc1tn1 that 11 will not tte 111.ci tor any 
Puroow detr1me,,q1 to tM ,nternt of tt111 Corpora110,,, •net 11 IUbtect to return uoon 
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FLUSHING (Cont'd). For flushing and cleaning external piping. a professional flushing rig con
sisting of high capacity centrifugal pump with suitable filters and/or strainers 
should be employed. by-passing fluid drive oil pump which was not designed 
for flushlng. If fluid drive oil pump must be used for flushing. then special in
structions and permission must be obtained from American Standard's 
Engineering Department. 

SEC. I 
?age 6 

Fill the fluid drive with light turbine oil and replace housing cover. The entire 
system should be flushed using hot and cold oil circulated at high velocities. 
During flushing, the strainer ahead of flushing pump suction manifold. will 
load up causing pump to cavitate. Repeated shutdown and cleaning of pump 
strainer is necessary during flushing operation. When the suction pressure 
reaches 5 inches or mercury (vacuum), the flushing should cease and strainer 
cleaned. Flushing should continue until there is no further collection of 
material on the strainer screen. 

After flushing, remove the housing cover and reconnect internal piping. Drain 
all the oil from the housing tank and remove inspection manhole cover from 
the ends of the lower housing portion of the tank to facilitate thorough clean
ing of the tank bottom. 

To prepare unit for normal operation. the following checking procedure may 
be used. 

l. Check all tubing and piping connections for proper connections and 
tightness. 

2. Check the motion of the scoop tube and examine scoop tube tip for 
possible damage. 

3. Check scoop tube stops. 

4. Spot check bolts for tightness. 

5. Check the position or location of oil slingers and seals. 

6. Check the continuity of thermocoupl~s. 

7. Check the inside of housing for cleanliness. 
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... , TIii.MAN Ava. - ... o. • Oil 78 
oaAll8011N, MICHIGAN •• ,., 

1. GENERAL 

1.1 Gyrol Fluid Drives having an externally mounted oil supply 
require that oil carrying pipes, vessels, valves, coolers, etc., 
be flushed prior to placing the unit into operation. Since a 
considerable amount of piping is involved in connecting the pump 
and cooler to the Gyrol, it is essential that circuit.and lube oil 
systems be thoroughly flushed to achieve the cleanest possible 
system. A system is considered clean when no foreign materials. 
metal chips, weld spatter, oxide scale. sand. or other debris are 
captured in the strainer and/or filters. The engineer in charge 
of start-up is responsible for the cleanliness of the system. 

1.2 The Gyrol, cooler, pump(s), valves, and piping furnished by 
American Standard has been thoroughly cleaned prior to shipment 
and does not require additional cleaning unless contaminated during 
installation. 

1.3 The positive displacement pump furnished with the Gyrol is 
designed with close tolerances in the pumping element and is not 
intended for use during flushing. A professional flushing rig 
consisting of a suitable duplex filter and/or strainer, differen
tial pressure gauges, temperature gauges, and a high capacity cen
trifugal pump that supplies flush flow at a velocity of approxi
mately 15 ft/sec is recommended for flushing the system. The 
supplemental flushing pump must be connected to the piping syste~ 
as close to the permanent positive displacement pump(s) as possible. 
It is not intended that the permanent pump(s) be used in cooperation 
with supplemental pump during flushing. 

2. FLUSHING PREPARATIONS 

2.1 Lift the Gyrol cover from the lower half of the housing and 
prepare the internal piping for flushing. Disconnect and remove 
circuit feed line from pillow block(s) and blank off oil entrance 
to lube manifold up-stream of the external filter. To prevent 
entrance of debris-laden flush flow into the disconnected bearing 
and circuit feed ports during flushing, redirect the oil feed lines 
so that the flush flow is directed toward the bottom of Gvrol housin~. 
It is important that the internal piping is rearranged so.that no · 
oil enters the circuit and lube manifold during flushing. 

2.2 Remove all orifices, check valves, and instruments in the piping 
system which impede oil flow or could be damaged due to the high oil 
velocity during flushing. 

2.3 Prepare equipment lubricated from the Gvrol system for flush 
in accordance with manufacture's specifications. 

-----~~~~~~--:----------____J Cooyri1"'t 1979 by .,,,,.,,can Stanaa,a inc ll 0.1•••'~ co,po,111 0 '"'1 fn 1s OalJ """r1 : 
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2.4 Heat should be supplied to the flushing oil by a suitable 
heater or by attaching a temporary low-pressure steam line not 
to exceed 5 PSIG to the service water side of the Gyrol cooler. 
Great care must be taken to insure that not over 5 PSIG steam is 
admitted to the cooler, so that the cooler is not damaged and the 
flushing oil temperature does not exceed 180° F. A recommended 
method for heating the oil is to fill the cooler with water and 
bubble low-pressure steam through the water. The cooler must be 
vented to the atmosphere to prevent build-up of pressure. The 
beating of the oil can also be accomplished by other means, such 
as wrapping electric coils around the pipes or supplying hot water 
in place of steam to the water side of the Gyrol cooler. 

2.5 The piping system, particularly at the joints and flanges 
should be vibrated frequently, either manually or mechanically, 
during flushing to dislodge any scale or weld spatter that has 
adhered to the piping surface. 

2.6 After all piping installation has been completed and no fur
ther welding, burning, drilling of piping or valves, etc. is anti
cipated, the system must be inspected for cleanliness. It is re
commended that all accessible areas of the Gyrol and piping system 
be thoroughly inspected and if the slightest evidence of contami
nation is encountered, it should be removed. 

2.7 A good grade of mineral oil as used for steam turbine operation 
should be used for flushing. The oil should have a viscosity of 150 
SSU@ 100° F. To determine quantity of oil required, estimate the 
quantity of oil required to fill the system piping and add the quant
ity required to fill the Gyrol. The Gyrol Instruction Manual speci
fies the quantity and type of oil recommended. 

3. FLUSHING PROCEDURE 

3.1 The minimum oil level in the Gyrol housing, as specified in the 
Instruction Manual, must be maintained during flushing so that the 
supplement oil pump may maintain suction and operate properly. 

3.2 Start the supplement pump and circulate the oil. Gradually 
heat the oil to 180° F. by introducing steam or hot water to the 
tube-side of the heat exchanger. 

3.3. Cycle the oil between room temperature and 180° F. periodi
cally as rapidly as possible and vibrate the piping system during 
the temperature increasing intervals. This will effectively loosen 
foreign material that has adhered to the piping surfaces. When 
using the Gyrol cooler for heating the oil during the flushing cycle, 
do ~ot immediately use cold water to cool the oil. Allow the temper
ature of the tube bundles and tube sheets to cool to oil temperature 
before applyin~ the cold water. 

Page 6-B NEW 
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GYROL FLUID 

DRIVES 
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3.4 The hot oil circulation should be continued as long as 
necessary to insure proper system cleanliness. The flushing period 
may vary from 4 hours on small systems up to several days on the 
larger systems. 

3.5 Experience in flushing oil systems has shown that a large per
centage of foreign material is collected in the Gyrol housing, 
filter and/or strainer during the first f~w hours of flushing. 
During this time, whenever a noticeable increase in pressure drop, 
5 PSIG above initial, across the strainer and/or filter is obser
ved, the strainer and/or filter should be cleaned. 

3.6 Continuous flushing deposits foreign material in the Gyrol 
housing and should be drained and thoroughly cleaned periodically 
to prevent the recirculation of the debris-laden flush flow. Clean 
housing with lint-free rags and remove all traces of residual and 
foreign material before refilling housing with clean oil. 

3.7 The hot oil flush should continue until no evidence of foreign 
material appears in the strainers and/or filters. The following 
amount of foreign material is allowed in the Gyrol system: 

Class 4 and 5 Gvrol Fluid Drives 

For these machines, a cleanable edge-type filter is used with fil
tration capacity of 0.0015 inches. Total permissable volume of 
contaminants inside tank equivalent to 1 particle per 25 square 
inchEs. 

Class 6 and 7 Gvrol Fluid Drives 

For these machines, a full flow filter is used on the lubrication 
supply only. The filtration capacity of this filter is 0.0004 inch 
equivalent to 10 microns. Total permissable contamination inside 
drive equivalent to 1 particle per 25 square inches. 

3.8 When flushing is completed, stop heating and continue circu
lating the oil until the temperature is approximately 120° F. As 
soon as this temperature is reached, remove the flushing oil from 
the system. Open oil lines at the lowest points and allow oil to 
drain. 

3.9 All temporary equipment used for flushing the system must be 
removed and all piping, valves, orifices. and instrumentation re
moved prior to flushing must be replaced in their original locations. 

3.10 Remove cooler bundle from cooler ~nd submerge in a trough of 
cleaning solvent for thorough cleaning. It is recommended that 
new cooler gaskets be used while reassemblin~ cooler. 

---------:::-:":"~-:--:--~--------------....I Cooyr 1&"'1 1979 by Amer,c1n Sl•naara inc fl 0.1aw1rt coroo,11,0"'1 Tt"l,l_, aa1J ,,.,tt! 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD 
8111 TIIIEMAN AYE. - ... a. •ox 78 
DEAlleOIIN, MICHIGAN •e1z1 

Gy'rol 
Fluid Drive 

RECOMMENDED OIL LIST 

THE FOLLOWING RECOMMENDED OIL LIST ARE APPROVED OILS FOR USE 
IN GYROL FLUID DRIVES 

MANUFACTURER 

Amoco Oil Company Industrial Oil No. 32, Turbine Oil No. 32 

Atlantic Richfield Company Duro 32 (S-150), Ideal 32 (S-150) 

Chevron U.S.A. Inc. OC Turbine Oil 32 

Cities Service Company Citgo Pacemaker 32 

Conoco, Inc. Conoco Turbine Oil 32 

Exxon Company, USA Teresstic 32, Nuto H32 

Gulf Oil Corporation Gulf Harmony 32 

Keystone Division of Pennwalt Corp. KLC-654A 

Mobil Oil Corporation 

Phillips Petroleum Company 

Shell Oil Company 

DTE Oil Light, DTE 797 

Magnus Oil 150 

Tellus 32, Turbo Oil 32 

Sun Petroleum Products Company Sunvis 916 

Texaco, Inc. Regal Oil R & O 32, Rando Oil HD32 

Union Oil Company of California Union Unax RX 150, 
Union Turbine Oil 32 

GENERAL CHARACTERISTICS [BASEU ON MOBIL DTE OIL LlGHT] 

Gravity, AP! 
Specific Gravity 
Pour Point 
Flash Point 
Viscosity: Saybolt Universal Seconds 

Saybolt Universal Seconds 

Viscosiry: Centistokes 
Cent is tokes 

Viscosity Index [Hin.) 
ISO Viscosity Grade 
Color ASTH [Max.) 

Neutr¥lization Number 
Rust Test [A 6 B] (ASTH 0665-IP135] 
Demulsibility [ASTH 1401) 

31. 7 
0.871 

20° ~-, -7° C 
395° F, 201° C 

150/165 SUS@ 100° F 
44 Sl!S@ 210° F 

27.8/32.0@ 40° C 
5.3@100°C 

100 
32 

1.5 

0.10 
Pali~ 
Pass 

NOTE: Other properties of Hobil DTE Light, not shown, should be c,m formed to when 
using other similar high grade mineral oils. Synthetic fluids are not acceptdbl~ 
for use in Gyrol Fluid Drives . 

Copyr11r,1 1979 by American S11nd1rd Inc (I De11wi1,.- corpo,at,C'lrii Tf'\15, oatJ i"'(-":"! 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
INSTALLATION INSTRUCTIONS 

TYPE 
vs 

CLASS 6 8111 TIRIIMAN AVE. - ... 0. • ox 78 

O • All • ORN, MICHIGAN '8121 

OIL 

INITIAL OIL FILLING 

Oil is not furnished with the Fluid Drive. A good grade of mineral oil such as is 
used for steam turbine lubrication and having a viscosity of about 150 SSU at 
100° F. should be used. 

The following table lists the quantity of oil required to fill the Fluid Drive prior 
to start-up. 

Size 
126 

-~146 
171 
198 

Qty. (Gals.) 

53 
53 

100 
100 

Size 
212 
231 
250 
270 

Qty. (Gals.) 

270 
400 
600 
600 

Additional oil will be required to fill the oil cooler and piping. Initial oil may be 
added directly to the lower housing when cover is removed. or thru a fill con
nec~ion on the output end of the tank. 

When feasible all separately mounted oil coolers and connecting piping 
should be filled with oil before initial starting of the Fluid Drive. 

3._ ___________________________________________ .... 

Copyr11f'lt 1973 by American Standard Inc. Th11 data shNt is the prooeny ot Amer1c,in 
Standard Inc.. and 11 loaned w1tf'I the understand1ft1 that ,t w,11 not be uMd tor any 
purooH Cletrimefttaf to the 1nt.,nt of tht1 Corpor1t1on, and 11 1ub1Kt to return uoon 
demand. 

---------- -··-·· ··---- 1.2.23-106 

SEC. I 
Page 7 

--

--

--



--

--

--
c 
"' ::.i 
.5 
1l 
.,:: 

~ 

i = 

INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
OPERATING INSTRUCTIONS 

TYPE 
vs 

CLASS 6 11111 TIREMAN Ava. - ~-0- • ox ?ti 
DEARBORN, MICHIGAN 48121 

START-UP Prior to start-up the following equipment must be checked under simulated 
operating conditions: 

1. All pumps including D.C. Motor Driven Pump. 

2. Pressure switches. 

3. Automatic valves (2-way, 3-way. etc.) 

4. All temperature and pressure sensing devices. 

5. Water flow through coolers. 

See Sec. II, Installation and Operating Instructions for auxiliary equipment. 

If the fluid drive has an internal oil pump, it is necessary to remove the pipe 
plug in top of each bearing pillow block and pour oil into each bearing before 
starting. Do not start fluid drive without lube oil in bearings. 

Move the scoop tube to the declutched position and check the fluid drive oil 
level. 

Verify that all valves in piping are open. 

Start main driving motor and determine if rotation is correct before 
proceeding. (Rotation is determined from input end of fluid drive.) 

Determine if oil supply pressure is as given in following table. measured at 
3600 RPM: 

Size Press. Ranee Size Press. Range 

126 10-20 PSI 212 20-35 PSI 
~146 10-20 PSI 212A 20-35 PSI 

171 8-12 PSI 231 20-35 PSI 
198 8-12 PSI 250 100-125 PSI 
198A 8-12 PSI 270 100-125 PSI 

The allowable variation to these pressures is ~ 5% depending upon oil 
temperatures. If considerably lower pressures occur, then look for pump 
problems. low tank oil level or misplaced orifice. Oil temperatures above 190° 
F. are considered excessive. · 

::.--------------------------------1 
Copyrt11"1 1973 by American Standard Inc. Th11 data shfft 11 the propert)' ol American 
Stand•rd Inc .. and ,s loaned w,tn u,e understanding that ,t w,11 not be us~ tor any 
purpose detrunental to the 1n1ern1 ot tl"I,, Corparat1on. and 11 1uD1ect to return upon 
clemand. 

SEC. I 
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START-UP (Cont'd.) While drive is warming up at low speed. recheck tarik oil level and bring up to 
maximum level on sight glass with speed controller at minimum speed. posi
tion. When operating temperature is reached. see Sec. Ill. move speed con
troller to full speed position and allow a short period of time for load to reach 
full speed. Recheck oil level at full speed. Sight glass should show m1n1mum 
level. 

SEC. I 
Page 10 

Temperature indicating thermometers on the instrument panel should have 
readings during normal operation within the range shown below: 

Thermometer Designation 
Circuit and Bearing Oil 

Entering Manifold 

Input Outboard Journal Bearing 
Input Inboard Journal Bearing 
Output Inboard Journal Bearing 
Output Outboard Journal Bearing 
Thrust Bearings 

Normal Range 
70° F. to 130° F. 

100° F 
to 

160° F. 

Temperature indicators shown on Bearing Thermocouple Arrangement draw
ing should have readings during normal operation as shown below: 

Temperature Indicator 
Desi1nalion 

Input Outboard Journal Bearing 
Input Inboard Journal Bearing 
Output Inboard Journal Bearing 
Output Outboard Journal Bearing 
Input Thrust Bearing-Oil Ter'np. 
Output Thrust Bearing-Oil Temp. 

Normal Ranre 

100° F. 
to 

160° F. 

--
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
OPERATING INSTRUCTIONS 

TYPE 
vs 

CLASS 6 
8111 TIR• MAN AV• . - ... 0. 80Jl 78 
DEARBORN, MICHIGAN 48121 

START-UP (Cont'd.) 

VIBRATION 

OIL MAINTENANCE 

The circuit oil leak oft box located inside the Fluid Drive collects oil leaving the 
circuit through a nozzle in the rotating casing. Temperature of oil in this box 
should give an alarm at 200°F. and full declutch the Fluid Drive (minimum 
speed position) at 215°F. 

Gage No. 1 indicates oil temp. from input outboard bearing. 
Gage No. 2 indicates oil temp. from input inboard bearing. 
Gage No. 3 indicates bearing lube pressure. 
Gage No. 4 indicates oil temp. from output inboard bearing. 
Gage No. 5 indicates oil temp. from output outboard bearing. 

NOTE: lube oil and circuit oil temp. are equal. 

See Sec. II for operating instructions of any auxiliary equipment. 

Note driving motor and fluid drive to be operating smoothly. Re-check after 
load is brought up to. normal operating speed. The normal and allowable 
vibrations of input and output shafts are as follows: 

Normal Shaft Vibration 

.001 to .002 mils 

Allowable Shaft Vibration 

Up to .005 mils 

Transient swings or increase in vibration would be normal during changes in 

scoop position. 

The fluid drive should be free of any leaks. The oil level should be checked 
periodically and oil added if necessary. The supplier of oil should be consulted 
for their recommended maintenance procedure. In the absence of suppliers 
recommendations. the following should be observed. 

~-------------------------------------__. 
---·-· ---------··. 

Copyright 1973 by American Sti1ndard inc. Hus data shttt ,s the propel"Ty of American 
Standard Inc .. and 11 loaned w1tt, the uncterstand1n1 that 11 w,11 not be used tor any 
purpow detrimental to the 1nterHt of r,111 Corpor111on. and 1s subrect to return upon 
demand, 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD 
8111 TIREMAN AYE. - 1".O. • ox 78 
DEARBORN, MICHIGAN 48121 

FLUID DRIVES 
OPERATING INSTRUCTIONS 

TYPE 
vs 

CLASS 6 

TROUBLE SHOOTING 
(Cont'd.) a. Pump suction restricted due to foreign material in line to pump. 

b. Oil bypass arrangement may not be fully closed. 
c. Low oil level causing pump(s) to cavitate. 
d. Loose gaskets or breaks in internal piping of fluid drive. 

7. Fluid drive overloaded. 
8. Damaged bearing or insufficient lube pressure. 

Low oil pressure may be caused by: 

1. Improper setting of pressure regulating valve. 
2. Dirty oil filters. 
3. Restriction in pump suction line. 
4. Damaged bearings. 
5. Loose gaskets or break in internal lube piping. 
6. Defective oil pump. 
7. Inadequate oil supply or suction conditions. 

_________________________________ _, 

Copy"I"' I 973 by Amer,can Standard Inc. T,.,, data '""' ,1 ,,.. proDerty of Am•rocan 
Stand•rd Inc.. •ncl 11 loaMCI ••th the unclerst1nchn1 tt'lat ,t wdl not bf used for 111y 
purpoH detrimental to Iha ,nternt of tr111 Corp0ra11on. and II aub,.ct to return YPon 
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vs 

CLASS 6 

FLUID DRIVES 
INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD 
DI SASS EMBLY INSTRUCTIONS 

8111 Tlll• MAN AV• . - 1".0. • ox '79 
D • All • OIIN, MICHIGAN 49121 

PRECAUTIONS 

HOUSING COVER 
REMOVAL 

REMOVAL OF PILLOW 
BLOCK COVERS 

REMOVAL OF 
THRUST BEARINGS 

REMOVAL OF 
JOURNAL BEARINGS 

SEC. I 
Page 14 

Disconnect input and output flexible couplings and external control linkage 
prior to disassembly. All components and tank should be thoroughly cleaned 
during disassembly and kept clean by suitable coverings to minimize intake of 
foreign material into fluid drive. 

Remove all bolts from horizontal split flange and from upper half of shaft 
seals at both ends of drive. Shaft seals do not lift off with top half of housing. 
Loosen bolts in seal lower halves and pull seals out away from housing to limit 
of bolts. Be careful of gaskets under bolting faces. Lift housing cover straight 
up with lifting lugs provided and set· off to one side. 

Remove piping and any thermocouples attached to bearing pillow block 
covers. Mark piping and thermocouples for reassembly. See Sec. Ill. page 10. 
Remove all bolts from horizontal split flange. Lift cover straight up and level, 
to avoid bearing damage, with lifting lugs provided. Do not lift entire pillow 
block with lifting lugs. · 

Carefully lift out individual shoes from upper half of thrust bearing. Keep all 
shoes together in a protected location. Next remove thrust cage assembly. 
Rock-out lower half cage and shoes for removal. Remove bearing spacer 
shims and matchmark for location. Use bearing scraper and carefully remove 
imbedded dirt in shoe faces. Do not over-scrape shoe faces. Shoes and cages 
are in matched sets which must be maintained and replaced exactly. 

Upper half of journal bearings are bolted to and lift with pillow block covers. 
Lift shafts just enough with rope slings to take weight off lower half of journal 
bearing and rock-out lower halves. To remove upper half of journal bearing, 
loosen locknut on bearing retainer bolt and tap bolt head to loosen bearing. 
When reassembling bolts In upper bearing halves, snug bolts and back off 1/2 
turn to prevent damage to bearlnas. On units with internal pumps remove 
pump driven gear by removing locking strap and hex. nut. 

~.2.~3-111 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
DISASSEMBLY INSTRUCTIONS 

TYPE 
vs 

CLASS 6 8111 TIREMAN AVE. - P.O. BOX 78 
OEAR • O"N• MICHIGAN 48121 

REMOVAL OF JOURNAL 
BEARINGS (Cont'd.) . 

REMOVAL OF ROTORS 

DISASSEMBLY TOOL 
SIZES 250-270 

NOTE: The sizes 250 and 270 fluid drives contain a pilot bearing i.e. The 
output inboard {pilot) bearing is located and contained by the im
peller shaft shrouded by the rotors. To examine the pilot bearing a 
complete disassembly of rotating parts is necessary. 

NOTE: If necessary. journal bearing labyrinth rings may be removed from 
the upper and lower halves of the pillow blocks by removing the 
retainer cap screws. 

Remove the scoop tube assembly. Be careful not to damage tip end of tube. 
Remove bolts and dowels from lower halves of shaft seals. Remove seal 
drains. Remove bolt circle bolts and dowel pins from rotor flanges. To 
preserve dynamic balance. carefully mark location of each cap screw by 
number and matchmark; or they may be rethreaded into the back of the cas
ing flange from which removed. Use jacking screws in three locations 120° 
apart to separate rotors. Place rope sling around input shaft and eye bolt in
stalled in impeller bolting flange. lift out the input shaft and impeller 
assembly and place on a previously prepared cradle or pallet. Lower the 
runner casing assembly slowly until it rests on the runner and a block on the 
runner shaft. lift out the runner casing, runner and shaft assembly and place 
on a previously prepared cradle or pallet. Shafts may be removed from rotors 
after matchmarking. 

NOTE: On sizes 250 and 270 fluid drives an axial clearance of 3-1/2" must 
be provided to remove the shaft from the pilot bearing. If this space 
is not provided, input and output rotating assemblies must be 
removed as one assembly. 

Special support A-frame and lifting plates are provided to facilitate dis
assembly and assembly of sizes 250 and 270. 

----------------------------------' Copynlht 1973 by ~mer,can Standard Inc. Thi1 data sheet 1s ,,_ property of American 
SlanOard Inc.. and 1s foainld with the understand1n1 that ,t ••II not be uHd tor any 
purpow ewfrtrnental to the 1nternt of '"" Corporahon. and 11 1ub1ect to return upon -- t2.-n.1~ ----------a•••---•----•-•-••-••--•--•--•---•• --•-•- --.-•• 
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AMERICAN-STANDARD 
8111 Tllt• MAN AV • . - l".O. • ox 79 
O • Alt • OltN. MICHIGAN 481.Zf 

PILLOW BLOCK ASS EMBLY 

FLUID DRIVES 
TYPE 

vs 
CLASS6 

~----------------------------------
-·-~----
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
DISASSEMBLY INSTRUCTIONS 

TYPE 
vs 

CLASS 6 
8IU TIR.MAN AV •. - ... o. • ox 78 
D•AR • ORN. MICHIGAN 48121 

INTERNAL PUMP 
REMOVAL 

PILLOW BLOCK 
ALIGNMENT 

If necessary, pump and support assembly may be removed in the following 
manner: 

1. Disconnect piping to pump. 

2. Remove input pillow block hold down bolts and lift out bottom half of 
the input pillow block with pump and support assembly attached. 

IMPORTANT: Any shims under the pillow block must not be disturbed if 
pillow block alignment is to be preserved. 

3. Remove cap screws and dowels to remove pump and support assembly. 

4. Remove pump screen. screen guard. and screen grill from bottom of the 
pump. 

5. Remove pump bottom flange, and gear and shaft assemblies may be 
removed. 

IMPORTANT: Do not disturb the lower halves of the pillow blocks. except to 
check the tightness of the hold down bolts. in order that the 
alignment between pillow block will not be changed. 

Impeller and casing assembly and the runner assembly. may be removed 
from the shafts by removing dowels and cap screws on Size 250. or dowel cap 
screws on Size 270, and using jacking screws in tapped holes provided in shaft 
flanges. Dowels have tapped puller holes. 

IMPORTANT: Be sure to identify match marks between parts and to return 
cap screws and lock washer to their exact location in order 
to preserve dynamic balance. Use a temporary marking of cap 
screws which will not mar the polished surfaces. 

~---------------------------------...1 Copy"'"' 197] by Amer~ Standard Inc. Th,,. date 1hNt 11 ttw P,ope,Ty or Amertean 
SlandarO Inc.. and ts loaned with the und~tand1n1 that 11 wtll Mt tJe uMCI for • ny 
eturC)OU aetrinwntat to the ~•ernt ot th .. Corporauon. and 11 1ub,ect to rwtum upon 
-nd-··-·--·-----···• --·--· -------. ------ ·- ·- .. - . l~1.'ZJ.-J,l5 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
ASSEMBLY INSTRUCTIONS 

TYPE 
vs 

CLASS 6 
8111 TIREMAN AVE. - ... 0. BOX 78 
DEARBORN; MICHIGAN •&121 

GENERAL 

CLEANING 

GASKETS 

SIZE 270 CASING 
110" RINGS 

BEARINGS 

When assembling the fluid drive, follow the disassembly instructions in the 
reverse order. In addition follow the instructions below and also refer to Sec. 
11, Assembly Instructions for Auxiliary Equipment. . , -

All parts must be thoroughly cleaned and maintained clean through the 
reassembly of the unit. 

Where flat paper type gaskets are used it is recommended that new gaskets be 
cut out exactly like original gaskets from "Vellumoid" or equal material hav
ing same thickness as original gaskets. "O" rings where used may be reused 
provided they have not been damaged or stretched out of shape. 

IMPORTANT: The mating faces of the pillow block bearings are ground sur-
faces and do not require a gasket or sealing compound. Use of 
either will effect the bearing clearances and the operating con
ditions for which the bearings were designed. 

On Size 270, use rubber cement to hold the casing "O" rings, in their grooves 
. during assembly. It is very important that these "O" rings be properly 
assembled. 

Any rust, burrs, scar marks, etc., in the machined surfaces of the pillow blocks 
or shafts must be removed by stoning. crocus cloth or other suitable means. If 
the babbitted surfaces of the bearings are marred. they should be lightly 
scraped to blend with the bearing surfaces and any particles imbedded in the 
babbitt cleaned out. The oil feeder grooves should be closely inspected and 
any sharp edges or signs of wiping carefully scraped to blend into the bearing 
surface profile. If there is any question regarding the suitability of the bearing, 
it should be replaced with a new bearing. Never use force when assembling the 
bearings. If the parts do not assemble easily, something is out of place or not 
cleaned properly. 

---------------------------------..J Copyri1P11 1973 by A"'9rtean St1nd1rd Inc. This data sheet 11 tht prope"y ot American 
Stanoard Inc.. and 11 foanR wrth the unffr11anc1tn1 tPlat ,t will not ~ used for any :=:. dttrtmtntal to tl'\e 1nternt of tt•111 CorDOr111on. •ftd 11 1ub1eet to return uPon 
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TYPE 
vs 

CLASS 6 

FLUID DRIVES 
ASSEMBLY INSTRUCTIONS 

INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD 
a,11 Tllt• MAN AV• . - ~.o. • Oil '7e 
D • All • OIIN, MICHIGAN , • 1 at 

THRUST BEARING 

• 

JOURNAL BEARINGS 

SEC. I 
Page 22 

After the bearing pillow blocks have been assembled. check the clearance or 
end float in the Kingsbury thrust bearings by prying or jacking the shafts back 
and forth and measuring the movement with a dial indicator. The original 
clearance is clearly stamped on each pillow block and if the movement is not 
within these specified limits. it should be corrected by grinding the existing 
shim plates or by making a new shim plate. If a change has to be made. the 
shim plate must be made flat and parallel to .002 inches total indicator 
reading. 

IMPORTANT: Before making a shim adjustment. double check the end play 
clearance with all the oil wiped off the thrust shoes and collar 
faces. Also, turn the shaft slowly to ascertain if the shoes are 
seated properly. If the end play is still above or below limits. cor
rect as outlined in the previous instructions. 

The bearing halves should be rolled into place after lining up the positioning 
tongue and/or groove in the bearing shell back wall with a mating tongue 
and/or groove in the bearing housing. Pressure cap type bearings are used 
and must be installed with the dam located about 30° off the vertical 
centerline in the direction of rotation. In some instances. it 
is possible to get the bearings on backwards. Place the upper half of the bear
ing into the bearing cap and align the tapped hole on the bearing shell to the 
hole in the bearing housing cap. Install the holding cap screw and turn down 
until it bottoms lightly, then back out l/2 turn and lock in place. 

IMPORTANT: Do not bottom the locking screw tightly and leave bottomed. as 
it can deflect the bearing cap and cause trouble due to inade
quate clearances in the area of the locking screw. 

1.2.23-117 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
ASSEMBLY INSTRUCTIONS 

TYPE 
vs 

CLASS 6 
8111 TIRE MAN AYE. - P'.O. 80X 78 

DEAR80RN, MICHIGAN 48121 

PILOT BEARING 
SIZE 250 & 270 If replacement is made of the internal journal bearing. (Pilot Brg.) do the 

following: 

1. Determine location of bearing in input shaft. 

2. Remove the retaining set screws. 

3. With an internal puller, draw the internal journal bearing out of the im
peller shaft. 

4. Press the internal journal bearing into the impeller shaft to the proper 
location as determined in Step. 1 

IMPORTANT: Open end of internal journal bearing oil grooves must be 
pressed into impeller shaft first. 

5. Drill for dog point retaining set screws in four places: 

IMPORTANT: Do not drill any deeper than necessary. Install retaining 
set screws and stake in place. 

+.001 
6. Bore the internal journal bearing to -.000 inches concentric with the in

put shaft bearing journals within .001 total indicator reading. 

7. Reshape oil grooves according to internal journal bearing drawing. See 
Journal Bearing drawing. 

Check line up of the internal journal bearing as follows: 

1. Place the input shaft in the Fluid Drive and close the input pillow block. 
Input pillow block should be completely assembled including thrust 
bearing. 

.._ ____________________________ _,J 

Copyrtlf'lt 1973 by American Standard inc. n,,. CS.t• ,....,., 11 uw PfOC)eny ot Amer,can 
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INDUSTRIAL PRODUCTS DIVISION 

TYP£ 
vs 

CLASS 6 

FLUID DRIVES 
ASSEMBLY INSTRUCTIONS 

AMERICAN-STANDARD 
8111 TUl • MAN AV• . - ... o. • ox 79 
D • AR80RN, MICHIGAN •a1z1 

PILOT BEARING SIZE 
250 & 270 (Cont'd.) 

SEAL CLEARANCES 

SEC. I 
Page 24 

2. Place the runner shaft without runner in the Fluid Drive (with a spare 
journal bearing in place of the bronze labyrinth on the inboard end of 
the pillow block) and close the output pillow block. The runner shaft is to 
be in a position clearing the internal bearing so the thrust bearing is 
omitted from the pillow block 

3. Mount an indicator on the output shaft and indicate the flange O.D. of 
the impeller and casing assembly. Alignment of the pillow blocks is 
satisfactory if the total indicator reading is within .005 inches. 

4. If a reading over .005 T.I.R. is obtained in step (3) check the concentrici
ty of the internal bearing bore with the impeller shaft bearing journals. 
They must be concentric within .001 inches total indicator reading. 

5. If the internal bearing bore is concentric within .001 inches T.I.R. with 
the input shaft bearing journals, then the runner pillow block must be 
shimmed until the runner shaft runs concentric within .005 inches T.I.R. 
with the 0.D. of the impeller casing flange and also within .010 inches 
T.I.R. with the face of the impeller. Use flat plate metal shims as large as 
possible under each hold down bolt. Calculate the intermediate shims to 
give a straight line across the top of the shims so that shims under all 
bolts are tight. 

The housing shaft seals are located with dowel pins to l'T'aintain the proper 
clearance. See Sec. Ill. Page 2. The internal and external slinger ring seal 
elements should fit concentrically in the seal and cover bores and the slinger 
lip should have about 1/32" axial clearance as shown on cross section Drwg .. 
Sec. Ill, Page 2. If realignment is necessary, pull the dowel pins, realign the end 
covers. bolt up tight and either redowel the end covers or if possible ream out 
for the next larger size dowel pin. 

: 1.2.29-119 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
ASSEMBLY INSTRUCTIONS 

TYPE 
vs 

CLASS 6 
8111 TIii.MAN av•. - P'.O. • ox 79 
o•ARBORN, MICHIGAN 48121 

SCOOP TUBES 

The scoop tube should be set so that it clears the casing by 1/8 inch. This can 
be accomplished by moving the scoop tube towards the casing by hand.then 
move the scoop tube away from the casing 1/8 inch and set one internal scoop 
stop. Check to be sure there is no rub over a full revolution of the casing. Set 
the other internal stop to give full travel as indicated in Sec. Ill. Page 3. Check 
for rub during full revolution of casing with scoop tube in full clutch position. 

JC 3----~--=-__,,~---------------...1 
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aeDUSTRIAL NODUCTS DIVISION 

AMERICAN-STANDARD FLUID DRIVES 
GENERAL DESCRIPTION 

TYPE 
vs 

CLASS 6 
.... Tllt•••N AV•.-~.o. •o• ... 
D • AlleOIIN, MICHIGAN 4etal 

OIL COOLER(S) Oil flowing through the power vortex also acts as a coolant. in that it carries 
away the heat load to the oil cooler. Oil to water coolers are American Stan
dard Shell and tube type construction. The tubes are made of Admiralty metal 
for long life and are removable from the shell for ease of cleaning. Other con
struction details are Muntz metal tube sheets. steel shells and steel channels. 

Separately mounted air-oil coolers are sometimes used. When used. care 
should be taken to insure that pipe size and length be chosen for minimum 
pressure drop. A bypass valve and piping is recommended for cold weather 
operation. • 

EXTERNAL OIL PUMP(S) Separately mounted external po$itive displacement type oil pumps supply the 
necessary oil for use in the fluid drive circuit and bearings when a greater 
quantity of cooled oil is reQuired than can be supplied with an internal gear 
driven pump or special applications deem e>Cternal pumps necessary. 

EMERGENCY LUBE PUMP An emergency DC Motor driven pump is used to supply bearing lubrication 
during the coast down to prevent bearing damage. 

SWITCH PANEL 

PRESSURE CONTROLS 

Thermocouples and a terminal box may be used to monitor input and output 
journal bearings and tank oil temperatures. Their location will be shown on 
Sec. Ill. 

The switch panel may be direct or remote mounted and is used to house 
pressure and temperature switches. 

Pressure switches are powered to insure adeQuate lube and circuit oil 
pressure for trouble-free operation. The switch locations are shown on Sec. Ill. 
I For specific operating and setting instructions see Sec. Ill. 

, ________________________ _. 
SEC.II 
Pagel 
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INDUSTRIAL PRODUCTS DMSION 

AMERICAN-STANDARD FLUID DRIVES 
INSTALLATION INSTRUCTIONS 

TYPE 
vs 

CLASS 6 •"' TIIIIEMAN AV • . - P.O. • ox ... 
D • All • OIIN, MICHIGAN • • t • t 

FLEXIBLE COUPLINGS 

OIL MIST ELIMINATOR 

SWITCH PANEL 

EXTERNAL SPEED 
CONTROLLER 

fUMPS, COOLERS, 
VALVES, ETC. 

FLUSHING 

TH ERM OCOUPLE 
ASSEMBLY 

If the flexible coupling has the usual straight key construction in the hub. 
follow normal assembly practices and "shrink" on shaft. When aligning flexi• 
ble couplings on the driving and driven equipment, allowance for expansion or 
rise in the fluid drive centerline heiaht should be .0004 per inch of centerline 
height. 

The oil mist eliminator is boxed separately to avoid damage in shipment. 
Mount on housing flange provided. See Sec. Ill, 

When assembling external piping connect tubing for pressure switches and 
capillaries for temperature controllers to the switch panel. See Sec. Ill. 

Mount external speed controller and adjust stops to stop 1/64 inch before hit
ting internal stops. Make sure full scoop travel ts available. See Sec. Ill. 

Prior to flushing. all remaining auxiliary equipment should be located and in
stalled. See Sec. Ill for location and details. 

If not already provided. provisions should be made to allow installation of 
strainer screens at the suction of the oil pumps. This can be in the form of a 
spool piece or a "Y" type strainer assembly with suitable shut-off and drain 
arrangements to allow removal of screen for cleaning and inspection during 
flushing. The strainer should have an opening area of four times the pipe area 
- 100 mesh screen minimum. Once the piping system is thoroughly cleaned. 
the suction strainer must be removed. 

Customer to connect his leads as required to terminal strip in terminal box. 
Customer's terminal connections are indicated with black dots on drawing. 

'--------------------------eoc,,.,c,,1 117J 1>r -""-ican Sta,,a,a_,, Inc. T'htl Uta.,_ ii ttw P'-'Y el A,,__, 

St:ancs.,o Inc .. - ii IIMnod .,"' ttw w~"°'"I ""'' ft .,., - "" - i. -=·-·· ..... ---~·---•....-,:t•--
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TYPE 
YS 

CLASS I 
FLUID DRIVES 

GENERAL DESCRIPTION 

INDUSTRIAL PRODUCTS DMSION 

AMERICAN-STANDARD 
e111 Tu•••.aN .ave. - ~.o. • ox '79 
D • .a••o•N. MICNIOAN •• ,a, 

TEMPERATURE 
CONTROLS 

PRESSURE VALVES 

Oil FILTERS 

EXTERNAL SPEED 
CONTROLLER 

OIL MIST ELIMINATOR 

SEC.II 
P11e 1.1 

Temperature switehes are provided to shut down main driving motor and in
form operator when fluid drive oil temperature is abnormal. The switch 
loeations are shown on Sec. Ill. .for specific operating and setting in
structions see Sec. Ill, 

Pressure valves may be supplied to maintain the customer's lubricating oil at 
a predetermined pressure. 
specific details. 

Cleanable oil filters provide filtered oil to the fluid drive during normal and 
emergency operations. See Sec. 111; 

Various types of actuators may.be attached to the fluid drive speed control rod 
for manual or automatic control of the fluid drive. Automatic actuators may 
be electric, pneumatic or hydraulic systems. Some actuators must be 
mounted on a separate base next to the fluid drive. See Sec. Ill, 

The oil mist eliminator is a self-contained assembly side-mounted on the fluid 
drive housing. The assembly includes a motor and blower to induce the proper -
vapor flow through the eliminator. The oil vapor laden air is drawn out of the 
fluid drive tank and through the filter element of the eliminator. See Sec. Ill. 

1.2.23-123 
. --- --------·------··---- ·--- - ----- . 



TYPE 
vs 

CLASS I 

FLUID DRIVES 
INSTALLATION INSTRUCTIONS 

91DUSTRIAL NODUCTS DC'IISION 

AMERICAN-STANDARD 
··" T1••MAN AY• . • P.O. aox .,. 
D • A•ao•N, MIC:NIOAN <181&1 

PRESSURE 
REGULATING VALVE 

SEC.II 
Pa1• 2.1 

This valve reduces fluid drive lube pressure for customer's bearings and can 
be adjusted at the job site if required. If the valve fails it fails open so 
customer's bearings are over-supplied and not under-supplied in case of 
failure. See Sec. Ill, 

1.2.23-124 
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INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-ST ANDA RD 
8111 T11taMAN AYa. - P.O. 80X 78 
OEAll • OIIN, MICHIGAN 48121 

STARTING PROCEDURE 

FLUID DRIVES 
OPERATING INSTRUCTIONS 

TYPE 
vs 

CLASS6 

Follow normal operating instructions in Section I of manual with the following 
~xception: 

EXTERNAL OIL PUMPS• 

Prior to starting main driving motor, energize the circuit and lubrication 
pumps in the following manner: 

Follow normal startlne procedures for one clrculatlon and lubrication pump 
set. ENERGIZE AC STANO-BY PUMP PRIOR TO STARTING MAIN DRIVING 
MOTOR TO INSURE PROPER LUBRICATION DURING START-UP. 

NOTE: If two or more external pump sets are used, rotate the operation of the 
pump sets to extend life and insure reliability. 

COLD OIL OPERATION 

Pumps may have a tendency to be noisy with cold oil. As oil heats up. noise 
should abate. If noise appears excessive, check to see if all valves on pump 
base are open. See schematic piping. Sec. Ill, 

PRESSURE AND TEMPERATURE CONTROLS 

Check pressure and temperature switch settings prior to starting main driving 
motor. See Specifications. Sec. Ill 

MAIN DRIVING MOTOR 

With the scoop tube in the declutch position and the system requirement for 
pressure in lubricating system having been satisfied, the main driving motor 
can be energized. 

NOTE: Rotation of motor to match fluid drive. Allow unit to warm up slowly. 
See Sec. I. Normal Operating Instructions. 

• Applies only to special starting instructions for two or more external oil 
pumps. 

------------;C:::o:py:,,,::n,:-:-:;J 9';;19:"'..,:'.:,"":A::'.m:'.e,"".",ca:'.".'n"".S:"".,a':'na .. ar .. a-,n-c-,-. -:D-era-.,,-.,-. -,o-,o-o,-a,-,o-n1-rn-,s-d-at-a -,n-ee-, ___________ _J 
•s. The property of American Standard. and 15 loaned with the understanoini that it SEC. II 
will not De usea lor any purc,ose detr,,,,~ntai to 1ne interest of this Corporation and Pa1e 3 
1s ,u01ect to return upon demand File 1n lndustr1a1 Products 01v1s1on Data Book. 
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FLUID DRIVES 

OPERATING INSTRUCTIONS 

INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-STANDARD 
8111 TIii.MAN AY • . - ~-0- aox 79 
o•All8011N. MICHIGAN ,a,21 

EXTERNAL SPEED 
CONTROLLER 

NORMAL SHUT DOWN 

If no excessive vibration is present and all components are functioning 
properly the external speed controller can be moved slowly to the full speed 
position and allow a short period of time for load to reach full speed. Recheck 
oil level at full speed. Sight glass should show minimum level. 

Move speed control to declutch position. De-energize main driving motor. De
energize circuit and lube pump motor(s) only after input shaft has stopped. 
De-energize remaining auxiliary equipment such as: oil mist eliminator. low 
pressure alarms, etc. 

NOTE: It is not necessary that water supply to oil coolers be shut off during 
limited time down • i.e. S days or less. Water conservation may dictate whether 
this is followed. 

EMERGENCY SHUT DOWN The external speed controller may be set to lock in position or return to 
declutch or full clutch position per customer's requirements upon loss of 
manifold oil pressure. Pressure switches trip the main driving motor upon loss 
of manifold oil pressure and activate OC motor driven lubrication pump after 
a nominal time dela)' of 5 seconds. See Sec. Ill, 

SE:C.11 
Paa, 3.1 
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P'OIIM NO. 1111P'D 111:v. 11•77 KAa ICI •••• 

ITEM REQ. DESCRIPTION 

SIZE #146, CCW ROTATION. TYPE VS, CLASS 6. GYROL FLUID DRIVE WITH OIL 

2 1 

3 1 

4 1 

COOLER ITEH #2 • HeUHT'ED ON RfGHT .HAND SIDE"• WtTH urr-~ND ·_:· .. 

CONTROL. WITH INTERNAL 44 GPH PUMP PER B/M 78•1460-6-104 ANO 
SERIAL NO. 78-146-6-104 

DUTY: CUSTOMERS MOTOR: 800 H.P.@ 3600 RPH 
BOILER FEED PUMP DRIVE: VARIABLE TORQUE LOAD 
S:1 SPEED REDUCTION 

MARK ITEM #1: S .O. 1 A 995 

FLUID DRIVE COMPLETE WITH THE FOLLOWING: -

(1-A) MOUNT ACTUATOR ITEM NO. 4. COMPLETE WITH BRACKET , LINKAGE 

(l•B) MOUNT PICK-UP BRACKET (PICK-UP INCLUDED IN ITEM #3) ON OUTPUT 
END OF FLUID DRIVE. 

tt•.C,-PRO\JISIOUS ru 01l co0LeQ. l1JLET. OUT\..ET ~1?11.19: FOil 

~ -, ~-T-e>.APel2AT1112.e t:::aeT~CTOC28 (ITEM*IO) 

CPK 08042 OIL COOLER WITH 5/811 DIA. LO-FIN ADMIRALTY TUBES, CAST IRON 
CHANNELS,, MUNTZ TUBE SHEETS. P/N 5-04~-~-0-4'2.-00g RE'll- l 

CONNECTIONS TO BE POS. A. l, 4Z. 
COOLER DUTY: HEAT LOAD ti 407,200 

Oil FLOW - 44 GPM 
Oil ENTERING ei 179.1°F 
OIL LEAVING~ 135°F 
WATER FLOW fl 80 GPH 
WATER ENTERING~ 85°F 
WATER LEAVING (ii) 95.2°F 

GYROLTROL CONTROLLER, HODEL 430 WITH NE1'\A 12 ENCLOSURE, P/N 67954. 

MODEL A510 JORDAN ELEC. 
P/N 73-CP-5587•1. 

ACTUATOR WITH NEHA 12 ENCLOSURE, 

INDUSTRIAL PRODUCTS DIVISION 

AMERICAN-ST ANOARO 
IN0USTIIIAL. l'IIOOUCTS GIIOUI' 

ORDER BILL OF MATERIAL 

s1zE #146, Ct.ASS 6 GYROL FLUID DRIVE 

TMos oocuwu,, c.,..u,o,s .... CUST. BI NGHAM•WI lt.AHETTE CO• 
TClft•L AHO 0,,, '""" ..... .,_ DWN. ,. ,ltl't~ !J,,/J·Jt) JOB 

w,•UCM IS TH. ~ttoPCIIIT"f 0, r-:-:=-----r-.~~-------------------1 
AWC"1CA ... • TAN0Alt0 INC, ANO CHKD. I 58 6" 
'""'"'-11:DONfo.'f'OIII .. •11t0~•- -----------CUST. P.O. NO. - 9 :, 
.. ..., ........ 0 , .. - ..... ,... AP'P'D. .......S ... IZE....,_o_R_D_E_R_N_O_. -~3--'2"82~3~,nx~-----------
o•oosc .. oou ... ,,. • ._ .. •• .. _• 1-------~---t ,...., REV. 

ro ..... ., NRSON ll'IIIIM 0111 co-. 
~ATION W'l'T""°"'T OUlt ••ot 
MIIIIT'TCN ••llllllll'OVAL. 

A 
----- -------- ~--- -.. U%3-• t2-7 

PG. 1 OF 

2 P'GS. 
C 



fl'DIIM NO. 11 &Bfl'D 11av. 11•77 K•• 10 ., •• 

. ITEM REQ. DESCRIPTION 

s 1 AIRPAX SPLIT GEAR, 60 TOOTH, P/N 67366 -
l -

6 1 ASHCROFT Bl•HETAL DIAL THERHOHETER, P/N 67350, CAT. #30A160L, oo - 250°F. 

7 1 ASHCROFT THERMOMETER WELL, P/N 67351, CAT. NT'38S 751040, 304 STAINLESS ST'L 

9 t STATIONARY END TWO•PASS CHANNEL g. HARDWARE FOR THE CPK 08042 OIL COOLE:: 
( ITEH #2) FOR CONNECTIONS POS. A, 1 " 4 z. 

:---r.o~-- r-a·· ,;A;·eo, e 01.J * I C. (. -tJ C ;a o RESI STAIJCctEU?E~ATUQE: 
=onago~-~-PAa! ~~-.Je PP I a, 0 o ---· -·-- - - ·-· -- - --

.. ------·-·------------------ - >---_ =--T;A~-EO t SOL! _« as;eeo oeTeCTDSZ 14ott)e-a.;-·PA2,U!: "78 PP-ta~~ --
l ---- ---·- -- ·-·- - - ---- .. . ·- .... - .. ···- - - -- - ·- ---·-· -- ------ -------

- ---· -----· ·- ------------- ---· -------- ----------- - - --· -----·--- . -- ------- --
-- ------ - --------------- ----------------------- -- -·-------- --
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l"EM~--.. - -- - ---·-----.. ----- ---------- -·--------·- --- - -- - - ---
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INDUSTRIAL PflODUCTS DIVISION 
AMERICAN-STANOARO 
INDUSTIIIAL. ~IIODUCTS GIIOU~ 

,, ORDER BILL OF MATERIAL 
. #146, CLASS 6 GYROL FLUID DRIVE SIZE 

- CUST. BINGHAN-WILLANETTE co. 
,-.,.,. OOCUMl,HT CONTAIN. MA• 

DWN. L. µ 1&, J,IJ,/~ t TUii...,_ ANO OIi lflll~lllt .... TION 
JOB 

WHICN I. ,.... ~-~'"'""' 0, 

1ti111C,HCAN 8'TAN0AJIIO. INC. AND CHKD. 1•58963 
MIP~ICO Qllltta.Y 0N A P'"OPM•• CUST. P.O. NO. 

--TA, ........ NO T ........ Ml'l'f.._, APl'O. SIZE ORDER NO. 3-82308 
o•OtSCLQaUlltC 9"Ala,&,. - MADa 

REV. 

ro ANY ,....»11. ~•• o• c°"" 

A DRAWING PG. 2 OF 
flOIIA TION .,T.....,,. OIi• P, .. QIII NUMBER i 8· ~t) • ~,a, l 5 .,, .. ,TT.N AP~-.OVAt... 2 PGS • 
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ITEM QTY. DDCIIPTION 
110.• IEQ'D. 

AA . - Au A A -. -. A 

- - -· ... - -· .. 
-- - - A•• - • I\. - ... .. - -··· -· . .... - -·-· . 

33 2• Journal Br& • C.C.W. • I.I.R. & 0.0.R. 

34 2• Journal Br&. • C.C.W. • 1.0.R. & 0.1.R. 

122 2 Thrust Br&. Assembly 

123 4 Thrust Br& Ca&e Assembly 

m 24 • Thrust Shoe 
... . . - -·-- . ....... 
156 l Scoop Tube Assembly • C.C.W. 

167 2• Scoop Slide Guide • Top 

168 Z• Scoop Slide Guide • Bottom 

REPLACEMENT AND 

SPARE PARTS 

PUT 110.• 
ntll QTY. DESCRIPTION 
NO.• 11£Q'D. 

... 193 2• Perfect Oil Seal -· 
w• - ·--

207 2• Shaft Yapor Seal Rin& 

78PP2464 208 2• Shaft Seal 

78PP2465 215 2• Dust Seal Rin& 

78PP361 314 1 Control Rod Sleeve W/Clamps 

78PP1226 '71 1 • Pump & Supt. Assembly 

78PP1225 
- ,_ - - . .... 
- . - •···· 

-- --- 548 1. Driven Gear. Bronze• C.C.W. .. -
78SA2968 

. ,. •· A - •... 
- . - - ...... -· 

78P2210 550 l Drivina Gear. Steel • C.C.W. 

78P221 l 

Gi'ROL FLUID DRtVE 
TYPE VS CLASS 6 

SIZE 146 

NIT 110.• 

78PP246 

78Pl031 

78Pl233 

78P801 

78PP1378 

78SA2517 . .. - . 
78PP1599 
~ ... -- ........ -· 
78PP1597 

• RECOMMENDED SPARE Pt.RTS. 
• PART NUMBERS PER B/M 78-1460·6. 

• CONTACT REPLACEMENT Pt.RTS DEPT. 

* ITEM NUMBERS PER B,tM 78-1460-6 
ANO DRAWING NUMBER 78-C-293. 
NUMBERS FOR OTHER B/M MAY 
VARY & MUST BE CHECKED. 

WITH SERIAL NUMBER FROM NAME PLATE 

ALL INQUIRIES AND ORDERS FOR REPLACEMENT PARTS MUST BE 

SUBMITTED WITH SERIAL NUMBER or UNIT - EXAMPLE: 78-146--6-307. 
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INSTRUCTIONS FOR THE INSTALLATION AND 

USE OF ASHCROFT~B1-METAL DIAL THERMOMETERS 

OENRAI. 

In removing the thermometer out of the packing 

box, handle it by the case or case outlet. Avoid handling 

it by the stem. 

INSTAUATION OF THERMOMETEIS 

The thermometer should be mounted at any conven

ient Jocation where it will be subjected to the average 

temperature variations to be indi.cated. 

Avoid bending the stem as this will cause misalign

ment of the internal parts, resulting in undue frictional 

erron. 
To tighten the thermometer to the apparatus, use a 

wrench applied to the hexagon head of the threaded 

connection located just outside of the case. 

INSTALLATION OF IULI 

Locate bulb 110 that at leait last two inches will be 
111bjected to the a,·erage temperature to be measured. 

Exposing the bulb to a temperature in exc~ of the 

highest dial reading should be avoided. 

When a the1mometer is equipped with a well, the well 

should be installed onto the apparatus lint. 'the stem of 

the thermometer should then be coated with a heat con

ducting medium (a mixture of glycerine and graphite or. 

Vaseline "or any other hea1,1· lubricant may be used), after 

which the thermometer stem is insertf':d, and tightened 

into the well. 
The thermometer is normally provided with a threaded 

connection. To tighten the thermometer to the appara

tus or into the well, use an open-end wrench applied to 

the hexagon head of the threaded connection. Tum until 

rusonably tight, then tighten still further in the same 

manner as a pipe elbow or similar pipe fitting until the 

scale is in the desired position for reading. DO NOT 

TIGHT£N BY TURNING THE THERMOMETER 

CASE. Install the thermometer so that the "14%imum aue 
temperature u kept below 2()(P F 111 till TUMS. 

BSTING 
Ashcroft Bi-rnetal Dial Thermometl·n :ire c:irefullv 

calibrated at the factory and under most operating cori

ditions will retain their accuracy indefinitely. However, 

u in the cue of all instruments, it is well to make 

periodic checks for accuracy against known standards. 

ADJUffMENT 
If it is necessary to make an adjustment to the ther

mometer, proceed u follows: 

a. ) On thennometen fined with a removable ring 

only.-Hold the tail end of the pointer close to 

the center with one hand and, by means of a small 

1erew driver, tum the slotted center bushinR, Re

lease the pointer and check its rudinR. Repeat 

above operation until the pointer is brouRht to the 

proper reading on the acale. Be sure to replace the 

gasket, glass and ring after tt-e adjustment has 

been made. (~ caution note below.) 

b.) On thermometen fitted with an "External Adjust

ment"-Use a small wrench, small screw driver 

or a coin to tum the slotted hexa11:on head in the 

back of the case until the pointer indicates the 

proper temperature on the dial. 

MAINTENANCE OF DIAL THERMOMETERS 

Aside from occasional testing, little or no maintenance 

is required. 
Be sure that the gasketed glass cover is on the cue at 

all times, as moisture and dirt inside the case will even

tually cause the thermometer to lose its acA:uracy. (See 

caution note below). 
If the thermometer is used for measurinR the tempera

ture o! a material that may harden and build up an in

sulating layer on the stem, the thermometer should be 

removed from the apparatus occasionally, and the stem 

cleaned. Observe this precaution to insure the sensiti\·ity 

of the instrument. 

CAUTION: Bi-metal Thermometers operating below freezing must have a perfectly tight case to prevent en

trance of ·moisture which eventually will condense and freeze inside the stem. This condition shows up as a 

failure of the thermometer to read accurately below 32"F or o•c. For this reason it. is imponant to avoid 

removal of the glass front from thermometen fitted with a removable ring, while the stem temperature is at 

freezing or below. If for any reason such a thermometer shows signs of stickiness when indicating a low 

temperature, remove the thermometer to a dry location and allow it to remain at room temperature for 24 

to 48 houn with rjng and glass removed. After this "drying out" period replace the ring, glass and Rasket, 

tighten securely and reinstall. Be sure the gasket is in good condition; replace if necessary. 

Thermometen fitted with the non-remO\·able ring are hermetically sealed in a dry atmosphere at the 

factory and require no funher maintenance. 

SPARE PARTS LIST 
(For Thennometen with removable bayonet lock rings only.) 

Nam, of Pa,, 

Glass Circle ..•.......•.....•......••............ 

Gasket for Glass Circle .......................... . 

I DRESSER 
INDUSTRIES 

2" Siz, 

NE131A 
NX121 

.9VIR 
1.Z23-144 

Part Numl,,rs 

3" Siu 

NE131 
NV121A 

$" Size 

BO1310 
NW121 
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INSTRUCTIONS FOR THE SELECTION, 
INSTALLATION AND USE OF THE 

TYPE 91 SERIES ADAPTER SET 
The Type 91 series adapter sets wtU"e' designed to pro

vide a simple means of installing a Bi-metal Dial Ther
mometer inco an existing Industrial Glass Thermometer 
well 

The adapter set CC!n5ists of: 
I. A metal liner and spring usembly. 
2. An adapter nuL 

INSTAUATION 
AJcemble the adapter nut into the well and tighten 

securely. (See Figure 3). 
Before installing the Bi-metal Dial Thermometer into 

the adapter and well, coat the loWf r 3" section of. the 
thermometer stem with a layer of heat conducting medi
um. This will improve the temperature resporue of the 

3. A small supply of heat conducting medium. , thermometer. 

MITMOO OF snKTJNG THI SIT 
The adapter sets are available in four difl'erent sizes, 

to cover various depths of wells. The .. Selection Chart" 
ahows the adapter set number. and the Bi-metal Dial 
Thermometer nem lenP. to u,e for any well depth 
from 3¾'' \lP to 2~1/a". . 

To select the proper adapter set and Bi-metal Dial 
Thermometer stem length, measure fint the well depth 
by inserting a pencil, or ani small diameter rod or 
stiff' wire until it reaches the bottom. (See Figure I). 
Be sure the rod does not hang up on any shoulder inside 
the well.- Using your thumb as an index, withdraw the 
rod and measure the distance from the end of the rod 
to the index point. (See Figure 2). 

Then use the chart to select the adapter set and the 
Bi-metal Dial Thermometer stem length to fit the well. 

Note that one stem length of thermometer coven 
several different well depths by wing the correct adapter 
leL 

For example, a thermometer with a 9" long Item can 
be used for all well depths between 7¼" and 101/e", 
b,· choosing the correct adapter set. 

The liner is u.pped with a o/u"-18 ~chine thread 
10 it c.an be removed from the well if desired. 

Fla. 2 

1.2.23-146 

The metal liner is then slipped over the end of the 
thermometer stem and a coating of heat conductinit 
medium is applied to the outside wall of the liner. 

The thermometer and liner are then inserted into the 
well and tightened in position. Do not tighten more 
than is necessary to prevent the thermometer from 
twning. 

Where service temperatures exceed 350"F the heat 
conducting medium may smoke when fint subjected to 
a high temperature. This is cawed by the vehicle, in the 
heat conducting medium, vaporizinit and leaving the 
dry 10lids behind. This should not be cause for alar:m. 
The dry solids will act equally well as a heat conducun~ 
medium for temperatures up to lOOO"F. 
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the lnfo~tioa contained in thi• -nual 1a proprietary and 1a intended to be u•ed for the 
imtallation. operation and uinc.• a&nce of Cyroltrol fluid drift controller.. It la not to be 
-• d for other purposes or reproduced without the vritten p• ~ssion of Aaerican Standard. lac. 
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.• 

l 

I. 

:. •., 

INTRODUCTION 

Gyroltrol controllers are designed specifically to be used·with 
-American Standard Gyrol fluid. drives and provide electrical 
control of scoop tube position. They are available in two [2] 
basic series of controllers. The Series 200 Gyroltrols are a 
group of manual push button controls. The Series 400 Gyroltrols 
are a group of automatic or modulating controls with manual over~ 
ride. 

. - ~ ,· 

All.Gyroltrol controllers are designed to drive and/or control 
·· electric· actuators- manufactured.by Jordan Controls.- Inc •. for 

American Standard, Inc·. Consult American Standard, Industrial 
·· Products Division, for correct Gyroltrol electric actuator 

selection. ·.• · 

·= ·. ~ i • -~ . 

. =-•. 

. • .,,,. .. - . . .. ~· 

-·: ... ~ .. --: .. 

·• DIPOll'tA!ff NOTICE 

Proper operation of these American-Standard products depends on correct •election and use in 
accordance vith sound en1innrin1 practices. lt la the responsibility of the user to provide 
for proper in1tallation. operation. periodic uinten.nce and inspection procedures under 
prevailin& conditions. The uaer (not American Standard lnc.) wst provide and install proper 
1u.ard• and other 1uitable safety devices or procedures which uy be specified by Nfety codes 
or required by reco1nized safety 1c.• ndards • 

..... 

!------------"'.:.""--~~----------------------------=----..I ---~'"" 1171 .., ........_ ~ Inc. <• ci.-.. c.,_.._~ TII• - -
• n. .. _,., of ,.,,,.._ S-rd. - ii -- - !fie ~ta ..... - " 
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CONTROLLER GENERAL INFORMATION 

A. 

!. 

Enclosures - The standard Gyroltrol enclosure 1s a Bema 12 er 
general industrial oil tight enclosure. Optional encloaures 
include Nema 4 weatherproof [not submersible], or Neu 7 and 
9 explosion-proof [not weather-proof]. Consult factory for 
details on various types of enclosures. 

Manual Controls - All Gyroltrol controllers can be operated in 
a manual mode of operation whereby the operator presses the 
desired INCREASE [move toward clutch] or DECREASE [move toward 
DeclutchJ switch to initiate and continue scoop tube positioning 
to a desired point. A Manual/Auto selector svitch is provided 
on the series 400 Gyroltrols to enable the operator to select 
this mode. 

C. Automatic: Controls - The aeries 400 Gyroltrols operate in an 
automatic. or closed loo? proportional pulse modulating mode. 

D. 

E. 

F. 

They accept: a comma12d input signal f:rom either a standard O to 
100% dial/pot set point or an externally supplied process current 
of l to S~ 4 to 20 or 10 to.SO ma DC or an externally supplied 0 
to S VDC, compare it. to a comparable Gyrol controlled process 
feedback signal, and initiate the appropriate AC or DC output to 
the controL actuator. The electric control actuators are rated 

.at either l.l5 VAC,,, 50/60 HZ in the, AC version or 90 VDC in the 
DC version. If. this command to feedback comparison or error signal 
1s greater- than.··• pi-eset ·gain point., full output power ts applied 
in· the appropriate polarity to the control actuator. As the error 
signal decreases to the preset gain point, pulse modulated output 
power of fixed frequency but decreasing time duration is applied 
to the control actuator; tbus maintaining a aet point correction 
for varying GyT-01 speed and load changes or varying com:nand changes. 

Power Requirement - 105 to 125 VOLTS AC. S0/60 BZ. 

Case Ground - The case of the conttoller enclosure is electrically 
isolated from the internal circuitry. A ground lead in the power 
supply [usually·green) should be connected to a subpanel mounting 
stud inside the enclosure to assure protective grounding. 

Front Panel Controls and Indicators 

Series 200 control functions [except Model 230 and 2401 are as 
follows: 

1. DECREASE/OFF/INCREASE two (2] position apring return to center 
selector switch to initiate and continue scoop tube positioning 
to a desired point. 

1.2.23-149 
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II. CONTROLLER GENERAL INFORMAnON [Continued] 

F. -. Front Panel Controls and Indicators [continued] 

2. INDICATING METER calibrated in the appropriate process 
feedback signal range. Example: Model 210 - Actuator 
Positioa Indicating Meter calibrated Oto 100 PERCENT 
FOLL RANGE. Meter accuracy is± 2% of full scale. Each 
•ter is diode protected and contains a calibration pot 
110unted on a PC board on the back of the meter. 

Model 230 and 240 - Control functions: refer to Appendix C-3 
and C-4 respectively. 

Series 400 control functions are as follows: 

l. AC POWER ON push button latches in CRM power relay. 
Indicated by panel lamp ON. 

2. AC POWER OFF push button unlatches CRM power relay. 
Indicated by panel lamp OFF. 

3.- · MANUAL/AUTO two [21 position selector switch to select 
· desired .:,de of operation. 

• _' ; : . . • .. ~-. • • . . • , t. . 

' ~ 
4~-: DECREASE/OFF/INCREASE'' two [2J position spring return to 

· center·selector switch to initiate and continue manual 
• coop tube positioning to a desired point. Operates 
when above mode switch is in the MANUAL position. 

s. 

6. 

0 to 100% SET POINT DIAL to adjust the desired command 
input to the controller. Operates when above .:,de switch 
is in the AUTOMATIC position. Not supplied when either 
a process current or process voltage coanand input signal 
is specified by customer • . , 

INDICAnNG METER calibrated in the appropriate process 
feedback signal range. Example: Model 410 - Regulated 
Speed Control - Meter calibrated Oto 2000 RPM for 1800 
RPM max input speed. Meter accuracy is ± 2% of full scale. 
Each meter is diode protected and contains a calibration 
potentiometer mounted on a PC board on the back of the meter. 

i 

I 
I 
I 
I ,. 
•. 
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CONTROLLER GENERAL INFOP.MAnON [Continued] 

F. Front Panel Controls and 1.Ddicators [continued] 

Additional Series 200 and 400 control functions: 

When Adjustable-Rate Acceleration with High Speed De-cluu:h 
option is selected are as follows: 

NOTE: 

1. 

2.! 

DC CONTROL ACTUATORS MUST BE USED WITH THIS OPTION 

EMERGENCY DE-CUJTCR push button latches in the emergency 
de-clutch relay in the controller. This relay selects the 
HIGH SPEED pot in the vs-a variable speed conttol and signals 
it to apply output power in the decrease direction to the DC 
control actuator. Any other manual or automatic control is 
disconnected in this mode. An emergency de-clutch panel lamp . 
indicates this condition. Refer to Appendix B for use and 
calibration of the Model VS-8 ewe [2] speed select variable 
speed --control. . ; , -') 

,r, 

' \ 

RESET push button unlatches the emergency de-clutch relay and 
returns control- to either the manual. or automatic mode, which
ever has been selected. This button is pushed ONLY after the 
~mergency coudition has ~een relDOved. 

\lhe~ NO LOAD START Option is selected are as follows: 

NO'IE: AC or DC control actuators may be used with this option. 

l. A panel lamp indicating AT DE-CI.UTCH is provided vith this 
option. This lamp and an internal control re.lay are energized 
when the electric control actuator de-clutch limit switch is 
tripped. 

1.2.23-151 
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III. INSTALLATION INSTRUCTIONS 

.. I.-
A • ..,: Controller - Mount the Gyroltrol enclosure securely to a wall 

_ or separate structure free of vibration. The controller should 
_ be located at distances of 250 feet or less from the control 

actuator or feedback transducer. Consult factory if greater ; 
distances are required. ~ 

B. Feedback Transducer - Refer to the appropriate model Appendix 
for recoD1Dendations concerning the mounting of the various 
feedback transducers. 

' 

c. Electric Actuator - Mount the electric control actuator to the 
Gyrol fluid drive using the mounting hardware and drawing 
supplied by American Standard. 

D. Electrical Connections - A standardized controller terminal 
designation for customer wiring applies to all Gyroltrol Series 
200 and 400 controllers. Refer to Figure 1A for the correct 
basic wiring designation used when controlling with an AC electric 
actuator. Refer to Figure 2A when controlling with a DC actuator. 
Additional terminals may exist in the enclosure, but they are 
usually not for customer wiring except when specified in a 

~ "SPECIAL" Gyrolttol.. - \ - . _ 
. .... . . ' .. __ .... , .. - . ' 

. =~ ~-... . . ~·~ . ·, 
E. Process Signals - The aJMMAND signal or FEEDBACK signal may be 

F. 

a process current or voltage as outlined in section II-C. This 
of course applies to the series 400 Gyroltrols only and must be 
specified when the controller is ordered. Refer to Appendix A and 
the appropriate model Appendix for instructions concerning the 
use of process signals. 

CAUTION: When a process signal is wired into the controller, 
the negative side of the signal will be GROUNDED. 
Optional process signal isolation is available. 
Consult factory for details. 

Linkage - Care should be taken to insure proper end to end 
linkage adjustment per American Standard drawings to prevent 
interference of motion of scoop tube and control arm. The 
control linkage can be temporarily disconnected from the 
electric actuator and moved by hand to test for smooth 
operation. 

=------------------------------------------===--' Cop,,~ 1111 Illy "-'- S- lftC. (a 0.-. c __ , T .... •111 -
...... _,, ., ~ s-.1. - • -- - "" •··-·• - " - - .. - ,., ...,. - -•-•181. - - .. - ~-- -• --..ct .. - - -·,- .......... ,.._~Cleta ... 
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IV. OPERATING INSTRUCnONS 
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A. 

,· 

B. 

Wiring Oieckout [200 and 400 aeries] - It 1• imporunt before 
applying power to carefully re-check all wiring as ahown on the 
detailed wiring diagram supplied vith the equipment. To reduce 
abock h&z:.ards and prevent possible damage to the Gyroltrol, AC 
BOT and AC CO!-!MON 111USt be vi.red to the correct terminals and 
AC NEUTlil. must be wired ~ a subpanel mounting stud for ease 
grounding. 

With main AC power on but BEFORE pressing the controller AC ON 
button: 

Check with a VOM to read zero volts AC between AC COMM:)N [Tenninal 2] 
and AC NEUTRAL [Chassis Ground]. Also check to read ll.5 VAC ± 10 
volts between AC BOT [Terminal l] and AC COMMON. 

IE OK, proceed as follows: 

With the Gyrol fluid drive motor [prime mover] off and the con
troller in the manual :mode, turn the controller AC power ON and use 
the DEC/IN~ switch to ~ve the scoop tube in or out a~. :i.Ddicated by 
the- pointer on. the fluid drive. Due to various actuator DJunting 
configurations, it. may be possible ·that the acoop tube moves towards 
~-clutch when the switch is pressed to incre.ase. If so, turn. off 
the AC power and: reverse. the vi.res- at the. electric actuator as in
structed to dct ~ the actuator drawing.. [Figure l! or 2:B]. 

Oieck the actuator end oft-ravel limit svitch settings by pressing 
and holding the increase and/or decrease svitch a.nd observing the 
point at ~ich the mechanical atop on the scoop tube stops. Avoid 
hitting the •top against the casting. The atop should come to rest 
about 1/16" from the casting. These limits have been set at the 
factory. however, it may be necessary to touch them up by rotating 
the cams inside the actuator housing. A small allen head screw 
within the cam or locking key holds it in place. It may be neces
sary to hold the_avitch for 45 seconds or ao to go from full clutch 
to declutch.. The actuator wiring. direction, and limits should now 
be correct. 

Controller Checkour - Proceed as follows: 

l. No Load Start Option [200 & 400 Series except 210 & 220] -
If this option. has been provided in the Gyroltrol, the operator 
will not be able to •tart the fluid drive motor unless the 
scoop tube is in the full de-clutch position. as indicated by 
the "AT DE-CLt.TTCH" panel lamp ON. A normally open [closed at 
de-clutch only] contact is provided by the Gyroltrol and MUST 
be wired in series with the fluid drive motor starter coi~ 

J 
i .. 
i 
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IV. OPERATING INSTRUCTIONS [Continued] 

B. - Controller Checkout - Proceed as follows: -
' 
1. 

I 

No Load Start Option [continued]! 
I 

ahown in figure 3. The scoop tub(e must be driven via the 
electric actuator to the full derlutch position with the 
use of the manual decrease push bptton. Be sure that 
-the optional extra de-clutch limi~ switch [LS3] in the 

I 
actuator is set to trip at the sapae time as the decrease 
limit switch [LS2]. The cam notcpes of these two limit 
llwitches. should be in line. 

I 
·2 •. Manual Control [200 & 400 Series]i-

With the controller AC power on atid in the Manual mode, 
the. Gyrol. fluid drive motor runnipg and the Gyrol loaded, 
again use the DEC/INC switch to 1110ve the scoop tube in 
and out and thus vary the fluid drive output speed. 

I 
I 

NOTE: The fluid drive must be loaded to obtain a variation 
in. the output speed. 

l, 
3. Adjustable-Rate Acceleration with High Speed De-Clutch Option 

-;. , . [200 & 400 Series except 210 & 220 l -
· . ) <'-U this option bas been provided: in,the Gyroltrol, the· 

"'.1 - -7- operator- can at any time dri"INr the scoop tube to full 
_de-clutch at a high rate of speed by simply pressing the 
"Emergency De-Clutch" push button. The "High Speed" and 
"'Normal Speed" calibration pots on the Model VS-8 variable 

I 

speed control are set at the factory for nominally 45 seconds 
stroke time in the normal mode [d•-clutch to clutch or 
clutch. to de-clutch] and 12 seconds stroke time in the 
emergency mode [clutch to de-clutch only]. Refer to Appendix 
B for specific instructions on thr use and calibration of 

_ ::/~~ Mode~,-~S-8 ~ [_~] speed sele~t variable speed control. 

4-. · Automatic Control (400 Series Onl ] -
At th±s point the Gyroltrol shoul be capable of being 

. I 

operated in _the Automatic: control\1110de. 

With the controller in the Automatic mode, the output speed 
·of the· fluid drive and therefore the process being controlled 
should vary in proportion to ·the input command signal. The 
indicating meter should also indicate some value of process 
variable. 

------------~c-,,--~--l~t71~11,-..,,,.,----si-o--11oc.--ca-0e1-.. -,-.-~---,-. _n.-_____________ HAN_nl_AL_D--=3'-9..10 __ .,,_,,.,......._..__ _____ .....,. ......... _" 
- ,,.. • - f•.., - ........... • ttw - _. ..,_ ew--. w ,.,. 9 •....-ct•---...., .. .,_.,,,,__CIMI.-Daca..-. bawl 
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~~- 1971 

Controller Checkout - Proceed as follows: (continued] 
I 
I 

5. ContTOller Calibration - (Indicating Meter] 
All Gyroltrol controllers are pre-calibrated on a test 
bench simulator and therefore only slight adjustments 
should be requir~d on field • tart up. \ 

011l.y the indicating meter calibration will be covered in 
this section as it is COJIIDOD to all Series 200 and 400 
Gyroltrols using indicating meters. The '.calibration of 
all other control elements such as the PMA-8 Servo 
Amplif~er, the feedback transducer, etc. iv111 be covered 
in the appropriate appendixes included with this manual 
for the particular Gyroltrol Model with Options as required. 

I 

Indicatin& Meter Calibration -
I 

'With controller AC power OFF, adjust the mechanical 
zero of the meter by turning the screw located on 

..the meter face. 

With a known process feedback. signal value, adjust 
the electrical indication of the meter by turning 
the calibration pot aouoted on the PC board on the 
back of the meter until the meter reads correctly. 
Best accuracy will be obtained with a process feed
back signal calibration at about 75% of full scale. 

! 
NOTE: The feedback transducer must be calibrated 

first before this meter adjus~nt can be 

Maintenance 

.. de properly. I 

The Gyroltrol controller should require virtually no maintenance 
as industrially rated components have been sel~cted and solid 
state technology applied wherever possible. P'eriodic checks of 
operating performance and calibration of control elements would 
be prudent. In certain critical applications where justified, 
it may be advisable to keep & complete spare Gyroltrol controller • 

1.2.23-155 
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v. Gyroltrol Specifications 

Input Power 
Enclosure 

Enclosure Size 

Indicating Meter 
Scale 

-~ ... 

11S VAC ± 10 vol ts, SO/ 60 Hz 
Nema 12 Standard 
[Optional Hema 4, or Nema 7 & 9) 
16" BX 14" W x 6" D 
[Except Nema 7, 9, Specials and 
Models 210 and 220) 

SO di.visions calibrated in the 
appropriate process range 

·· ± 2% of full scale . Accuracy 
Movement - • · 1 • - :..-:- :. 0 to S VDC diode protected and 

Input Signals 
Co11111and 

Feedback 

.. , .... 
,. . 

···-
' . -

,' '· .. - . .. -_..__ 

·-

· adjustable 

0 to 100 & Set Point Dial 
I to 5 ma DC, Input Z • 1000 ohms 
4 to 20 ma DC, Input Z • 250 ohms 
10 to 20 ma DC, Input Z • 100 ohms 
0 to~ VDC. Input Z • 100 ~ ohms 
1 X otim potenti0111eter 
Feedback tranaducer supplied with 

. ; . Gyrol trol. 
1. to S ma DC. Input Z • 1000 ohms 
4 to 20 ma DC. Input Z • 250 ohms 
10 to SO ma DC, Input Z • 100 ohms 
0 to 5 VDC, Input Z • 100 K ohms 

*Denotes non-isolated or grounded at Gyroltrol process 
signals. Optional isolating transmitters also available 

· in Gyroltrol. 

Output Signals 
200 Series 

400 Series 
Accuracy 

Qperating Tempera
ture 

1.1.S VAC line power via contacts 
or solid state triax 
Pulse modulated so.lid state triax 
± 1% of full range assuming a stable 
load 

-30° F to+ 120° F 

... 

Controller Loca
tion Up to 250 Feet from actuator or transducer 

--------=====--------------------------...,...----,,-,,,1 ..,., 1171 11r --s- inc. (a 0...-• -~ n.. ... -
.... .,_,. .. ,.,,,__ s-.. - • - - .,. ~-... - " 
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1IGVXE lA. CYR0LTJ0L STANDARD WIRING D!SIGNAIION 
cg Actuator) 

Power Line, AC BOT 

Power Line, AC COMMON 

hcitation for 3-Wire Transducer (if required) 

Positive Feedback Input 

Regative Feedback Input (Iaolated) 

· . Positive Command Input]- t us d if t . . . no e ae 
.,__..._-[·Negative Comm.and Input point dial input 

Negative Feedback Input (Non-isolated) 
AC Actuator. Increase Winding 

AC Actuator Decrease Winding 

AC Actuator Common 

not used - -~: . t. 
- ---~ -~ ~- "-·~ : f~ . - -.~.:..~ __ ·,.~. 

J-No Load Start Option Limit Switch (I.S3) 

--~ ln Actuator (if required) 

}
Cust01Der provided normally open go to 

1--~~ de-clutch contact. (If required) 

=,__Normally Open (closed at de-clutch) contact 

--""'::.r-provided for no load start option. (lf required) 

Extra ter:ninals provided for "SPECIAL" 

variations of standard Gyroltrols 
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( 4003 Series 
Only 

CRM 

CONTROLLER 
TERMINALS 

GYROLTROL 

FIGURE 2A. Gyroltrol Standard Wiring Designation 
Cl!£ Actuator) 

Pover Line, AC BOT 

Power Line, AC COMMON 

Excitation for 3-Wire Transducer (if required) 
Positive Feedback Input 
Negative Feedback Input (Isolated) 

· Positive Command Input]-N t sed ff set 
· p81n! aia input 

-CNegative Comnand Input 
Negative Feedback Input (Non-isolated) 
DC Actuator, Positive Armature 

DC Actuator, Negative Armature 

-DC Actuator, Positive Fielct-r(if 
DC Actuator, Negative PieldJ 
Increase limit nitch (LSI) 

·f, 
in actuator 

Decrease limit switch (LS2 
in actuator 

required) 

}
-Bo-ioad •~art option limit switch (LSJ) 

in actuator (if required) 

} Customer provided normally open GO to 
DE-CI.DTCH contact (if required) 

} 
Normally Open (closed at de-clutch) contact 
provided for no load start option. (if required) 

Extra terminals p_rovided for "SPECIAL" 
variations of standard Gyroltrols. 

~L------------...... --------~----~------------~~ eoo,n.,.. 1111 ii,,.,,,.._~ inc. ca o..-. c.__, nia •• - NANtlAl. l>-349.:• 
•.,. pr-,,. .- .....,_ , __ ..,. • _,... - 111e ~ - • Pase 13 
- NI • - for ...,. -- _,_ 

18 
Ille - °' - c:or--. - Iaaue l •-..ct•rwt ____ , ..... ...._... ... _~ONa--
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nGURE lB - AC ACTOATOR WIRING 

r- ..... ------- -------, 
I 
I 
I 
I 
I 
L 
I 
I 
I 
I 
I 
I 
f 
I 
I 

COM l..,_ ______________ _ 

~del ASlO Only 

4 t-----, 
DEC 

©+ 
6 i----_, 

1000 OHM 
'Feedback 

Pot 

. : -.. 
; . 

LSJ {Optional) 
7 ~ 

-s---

.. .,--,.!: 
•' it.I" 

pi, 

EUCTRIC 

ACTUATOR 

J __ - -.....- ..._.__ - ----------
MOT!:. Above- wiring includes models: All0R. Al50R 

and A510 only. 
Models A520 and A530 contain 3 phase motors 
and therefore cannot be driven by Gyroltrol 
Series 400 controllers. 

To Reverse Direction: Interchange wires to terminals 
2 and 3 and 4 and 6 

1.2.~~159 

I 
I 
I 
I 
I 
I 
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r-
1 
I 
I 
I 
I 
I 

~ 
I 
I 
I 

~ I 
i 
I 7 

r 
l 
I 9 

I 
I 

~ I 
I 
I 
L_ 

nG'UI.E 2B - DC ACI'OATOR WIRING 

INC LSI TI.1* 
OyJ. C>...qJ. 

DEC 1.52 TL2* 
o...JJ. o,.p. 

.. :t· . 
;,, . 

. ,\· 
1000 OHM 
Feedback 

Pot ·, 

1.53 (Optional) 

¾fJ: I . -· - ... - - .... 

ELECTRIC 

ACl'UATOR 

* Models A516 1 

A.536 Only 

---, 

A526~ and. 

- _ _J 

NOTE: Above wiring includes Models: All6R, 156R, 
A516, A526, A536. 

To avoid damage to the actuator, LSl and LS2 
limit switches must be wired in series with 
the proper increase and decrease control circuits. 

To Reverse Direction: Interchange wires to tet'11linals 1 & 2 
and 7 & 9. Also, rewire LSl and LS2 
in proper circuit for end of travel 
limit. 

._---------~-~C-:--,.,.~1'::171~i.,-""'-•-~-.. ~,....:--,.-111c.-,a-01---,.-c----,-. n...~------------)Wfl;Al.-.-c=~:-:34-:,,9.,JJ -- II'-'!'-~---"._ -Ille---.-" 
- IIGII - - for ..., - --!ail la - - .. - C.-•1-. - hse 15 •~to,._ - ...,__,,.•......._"'-~Data .._ laa\W l 
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FIGU'RE 3 - (No Load St&rt Option) 
TYPICAL CUSTOMER MOTOR CONTROL CENTER 

•DUSTRIAL ,111ooucTS DIYl~N 

AMERICAN.ST ANDA RD 
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AC COMMON 
..... ------iLU VAC--------, 

• -. 

M 

·• ,, 
~ ·:•.• .. ' 

'• .:! 

3 PH.ASE LINE 

I 

n.UID DRlV! MOTOR 

[PRiliE MOVER] 

1.2.23-161. ,, 
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DESCRIPTION -

STANDARD 
FEATIJRES 

APPENDIX A 
HODEL PMA-8 SERVO AMPLIFIER 

The Model PMA-8 aervo amplifier is an all •olid state 
proportional pulse modulating control. It is utilized 
in aeries 400 Gyroltrols to provide an automatic or 
closed loop type of control. The amplifier essentially ~ 

compares a command input signal to a comparable Gyrol 
controller process feedback signal and initiates the 
appropriate Increase or Decrease solid state output~ If 
this command to feedback comparison or error signal is 
greater than a preset gain point. full output power is 
applied to the control actuator. As the error signal 

· decreases co -the preset gain point. pulse modulated out
put power [of fixed frequency but decreasing time duration] 
is applied to the control actuator. ther.eby maintaining 
a constant point for varying Gyrol speed and load changes 
or varying command changes. 

Input power of 115 VAC 1 single phase 1 50/60 Hz 

Suitable for sub-pane, mounting 
;f, 

Terminal strip connec~ions 

: Process signal inputs-~ 

Power supply of 12 VDC@ 50 ma 

100% solid state electronics 

Proportional pulse modulated output 

Opto-Isolated US VAC triac outputs 

± .25% electronics 

+ .1% linearity 

Separate indicating meter driver 

Input impedance of 100 K ohms 

4 turn calibration pots fo~ precise adjustment 

Internal 2000 ohm high trim pot 

Temperature range of 0° C to 55° C 

s-----------------------------------------oc===-...1 ~ lt7a __, ,._..,.,. -- lftcc ,. 094-w ___ ,_ n.. - -
•Ille~.,..__ --- llftCI. --- n. -~ ..... ,, 
- ""' -- ,., ----· n.- ....... Cor!let••-- -............... ___ , ..... .......,.,..._o,.-0e1aa-

1 :P,.:z3. ~ . 
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CALI::BRATION - All Gyroltrol controllers are pre-tested, burned in, and 
calibrated on a test bench simulator. Although the exact field conditions 
cannot be duplicated. this test bench calibration should reduce field start-up 
to a minimum. 

A. MODEL PMA-8 SERVO AMPLIFIER - Refer to Figure A-2 

l. Field Calibrations 

2. 

TRIM - Terminal 4 of the amplifier may be wired if a O to 100% 
Command dial/pot is supplied or a feedback transducer 
containing a potentiometer is used. the value of these 
pots should be 1 K ohms. Adjust the pot indicated as 
"TRIM" for 5.0 VDC input at terminal 1 with the command 
dial' at 100% or 5.0 VDC input at terminal 2 with the 
feedback transducer at full range. 

NOTE: Terminal 4 cannot drive both together. 

GAIN - Adjust the pot indicated as "GAIN'p to obtain a stable 
- or non-bunting operation. The value of GAIN can be 

measured with a VOM on test. point one (TPI) and is eypi
cally 0.5 to 0.75 VDC. The ··pointer of the VOM vill be 
oscillating around an average amount. It is· this average 

. amount that is read. Set the Gain as lov as possible in 
order to obtain the optimum response providing the con
tt"Oller is not bunting. 

Factorv Calibrations 

FREQUENCY - This pot adjusts the pulse modulating frequency 
for nominally: 
5 Hz with an AC actuator 

20 Hz vith a VS-8/DC actuator 

DEADBAf-TD - This pot is set for optimum sensitivity, usually 
0 VDC at TP2. 

BALANCE - This pot is set for optimum overall amplifier 
linearity for a Oto 5 VDC it1put. 

JUMPER - Factory installed jumper in position #1 vhen 
controlling with an AC actuator and in position #2 
vhen controlling with a VS-8/DC actuator. This 
jumi)er activates or de-activates terminal 7. 

'14MtW. ~ 3,,1, 9 a 
..... la 1.2.23-163 ... _. 1 
,._ •• 11 C __ •11~• ___ _ 
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B. 

c. 

NON-ISOLATED PROCESS SIGNAL INPUT - Refer to Figure A-2 

The resistor indicated as Rx is used to develop an input wltage 

of 5.0 VI>C maximum when·a process cunent command of 1 to 5, 4 to 

20, or 10 to 50 ma DC is specified by the customer. This resistor 

is located externally across terminals 2 and 3 if a process current 

feedback of the same values is specified by the customer. The valu~ 

of this resistor are as follows: i ,:J 

1 to 5 ma DC input 1000 ohms. 1/4 watt, : 1% 

4 to 20 ma DC input 249 ohms, 1/4 watt, : i,; 

10 to SO ma DC input - 100 ohms, 1/4 watt, : 1% 

0 to S VDC input Rx not required 

ISOLATED PROCESS SIGNAL INPUT - Refer to Figure A-3 

1. 

2. 

An isolating current transmitter is utilized when this type 

of input is required. Resistor Rx or an external Ix is not 

required as the current transmitter provides the proper output 

voltage. Also, a single isolated process cunent input signal 

can be used to drive more than one GyToltrol by simply wiring 

t.he inputs [Tl&T2J of th~ isolating transmitters in series. 
,:, .. ?· •. 

. ·' 4'. 

Calibration Steps 

a. Set the input current to the value conesponding to the 
low voltage output and adjust t.he ZERO [ZJ control for 
0 VDC output. As you approach and pass zero, you will 

notice that your output does not reverse polarity, 
therefore,. stop adjusting when zero has been reached. 

b. Set the input current to the value corresponding to the 

high voltage output and adjust the SPAN {S] control for 
S .O VDC' output. 

c. Reset the input current to the value corresponding to 
the low voltage output and adjust the ZERO [ZJ control 
until the low voltage is correct. 

d. Reset the input current to the value corresponding to 

the bf.&h voltage output and adjust the SPAN [SJ control 
until the high voltage is correct. 

e. Repeat steps c and d until proper calibration is achieved. 

~ 3. The input or loop resistor of 2.0 ohms is mounted on the base 
Ji 
1 plate terminals Tl and T2. When the electronic module is 

i removed from the base plate the current loop remains closed. 

'"--------..;;;:==~--~,.....-------------------------===-,--,...J C:00,,,r,t 1171 llr ,._...,, S-• 11,c. ta 0.-. _.._, T"4 - -

.... .,_,., .. U.,,can ----- - ...... - .. ·-·ta.•"I - " 
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WIRING Always wire your Gyroltrol per the American Standard 
drawing supplied with each controller. Ref£r to' 
Figure·A-1 for the correct typical PMA-8 wiring vhen 
used with a set point dial/pot command and process 
feedback signal. Note that terminal 7 is used only 
in conjunction with the Model VS-8 variable speed 
control when driving a DC actuator. 

TERMINAL DESCRIPTION 

Term. l - Positive Command Input [Oto S VDCJ 

Term. 2 Positive Feedback Input [Oto 5 VDC] 

Term. 3 DC Common and Negative Command and Feedback Input 

Term. 4 DC Reference Voltage using Internal Trim Pot 

Term. 5 - Positive 12 VDC Power Supply@ 50 ma. 

Term. 6 Positue- Indicating Meter Output [O to 5 VDCJ 

Term. 7 - . Proportional Pulse Output for VS-8 [DC only] 
[Internal Jumper must be in DC position] 

Term. 8 Decrease Output [Opto-Isol&ted l'riacJ 

Term. 9 - Increase Output [Opto-Isolated Triac] 

TeTI11.lO - AC Bot, 115 VAC, 50/60 B.z 

Term.ll - AC Common 

.J 

} 

--------------------------' W.UAJ.. ~ )lo 90 
~•1c 20 
[nuc l 
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FIGURE A - 1 PMA-8 WIRING 

(~l• with Set Point Command and Proce1s Feedback) 
••. 

l 

· 0 to-100% 
SET 

POINT 
DIAL 1K OHM 

PROCESS + 
FEEDBACK 

SIGNAL 
(0-5 VDC) 

INDICATING 
METER 

HODEL PMA-8 

2 3 4 

TO VS-8 
TDM. 8 
(DC ClfLY) 

21t OHM 
TllIM POT 

+12 VDC . 
@so ... ' 

7 8 

To vs-a 
TERM. 7 
(DC ONLY) 

., , 
..• 

. ' 

1 

AC COMMON 
VAC 

AC BOT S0/60 Bz 

,------= 
MODEL AxxO i 

I 
~ 

I 
I 
I 
I 
I 
I 

I 
I 

'---------------------------==--==-=I eoo,...,. 1111 llr ,._,.... s- Ille. ca 0.- c ___ , n.. - -
•-11"-'Y., ,.__ ~- - .. --- ---...- .. - ""' __ ,_..., ___ , ... --- .. -e.-.,- -
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FIGURE A-2 - PMA-8 PHYSICAL LAYOtrr 

·. •+· 9 l.equired) 

0 

l 
BALANCE 

2 

0 
3 TRIM 

4 0 
5 

6 

7 

8 
- .,, 

.. 9 ~ 

10 !:: 

I ll 
EAT SINK 

0 

I I 
TR.ANS FORMER 

-+- I I 
I 

4.25" 

5.00" 

1,2,33:167 

frequency , 

0 --;--

GAIN DEADBAND 9.00" 
C) 0 

TP2 
8.375" 0 

TPl 
0 

7 
I fl 

0- - .... 
AC \ 

.-o-' 
#2 b DC 

JUMPER 

-+-

.I 

..,/ 
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FIGURE A - 3 - #515000 ISOLATING TRANSMITI'ER WIRING 

+ 

+ 

Customer Supplied 
Process Current Signal 

R/C 

N/C 

INPUT 
(2 OHMS) 

To Term.3 - DC Common - }OUTPUT 
To Term.2 - For Feedback + (To PMA-8) 
To Term.l - For Command 

- ~. : R/C 

R/C 
AC.LINE 

-~r..:. .. : 
·1· 

_:{ .. ··. 

MODEl. #515000 

ISOLATING CtJllENT TRANSMITTER 

rue 
N/C 

N/C 

N/C 

N/C 

N/C 

AC Hot-Controller Term. 20 

.• AC Comon-Con troller Ten.; 

! .. --------~~==:;;::,.------------------------------=~ eu..,,..,., 1171 Dr ...... ca,, 5-f lftc_ <• 0.-. _,.,.._, n.. - -
KAH0AL • 3'90 

Pap 23 
lasue l 

,..., u. 1978 

·-"'-"°' ............ Ma ___ ·---------" 

_ __.-· _____ ...., ___ .., ___ .. ..._c..,.c_ -

•tull!Cl•---.,- ............. ,,_a....,_o.ce ..... 
c"t2.:n.1·es 

--

--

--



--

--

--

APPENDIX B 
MODEL vs-a VARIABLE SPEED CONTROL 
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DESCRIPTION - _The !ibdel vs-a variable •peed control is a aolid state 
variable DC drive with polarity reversing relays and 
two speed pots selected by external. form C contacts. 
[One NO and one NC]. It is utilized in aeries ~00 
Gyroltrols when the Variable Stroke TilDe with High 

STANDARD 
FEATIJRES 

Speed De-Clutch Option bas been selected or in certain 
variable stroke time aeries 200 Gyroltrols such as 
Conveyor Star~ Controllers. 'lhe VS-8 will drive only 
actuators containing 90 VDC PM JDOtors such as the series 
Axx6 electric actuators. 

Input power of 115 VA!:.. single phase, 50/60 Hz 

All solid state except for INCRliSE and DECREASE polarity 
reversing relays. 
Ful.l. wave DC output. 

Constant torque over 10:l speed range. 

Tr.msiene voltage protection. 

r- - .- S~table fo~. sub-panel a:,unting • 
., :~·... • , •· - _, ·; l 

Barrier type terminal attip. 

CALIBRATION - The only calibration required for the VS-8 is the adjust~e~t 
of the nonDal and high speed stroke times. With the con
troller in the manual mode, press and hold the Increase 
switch and adjust the normal speed pot for a stroke time for 
full de-clutch to full clutch of approximately 45 seconds. 
Then press the ''Emergency De-Clutch" push button and adjus't 
the high speed pot for a stroke time for full clutch to 
full de-clutch of approximately 12 seconds. These svitches 
are called simply "Clutch" and "De-Clutch" respectively in 
Conveyo~ Start Controllers. The above stroking times are 
nominal and could possibly be varied depending on the response 
and stability of the particular application. 

CAUTIO~: Care must be taken to avoid hitting the actuator linkage 
against the fluid drive 111echanical stops as a result of 
too fast of a stroking speed. As this could cause damage 
to the electric actuator or linkage, it is alvays best to 
start this calibration at a slo~ rate of stroking speed. 

l".M"t:AL ~3'-90 
Pas• 2, 
Z.su• l 
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WIRING ·Always wire .your Gyroltrol per the American Standard 

drawing supplied with each controller. Refer to 

Figure B-1 for the correct typical VS-8 wiring when 

used with simple INCREASE/DECREASE push buttons. 

Note that terminals 7 and 8 are used only in the 

• eries 400 Gyroltrols. 

TERMINAL DESClUPTION -

'term. l -

Term. 2 

Term. 3 -

Term. 4 

Term. 5 -

. 
,-C. hoe-; ll5 VAC. 60 Bz. 

AC Co111DOn. 

Co111110n poinc for Form C speed select contacts. 

Increase input. 115 VAC with respect to Terminal 2. 

Normal speed select input. a connection between this 

- terminal and terminal 1· will •e~ect the normal speed pct • 

. 1 
Term .. 6 - High speed select input~ a connection between this 

terminal. and terminal 3 will aelect the high •peed pot. 
·-. - .. 

Term. 7 -· Positive pulse input from Model PMA-8 Servo aJlll)lifier. 

(400 series only]. 

Term. 8 - Negative pulse input [DC common] from !t>del PMA-8 Servo 

amplifier (400 aeries only]. 

Term. 9 - Posi.tive actuator armature output. 
NOTE: Polarity subject to state of reversing relays. 

Term.10 - Negative actuator armature output. 
NOTE: Polarity subject to state of reversing relays. 

Term.11 - Decrease input. 11S VAC with respect to terminal 2. 
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FIGURE B-1 - vs-e WIRING 

(Example.with increase/decrease push buttous) 
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FOXBORO/JORDAN, INC. IM 0422-A 

JORDAN 
90°ROTARV 
ACTUATOR 

weatherproof or explosion proof 

MODELS 

SM-5110W 

SM-5120W 

SM-5140W 

SM-5160W 

SM-5110X 
SM-5120X 

SM-5140X 

SM-5160X 

SM-5100 Series 

fOXBORO 
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SM-!5100 ROTAR~ ACTUATOR 

DESCRIPTION 

These rugged Jordan electric motor-driven actuators 
are built for heavy duty 900 applications. Available in tor
que ratings from 150 to 300 ft. lbs., they provide a com• 
plete range of positioning control. Performance under con· 
tinuous modulation for extended periods of time was the 
main consideration in designing this line. The SM-5100 
series actuators are built to operate even under the adverse 
environmental conditions and still perform with maximum 
precision. Jordan actuators have all the features necessary 
for such demanding duty. 

FEATURES 

Standard 
Variable position limit switches . 

. Torque limit cutoff. 
Long term power train lubrication. 
Foot or flange mount installation. 
Ratings to 300 ft. lbs. 
AC or DC motor drives. 
NEMA 4, NEMA 7 or NEMA 9 housing. 
Modulating or on-off control. 

Optional 
Potentiometer for remote control. 
Characterized cam position feedback. 
Manual override. 
Hammer blow start. 

APPLICATION 

The Jordan SM-5100 Series Rotary Actuators are 
specifically designed to provide rugged power and depend
able operation as positioners for dampers, diverters, valves 
and similar applications requiring 90 degree actuation. 
Torque ranges up to 300 ft. lbs. ensure positive positioning 
even under adverse conditions encountered in extended 
service. 

BASIC MODELS 

SM-5100 
1 TSV, AC, 50/60 Hz, 1 phase, modulating duty. 
The motor is three-wire, plug-reversible. 
Control compatibility - Jordan MT-6220, AA or 0-8200, 

AD-8810 or bi-directional contacts. 

SM-5120 
11 SV, AC, 50/60 Hz, l phase, 20% duty cycle with 5 min. 

max. on time. 
The motor is three-wire, plug-reversible. 
Control compatibility - Jordan MT-6220, AA or 0-8200, 

AD-8810 or bi-directional contacts. 

SM-5140 
24V, DC, P.M., modulating duty. 
The motor is capable of plug reversing and speed control 

with proper input. 
Control compatibilitY - Jordan AD-7530 or any 24V, DC 

servo amplifier compatible with P.M. motors. 

2 

1.2.~173 
• • ~ . ? ' 

SM-5160 
90V, DC, P.M., modulating duty. 
The motor is capable of plug reversing and speed control 

with proper input. 
Control compatibility - Jordan AD-7310 or any 90V, DC 

servo amplifier compatible with P.M. motors. 

HOW TO USE THE FOLLOWING 
SELECTION CHART 

1. The basic motor characteristics must be determined 
from the descriptions of the various models at the top 
of each specification page. The selection of AC or DC 
continuous or intermittent duty and the type of control. 

2. Next, these questions must be answered about your 
1pplication and the driven load: 

a. How much torque to move the load? 

b. Time in seconds to cover the full 900 travel. 

3. Now proceed through the 12 selections on the selection 
chart. All sections must be filled in before we can pro
ceed with manufacturing. The following are aids in your 
selection. 

a. The spline is a special and if it is to be used with a 
drive arm, the drive arm should be ordered with the 
actuator. 

b. The heavy duty limit switches supplied with this unit 
are the Jordan key lock adjustments that require no 
special tool. Guaranteed positive cam location. 

c. All Jordan amplifiers require a 1 K OHM feedback 
potentiometer when actuator position is the feed
back. Your selection in this case is between a poten
tiometer that gives a linear relationship with output 
shaft or our characterized cam driven potentiometer 
where feedback may be matched to the non-linearity 
of the driven load. A linear, square, square root and 
max. cam are supplied. These are hard aluminum 
cams with printed scales on each side and may be 
hand contoured in the field. 

d. The motor matches the basic actuator selection and 
should be transferred into the selection column. 

e. A brake may be supplied on AC units where the 
normal coast of an on-off AC unit would be exces
sive. If there is a question concerning your applica
tion, please contact the factory. 

f. A manual override may be supplied offering complete 
isolation of the motor. This allows manual driving of 
the output shaft for emergency or set up positioning. 

g, A heater is required whenever the ambient operating 
temperature of the actuator would go below freezing 
in outdoor applications. 



BASIC UNIT 

ENCLOSURE 

POWER OUTPUT 

Time nc. lFt. lbs. 

All tomes for 90° 

OUTPUT 
SHAFT 

MOUNTING 

OUTPUT SHAFT 
REVOLUTIONS 

LIMIT 

SWITCHES 

FEEDBACK 

MOTOR 

BRAKE 

MANUAL 
OVERRIDE 

HEATER 

Top View 

Side View 

SM-5100 SELECTION CHART 

SM-6100 SELECTION CHART- Description 

(TO ORDER ENTER ONE BOLD FACE CHARACTER FROM EACH SECTION) 

SM-5110 SM-5120 SM-5140 SM-5160 1 

E - NEMA TYPE 4 Water-tight 2 
X - NEMA TYPE 7 and 9 Explosion Proof 

17.6 MC. 150 ft. lbs. 20 sec. 150 ft. lbs 13 sec. 150 ft. lbs. 

72 sec. 150 ft. lbs. 38HC, 0 300 ft. lbs. 33 1ec. •300 ft. lbs. 261ec. "300 ft. Iba. 3 

80.6 HC. 0 300 ft. lbs. 44 HC, 0 300 ft. lbs. 

s- 20 tooth splined shaft • drive arm required 

K- 1 /4" square keyway 4 

z- Special (specify requirements) 

s- Standard tapped holes 

F- Foot mount 
5 

90°- 90° Rotation standard 6 

0- None required 

2- 2 Heavy duty 20 amp rated 

4- 4 Heavy duty 20 amp rated 
7 

z- Special (specify requirements) 

0- None required 

1P- 1 K ohm precision 8 
1CC- 1 K ohm characterized cam 

Z- Special (specify requirements) 

1AC3 1Al3 2DC2 90C2 9 

0- None required 

B- Consult factory for brake requirements 
10 

0- None required 

M- Auto preference manual override 
11 

0- None required 

H- Heater required on all outside installations in freezing areas. 
12 

•Note The 300 ft. lb. version of the 5100 11 to be used for on-off service only. It 11 not to be used for modulaung duty. 

1 
s.Z90 
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Drive Arm 

End View 
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WRITE 
SELECTION 

HERE 

900 

Dimensions in p1renthesis, ( ) are metric 
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Item 

, 
2 
3 

4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 

Description 

Ring, Retaining . '. •.•...........•.•. 
Washer, Thrust . . . • . . . . . . . . . . . . . . . . 
Motor, AC, SM-5110 ..........•..•.. 
Motor, AC, SM-5120 •..••........... 
Motor, DC, SM-5140 •.......•...•... 
Motor, DC, SM-5160 ....•...•...•.•. 
Gear Adapter Assy, 15 sec (SM-5120, 

SM-5140, SM-5160) 
Gear Adapter Assy, 30 sec (SM-5120, 

SM-5160) 
Gear Adapter Assy, 60 sec (SM-5110, 

SM-5120) 
Key, 3/32 Sq x 1 /2" Lg .•.•.....•••.•. 
Lockout Arm Assy ..•...••••....••.. 
Spring ...•••.•..•..•••.•.•...... 
Pin, Pivot ..•••••.•.•.•......••... 
Cover, Back ••••...•.•••.••••••.•. 
Clutch Assy. 15 sec . . . . . . . . . . . . . . . . . 
Clutch Assy, 30 sec • • • • • • • . • . . . • • . . • 
Clutch Assy. 60 sec . . . . . . . . . . . . . . . . . 
Key, 3/32 X 3/32 X 2-1/16 lg .. , . , ..... . 
Ring, Retaining ••••••••..••...•.••• 
Handcrank Assy •••••.•.•..•........ 
Pin, Roll, 0.25 Dia. x 1.50 Lg •.••••••••• 
Collar Assy .••..•.•.•.••..•...••.. 
Bearing, Thrust •••.•.••.•.••..•..•• 
"O" Ring .•.••• -. : •.••••.•...••••• 
Bushing ••.•...•.•..•••.••.•.•.•. 
Screw Thrust Housing Assy • • • • • • • . • • . • 
Housing, Screw Thrust w/Hole • • • . • • • • •. 
Bearing •••.••••.•••.•••••••••••• 
Key, Woodruff •••••..••••.•..•.••• 
Hub, Gear ••••••.•••••••••....•.•. 
Rivet, Round Hd 3/16 Dia. x 1/2 l..g •••••• 
Screw, Drive w/lndicator Shaft (3/4-10) •.•. 
Bearing ••.•••••.•.••...•...•••.• 
Sleeve, Bearing, 1 x 1-3/16 x 1-1/2 .••••.• 
Output Shaft Assy (See Page 6) ••••••••• 
"O" Ring •••.•.•••••..•.••.•••••• 
Ring, Retaining, Truarc 5160-59 ••••.••••• 
"O" Ring •••.•••..••.•.•••••••••• 
Screw Thrust Housing Assy •••••••••••• 
Housing, Screw Thrust . . • . . . • • • • • • • • • 
Gear, 61 T, 48P, 200P.A. . .•...•.••••.• 
Bushing ..••...•••.•.•...•......• 
Output Shaft Support Assy . • . • . . • . . • • . 
Heavy Duty Feedback Switch Assy •....•• 

(See Page 6) 
Ring, Retaining ••.. · •.•..•....•••.•• 
Motor Bracket Assy, 60 sec (SM-5110) ...•. 
Motor Bracket Assy, 15 sec (SM-5120) •..•• 
Motor Bracket Assy, 30 sec (SM-5140) ••.•• 

--

Stock No. 

58-B-014183-037 
56-B-004107-007 
23-B-005978-010 
23-B-011999-004 
23-B-014103-001 
23-B-014103-002 
68-A-012212-001 

68-A-012212-002 

68-A-012212-003 

61-B-010954-116 
68-B-014021-001 
20-A-012222-001 
61-A-012218-001 
60-D-014521-001 
70-B-012203-001 
70-B-012203-002 
70-B-012203-003 
61-B-010954-166 
58-B-014183-025 
68-B-015425-001 
57-A-014215-150 
68-A-015351-001 
56-B-004107-006 
74-B-010957-128 
18-B-003814-046 
68-A-014529-002 
60-B-014523-002 
17-B-003813-030 
404 
60-A-012269-001 

68-B-014528-001 
17-B-003813-025 
18-B-003814-035 
68-C-014532-1 
74-B-010957-022 
58-B-014186-059 
74-B-010957-033 
68-A-014529-001 
60-B-014523-001 
16-A-014221-001 
18-8-SPl 988-057 
68-0-013973 
68-C-014213-1 

58-B-O 14183-031 
68-C-014028-001 
68-C-014028-002 
68-C-014028-003 

~ 
3 
1 
1 
1 
1 
1 
1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 

1 
1 
1 
t 

Item 

40 
41 
42 
43 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

--

Description 

Motor Bracket Assy, 15 sec (SM-5160) ..... 
Ring, Retaining ..•.•.........•....• 
Latch, Manual Crank ............... . 
Pin, Latch ....•................... 
Gear, 64T, 32P (SM-5120, SM-5160) ..... i 
Gear, 79T, 32P (SM-5140) ...••••...••. 
Gear, 93T, 32P (SM-5110) ...•••..•.•.. 
String, "O" Ring, 37" Lg ...•..•••••.•• 
Shaft, Clutch .•.••.....•.....•••... 
Gear, Slide •.••.•.••••••••.•.•••.• 
Bearing •.....•.••.••.•.•.••••..• 
Machining, Handcrank •.•••••••..•.•• 
Housing, Bearing •••••..••..••.••••. 
"O" Ring ...••••••••.•••••.•.••.. 
Ring, Retaining, Truarc 5160-98 ••..•.••• 
Knob ...•.•......•..••••.•.••.•. 
Bearing, Flanged •.••..•....•.•••.•• 
Screw, 1 /4-20 x 1" Lg Soc Hd Cap •••••.• 
Washer, Belleville AM-401620 .•.•.•.••• 
Ring, Retaining, Truarc N5000-165 . ..... . 
Spacer ••.••....•.•...•••••••.••• 
Drive Screw Assy •••••••••.••••••••• 
Gear, 100T, 24P, 200P.A. •••.•••.•.••• 
Bearing .•.••••••.••••••••••••••• 
Characterized Feedback Assy (See Page 6) ••• 
Screw, Cap, 1 /4-20 x 3/4" Lg Soc Hd ••••• 
Lockwasher, 1 /4 • • . • • • . • • • • • • • • • • . • 
Screw, Cap, 3/8-16 x 1" Lg Soc Hd •••••.• 
Lockwasher, 3/8 •••••••.••••••••••• 
Screw, Cap, 5/16-18 x 1'' l..g Soc Hd •••••. 
Lockwasher, 5/16 ..••••••••••..•••• 
Pin, Dowel, 0.188 Dia. x 0.32" Lg •••••••• 
Pin, Dowel, 0.188 Dia. x 0.75" Lg •••••••. 
Switch, Actuator •••••.•••••.•.••••• 
Switch, Limit .•••...••...••••••.•. 
Housing, Main •••.••..•.•...•.••••. 
Lockout Handle Assy • • • • . • • . . • • • • . • • 
Spacer .•••••••...••.•.•••••••••. 
Bushing, Flanged •••••.••••••••••••• 
"O" Ring •.•.••..••••••••••.••.•• 
Pin, Roll, 0.156 Dia. x 1.00 Lg •••.••.••• 
Strip, Term. (16 pin) ••.•••••••••..•• 
Insulator •••••.••••.••.•••••••••• 
Screw, 8-32 x 0.50 Lg Rd Hd .•••.•••.•• 
Lockwasher, No. 8 •....••••.••.•••.• 
Plate, Term. Strip Mounting •••••••..••. 
Screw, 10-24 x 0.50 Lg Flat Hd .•..•.... 
Strip, Term. (12 pin) ••..••..•..••..• 
Insulator ...•..••••.•.•.••..••••. 
Front Cover Assy ••..•••••..•.••.••• 
Cover, Front •••..••••••••.••.••.•• 

Stock nlo. ~ 
68-C-014028-004 1 

. 58-B-014187-031 1 
61-A-012214-001 1 
61-A-012215-001 1 
16-B-003806-092 1 
16-B-003806-093 1 
16-B-003806-094 1 
74-B-010957-995 2 
62-A-012196-001 1 
16-A-012201-001 1 
17-B-003813-028 1 
60-B-010978-002 1 
61-A-012202-001 1 
74-B-010957-214 1 
58-B-014186-098 1 
47-A-007639-001 1 
18-B-SP1988-034 1 
54-A-0015060-100 42 
56-B-010462-003 12 
58-B-014184-165 1 
13-A-014549-002 AR 
68-B-012271-002 1 
16-A-012268-001 1 
17-B-003813-010 1 
68-D-015436 1 
54-A-015060-075 4 
56-A-015211-001 42 
54-A-015080-100 2 
56-A-015231-001 2 
54-A-015070-100 8 
56-A-015221-001 8 
57-A-015206-031 2 
57-A-015206-075 2 
46-B-004053-406 1 
46:B-004053-405 2 
60-D-010278-001 1 
68-A-015492-001 1 
61-B-SP1324-091 1 
18-B-SP1988-049 1 
74-B-010957-012 1 
57-A-015195-100 1 
43-B-003888-316 1 
32-A-014123-006 1 
54-A-015033-050 8 
56-A-015191-001 8 
61-B-014014-001 1 
54-A-015044-050 2 
43-B-003888-312 1 
32-A-014123-005 1 
68-B-014142 1 
60-D-014141-001 1 

--
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FEEDBACK GEARING 

JOTINTM)MITlflt MO 
ST ANOAAO \,,lflilUT 

SIIIITCMING SH•IIT 
Ma.I.VY OUTV \.1MIT 

SWt TCH IHAIIT 

; 

" 

1 Gur .......................... . 
2 G•• ................... , ...... . 
3 S.tsenw. S-32 • 3/16 .•.•.•.••.•••••• 
4 Soucl'IW, S-32 • 3/16 •••...••.•••.••. 

(¥_~ 
G 

Stock No. 

1 S-8-003803-096 
115,A-014221-001 
54-A-015027-019 
54-A-015037-019 

STANDARD FEEDBACK- POTENTIOMETERS 

ltalll DtscriJtion 

Commerc11I On1 Turn, 1 K ............ . 
Pr1011on One Tum, 11( .............. . 

2 Oise, Adopter {Comrner010 ........... . 
Oit,c, Adapter (Precmon) .... _ ........ . 

3 Screw, Truu Hd, S-32 x 0.25 1.,1 .•••. , ••• 

Stock No. 

34•8• 1000 78-00S 
34· 8·003956-043 
61 ·A·SM3304-001 
81·A-SM3304-003 
54-A-015032-025 

l1t1m 1 

2 
3 
4 
5 
6 

7 
8 
!I 

10 
11 
12 
13 
14 
15 
16 

OUTPUT SHAFT ASSEMBLY 

1~\1S )') ! 
~( 
i\~/ 

\ \ ~\ 
7 I H 

Housi"'l, Nut. 15 ,ec shift (SM·S 120, ....•. 
SM-5140, SM-51601 

Housi"'l, Nut, 72 SIC shift (SM-5110) .....• 
Platt, Output Sntft Orivo ..••.......•. 
Gttr, Sp,cor .........•......•..... 
Screw, Flat I-Id, No. S-32 • 318 Lg ..•...•• 
Roll Pin, 1/4 0i1. • 2" I.; ...... , ..... . 
Sntft, Outc>ut IK•vl ................ . 
Shaft, OutPut IS~linedl .............. . 
Gaer, 11ST. 48P. 20"P .A. ............ . 
Plitt, Output Shaft Ori.. . ........... . 
Washer, Thrust .......•............ 
Blocl<, Pivot (72 SIC - 2 roq'dl ......... . 
Washer, Aetaining ...•......•..•...• 
$crow, Flat Hd, No. 6-32 • 1 /4 Lg •.....•. 
Key, 1/BSQ, x 1-1/4 l.g •••....•••.•... 
Block, Pivot, 4 roq'd (72 ste - 2 roq'dl ... . 
Ring, Retaining. Truiirc N500& 100 ...... . 
Nut, 3/4-10 Throaa ................ . 

SIDcll No. 

60-8-014519-001 

60-8-014519-002 
80-8-014531-001 
81-A-015505-001 
54-A-015024-038 
57-"-•015215·200 
62·A·013783.Q01 
82•A·013784-001 
16-8-003804-093 
II0-8-014531·002 
61-A-014689-001 
81•A-014773-001 
61-A-014770-001 
54•A-015024-025 
61•8-010954-240 
14.A-014533-001 
58-8-014185-100 
61·A-01 0829-001 

CHARACTERIZED FEEDBACK ASSEMBLY 

' I 5 
\ 

ltlffl 

2 

3 
4 
5 

Description 

Linur Pot Aav (S;"91•1 
Linear Pot /J,,.gy (Tondtml ..... . 
C.,, Sh.tt Auv l$i119lel ....•......... 
Cam Shaft Agy (T1ndtml ............ . 
Sa-. Truss Hd. 8·32 • 0.2S Lg .. 
Wire, Tie ....................... . 
Pin, Oowol, 0.093 Oi1. • 0.31 Lg (Sin<Jl•I .. 
Pin. L0c.1ung, 0.093 Dia. • 1.38 Lg .. 

(Tanaaml 
Ser-. Fil Hd, ·•Drilled" 10-32 • 1.J/8 .... 

{Si"'ll•I 
Ser-. Fil Hd, "Orillod" 10-32 • 2•3/8 . 

{Tandem! 

Stocll No. 

68-C-01543S-001 
68-C-01 543S-002 
68-8-015488-001 
68·8·015488·002 
54-A-015032-02S 

57 •A•0151 76-031 
61·A-015525-001 

HEAVY Dl,JTY FEEDBACK SWITCH ASSEMBLY 

!1t1111 I Description Stade No. 

1 Kev. Woodruff ......... 404 
2 Saew, Rd Hd. S-32 • 0.50 Lg . . . . . . . . . . 54-A-015023-050 
3 Lo.:kwHner, No. 6 Sundtrd ........... 56-A-0 l 5180-002 
4 Switch, Limi, (Stoncltrdl AC ........... 46-A-010017-001 

5.,,tct,, Limit (Ustd woth 1mol DC ....... 46-A·010017-003 
5 Molain9. Cam ... •· .... 14-8-012775-001 
a R,n9, Ae,oining, Truarc 5103-125 ....... 5B-B-0172s1.12s 
7 K•"· M1chtn1nq FffQOlck 51 ·A-013619-003 
B Rinq, R1t11ninq. Tn..a1rc 5100-50 58-8-01 • 183-050 
9 Shaft. Inner ... .. . . .. . . .. .. .. . 62·A·014212-001 

10 Shatt. FNObicl< . ..... 52·A-014211.Q01 
11 Pin, Roil, 1 '11" Oia. • 1" Lg ............ 57-A-01518!-100 
12 IC1y, Feedbacl< (Roundl .. 61 ·A-014789-001 
13 Serscr.-... Soc Jooid, 114-20 • 0.38 C~o ?! 54-A•O 1 SOU-038 
14 Moldi"9, Feeal:Jtcl< Plata .............. 61-8-014592-001 

,...../ 



INSTALLATION 

MOUNTING 

The outline and mounting dimensions for a standard 
unit are shown on the last page of this brochure. The rear 
cover opposite output shaft must have clearance so that it 
may be removed for adjustments and interconnect wiring. 
When the actuator is directly coupled to a drive shaft, it is 
recommended that a flexible no backlash type coupling be 
used. The output shaft is also available with a splined out
put for standard lever arms and linkage drive to the driven 
load. The unit may be mounted on the standard foot 
mount, or a flange mount. Mounting may be in any posi
tion convenient to the driven load. When mounting the 
unit, be sure that no excessive axial or side loading is ap
plied to the output shaft. The limit switches and position 
feedback are connected through gearing to the output 
shaft of the actuator which should be positively secured to 
the driven load shaft so that no slippage can occur which 
would cause misalignment or damage. 

When manual override is required, as in the event of a 
power failure, the crank is engaged by operating the auto· 
manual selector lever at the top of the actuator. The crank 
may then be turned in the proper direction for the desired 
output shaft rotation. If during manual operation, electric 
power is applied to the actuator, the selector lever will 
return to the "auto" position and the actuator will respond 
to the power command. The shift from "manual" to "auto" 
disengages the manual crank, which cannot be power driven, 
thereby protecting the operator. 

Care, however, should be taken when driving a load to 
recognize that excessive output torque may be developed 
by forcing the handcrank. A mechanical telltail-indicator 
shaft adjacent to the crank indicates over-torquing. The 
telltail-indicator shaft will either protrude or recede de
pending on the direction of over-torquing. Discontinue 
aanking on over-torque warning. 

The motor, limit switch and feedback area of the 
actuator depends upon the cover to maintain the NEMA 4 
rating. This cover should be removed only when actual 
work is being done in that area and reinstalled immediate
ly thereafter. 

This actuator contains no internal mechanical stops. If 
it is allowed to run outside of the initial factory alignment 
of the limit switches, a realignment of switches and feed
back might be required. However, no internal damage will 
have occurred. 

ELECTRICAL INTERCONNECT 

The wiring diagram on page 8 shows the fundamental 
interconnect for the standard three-wire reversible single
phase motor and the standard permanent magnet DC 
motor. These units show an arrangement with torque 
switches, 4 limit switches, 1 feedback pot and heater. To 
meet special requirements certain items shown may not be 
supplied and in that case the terminals will be blank. In 
all instances the wiring diagram appropriate to the equip• 
ment will be supplied with the equipment. 

A barrier type terminal strip is located under the rear 
cover opposite the output shaft. One conduit entry is 
located at each end of the unit to accommodate standard 
1¼ inch N.P.T. 

CAUTION: On standard single phase wiring the pos1t1on 
limit switches and torque switches, if ordered, are wired 
directly in the motor circuit and protect it at the extremes 
of travel or at torque cutout. DC units must have these 
torque and position limit switches wired into the control
li"g device to cause end of travel or torque shutdown. Care 
must be taken in installing these in the controlling device so 
that the appropriate direction of control is turned off when 
that direction's limit switch is actuated. If care is not taken 
in phasing the equipment, damage may occur to the actua
tor or driven load. 

START-UP 

If the actuator is to be used with a Jordan Servo 
Amplifier, factor phasing has been completed. All that is 
necessary is the zeroing of the actuator to match the mini
mum/maximum requirements of the equipment being con
trolled. (See appropriate amplifier Service Bulletin.) 

Before mounting, insure actuator is moving in the 
correct direction. To change direction: 

3 wire motors - Reverse wires 2 with 3. 
DC motors - Reverse wires 1 with 2. 

Apply power and drive actuator to zero position. Move 
controlled equipment to mechanical zero position and 
couple. Small final adjustments may be made by loosening 
the 3 truss head screws and rotating complete feedback pot
limit switch assembly. 

Limit switches are actuated by the flat of the cam or 
by the adjustment screw in the multiplier assembly. When 
the mechanical zero is reached, adjust the proper limit 
switch to cut motor power at this point. Apply power and 
drive actuator to maximum desired position and adjust 
other limit switch. See special instructions for characterized 
feedback and heavy duty limit switches. 

TECHNICAL DATA 

AC units have dual balanced windings and use a capaci
tor for phase shift and reversal of direction. DC units are 
permanent magnet and require polarity reversal of armature 
voltage to reverse direction. 

Several gear reductions are available to provide a choice 
of speed-torque ranges. Maximum torque rated at 300 
ft-lbs for the SM-5100. 

MAINTENANCE 

Under normal service conditions the motor, gearing, 
bearings and parts are all pre-lubricated and should not 
require periodic maintenance. If for any reason the unit is 
disassembled in the field, all oilite bushings should be 
resaturated with a S.A.E. 30 oil and all gearing heavily 
coated with an Andok B or equal grease. Care should be 
taken to insure that no foreign material is allowed to 
become entrained with the grease in the gear train, which 
will cause premature failure. 

7 
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SM-5100 SERIES WIRING DIAGRAMS 

120VAC 
60 HZ 

5110/5120 

HEATER IOPTIONALI 

THERMAL SWITCH 

120 VAC 

1VR 
(OPTIONAL) 

2VR 
!OPTIONAL) 

TO MOTOR COMMON 

FOXBORO/JORDAN CONTROLS, INC. 
5607 WEST DOUGLAS AVENUE 
MILWAUKEE, WISCONSIN 53218 
PHONE: (414) 461-9200 

IM-0422-A 2:79 
1.,243:179 

.. _ 

24Vt>C-!1140 
90 voe - s1&0 

1201240 
VAC 

5140/5160 

cw 

Cr:N 

THERMISTOR 



1.1 

NII.CO HYFLOW OIL FILTERS 

WARRANTY 

The Hllliard Corporation warrants the equipment of its manu
facture for one year and no more from the date of the invoice 
thereof against defective material or workmanship (but not a
gainst damage caused by accident, abuse or faulty installation) 
when the goods are installed ln accordance with Its specifica
tions and will replace free of charge (F. O. B. factory, Elmira, 
New York) all such defective equipment lf returned to lta facto
ry, charges prepaid. 

THE WARRANTY DESCRIBED ABOVE SHALL BE IN IJEU OF 
ANY OTHER WARRANTY EXPRESS OR IMPIJED INCLUDING 
BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MER
CHANTIBILITY OR FITNESS FOR A PARTICULAR PURPOSE. 

The repair and replacement of such defective equipment as 
above provided shall constitute buyer's exclusive remedy and 
buyer shall have no other remedy or claim against The Hilliard 
Corporation for alledged Incidental or consequential damages or 
lost profits, lost 11ales, lnlurv to person or property or any 

other direct, incidental or consequential loss. Tbls exclusl ve 
remedy shall not be deemed to bave failed of its eBSential pur
pose so long as The Hilliard Corporation ls willing and able to 
repair or replace such defective equipment ln the above pre
scribed manner. 

Buyer • ball not be required to return such defective equipment 
U (1) the equipment was destroyed a• the result of any defect 
covered by tbl• Warranty and {2) The Hilliard Corporation Is 
reasonably •ati•fled that the equipment was so defective at the 
time of sale. Under such conditions, The Hilliard Corporation 
wlll replace the equipment or part thereof ln the 11me manner 
provided for herein as If the buyer bad returned the same to the 
factory of The Hllllard Corporation. 

The Warranty provided for herein does not apply to equipment 
not manufactured by The Hllllard Corporation such as hoses, 
electrical parts etc. and these parts are covered by the War
ranty, if any, of the manufacturer thereof. 

SERVICE POLICY 

All requests for service, or repair parts, shall be directed to 
The Hilliard Corporation, Elmira, New York, or one of its au
thorized representatives. Complete information must be fur
nished regarding the difficulty experienced, and the part and 
aerial number• of the equipment Involved. 

The tn•tallatlon, operation and maintenance ln• tructlons fur
ni1hed with the equipment should be carefully read and followed 
before the equipment Is placed in service. The Hilliard Corp
oration cannot assume responsibility for any Installation diffi
culties encountered due to leaks, contamination, malfunctions, 
etc. in connecting lines or equipment. 

Repair or replacement of defective materials will be made In 
accordance with the Warranty. Other replacement parts or 

llllitable alternates are made available at current prices through
out the life of the equipment. 

When motor• or other electrical components are ordered, If 
Incorrect Information regarding the electrical apeciflcatlons la 
furnl• hed by the purchaaer, no charre will be made to cover the 
no11t of exchange tr the equipment furnl1hed la considered by 
The Hilliard Corporation to be a stock ltem, The Purchaser, 
however, will be required to prepay charges Involved In the ex
change, 

The Hilliard Corporation will not accept the return of any un
used goods except by prior written agreement with the factory, 
and a minimum handling charge of 20% of tbe original purchase 
price of the material will be made. 

INSTALLATION-OPERATION AND MAINTENANCE INSTRUCTIONS 

1. 0 INSTALLATION 

GENERAL: 

1. 1. 1 Read all Instructions, attachments, and assembly 
drawings carefully before Installing, operating and 
servicing your HILCO filter. 

1. 1. 2 Inspect the filter for shipping damage. If damage 
ls found, notify carrier Immediately. 

1. 1. 3 The filter should be Installed as close to the equip
ment being served as possible. 

1. 1. 4 Locate the filter so there ls adequate space over
head for cartridge removal. Refer to data sheet or 
assembly drawing supplied for clearance required. 

1, 1. 5 On Full-Flow installations the filter ls lnstalled In 
the ma In nuid pump line. A by-pa,ss line may be 
t n I ta 11 e d around the filter to per m It cartridge 
changes without equipment shutdown. 

BY -PASS LINE 
(OPTIONAL) 

I 

4 
. -/.. -' -....,, .. :- - - - -

TYPICAL FULL-FLOW FILTER INSTALLATION 

1. 1. 6 On By-Pass installations having a main line oper
ating preSBure higher than the pressure rating of 
the filter, a now control orifice or valve should be 
installed as near the blgh prPssure source as pose
lble. 

.....,.-•T-----1.,_--81----------•-
ij 

I 

~-<f -~-t-w--~. 
TYPICAL BY-PASS FILTER INSTALLATION 

l. 1, 7 For Duplex Filters, refer to Section 4.0 for addi
tional Instructions. 

l, 1, 8 Install Inlet line. Line 1lze • hould be 1ufftclently 
large to handle the rated fiuid now without excea-
1lve pre111ure drop. lnatall • shut-off valve In the 
Inlet line. Make sure oonnecting piping ta clean 
and free of dirt, scale, etc. 

Note: If the filter ls I n st a 11 e d without shut-off 
valves on Inlet and outlet, the filter must be locat
ed above the highest oil level ln the system. 

--

--

--
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1.2 

1.3 

l.4 

On installations employing a motor /pump set at the 
filter, the pump suction line should be no smaller 
than that recommended by t b e pump manufacturer 
In order to Drevent pump cavitation. Inst a II a 
strainer at tne pump Inlet. If the fluid sump Is at 
a h I g her elevation than the pump Inlet, Install a 
shut-off valve ahead of the strainer. 

If continuous fluid circulation Is not required for 
equipment operation, and the motor starter Is In
terlocked with the equipment motor starter; Install 
a shut-off valve between the pump and filter and a 

relief valve around the pump. This wlll permlt 
.:iartrldl!e changes without equipment shutdown. 

1.1.10 When filter discharge pressure ls less than the 
pressure of the oll head In the fllter casing, Install 
a check or relief valve designed to provide 5 PSIG 
back-pressure In the outlet line. This will Insure 
complete filling of the fllter. Install a check-valve 

In the o u tie t line If the fluid sump Is at a higher 
level than the fllter. 

The Installation of sight/flow glasses In the clean 
fluid line will permit observation of flow, and nu,d 
condition. Spinner type glasses can be Installed In 
either horizontal, or vertically-down po s 111 on s • 

Non-spinner types must be I n st a I I e d vertically

down only. 

1. 1. 11 Filter drains may be piped to the fluid sump or a 
drain tank. If gra,1ty drainage Is not possible, a 

motor /pump set can be used for both draining and 

refilling. 

1. i. 12 Filter vents may be piped to the flu Id sump for 
continuous venting. Make sure connection at sump 
Is made above the nighest fluid level Ill the sump. 

ELECTRICAL: 

l. 2 .1 Check electrical specifications on filter nameplate 
and/or motor nameplate. On electrically heated 
filters, also see wiring diagram furnished with fil

ter. 

l. 2. 2 Filters using separate motor/pump sets may be In

stalled: 

a. With the motor starter separate from thee
quipment control for Independent operation of 

the filter and equipment. 

b. With the motor/pump set Interlocked with the 

equipment control to prevent operation of the 
equipment without the filter. 

l. 2. 3 Connect electrical line to the control box. lmpor
ant: 

a. A properly fused disconnect switch should be 

installed in the line. 

b. Wire size must be 1 a r g e enough to carry the 
full rated current load with no voltage drop. 

c. Wiring must meet all a pp 11 cable electrical 
codes. 

STEAM OR WATER HEAT: 

See the separate data sheet or assembly drawing supplied 

with the HILCO filter for connection Bild capacity Informa

tion. 

COVER LIFTER: 

If a filter cover lifter hss been furnished. assemble and In
stall In accordance with Data Sheet DD -80-4 or DD-80-8. 

Page OMl-2 

1.5 

2.1 

2.2 

2.3 

F1LTER CARTRIDGES/STRAINERS: 

1. 5 .l Remove the fl It er cover and make sure the filter 
cartridges/strainers are ln place 1,11d undamaged. 
U filter cartridges are not lutalled, see FILTER 

CARTRIDGE/STRAINER SERVICING section. 

l. 6. 2 Check cover • eal/gasket for damage and proper 
placement. Replace cover and tighten bolts using 
a staggered tlghtenlag pattern to lnaure unlform 
sealing. Refer to values below for proper torqu

ing. 

Bolt Size 
5/8" 
3/4" 
7/8" 

l" 
1-1/8" 

Torque: Lb. -Ft. 

- IMPORTANT -

90 
150 
240 
370 
660 

Kg.-Metres 
12.4 
20.7 
33.l 
51.1 
77.3 

''R" Serles filters having a single center bolt closure shou Id 

be torqued to 120 ft. /lb/ 

2.0 STARTING AND OPERATION 

Open Inlet valve. Start motor/pump set lf Installed. 

- IMPORTANT -

Care must be taken when Initially filling the HILCO filter at 

start-up, or after a cartridge change, to avoid dangerously 

lowering the level in the fluid sump. Sufficient fluid should 
be added for filter "make-up" as required. 

Open vent valve on filter cover and bleed off trapped a Ir If 

filter is not equipped with an automatic air vent. Close the 

valve when fluid appears. 

Periodically bleed off trapped air which accumulates at the 

top of the filter cover during normal operation. 

Turn on electric heaters If filter so equipped. 

2. 4 Refer also to the PERIODIC SERVICE NOTES section. 

3.1 

3.2 

1.2.23-181 

3. 0 FILTER CARTRIDGE /STRAINER SERVICING 

WHEN TO CHANGE FILTER CARTRIDGES: 

3.1.1 As a minimum, filter cartridges should be changed 
when the pressure drop approaches or exceeds the 
recommended value above the "clean" (new car
tridge) pressure drop; or every twelve months, 
w h I ch ever occurs first. A periodic analysis of 
fluid condition should be used to determine car
tridge changing Intervals In critical applications. 

3.1. 2 Filter cartridges should be changed when pressure 
drop reaches 20-25 PSI above startini! Dressure. 

HOW ro CHANGE FILTER CARTRIDGES: 

3. 2, l On full now installations, stop equipment, or sepa
rate motor /pump u n It lf not Interlocked with main 

equipment control. Close Inlet and outlet valves if 

Installed. 

3. 2. 2 If a by-pass Installation II being u1ed, close Inlet 

valve to filter. 

3.2.3 Ifa duplex filter Installation Is being used, turn 
transfer vs Ive to divert fluid flow to the stand-by 
or "clean" filter. See DUPLEX FILTERS section. 



3. 2. 4 Turn off filter heaters if •o equipped. 

3. 2. 5 Open fllter drain valve. When pressure gage reada 
:r.ero, open filter cover vent valve. 

3. 2. 6 Loosen cover bolt(•) and remove cover. If a filter 
cover lifter haa been installed, refer to Data Sheet 
DD-80-4 or DD-80-8 for operating inatructtons. 

- CAUTION -

BE SURE PRESSURE IN FILTER IS AT ZERO BE
FORE LOOSENING COVER. 

WHEN FILTERING FLUIDS THE HANDLING OF 

WIDCH MAY BE IRRITATING OR HARMFUL TO 

PERSONNEL, BE SURE TO READ AND OBSERVE 
THE FLUID MANUFACTURER'S HANDLING IN
STRUCTIONS. 

3.2. 7 Remove and discard cover seal/gasket. 

3. 2. 8 Drain cartridges in filter for about one hour before 
removing when possible to reduce fluid losa. Al
ways drain fluid level below bottom of lowest car
tridge to pr event contamlnatlon from dirty fluid 
passing into clean side of filter casing. 

3.2.9 Remove separate cartridge bold-down cap or 
relief-valve assembly on top of ea c b cartridge 
etack when used. 00 NOT DISCARD. 

3. 2. 10 Remove cartridge or cartridge adapter aasemblle• 
from filter casing. Take care not to damage cover 
sealing surfaces. 

3, 2.11 Inst a 11 new or replaced filter cartridge• in filter 
casing as follows: 

TyPeS PL1 SF. SFD1 It F - Throwaway pleated pa

per or disc cartridges wlth a built-in support core 
ln each cartridge: Discard complete cartridge and 
install new ones as required on filter center post. 
On cartridges having loose elastomer (rubber) gas
kets, make sure gaskete are In place OD both ends 
of each cartridge. 

TyPe PLW - Throwaway pleated paper cartridges 
w Ith out a built-In support core In each cartridge: 

Do not discard center cartridge adapter aseembly. 
Remove d Ir t y cartridges from adapter and inetall 
new ones per Data Sheet DC-2464-32. Inetall com
plete adapter aHembly wlth new cartrldgee on fil
ter center post with eeparable cap/aprtng OD top. 

Types FW1 SFW1 It SFDW - Throwaway dlac type 

cartridges Without a built-in eupport co r e in each 
cartridge: Do not discard center cartridge adapter 
assembly. Remove dirty cartridges from adapter 

and I n •ta 11 new ones per Data Sheet DD-2484-34. 
In II ta 11 complete adapter assembly wlth new car
tridges on filter center post. 

- IMPORTANT -

Install adapter aasemblies w Ith spring up (toward 
filter cover). To prevent by-passing of dirty fluid 
due to deterioration, replace end gaskete and radi
al sea I on adapter assemblies every (24) months. 
U visibly defective/damaged, change Immediately. 
See Data Sheet DD-2464-34 for replacement in
struct! one. 

Type FFC - Throwaway fuller'• earth (HIUTE) 
cartridge11 Proceed aa for PL, SF It Fcar
trtdges. 

Type FFL - Repackable fuller'• earth (HIUTE) 
cartridge•, Rapack cartridge(•) per Data Sheet 

FC-217-F and inetall repacked cartridges on filter 
center poet. 

Im.!£ - "Star" flit er cartridge wlth renewable 
Nil.PAK Tube filter medlai a- or replace 
HILPAK Tube per Bulletin F-182-5 aa required. 
lDltall new cartridges OD filter center post. 

!Sl:!l!!s!:! -Remove •trainer• and clean as re
quired. St r al Der• may be •olvent cleaned and 
blown dry, or may be cleaned wlth high-pressure 
•team. Strainer• with •teel hardware must be I
mmediately coated with oil or other eu!table rust 
preventative. The pump inlet • trainer on filters 
ao equl pped should al1C1 be similarly cleaned at 
every cartrtdge change. 

3. 2.12 After cartrtdge1/1trainers or cartridge adapter 
aaeembliee have been inlltalled In filter, r e p I a c e 
bold-down cap or relief-valve aaaembly OD top of 
each cartrldge/etrainer •tack: (1) Make sure seal
ing •urface of cap aaaembly I• clean, and free of 
nicka and ecratches; (2) Check relief-valve assem
blles for dirt lnportl and on valve aeat. otsassem
able and clean Bl required. 

3. 2. 13 Clean cover eealing •urfacee II required and in
•pect for Dicka and •cratchm. Put new cover seal 
in place. In an emergency, old 1eal/psket may be 

reueed tf not damaged or hardened. For trouble
tree operation, replacement ii reoommended. 

3.2.14 Carefully cloee cover, and retlgbten bolts to rec
ommended torque value1. Refer to vslues below 
for porper torquing. 

Bolt Slze 
&/8" 
3/4" 
7/8" 

1" 
1-1/8" 

Torque: Lb.-Ft. 

- IMPORTANT -

90 
150 
240 
3'/0 
680 

Kg.-Metres 
12.4 
20.7 
33.1 
51.1 
77,3 

''R" Serie• filter• having a 111.ngle center bolt cln-
1 ur e 1hould be torqued to 120 ft. /lb. max. 

3. 2.15 Cl01e drain and vent valve•• 

3. 2. 18 Open inlet and outlet valve1 to filter if lnetalled. 

3. 2.17 Re1tart equipment and/or filter motor/pump set as 
required. 

3. 2.18 Turn OD filter heater• lf 10 equipped. 

4. 0 DUPLEX FILTERS 

4.1 GENERAL: 

Tranefer valve• furniehed with HILCO duplex filters permit 
flow through either or both filter• depending on valve posi
tion. Contlnuoue fl ow t• provided to the equipment during 
tran1fer from either 1ide. now cannot be •hut off. 

4.2 INSTALLATION: 

4.2.1 Refer to Section 1.0 for pneral tnet:ructtons com
mon to all filters. 

4.2.2 Tbetnetallatlonof a cr01• -over line between filters 
l• reoommended for all duplex illltallatlons except 
those unite having the ca•inp and valve a• an lnte
cral auembly In a common oover •uch H the Model 
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4.3 

4.4 

511-150. The cro-• -over line may be uaed for !1.ll
lng the "clean" or atand-by !liter before putting It 
Into service, and w 111 also ease the turnlna of the 
tranafer valve(•) by equalir.lng the pres•11re on both 
aides. A cro111-over line la required for operating 
pressures above tboae ahawn tn the table1 

Transfer Valve 
Pili!! Size 

To 1-1/2" 
2" to 311 

411 to 8" 

JI 
TRANSFER VALVE (S) 

Operating Cron-Over 
Preaaure PSIG Pili!! Size 

100 3/8" 
80 1/2" 
15 3/4" 

CROSS-OVER LINE 

TYPICAL DUPLEX FILTER WITH CROSS-OVER LINE 

4. 2. 3 If special cross-over !l.ttlnga have not been furn
ished, the connection can be made between the dirty 
oil drain flttlDgB. A shut-off valve must be Installed 
In all croBB-over lines. 

4. 2. 4 In order to prevent ex c ea a Ive flow through the 
cross-over, an or tfl c e •bould be lmtalled In the 
line. 

STARTING/OPERA'nON: 

4.3,l Refertothe general STARTING &z OPERATION sec
tion for additional Instructions common to all fil
ters. Refer alaoto the PERIODIC SERVICE NOTES 
section. 

4. 3. 2 When starting a cold system, center the transfer 
valve handle •o flow will be equal through both !1.1-
ters. 

4. 3. 4 After fluid reaches operating teUlperature, turn 
valve for flow through desired !liter only. 

FILTER CARTRIDGE SERVICING: 

4. 4.1 When the fl.lter cartridges In the on-line fllter re
quire replacing, a Io w I Y rotate the tranafer valve 
handle to the center position 10 flow will be equal 
through both !liters. 

4. 4. 2 Vent the stand-by or clean filter until otl appears 
and then close vent. 

4. 4. 3 Allow a few minutes of parallel operation to purge 
the co Id oll from the stand-by fllter, then 11lowly 
rotate the transfer valve to flow through the stand
by filter. 

1 

5.1 

5.2 

5.3 

5.4 

5. 5 

- IMPORTANT -

Rapid awt.tohlng of the v a Ive from one unit to the 
other may cauae: 

Dlacbarge of an air pocket Into the fluid line. 

A surge of cold, vtacoua fluid Into the ayatem. 

An lmtantaneous blgh differential pressure across 
Che stand-by filter cartridge(&) resulting In possible 
cartridge failure. 

4. 4. 4 After Che stand-by Blter becomes the on-line filter, 
Che cartridges In the dirty filter may be changed In 
accordance with the general FILTER CARTRIDGE/ 
STRAINER SERVICING section. 

- CAUTION -

BE SURE PRESSURE IN FILTER IS AT ZERO BE
FORE LOOSENING COVER. 

WHEN :nLTERING FLU IDS THE HANDLING OF 
WHICH MAY BE IRRITATING OR HARMFUL TO 
PERSONNEL, BE SURE ro READ AND OBSERVE 
THE FLUID MANUFACTURER'S HANDLING IN
STRUCTIONS. 

4. 4. 6 After the cartridges ID the dirty fl lt er have been 
changed, the !l.lter may be re fl lled by one of the 
following: 

4. 4. 6. l Auxiliary filling from oil reservoir. 

4. 4. 5. 2 Open cross-over valve and vent clean fl.l
ter until fllled. 

- IMPORTANT -

Do not permit filter down.stream pres
sure to fall below acceptable values when 
fllllng clean fllter. 

4,4.5.3 Turn transfer valve handle slightly 
toward the clean filter to per mlt a small 
portion of fluid to fill It. Vent !liter un
Ul filled. 

5. 0 PERIODIC SERVICE NOTES 

If fllter la not e q u Ip p e d with an automatic air vent, open 
manual vent valve periodically to bleed off trapped air as 
required. 

Service electric motor(s) and pump{s) per manufacturer's 
inatnictlons. 

On electrically heated fllters, inspect heaters at least every 
six months for shorts, fluid spillage on heaters, and proper
ly tightened connections to pre>'ent premature beater failure. 

Clean !liter /pump Inlet strainer at every cartridge change If 
strainer ln11talled. 

Replace tut.er cover seal/gasket at every cartridge change. 

SUPPLEMENTARY ATTACHMENTS 

DC-2464-32 D DD-80-8 LJ 
DD-2464-33 D DD-600 D 
DD-2464-34 D F-152-5 Cl 
DD-80-4 D FC-217-F D H 

THE 

.. !.~00~!,~.R D 
Cata log Section 0 
Bulletin HF-11 
Page OMl-4-78 

Printed In U. s. A. 
lOM - 4/78 

CORPORATION 

1100 WEST FOURTH STREE'T 

ELMIRA, NEW YORK 14902 
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FOREWORD 

This instruction manual covers the C3E Series TRANSA.'l\iERICA DE LAV AL IMO pumps 87P, 

87 and 95. The specific models covered by this manual are identified in Table 1. Refer to the assembly 

drawing, Figures 3 through 7, corresponding to your pump type as you use this instruction manual. The 

type of each particular pump is identified on the end cover. Refer to Figure 1 for definition of type 

designator. 

Pump Aaembly 

Model" Drawing No. 

C3EBC-

C3EBCS-

C3EX-

C3EIC-

C3EICS-

C3EBF-

CJE 

PUMPS~ 

SC6112 

SC6112 

SC6113 

SC6113 

SC6113 

SC6114 

TABLE 1 

C3E SERIES IMO PUMP TYPES 

Ao1or Siz•• - 87P, 87PD, 87, 87D, 15 and950 

Fig. Pump A-mbly Fig. 

No. Model" Drawing No. No. 

3 C3EBFS- SC6114 s 

3 C3ELC· SC611S 6 

4 C3ELCS- SC611S 6 

4 C3ELF- SC6116 7 

4 C3ELFS· SC6116 7 

5 •Pump model number precedu rotor size. 

X X X X X 

IROTATl:N 

Blank - Clockwise 

SHAFTSEAL------..J D - Counterclockwise 

B - Buna Bellows Mechanical Seal 

I - Integral Mount (No Seal) 

L - Buna Lip Seal 
X - Special Pump 

MOUNTING STYLE-------~ 

F - Foot Mount 
C - Flange Mount 

ROTOR SIZE 

87P 
87 
95 

CASE MATERIAL 

Blank - Cast Iron 
S - Cast Steel 

FIGURE 1. Definition of Model Designator of C3E Series Pumps. 

ORDERING INSTRUCTIONS 

All correspondence pertaining to cenewal parts for the equipment must refer to the instruction book num

ber and should be addressed to the nearest TRANSAMERICA DE LAV AL representative 

The handling of renewal orders will be greatly facilitated if the following directions are ca:s::fully observed. 

1. Give. the number of the instruction book. 

2. Give the serial number of the machine for which part is desired. This number appears on the 

nameplate. 
3. Designate the desired part by the number and name as listed in this instruction book. 

4. Give the drawing number or figure number in which the part is shown. 

FOREWORD 1.2.23-185 
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STRUCTURAL LIMITS 

Operating conditions, such as speed, fluid viscosity, inlet pressl.U'e, discharge pressure, temperature, filtra

tion, duty cycle, mounting, drive type, etc. are interrelated. Due to these variable conditions, the specific 

application may be different from that of the structural limitations. This equipment must not be operated 

without verification that operating requirements are within published capabilities are shown in the appro

priate pump data book (available from local Transamerica Delaval offices and representatives). 

Under no circumstances are the follov.ing structural limitations to be exceeded. 

DISCHARGE PRESSURE: 150 PSIG (Maximum) 

MAXIMUM SPEED: Contact Transamerica Delaval for rating Tables. For #6 fuel oil, crude oil 

and other fluids known to contain fine abrasives, pump speed should not exceed 1800 RPM. 

VISCOSITY: 2.0 est (33SSC) Minimum 

3000 SSU maximum for type B shaft seal. No maximum for other versions except when 

using #6 fuel oil the type B seal is not recommended for use regardless of specified 

operating viscosity range. 

TEMPERATURE: 0° to lB0"F for types C3EB/L/P/l 

SUCTIOK: 25 PSI Maximum 

DRIVE: Direct only. 

SEALS 

Two types of seals are installed in the C3E pumps. A Buna Lip Seal (023) is installed in Figures 

6 and 7 pumps. The lip of the seal (023) conforms to the power rotor (007) by pressure in the discharge 

chamber for sealing. Integral mounted pumps, Figure 4, are not equipped with a seal. Mechanical seal~. 

CRANE Type 21 are installed in Figures 3 and 5 pumps. Refer to Figure 2 for an illustration of the 

CRANE Type 21 Mechanical Seal Assembly. 

Because of the number of seal variations available, it is important that the pump designator number be 

forwarded with purchase order. Where the full designator number cannot be ascertained, a listing of the 

operating conditions should be made in order that the proper seal for replacement can be supplied . 

0RIV£ RIIIIC. 
NOTCHES 

. • 

--

--
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FIGURE 2. CRANE Type 21 Mechanical Seal Assembly. -
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MAINTENANCE 

PUMP DISASSEMBLY 

GENERAL: Close th"' 'r , . and outlet valves and tag "Out of SeJVice." De-energize pump driver motor 

controller and T'.•!; •· · A Service." Vent all pressure from pump housing. Remove pump from driver and 

coupling frorr kemove coupling key (013). 

FIGURES 3 1: Complete General steps, then remove retainer bolts (006) and retainer (012). Remove 

cover and pc. rotor assembly by rotating the power rotor (007) in the direction opposite to its normal 

rotation and !. .. nultaneously pull the cover (004) and power rotor assembly from the pump housing (001). 

Remo\'al of the cover (004) and power rotor assembly includes removal of the gasket (005 ), power rotor 

(00i), idler stop (009), ball bearing (011), truarc rings (014) and (15) and mechanical seal (016). 

Remo\ truarc ring (015) and press power rotor (007) from the ball bearing (011). Remove mechanical 

seal (016) from the power rotor (007). Remove ball bearing (011) from the cover (004). Remove truarc 

rings (014) and mechanical seal seat from cover (004). NOTE: Do Not remove the idler stop (009) from 

the power roto, . Replacement of the Idler stop (009 J is considered a major repair. See major repair note 

located on the b; ~k p of this manual. 

Remove bolts (OC 
Remove idlers (C' 

FlGCRE 4: Pi 
cover ( 004) fr 
housing by ro 
ously withdra 

Remove cover 
steel case onl) 
piston ( 024) fr 
a major repair. 

ar 1 lockwashers (01 ion steel case only). Remove cover (002) and gasket (010). 
fr. :n housing (001 ). 

pump for disassembly following General steps then remove capscrews (027 ). Remove 
JUsing (001 ). Remove power rotor (007 ), piston (024) and idler stop (009) from 

.; the power rotor (007) in the direction opposite to its normal rotation and sirnultane
the power rotor (007). 

2) and gasket (010) from the housing by removing bolts (003) and lockwashers (017 

~move idlers (008) from housing (001). NOTE: Do Not remove idler stop (009) or 

,ower rotor (007). Replacement of the idler stop (009) or the piston (024) is considered 

major repair note located on the back page of this manual. 

FIGURES 6 and Complete General steps, then remove bolts (006) and retainer (012). Remove cover 

and power rotor o.-jembly by rotating the power rotor (007) in the direction opposite to its normal and 

simultaneously pull the cover (004) and power rotor assembly from the pump housing (001 ). Removal 

of the cover (004) and power rotor assembly includes removal of the gasket (005), power rotor (007), ball 

bearing (011), truarc ring (015), lip seal retainer (022) and lip seal. 

Remove truarc ring (015) and press power rotor (007) from the ball bearing (011). Remove ball bearing 

(011) from the cover (004). Remove lip seal (023) from lip seal retainer (022). 

Remove bolts (003) and lockwashers (017 on steel case only). Remove cover (002) and gasket (010). 

Remove idlers (008) from housing (001). NOTE: Do Not remove the idler stop (009) from the power 

rotor (007} or the lip seal retainer from the cover. Replacement of the idler stop or lip seal retainer is 

considered a major repair. See major repair note located on the back page of this manual. 

2 1.2.23-187 
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PUMP ASSEMBLY 

E~ERAL: Inspect, clean and wipe all internal and rotating parts v.'ith SAE30 lubricating oil immediately 

before assembly. Do Not open seal or bearing packages until they are to be installed. A new mechanical 

seal or hp seal should be installed if the old seal has been disturbed. A new bearing should be installed 

when a seal is replaced or if unit has been in operation for an extended length of time. Rotate the power 

rotor ( 007) frequently during installation to assure freedom of rotation. 

FIGURES 3 and 5: Clean gasket (005) seating surfaces and mechanical seal gasket seating surface. Install 

mechanical seal gasket, mechanical seal seat and truarc rings (014) in cover. Wipe the outer race of ball 

bearing (011) with lubricating oil and install ball bearing (011) in cover (004). Place new mechanical seal 

(016) on power rotor (007). 

Press assembled cover on power rotor assembly until truarc ring groove of power rotor (007) passes through 

the inner race of ball bearing (011 ). Install truarc ring (015) on power rotor (007). When installing truarc 

ring (015), ensure the ring "snaps" into the power rotor (007) groove and the ball bearing (011) is posi

tioned flush with the truarc ring (015). Place gasket(005) and cover assembly on housing (001). Place 

retainer (012) on cover assembly (007) and install bolts (006). Torque bolts (006) to 70" lbs. (15" lbs.). 

Clean gasket (010) seating surface. Install idlers (008) in housing (001 ). Place gasket (010) and cover (002) 

on housing (001) and instal1 bolts (003) and lockwashers (017 steel case only). Torque bolts (003) to 

70" lbs.(=: 5" lbs.). Install pump on driver. 

FIGCRE 4: Install power rotor (OOi) in housing (001). Place gasket (005) and cover (004) on housing 

(001) and install capscrews (027). Torque capscrews (027) to 45" lbs. (=:5" lbs.) on C3EIC and C3EICS 

pumps. Contact Transamerica Delaval for correct torque measurement of C3EX pumps. 

::lean gasket (010) seating surfaces. Install idlers (008) in housing (001). Place gasket (010) and cover 

(002) on housing (001) and install bolts (003) and lockwashers (017 steel case only). Torque bolts (003) 

to 70" lbs.(=: 5" lbs.). Install pump on driver. 

FIGURES 6 and 7: Install lip seal (023) in lip seal retainer (022). Wipe outer race of ball bearing (011) 

\\;th lubricating oil and install ball bearing ( 011) in cover ( 004). 

Press assembled cover on power rotor assembly until truarc ring groove of power rotor (007) passes through 

the inner race of ball bearing (011 ). Install truarc ring (015) on power rotor (007 ). When installing truarc 

ring (015 ), ensure the ring "snaps" into the power rotor (007) groove and the ball bearing (011) is posi· 

tioned flush with the truarc ring (015). 

Clean gasket (005) seating surface. Place gasket (005) and cover assembly on housing (001). Place retainer 

(012) on cover assembly and install bolts (006). Torque bolts (006) to 70" lbs.(± 5" lbs.). 

Clean gasket (010) seating surface. Install idlers (008) in housing (001). Place gasket (010) and cover 

(002) on housing (001) and install bolts (003) and lockwashers (01 7 steel case only.) Torque bolts (003) 

to 70" lbs.(± 5" lbs.). Install pump on driver. 

· 1.~.23-188 
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INSTALLATION 

ALIGNMENT 

Proper pump coupling and motor alignment are essential for satisfactory operation. Th~ pump shaft (power 

rotor) should be aligned to the motor shaft within 0.005" (0.012 mm) TIR. Alignment should be checked 

after all piping is completed and the pump is in operation. NOTE: Pump rotational direction is identified 

on the nameplate (pump type designator). 

MOUNTING 

FIGURES 3 and 6 (SAE "A" Flange Mounted): SAE "A" flange mounted pumps are equipped with two 

7 /16-inch diameter holes for mounting in any attitude. The pump inlet and outlet ports can be located 90 

degrees from the mounting holes. A .. C" Face motor bracket is available for mounting to "C" Face motors. 

FIGURES 5 and 7: Foot mounted pumps are equipped with two 7 /16-inch diameter holes for mounting 

on a conventional baseplate with the driver in any attitude. The inlet and outlet ports are to be located 

180 degrees from the foot standard position. 

FIGURE 4: Integral flange mounted pumps are equipped with four 7 /16-inch diameter holes equally 

spaced on a 4-1/2-inch diameter bolt center for mounting in any attitude. 

PIPING 

Suction pipe should be as short and direct as possible with the suction piping one size larger than the suc

tion opening of the pump. Install a suitable strainer (60 mesh on light fluids and 1/16-inch to 1/8-inch 

on heavy fluids) in the suction piping and a pressure relief valve in the discharge piping. The relief valve 

should be set 10 pounds above the maximum working pressure. Support all piping independent of the 

pump and avoid pockets or loops in the suction line. 

TROUBLESHOOTING 

SYMPTOMS CAUSE SOLUTION 

Pump not primed Fill suction pipe. 

Wrong direc;tion of Rotation Compare rot11tion of motor with direction arrow on pump 

NO Suction lift too high Check pipe friction losses. 

DELIVERY Obstructions in piping ln1pect piping and 1uction nrainer. 

Air pocket or vapor lock Loop in 1uction line. 

: Air in 1vnem Check ell piping joinn on suction ,ide. end pump case joints 

LOW 
Speed too slCW\' Check motor volt• llf!. 

CAPACITY Pump internal• worn ln,pect rotor, and rotor housing clearances. 

Relief valve bvpening Check for low setting or for foreign matter. 

Pump AlilP"ment Realign pump end driver. 

Mechanical Defect Bent shaft. Pump must turn freely by hand. 

MOTOR Obstruction in Discharge Check shut~ff velvu to make certain thev • re not 

OVERLOADED Line partially cl01ed. 

LiQuid Viscmity higher Heat liQuid to lower viscmitv or use motor of hi11her 

- than specif ,ed horsepower. 

NOISE 
MiulilP"ment Realign pump end drover. 

OR 
Entrained air or ga5es Inspect • 11 joinn in suction line for tightness 

VIBRATION Pump ce,,itating Suction lift e><oeuive fluid not getting into pump. - -

Chattering relief valve Check preuure setting or valve damage 

1,2.23-18~ . 
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FIGURE 3. Assembly Drawing SC6112. 

FIGURE 5. Anembly Drawing SC6114. 

FIGURE 4. Assembly Drawing SC6113. 

FIGURE 6. Assembly Drawing SC6115. 

FIGURE 7. Assembly Drawing SC6116. 
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TABLE 2 

LIST OF MATERIAL FOR FIGURES 3 THROUGH 7 

ITEM PART DESCRIPTION ITEM PART DESCRIPTION 

001 Housing 013 Key 

002 Cover 014 Truarc Ring 

003 Bolt 1/4" x 3/4" 015 Truarc Ring 

004 Cover 016 (2) Seal 

005 (2) Gasket 0.015" 017 (1) Lockwasher 

006 Bolt 1/4" x 1-1/4" 019 (1) Nameplate 

007 Power Rotor 020 (1) Nameplate 

008 Idler 021 ( 1) Brad Screw 

009 Idler Stop 022 Retainer 

010 (2) Gasket 0.015" 023 (2) Lip Seal 

011 (2) Ball Bearing 024 Piston 

012 Retainer 027 Capscrew 

(l)steel housing only. 

(2)Minor Repair Kit: Minor repair kits contain items frequently damaged during pump disassembly 

and are available in kit form only. Identify pump type when ordering a minor repair kit. 

NOTE: Major Repair: Major repair parts for a C3E Series pump are not offered. The C3E Series pumps 

are not considered economically repairable. If extensive repair is required to a C3E Series pump, the 

pump should be discarded and a new pump purchased. 

SPECIAL NOTE 

The instructions given herein cover generally the operation and maintenance of subject equipment. Should 

any questions arise which may not be answered specifically by these instructions, they should be referred 

to TRANSAMERICA DELA VAL Inc., for further detailed information and technical assistance. 

This manual cannot possibly cover every situation connected with the operation, adjustment, inspection, 

test, overhaul and maintenance of the equipment furnished. Every effort is made to prepare the text of the 

manual so that engineering and design data are transformed into the most easily understood wording. 

TRANSAMERICA DELA VAL, in furnishing this equipment and this manual, must presume that the 

operating and maintenance personnel assigned thereto have sufficient technical knowledge and experience 

to apply sound s~ety and operational practices which may not be otherwise covered herein. 

In applications where TRANSAMERICA DELA VAL furnished equipment is to be integrated with a process 

or other machinery, these instructions should be thoroughly reviewed to determine the proper integration 

of the equipment into the overall plant operational procedures. 

1.2.23-191 



i~;iNE;A .. :__:i~tOT~LLY ENCLOSED, 'FAN-CO~LED
0 

,-

:'.:.'/~56frame ~o/ftlEMA 56C END-MOUNTED MOTORS 

~ _;};~f 1f: •{~~Ji~, ~pac~or \la,t . 
1 

• 'J~ IC, TI.ree-phase , ir0tt}:\f-if., 

• Ea1y to in1tall. Standard mounting; large connection box 
allows easy access to leads for fast electrical hook-up. 

• Long bearing life. Preloaded ball bearings carry heavy 
thrust loads, are lubricated with special grease for 10 years 
of normal service. 

• Effective cooling. Large external fan, protected by 
pressed-steel cover, forces air over outer surfaces. 

WHERE TO USE 
These end-mounted, totally enclosed, 

fan-cooled motors arc specially designed 
for applications requiring motors adapted 
for end mounting directly on the equip
ment to be driven in ambient conditions 
of extreme dust, dirt, and airborne 
abrasives. Typical among the uses for 
these motors are machine tools, com
pressors, close-coupled pumps, and ma
terial-handling systems. 

CONSTRUCTION DETAILS 
The totally enclosed construction of 

these motors prohibits the entry of foreign 
particles and abrasives, thereby contrib
uting to long motor life. The motors are 
effectively cooled by a large, external fan 
which bathes the outer surfaces with a 
continuous flow of air. 

The preloaded ball bearings of these 
motors are smooth running and carry 
the heavy thrust loads inherent in ma
chine-tool, pump. and compressor appli
cations. An extra-large supply of special 

RA TINGS AND MOTOR SIZES 

heavy-duty grease makes rclubrication 
unnecessary for l 0 years of normal 
operation. 

G-E magnet wire, polyester film slot 
insulation, and a special protective stator 
varnish are combined into an insulation 
system which is highly resistant to the 
harmful effects of heat. aging, moisture, 
and electrical stresses. 

A special gun-metal-like shaft treat· 
ment combats rust and corrosion, allows 
easy removal of couplings and equipment; 
threaded shaft extensions are stainless 
steel. Motors are available with welded
on steel base for foot-mounting. 

The attractive blue-gray, baked-on 
enamel finish is extremely durable and 
will serve as an excellent base for repaint• 
ing motor to match your equipment. 

ORDERING DIRECTIONS 
Information on this sheet should help 

you describe the motor you want. The 
nearest General Electric Apparatus Sales 
Office will then determine the proper 
model number from your description. 

Type KC- Cycle• Type KC-SO C ye le• Type K-0 Cycle• Type K-50 Cyclea 

Hp 
I ' 

3•50 Rpml : ' 3•50 Rpmf 1725 Rpm 2850 Rpmf U25 Rpm 1725 Rpm 2850 RpmJ 1A25 1pm 
I 

I I I/• ...... i 37: ••' i ..... ··•··· 36: . ... 
1/• ····•· •2 .... .. ' ,, ·•· 

I •2 .. 
1 /3 •1 •2 .. ,2 '2 I '2 '2 
I /2 •Jf A3M A3H '3F •2 '•:ii 

•2 
3/• '3M '3P •5S '3G 43K . ' OM 

1 45N i A7U ,n •3J OM A3K ·•• 

I I /2 .. •9 ' .. '3K •3P ., 
2 .. •7S ! 47U 

-----·- ·- ·------
! These motors are General Electric 30-size, NEMA 56 C, with inboard fan conatruction 

and built-in terminal board. 
§ 3450- and 2850-rpm motors arc listed in General Electric Apparatus Handbook under 

TEFC centrifua;al-pump motors. 

(PhOIO 11117271 

Typical G•I 40°11H Motor 

IMPORTANT SPECIFICATIONS 
Startin& torque .................. High 

(Except Type KC 3450- and 2850-rpm 
motors which have moderate starting 
torque.) 

Starting current . . ............. Normal 
Speed ....................... Constant 
Ambient temperature .4 C 
Time ratin&- . . . . . . . . . . . . . Continuous 

.. 
I 
I 
.l 
i. -
~ • u .. :. 

TYPICAL S1•EED 0 TORQUE CURVES 

70 

60 

50 

40 

:so 
20 

10 

0 

Percent fu II load tarque 

Type KC, 1725• and 1425-rpm 

IOO 500 

C 

f . ~ 

i &0 e ,oo-' ---------.'---+--
~ ... ' 

.c " ~ a 
:" 40 j 2001---1-...,.....-

i i ., .. 
: 20 1 ,ool--"'="-"'---.---~-+ 

0 

Percenl full tood torque 

Type K, thrH 0 pha1t 
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CONSTRUCTION FEATURES 
Outltoard Fan Only 

NMvy-4111IJ' ... .__d fen, pro• 
tected by pre11ed-1teel co•••, 
force, olr O'fer outer 111rfoce1 for 
effective cooling, 

Durol,,le cenlrlh19• I Mechonlain, 
Hcurely fo1t• 11ed to 1hofl, 11 po1i• 
ti••• 1mooth ond quiet In operation 
(on Type ICC moton only). 

Preci•l• n, pr• •l•• ded lt• II lteorlna• 
ob1ort> h• ovy end tllrust food,, ore 
lubricated with ea.tro-lorge 1upply 
of lo11g-llf• greaH for IO yean of 
normul operation. 

L•••• ••-Y cennectlen lt• x ol• 
low, eo1y acce11 to motor lead, for 
fast hook-upi conduit outlet 11 011 

bottom, boa. con be repositioned to 
locate outlet on top or • Ith•, 1lde. 

Slot and b• twNn•ph• H ln1ulatlon 
af polyeat• r fllm, G-E magnet wire, 

~:!-:-------1 and Insulating varnlsh tr• otntent 
moke 1tator winding highly ••· 
1illont to heat, oging, moisture, 
• lectr:col 1tre11H ond other hazard,. 

NEMA 56C Totally encloHd with outboard fan 

DIMENSIONS (For reference only, unless approved for construction) 
Where the dimensions are the same for all General Electric 30-size or 40-size motors, they are shown in the drawina;s. Where 

the dimensions are different, they are listed in the table below. Dimensions shown over and under a line are the maximum and 
the minimum respectively. 

i--C.,.,o•-----

-212-212-

-~ -
1''9. 1, G-E 310•1lu mot• r&; NlMA S6C frame 

HEMA F;g, I 
Dimen1i0M u, lnche~ 

G-E Net Capacitor 
Motor Wt u 

Size § frame 'hlo.! C AG 
Only AH :. !Mox. +.0000 

I uG" 
Min, 1

"· Min. -.0005 

36 14 56( 1 110.29 8.22 .. I .. 
37 I 18 56( 1 ,10.69 1.62 1.60 ,A.3A 

42 123 56( 2 110.70 B.59 1.60 ,A,74 2.04 1.88 .6250 
43F, G, H, J 23 56C 2 111.60 9.49 1.60 '4.74 2.04 1.88 .6250 
43~, M, P 31 56( 2 ,, 1.60 9.49 2.22 .5.37 2.04 1.88 .6250 
4SN , 29 56C 2 12.08 9.97 2.22 5.37 2.04 1.88 .6250 
AS!. 33 56( 2 112.08 9.97 2.n ·s.87 2 .O• 1.88 . ,6250 
A7P, ~. V 38 56C 2 ,, 2.60 10.•9 2.22 5.37 2.04 1.88 I .6250 
•7u ! 37 56CZ 2 112.92 10.47 2.38 2.25 ' .8750 
•8 · 35 56( 2 13.41 11.30 2.22 5.37 2.0• 1.88 .6250 

•9~ I •6 56( 2 13.94 11.16 { 2.72 5.31 
2.72 ,5.31 2.0. 1.88 . .6250 

• Face runout of this surface (with indicator mounted stationary 
relative to shaft) to be within .004 gage reading. 

t Eccentricity of this surface {with indicator mounted stationary 
relative to •haft) to be within .004 eage reading. 

! These 4 holes (.375-16 UNC-2B .83 min full) fit a gaee having 
a rabbet 4.5005 in. diameter and 4 pins .2917 in. diameter located 
on the basic hole positions. 

§ For ahippin& wei&ht of motor, add 15 percent to the net weit;ht. 
l:::. These bases are optional. 

---c f'."'.:..Q_• __ ,. 

AG"'0 • 

_.AH,. 

--·-
·-•- :gm· 

•-'/ 

0875"d•O ,,.,,. 
Fig. 2. G•E 40-ilu moton; NEMA S6C· and 56CZ 0 from1 

c----
9" 69" r:~~ -.67 .. 

2 
" s~oulder true Fla. 3. Thr• ad• d-1haft dim•n• 

38: one smooth 110111 for General Electric 40°1i11 
mter m,n ffFC niotora as on NEMA 56J jet• 
d,o 43•_ 47• pun,p inotora. ,t, 

" ... '.62!>0" -~".,.,. 

,j, Motor has t"·o capacitor cases. 
<I> All other dimensions except "C" are the same as those for Fig. 2 

above. For "C" dimension add .51" to "C" in chart at left. 
These motors have a screwdriver slot opposite the pulley end. 

.- Mating parts should be relieved one thread to clear fillet. 
&0.4375-20 UNF-2A thread. The eccentricity of the threaded 

portion of shaft is held within .004 inch total gage reading. 
with indicator on outside diameter of 2-inch-diameter ring 
gage. The rin& &a&e is held stationary with respect to the rotor, 
with the &a&irig point 3/16 inch from end of abaft. 

DIMENSIONS APPROVED FOR CONSTRUCTION 

Cuatomer Ciatomer'• Ord~r No. Item 

~-O_u_r_R_eq_. _N_o_. ___________ ._.1_,_•m ___________ AP_P_•o_v_•_d_b_J_' _______________________ , 

for furtl, • r l• for111alio•, co•lact your •earut General Electric Apparalu• Solu OHice or Diatr/t.utor 

GENERAL fl ELECTRIC 
GENERAL PURPOSE MOTOR DEPT. I FORT WAYNE 

LINTON, DECATUR • INDIANA 



Series 87F & 87FR 

Instruction Manual 

67F & 67FR Series Regulators 
Form 1692, December 1972 

SuperHCles Form 1692C 

WARNING 

Regulators should be installed, operated and 
maintained in accordance with federal, state 
and local codes, rules and regulations, and 
Fisher instructions. 

If the regulator vents gas or a leak develops in 
the system, it indicates that service is required. 
Failure to take the regulator out of service 
immediately may create a hazardous condition. 

Call a serviceman in case of trouble. Only a 
qualified person must install or service the 
regulator. 

Introduction 

The Type 67F and 67FR regulators are designed to provide 
a constant reduced pressure (air or gas) to pilot operated 
controllers and instruments. They can also be used for air 
spray guns, air jets, and other miscellaneous air and gas 
applications. 

Both the Type 67F and 67F R regulators are constructed 
with a filter. The cellulose filter removes particles greater 
than 0.0015" diameter. A stainless steel or brass filter 
removes particles greater than 0.002" diameter. 

The 67FR is designed with an integral low capacity relief 
valve. The metal valve stem seats against an orifice in the 
diaphragm head which allows some leakage. (The amount is 
insignificant on air service.) A downstream pressure increase 
above the control point will move the diaphragm off the 

©by Fisher Controls Company 1972 

valve stem, venting the excess pressure to the atmosphere 
through a drilled vent in the spring case. 

Installation 

WARNING 

The vent hole drilled in the bonnet must not be 
plugged. On outdoor installations this hole 
should be in the down position. If this is 
impractical, protect the regulator so that 
moisture cannot enter the vent. 

The Type 67FR must not be used for 
applications where gas cannot be vented to the 
atmosphere. 

All pipe lines should be thoroughly cleaned and blown out 
before installing the regulator. Be sure that flow is in 
accordance with the letters denoting "IN" and "OUT" on 
the body. Inlet and outlet connections are tapped 1/4" 
NPT. Install with the drain cock down. 

The drain cock (key 17) should be opened periodically to 
allow moisture which has accumulated to drain. The 
regularity with which this is done will depend on how much 
moisture is in the system. 

Over-Pressure Protection 
As is the case with most regulators, the Series 67F and 
67FA have an outlet pressure rating lower than the inlet 

--

--

--



--

--

--

I Series 67F & 67F R I 
pressure rating. Some type of over-pressure protection is 
needed if the actual inlet pressure exceeds the 100 psig 
maximum operating outlet pressure rating. The maximum 
inlet pressure rating is 250 psig. 

Over-pressure protection should also be provided when the 
inlet pressure is greater than the safe working pressure of 
downstream equipment. 

Full-capacity downstream relief protection must be 
provided with the 67F design if upstream pressure is high 
enough to damage equipment downstream. This also applies 
to the 67FR design, which only provides for low capacity 
relief. 

Adjustment 
The outlet spring range is shown on the paper label 
attached to the bonnet. Outlet pressure spring ranges are as 
follows: 

Spring Range 
PSIG 
3-20 
S-35 

30-60 
35-100 

Spring Color 

Green 
Cadmium 

Blue 
Red 

The above spring ranges are recommended, although 
reduced pressure down to O psig may be obtained with each 
spring. 

To change the outlet setting of the spring, first loosen 
locknut (key 11). Then turn adjusting screw (key 10) 
clockwise to increase outlet setting or counterclockwise to 
decrease outlet setting. Be sure to tighten locknut after 
changing the setting. 

0 

Maintenance 

I CAUTION I 
Before disassembly or removing the regulator 
from the line, isolate it from the pressure 
system and release all the pressure from the 
regulator. 

Due to normal wear, parts must be periodically inspected 
and replaced if necessary. The frequency of inspection 
depends on the severity of the service conditions. 

Before disassembling the unit for diaphragm replacement, 
loosen the locknut and turn the adjusting screw 
counterclockwise until there is no compression on the 
spring. Rerr.•Jve the six screws (key 121 and separate the 
bonnet from the body. This exposes the diaphragm (key 7) 
for replacement. 

To replace the valve plug, remove the four cap screws (key 
18) and remove the filter cap (key 25). The filter adaptor 
(key 131 may now be removed with a deep socket wrench 
to gain access to the valve plug (key 41. 

When the filter element (key 29) becomes dirty, it should 
be cleaned with solvent and blown out with air or replaced. 

Type Number 
When corresponding with the factory or representatives in 
regard to this regulator, always give the type number found 
stamped on the body. Refer to the complete part numbers 
when ordering parts. 

Optional Panel Mounting 
Feature 

Parts Reference 
Key Pan Name 

1 Body Assembly 
2 Bonnet 
4• Valve Plug with Stem 
5 Lower Spring Seat 
6 Valve Spring 
7• Diaphragm Assembly 
8 Upper Spring Seat 
9 Spring 

10 Adjusting Screw 
11 Adjusting Screw Locknut 
12 Screw 
13 Adaptor 
14 Panel Mounting Screws 
15 Washer 
16 Filter Post 
17 Drain Valve 
18 Cap Screw 
19• Gasket 
25 Filter Cap 
26• Gasket 
27 Spring Washer 
29• Filter Element 

•Recommended Spare Part 

f- Corecis Compan,,. -. Iowa ~ • Ottle, Plant, W:lodslod<. Ont. Co,oopot,._ Po. Mcl(,nney le, Toluca Ede de Meluco El.fCmoNIC INSTllUMENTAllON "'""' Ploces, E~ ltd Cornwell Eng 
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67F & 67FR Series 

Parts Supplement to Instruction Manual 

67F and 67FR Series Regulators 

The following list contains complete 
part numbers for all components of 
this unit which are normally replace
able in the field. Only the materials 
used most frequently are included. 
The key numbers given correspond to 
the key numbers shown on the assem
bly drawing of this unit in the appro
priate instruction manual. Items desig
nated as "Recommended Spare Parts" 
are noted with an asterisk(*). Consult 
your Fisher representative if parts are 
needed in materials other than those 
shown below. Include the serial number 
of your unit in all correspondence 
concerning replacement parts. 

KEY DESCRIPTION PART NUMBER 

Body Assembly 
One Outlet, Alum. 
& Brass (Std) 1Cl270 OOOA2 
Alum. & SST 1Cl270 00082 

Two Outlets, Alum. 
& Brass (Std) 1Cl270 OOOC2 
Alum. & SST 1Cl270 XOOA2 

2 Bonnet 
Plain, Aluminum 2B7974 08012 
Panel Mounting, 
Zinc lridited 389855 OOOB2 

Form 5536, December 1972 

KEY DESCRIPTIOtl PART NUMBER KEY DESCRIPTION PART NUMBER 

4* Valve Plug With Stem 12 Sc re1~ ( 6 Req ' d ) 
Brass & Rubber l D5604 OOOA2 Steel, Pl. l B7839 28982 
304 SST & Rub. l D5604 00082 

13 Adaptor, Alum. l Cl 274 09012 
5 Lower Spring Seat 

Aluminum l E5322 11 032 14 Panel 11tg. Screw, 
316 SST l L2511 35072 Steel (2 Req'd) 1C2760 28992 

6 Valve Spring 15 l~asher, Alum. l Cl 276 11992 
302 SST 1Cl273 37022 

16 Filter Post, 
7* Diaphragm Assembly Aluminum l Cl 277 09032 67F, Std Trim 187980 OOOB2 

67FR, Std Trim 1B7989 00082 17 Drain Valve 
67FR, SST Trim 187989 OOOC2 Brass 1K4189 18992 

Alum. l K4189 00082 8 Upper Spring Seat 303 SST AH3946 00082 
Steel, Zinc Pl. 187985 25062 

18 Cap Screw (4 Req'd) 
9 Spring, Steel Steel, CD PL 1 K7647 24052 

3-20 psig, Green, 
Zinc Pl. 189860 27212 19* Gasket 

5-35 psig, Cadmium, Neoprene 1Cl280 03012 
CD PL 187883 27022 

30-60 psig, Blue, 25 Filter Cap 
CD PL 1 B7884 27022 Aluminum 2Cl 272 08042 35-100 psig, Red, 
Zinc Pl. 1 K7485 27202 26* Gasket. Asb. (Use 

10 Adjusting Screw, 
w/Cell. Filter) 1F8268 04022 

Steel 1 Pl. l B7986 28982 27 Spring Washer 1 Steel (Use 
Handwheel, Steel, w/Cell. Filter) 1H8851 28982 
Zinc Pl. 187992 OOOA2 

11 Locknut. Adj. 
29*, Filter Element 

Screw, Brass 1Cl275 99012 
Steel, CD PL l A9463 24122 Cellulose l F2577 06992 

SST l J9892 38992 

*Reconrnended Spare Part 

§1!!!"] I WORLOW/OE MANUFACTURING SALES SERVICE , . 

Fisher Controls Company 
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FISHEF CONT~OLS CO~PANY RECQMMENQED SPARE PARTS 03/21/R~ PAGE 1 

C ·cMER C~DER NUMS~~ 
1- .;54 

SJLD TO 

REP~ESENTATIVE PO CO 
C20 -19723 

SHIP TJ 

OR DER ~ATE 
03/10/80 

BINGHAM-WILLA~ETlE COMPANY 
2800 N.W. FFCNT AVENUE 
PORTLAND, OREGON 

eINGHAM-WILLAMETT~ COMPANY 
2800 N.W. FRONT AVENUE 

ITEM 

97210 

0001 TAG 

POP, TL AND, OR EGON 

3/4 INCH TYPE 513R-3 DIAPH ACTUATED CONTROL VALVE 

COMP QUAl\:TITY LIST PR/EA PART NUMBFR 

A 
BX1-A8-B25-C200-D2-E7-F2-G2-H2-Jl-K2-9Al-9~1 

3 EA 2.25 1C752601012 PACKIN~,RIN~ 
1 tA 2.25 1Fl244Cl012 PACKING ADAPTOR,FEM 
l EA 2.25 1Fl24801012 PACKING A)APTOR,MALE 
1 EA 27.00 1H587940152 BUSHING 
1 EA 45.00 1H755635072 SEAT RI~G 
1 EA 4.50 1Jl74l06242 GASKET 

B FS513R-l6 

97210 

ITE"-1-QTY 
2 

MAT ERi AL 

TFE FMS 17D7 
TFE FMS 17D7 
TFE FMS l7r:'7 
Nl,276(HAST C) 
S31600,20B20 
TFE F~S 17F3 

-

-513Xl-Al-B3-C5-D2-El-Hl-9All-9B2 
l EA 1.25 1Fl5~306~qz 
l EA 46.00 lN4~7806992 

0-P.IN:; 
OIAPHRA:;M 
GASKET 
0-IUNG 
SEAL,DUST 

NIT RI LE /M0S2 -
NITRILE/D~CJ: CN 
ASS-17A2/17A4 l EA .25 lN448604022 

l EA 1.50 1Vll5706992 NIT Pl LE /M0S2 
1 EA 1.25 1Vl17006992 NEO PPE NE-BLACK 

L! PRICES SUBJ~CT TO CHANGE WITHOUT NOTICE PAGE 1 'JF 
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[ Type513 7 

Instruction Manual 

Type 513 and 513R Diaphragm Actuators 
Form 2248, July 1979 

INTRODUCTION 

Scope of Manual 
This instruction manual provides installation, operation. 

maintenance. and parts ordering information for Types 51 3 

and 513R diaphragm actuators. For information regarding 

accessories. consult separate instruction manuals. 

Description 
The Fisher Types 51 3 and 513R are reversible diaphragm 

actuators for use with small control valve bodies. The Type 

513 actuator stem moves downward with increasing signal 

pressure. and the Type 51 3R actuator stem moves upward 

with increasing signal pressure. The standard actuator can 

be reversed easily in the field without additional parts and 

without taking the valve body out of the line. The actuators 

are available in size 20 and size 32. 

Specifications 
Specifications for the Types 513 and 513R diaphragm 

actuators are given in table 1. 

INSTALLATION 

The actuator is normally furnished on a valve body. If the 

valve body and actuator were ordered separately. mount the 

actuator on the valve body according to the procedure 

.,..._, Coft\rol1 Comoan._, 1173. 1171 

Figure 1. Type 513 Diaphregm Actuator Mounted 

on a Design GS Velve Body 

&PRING 
CASE 
QUIDES7 

I , I 
; 

Figure 2. Diaphragm Case Assembly and Spring Case 

outlined in the "Actuator Mounting" section of this instruc• 

tion menual. Follow the valve body instructions when 

installing the control valve in the pipeline. 

1.2.2~200 

--

--

--



--

--

Type 513 

Table 1. Specifications 

EFFECTIVE 26 in. 2 (168 cm 2
) 

DIAPHRAGM AREA 

IAXIMUM 50 psig (3.5 bar) 
DIAPHRAGM 
PRESSURE 

IATED TRAVEL 3/4 inch (19.1 mm) 

DIAPHRAGM • 3 to 15 psig (0.2 to 1 .0 bar), or • 
PRESSURE RANGES 6 to 30 psig (0.4 to 2.0 bar) 

YOKE BOSS SIZES Size 20: 1 -1 /4 inch (3.2 mm) yoke 
boss for • 1 /4 inch (6.4 mm), • 
5/16 inch (7 .9 mm), end • 3/8 
inch (9.5 mm) stems 

The actuator will operate satisfactorily in either a horizontal 
or vertical position. From the standpoint of ease of main
tenance, the preferred position is in a horizontal pipe run 
with the actuator vertical above the pipe. However, when 
using a Type 513R actuator in high humidity areas, it is 
advisable to install the actuator below the valve to allow 
condensation to drain out of the actuator. If this orientation 
is used. drill a 1 /16-inch (2 mm) hole in the actuator cap 
(key 18, figure 5). Be certain that flow through the valve is 
the same as indicated by the flow direction arrow or letters 
on the valve body. 

The Types 51 3 and 51 3R actuators depend upon a 
pneumatic signal for their operation. Connect the signal 
line (copper tubing is adequate) to the pressure connection 
on the actuator. On the Type 513 actuator, the pressure 
connection is on the top of the case. On the Type 513R 
actuator. the connection is on the bottom of the case. If the 
actuator is furnished with a valve positioner that has been 
mounted at the factory. it will include a pressure reducing 
regulator. Connect the pneumatic signal line to the appro
priate connection on the positioner and connect a 
pneumatic supply pressure line to the pressure reducing 
regulator. 

2 

ADJUSTMENTS 

WARNING ' . , 

To avoid personal injury and damage to the 
process system. isolate the control valve from 
the pressure system and release all pressure 
from the valve body and actuator before 
attempting adjustments or disassembly. 

Size 32: 2-1/8 inch (54 mm) yoke 
boss for 3/8 inch (9.5 mm) stem 

IATERIAL With Nitrile Diaphragm: -40° to 
TEMPERATURE 180°F (-40° to B2°C) 
CAPABILITIES 

PRESSURE 1 /4 inch NPT female 
CONNECTION 

APPROXIMATE Size 20: 12 lb (5.4 kg) 
SHIPPING WEIBHTS Size 32: 17 lb (7.7 kg) 

OPTIONS Adjustable travel stop (figure 6), 
Top-mounted handwheel (figure 5) 

Spring Adjustment 

Note 

Changing the spring compression may result in 
less seating force to the valve. If the seating 
force is not great enough, the valve may not 
meet the required shutoff classification. 

All key numbers refer to figures 3, 4 and 5 unless otherwise 
indicated. Although the actuator is set to operate according 
to the conditions specified on the customer order, it is 
possible to make minor adjustments. On reverse-acting 
(Type 513R) actuators with an adjustable travel stop (see 
figure 5), it will be necessary to remove cap screws (key 22). 
actuator cap (key 18). and adjustable stop (key 55) in order 
to make spring adjustments. If it takes too much air 
pressure to start diaphragm movement, turn the spring 
adjuster (key 16) counterclockwise as viewed from the 
visible end of the adjuster so that the main springs (key 14, 
figure 3) are decompressed. If diaphragm movement begins 
with too little air pressure, turn the adjuster clockwise. 
Rotate the adjuster with a rod 1 /4 inch (6.4 mm) or less in 
diameter inserted into one of the four holes drilled into the 
adjustor. 

Travel Adjustment 

Key numbers used in the following procedure are shown in 
figure 3. 

Loosen the stem nuts (key 31 ). On size 32 actuators, also 
loosen the cap screws in the stem connector (key 32). 

1,2.23-201 
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I CAUTION I 
Do not use pliers or other tools directly on the 
valve plug stem, or damage to the stem surface 
end subsequent damage to the packing may 
result. Also, do not rotate the stem while the 
valve plug is on its seat. or damage to the valve 
plug and seat ring seating aurfacea may result. 

Looking down on the valve plug stem, rotate it clockwise to 
increase travel or counterclockwise to decrease travel. On 
Type 513 actuators, the valve plug stem screws into the 

actuator rod (key 13) on size 20 units, and into the atem 
connector (key 32) on aize 32 units. On Type 513R 
actuators. the valve plug stem screws into the stem nut (key 
5) on size 20 units, and into the stem connector on size 32 
units. 

Handwheel 
If the actuator is equipped with a handwheel. the hand
wheel can be used to limit valve plug travel. and to position 

the valve plug if the actuator becomes inoperable because 

of loss of air. Looking down on the handwheel and turning it 

clockwise causes a push-down-to-close valve plug to close 

on both Type 513 and Type 513R actuators. 

The handwheel indicator (key 50. figure 4) near the top of 
the handwheel body permits viewing the position of the 
handwheel nut (key 48, figure 4). To prevent limiting of 
actuator travel by the handwheel assembly, line up the top 
shoulder of the handwheel nut with the line marked 

"NEUTRAL" on the indicator. 

Note 

If the handwheel is not in the "Neutral" position 
during normal control valve operation, the 
handwheel may prevent the valve plug from 
opening or closing completely. 

Adjustable Travel Stop 
The following procedure describes setting the travel stop 
on units equipped with an adjustable travel stop. Key 
numbers used in this procedure are shown in figure 5. 

Unscrew four machine screws (key 22) and remove actuator 

cap (key 18). 

To prevent damage to diaphragm and dust seal (keys 2 and 
34). keep the actuator rod from turning by holding a wrench 
on the stem locknuts (key 31 ). Turn the travel stop (key 55) 
to attain the desired setting. Clockwise rotation of the travel 
stop decreases the amount of downward travel. 

Replace actuator cap and machine screws. 

I Type 513 

MAINTENANCE 

Actuator pans are subject to normal wear. They should be 
inspected and replaced as necessary. The frequency of 
inspection is dependent on the aeverity of service condi• 
tion1. Instructions are given below for complete dis

assembly and assembly of the actuator. When replacing the 
diaphragm or changing the springs, travel stop, or other 

pans, perform only those steps neceaHry to accomplish 
the job. Some of the steps of this procedure have been 
divided due to construction differences between actuators. 
Steps which ere not divided penain to all constructions. 
and the key numbers refer to figures 3, 4, and 5. For divided 
steps, refer to figure 3 for standard Type 513 actuators, 
figure 4 for actuators with handwheels, 1nd figure 5 for 
Type 613R actuators end actuators with en adjustable 
travel stop. 

WARNING 

To avoid personal injury and damage to the 
process system, isolate the control valve 
actuator from all pressure and release trapped 
pressure before attempting disassembly. 

Disassembly 
1. Type 513 end 513R actuators with handwheel: 

Remove cap screws (key 23) that secure the handwheel 
body (key 35) to the actuator. Rotate the handwheel 
counterclockwise until the threads of the handwheel screw 
(key 36) disengage from the handwheel nut (key 48). Lift off 
the handwheel body and unscrew the travel bolt (key 46) 

using a 3/8 inch hex wrench and remove the handwheel nut 
(key 48). 

Size 20 Type 113 and 113R actuators with travel atop: 
Remove cap screws (key 22) and actuator cap (key 18). 
Unscrew cap screw (key 54) and lift off adjustable stop and 
guide (keys 55 and 56). 

Size 32 Type 513 and 613R actuators with travel stop: 
Remove cap screws (key 22) and actuator cap (key 18). 
Unscrew adjustable stop (key 55). Drive out groove pin (key 
54) and remove adjustable guide (key 56). 

Standard Type 613 actuator: Unscrew machine screws 

(key 22) and remove the actuator cap (key 18). 

2. Size 20 actuators only: Loosen hex nuts (key 31) and 
unscrew valve stem from actuator rod. Remove indicator 
disc. 

Size 32 actuators only: Loosen hex nuts (key 31 ) and cap 
acrews from stem connector assembly (key 32) and remove 
the stem connector halves and indicator disc (key 20). 

3 
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I Type 513 I 
3. Remove the yoke locknut and lift the actuator off of the 

valve body. 

4. Relieve spring compression by using a 1 /4 inch (6.4 

mm) rod to rotate the spring adjustor (key 16) counter

clockwise a• viewed from the visible end of the adjustor. 

5. Remove the diaphragm case screws (key 24) and dust 

seal (key 34) and, on Type 513 actuators, invert the unit so 

that the spring adjustor (key 16) is up. Lift off the spring 

case (key 3), springs (key 14), spring seat (key 15). spring 

adjustor (key 16), thrust washer (key 1 7), and travel atop 

(key 21 ). 

6. If diaphragm replacement is required, lift out dia

phragm assembly and place actuator rod (key 13) in vise 

being careful not to damage the stem surface. Use 

wrench on flats of stem nut (key 5) to loosen. Remove stem 

nut, gasket (key 9). and plate (key 11 ). The diaphragm is 

now accessible. 

7. If 0-rings (keys 6 and 7) must be replaced. remove 

machine screws (key 25 ), bushing retainer (key 10), and 

bushing (key 8). Inspect 0-rings and replace as necessary. 

Assembly 

1. Insert 0-rings (keys 6 and 7) into bushing (key 8) 

grooves and clamp bush mg into diaphragm case (key 1) 

using the bushing retainer (key 10) and machine screws 

(key 25). 

2. Slide the diaphragm plate (key 12). diaphragm (key 2), 

plate (key 11 ). and gasket (key 9) onto the stem and fasten 

in place with the stem nut (key 5). 

3. Slide the diaphragm assembly described in step 2 into 

the diaphragm case (key 1) as shown in figures 3, 4, and 5. 

When replacing diaphragm assembly in the diaphragm 

case, be sure that one of the cast webs in the diaphragm 

plate is directly in line with the supply port as shown in 

figure 2. 

4. Slide the travel stop (key 21) over the actuator rod (key 

1 3) and set springs (key 14) on the cast guides in the 

diaphragm plate. Place spring adjuster and spring seat 

(keys 16 and 15) over the actuator stem, being sure all 

springs are properly centered around the cast guides in the 

spring seat and that one of the guide slots in the outer edge 

of the spring seat is aligned with the supply port as shown 

in figure 2. 

5. Replace thrust washer (key 17). See figure 1 for proper 

alignment of the spring case (key 3) and voke in relation to 

the diaphragm case (key 1 ). Align spring case guides with 

spring seat guide slots (shown in figure 2) and lower the 

spring case over the diaphragm case and spring assembly. 

4 

6. Invert the entire unit. Replace 1crews (key 24). and 

dust seal (key 34 ). 

7. Type &13 and &13R actuators with handwheel: 

Attach the handwheel nut (key 48) to the stem nut (key 5) 

with the travel bolt (key 46). Slide the handwheel body (key 

35) over the handwheel nut and rotate the handwheel 

clockwise until the threads engage the handwheel nut. 

Secure the handwheel body to the actuator with cap screws 

(key 23). 

Size 20 Type 513 and 513R actuators with travel step: 

Fasten the adjustable stop and guide (keys 55 and 56) :o 

the stem nut (key 6) with a cap screw (key 54). Attalh 

actuator cap (key 18) to the actuator with cap screws 

(key 22). 

Size 32 Type &13 and 613R actuators with travel atop: 

Screw the adjustable guide (key 56) onto the stem nut (key 

5) and align the holes in stem nut and adjustable guide. 

Drive the groove pin (key 54) in to secure stem nut and 

adjustable guide. Screw the adjustable stop (key 55) onto 

the guide (key 56). Attach the actuator cap (key 18) to the 

actuator with cap screws (key 22). 

Standard Type 613 end 613R actuators: Attach the 

actuator cap (key 18) to the actuator using cap screws 

(key 22). 

8. Mount the actuator on the valve body according to the 

"Actuator Mounting" section of this instruction manual. 

CHANGING THE ACTION 

To avoid personal injury and damage to the 

process system. isolate the control valve and 

actuator from all pressure and relieve trapped 

pressure before attempting di&aHembly. 

Note 

All standard Type 513 end 513R actuators are 

field reversible without additional parts. Also. 

the handwheel version in size 20 [5/16 inch 

(8.0 mm) and 3/8 inch (9.5 mm) stem sizes 

only), and the aize 32 (3/8 inch (9.5 mm) stem 

only} with the adjustable travel stop, need no 

additional parts for field reversal. Other com bi• 

nations will require change of the stem nut and 

actuator rod (keys 5 and 13, figure 4). Direct· 

acting (Type 513) actuators extend the actuator 
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rod with increasing pressure while reverse

acting (Type 513R) actuators retract the 

actuator rod with increasing pressure. 

If the actuator is equipped with a handwheel. it 

will be nece11ary to remove the handwheel 

•ssembly as outlined in step 1 of the "Main• 

tenance" section of this instruction manual. 

Converting From Direct-Acting to 
Reverse-Acting 

I CAUTION I 
Do not use pliers or other tools directly on the 

valve plug stem, or damage to the stem surface 

and subsequent damage to the packing may 

result. Also do not rotate the stem while the 

valve plug is on its seat, or damage to the valve 

plug and seat ring seating surfaces may result. 

All key numbers refer to figures 3, 4, and 5 unless otherwise 

indicated. 

1. Remove the actuator from the valve body by loosening 

stem locknuts (key 31) and, on the size 32 only, the cap 

screws in the stem connector (key 32). Unscrew the valve 

stem from the actuator rod (key 13) and remove the yoke 

locknut. 

2. Take the yoke (key 4) off the spring case (key 3) by 

removing four cap screws (key 23). 

3. Take off actuator cap (key 1 8. figure 3) by removing four 

machine screws (key 22, figure 4). The actuator cap is not 

used with the handwheel. 

4. Fasten the actuator cap, if used, to the opposite end of 

the diaphragm case with four machine screws (key 22, 

figure 3). 

5. Turn the diaphragm case over and fasten it to the yoke, 

using the same four cap screws (key 23). 

6. Remount the actuator on the valve body. It will be 

necessary to adjust valve plug travel as outlined in the 

section "Travel Adjustment", 

7. To remount the handwheel, replace the handwheel nut 

(key 48) and the travel bolt (key 46) on the actuator rod 

(key 13). 

8. Place the handwheel (key 40) and the handwheel body 

(key 35) over the handwheel nut (key 48) and tum the 

handwheel clockwise. This engages the threads. Continue 

rotating until the handwheel assembly seats on the flange 

of the spring case (key 3). To prevent limiting of actuator 

I Type513 

travel by the handwheel assembly, line up the top shoulder 

of the handwheel nut with the line marked "NEUTRAL" on 

the indicator (key 50, figure 4). 

Note 

If the handwheel is not in the "Neutral" position 

during normal control valve operation, the 

handwheel may prevent the valve plug from 

opening or closing completely. 

9. Replace the cap screws (key 23). 

Converting from Reverse-Acting to 
Direct-Acting 
Be certain the plug is off its seat before loosening the stem 

connection. The procedure for changing the action from 

reverse acting to direct acting is the same except that the 

valve plug stem (stem connector on size 32) will be 

attached to the actuator rod (key 1 3) instead of the stem nut 

(key 5) when reversal is complete. 

ACTUATOR MOUNTING 

All key numbers refer to figures 3, 4, and 5 unless otherwise 

indicated. 

1. Mount the actuator on the valve yoke boss, securing it 

with the yoke locknut provided with the valve body. Make 

sure the valve plug is in the closed position. Screw the stem 

locknut& (key 31) all the way onto the valve stem threads. 

Place the indicator disc (key 20) on the stem locknuts. 

2. Type 613 actuators: Pressure the actuator until the 

actuator rod moves down from the top travel stop the 

specified valve travel as indicated on the actuator 

nameplate. 

Type 613R actuators: Pressure the actuator to move the 

actuator stem to the extreme upward position. Then reduce 

loading pressure until the actuator stem moves down the 

distance specified for valve plug travel as indicated on the 

actuator nameplate. 

I CAUTION I 
Do not rotate the valve plug while it is seated or 

the seating surfaces may be damaged. Also. do 

not use tools directly on the valve stem or the 

stem surface may be damaged. Nicks and 

scratches on the valve stem may damage the 

stem packing when the stem travels through 

the packing. 

5 
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Type 513 I 

Figure 3. Type 513 Actuator 

3. Cycle the actuator to check availability of desired total 

travel and to check that the valve plug seats before the 

actuator contacts the lower travel stop. Minor travel 

adjustments can be made, if necessary, by loosening the 

stem connector (size 32 only), tightening the locknuts 

together, and screwing the stem either into or out of the 

stem connector (key 32, size 32) or actuator rod (key 13, 

size 20) by using a wrench on the locknuts. 

4. If the total travel is adequate, tighten the stem 

connector, (size 32 only). Lock the stem locknuts against 

the connector or actuator rod, and adjust the travel 

indicator scale (key 19) to show the correct valve plug 

position. 

8 
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Figure 4. Type 513 Actuator with Handwheel 

5. Provide a gauge to measure the pressure to the 

actuator. Make a final adjustment on the actuator (see 

"Spring Adjustment" section of this instruction manual) or 

its positioner (or other instrument) to set the starting point 

of valve travel and to obtain full travel for the given pressure 

signal range. 

PARTS ORDERING 

Each actuator has II nameplate attached to the actuator 

housing and a serial number is stamped on it. Always refer 

to this serial number when corresponding with your Fisher 

representative regarding replacement spare parts or when 

requesting technical information. When ordering replace

ment parts, also specify the complete eleven character part 

number of each part required as found in the following parts 

list. 



PARTS LIST 

Types 513 & 513R 
Key Deacription Part Number 

Diaphragm Case. 
alum. 3V1151 08012 

2• Diaphragm. Nitrile & 
O.cront 1N447B 06992 

3 Spring Ceae. alum. •v1152 08012 

• Yoke 
Size 20. alum. 3N44B0 0B022 
Size 32. cast iron 

Standard 2R179619042 
Lower boas 
tapped 3RBOBO 19042 

5 Stem Nut. Cr pl • 16 SST 
W/o handwheel or adJ traval stop 

Size 20 
1 /4" (6.4 mm) 
stem 1V1153 •6322 

5/16" (B.O mm) 
stem 1V1154 •6322 

3/8" (9.5 mm) 
stem 1V1155 46322 

Size 32 1 V11 82 46322 
W/handwheel 

Size 20 
1/4" (6.4 mm) Item 
Type 513 1 Vl 154 46322 
Type 513R 1 V11 53 46322 

5/16' (8.0 mm) 
stem 1V115446322 

3/8" (9.5 mm) 
11em 1V115546322 

S,ze 32 
Type 513 1 Vl 155 46322 
Type513R 1V11B2 46322 

W/1d1 travel atop 
Size 20 
1/4" (6.4 mm) Item 
Type 513 1V1155 46322 
Type 513R 1 Vl 153 46322 

li/16" (8.0 mm) stem 
Type 513 -.V1155 46322 
Type 513R 1 Vl 154 46322 

3/8" (9.5 mm) 
Item 1 V1155 •6322 

Size 32 1 V11 B2 46322 
11• O•Ring, nitrile 1 Vl 156 06992 ,. 0-Ring. nitrile 1V1157 06992 
8 Bushing. brass 1V1158 14012 

9• Gasket. aab 1 N4486 04022 
10 Bushing Retainer. 

alum. 1V115909012 
11 Plate. Cd pl 1teel 1 N4489 25072 
12 Diaphragm Plate. 

alum. 2V11 IIO 08012 

13 Actuator Rod, Zn pl steel 
W/o handwheel or adj travel atop 

Size 20 
1/4" (6.4 mm) 
stem 1V1161 24272 

5/16" (8.0 mm) 
atem 1V1162 24272 

•"ecomrnended apere par(, 
tTrademef\ of DI, ,Ont Ca. 

I Type 513 

--

--
Figure 6. Size 20 Type 613R Actuator with Adjustable Trevel Stop 

Key Description Part Number Key Dncription Part Number 
3/B"' (9.5 mm) 14 Spring-See following table 
stem 1V1163 24272 1 Ii Spring Se•t. alum. 2V1165 08012 

Size 32 1V1183 24272 16 Spring AdJustor, Cd pl 
W/handwheel steel 1N4495 24102 

Size 20 
1 /4" (6.4 mm) stem 17 Thrust W•1her. SST 1 N4496 36012 
Type 513 1V1161 24272 18 Actuator Cap 
Type 513R 1V1162 24272 W /o handwheel or edj trevel stop 

5/16" (8.0 mm) Size 20 
atam 1V1162 24272 Steel 2N4497 28992 

3/8" (9.5 mm) SiH 32 
Item 1V1163 2•272 Cast iron 1P8710 19042 

Size 32 W /1dj travel •top 
Typa 513 1V1163 24272 Ce1t iron 1P8710 19042 
Type 513R 1V1163 24272 19 Indicator Pltte. SST 

W /1dj trtvel •top 1/4" (6.4 mm) 
SiH 20 travel 1 N4498 38992 
,, ... (6.• mm) item 3/8" (9.5 mm) 
Type 513 1V1161 2,2,2 travel 1 N4499 38992 
Type 513R 1V1163 24272 7/16" (11.1 mm) 

6/16"' (8.0 mm) •tem travel 1 N4500 3B992 
Type 513 1V1162 24272 6/B" (15.9 mm) 
Type 513R 1V1163 2,2,2 travel 1 N4501 3B992 -3/8" (9.5 mm) 3/4" (19.1 mm) 
etem 1V11113 2•212 travel 1 N4502 3B982 

Size 32 1V118324272 -7 
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Key Deecription Part Number 

20 lnd1cetor Disc. SST 
Size 20 1.t.3704 36102 

Size 32 1 E7931 38992 

21 Travel Stop. eteel 
1/4" (6.4 mm) 
trevel 1V1166 26012 

3/8' (9.5 mm) 
travel 1V1167 26012 

7/16" (11.1 mm) 
travel 1V1168 26012 

5/8" (15.9 mm) 
travel 1V1169 26012 

3/4" (19.1 mm) 
travel 1 N4505 26012 

22 Cap Screw. pl 1teel (4 req'd) 

W/o handwheel or • di travel atop 

Size 20 1 J8302 28992 

Size 32 1C6312 24052 

W/ad1 travel stop 1C6312 24052 

23 Machine Screw. pl steel 
(4 req'd) 1A3816 24052 

24 Machine Screw, pl steel 

(8 req'd) 1AB349 28992 

25 Machine Screw, pl steel 

(4 rec(d) 1A3406 28982 

26 Machine Screw. pl steel 

26 

27 

28 

Size 20 1 A3319 28982 

Seit-Tapping Screw, SST 
(2 req'd) 

Size 32 1 E7932 38992 

Set Screw, 
Cd pl steel 

Washer. SST 
Size 20 
1/4"164mm) 

stern 

5116180mm) 

1 N4508 28982 

1 C8454 35032 

stem 1F1282 36012 

29 Nameplate, SST 1 L411 5 38982 

30 Drise Screw, SST 
14 req'd) 1 A3682 28982 

31 He• Nut. Cd pl steel (2 req·d) 

1/4" (6.4 mm) 

stem 
5/16 · (8.0 mm) 
item 

3/8" (9.5 mm) 
stem 

32 Stem Connector Ass 'y 

1P1313 24142 

1R1605 24142 

1P1312 24142 

Size 32 1 E7977 000A2 

33 Twin-Speed Nut, SST (not ahown) 

Size 32 1 E7939 38992 

34 • Oust Seal. Neoprene 

62 Lubricant 

Handwheel 

23 

35 

Cap Screw. pl at eel 
(4 req'd) 

Handwheel Body, 
alum. 

1V117006992 
1M1100 X0012 

1A3816 24052 

1 N6863 07012 

I 
l(ey 

36 

37 

38 
39 
40 
41 

42 
43 
44 
45 

46 

47 

48 

49• 

DNcrlption Part Number Key DNcription P•n Number 

Handwheel Screw, 50 Handwheel Indicator, 

416 SST 1 N6864 35132 plastic 1N6873 06082 

Wa• her, 416 SST 1N6865 46172 51 Machine Ser-. pl steel 
(4 req'd) 1 A9548 28992 

Spring, Cd pl 1teel 1K6191 27012 52 Washer, steel 

BIii, SST 1H4851 38992 (4 req'd) 1 E8730 28992 

Handwheel, CHI iron 1 N6866 1 9042 63 Vent ,..s·y Y602-A12 

Pin, 416 SST 1N8867 46172 

Cap, pl steel 1 N6868 28992 

Cap Screw. pl steel 1 B8480 24052 Adjustable Travel Stop 
LockwaIher, pl ateel 1 C2256 28982 

Guide Pl1te. Cd pl 
ateel 1 N88119 25072 64 Cap Screw, SST 

Size 20 1 L9424 38982 

Trevel Bolt, 416 SST 64 Groove Pin, SST 

1/4" & 6/16" (6.4 & 8.0 mm) Size 32 1 P8218 38992 

1tem1 ,V118446172 55 Adiuatable Stop, 

3/8" (9.5 mm) Cd pl steel 1P8708 24102 

item 1 N6870 46172 56 Adjustable Guide, lteel 

Machine Screw Size 20 1 P8711 2401 2 

(4 req'd) 1 B7839 28982 Size 32 10A250 2X012 

Handwheel Nut, 
brass 1N6871 14012 57 Plug, nylon 

Handwheel Gasket, Size 20 1P8709 06162 

cork 1 N6872 04042 Size 32 10A249 9X012 

Key 1 4 Spring, stee I 

(Tot1I ol 8 ~prings required for each actuator) 

COMBINED 
COMPRESSION NO. 

RATE AEO'D 

lbf/in N/mm 

200 35 8 

240 42 8 

265 46 
6 
2 

340 60 8 

360 63 
4 
4 

400 70 8 
480 84 8 

500 88 
6 
2 

830 110 
8 
2 

880 119 8 

800 140 8 
960 168 8 

1184 207 8 
1376 241 8 
1824 284 8 

:t1,23-201' 

COLOR 
PART NUMBER CODE 

1V1171 27052 Gray ,v, 172 27202 Blue 

1V1172 27202 Blue 
1V1173 27202 Red 

1V1173 27202 Red 

1V1172 27202 Blue 

1V11 74 27052 Green 

1V1177 27202 Natural 

1V1174 27052 Green 

1V1177 27202 Natural 

1V1181 27202 Black 

1V118027202 Orange 

1V1174 27052 Green 

1V118027202 Orange 

1V1181 27202 Black 
,Vl 175 27202 Lt. Blue 

1V1179 27052 Pink 

1V1178 27202 Yellow 

1V1176 27052 Brown 

Spttclfic.ati~n• are subject to chenge I ~ 
Metric equ1v• Jent1 of lngli1h un1t1 1 

are lhown in perentheH1 • nd are 1n 1 
milHmetera unlesa otherwiH noted ,r. 

fililitr CNtrtb CNlflt!J ll1nUltttw1 .... 1. OUi,tr '1111b: Co,aopol11. PA, Mckinney• Sherman. rx: W~,1~. 0'-1. Cornwall, England, Toluca. MH1C.O Sao JoM DOI Campos. Brull. Tokyo. J•p•n 
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I Desl1n1 8 and BA 

Instruction Manual 

Designs B and BA Valve Bodies 
Form 1978. December 1975 

SCOPE OF MANUAL 

This manual describes the Designs B and BA control valve 

bodies and provides instructions for their installation and 

maintenance. plus parts listings for commonly-used con

structions. Although these bodies usually are each shipped 

with an installed actuator as part of a control valve assembly, 

actuator instructions and parts listings will be found in a 
separate instruction manual. 

PRODUCT DESCRIPTION 

The Designs B and BA both consist of screwed- or socket

weld-end bar stock bodies with unbalanced stem-guided 

valve plugs, screwed-in seat rings, metal seats, and push

down-to-close valve plug actions. The Design B globe body 

has a bolted bonnet and the Design BA angle body has a 
screwed bonnet. Both bodies come in 1 /2-inch screwed and 
3/4 and 1-inch screwed and socket-weld sizes. The Design 
B also is available in a 1 /2-inch socket-weld size. 

These bodies are suitable for either throttling or on-off 

control. They are designed for both general and corrosive 

service, and the Design BA additionally is useful in angle 

piping or any other application where a self-draining body 

is required. 

.. 
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Figure 1. Design 8 Body with Type 513R Actuator 

INSTALLATION 

WAhNING'. 

Personal injury or damage to the process system 

may result if either the maximum temperature 

rating of 450° F or the maximum pressure rating 

of 1500 psig is exceeded. 

Before installing the valve body, in&pect it for any &hipment 

damage and any foreign material that may have collected 

during crating and &hipment. Make certain the body interior 

--

--

--



--

--

Designs B and BA I 
is clean, that pipelines are blown out, and that the valve 

is installed so that pipeline flow is in the same direction 

as the arrow on the side of the body. Be sure to allow 

enough room around the control valve assembly for removal 

and installation of actuator and trim. 

Although Design B and BA valve bodies may be mounted 

with the actuator in any position relative to the body, the 

normal orientation is with the body in a horizontal run of pipe 

and the actuator vertical above the body. The actuator 

should be supported in any position other than vertical. 

Install the valve according to good piping and/or welding 

practices. Make sure the male pipe threads on a screwed

end body are sharp, and use a good grade of pipe compound 

on them. 

Install a three-valve bypass around the body if cor·.inuous 

operation will be required during maintenancf If the 

actuator is separated from the body, install the ar .Jator and 

make up the stem connection according to the ppropriate 

actuator instruction manual. 

MAINTENANCE 

WARNING 

To avoid personal injury and damage to the 

process system, isolate the control valve from 

the system and release all pressure from the 

valve body and actuator before beginning 

disassembly. 

Note 

Part key numbers and references are in figure 2. 

Proceed through the following Disassembly 

and Assembly sequences only as far as neces

sary to complete the maintenance required. 

Disassembly 
1. With the valve plug slightly off the seat, disconnect 

the actuator valve stem connection. On 2-1 /8-inch yoke 

boss constructions. also remove the two packing flange 

nuts (key 20). 

2. Remove the packing nut or flange (key 5). yoke locknut 

(key 2 7). actuator. actuator travel indicator. and actuator 

2 

stem nuts. On the Design B, also remove the four cap 

screws (key 12). 

3. Remove the bonnet flange (key 10), bonnet (key 3). 

split or snap ring (key 13). and body gasket (key 6). Remove 

the valve plug and stem (key 21 and guide bushing (key 7) 

from the bonnet. On 2-1 /8-inch yoke boss constructions, 

also remove the wiper (key 28). 

I CAUTION] 

Do not use the valve stem to push packing parts 

out of the bonnet in the following step. as the 

metal packing parts can damage the stem 

threads. 

4. Remove the packing follower (key 8). Using care to 

avoid scratching the inside of the bonnet, pull the other 

packing parts out with a hooked wire or similar tool. An 

alternative method is to push the packing parts out with a 

rod inserted through the other end of the bonnet. 

5. Clean out the inside of the bonnet and all metal parts

packing follower (key 8). washer (key 18). and spring 

(key 171. 

6. To obtain better shutoff, grind the valve plug and seat 

ring (key 4). The valve plug and stem may be converted into 

a grinding tool by attachment to the stem of a makeshift 

handle, such as a piece of strap iron secured by nuts. Use 

a commerical grinding compound and solidified vegetable 

oil. Apply white lead to the seating surfaces to prevent 

excessive cutting or tearing during grinding. To help align 

the valve plug and seat ring properly during grinding. the 

body must be completely assembled according to the 

Assembly section below. the gasket in place. and the 

bonnet installed in the same orientation as when removed. 

After grinding, again remove the bonnet and trim according 

to steps 1 through 5 above. clean the seating surfaces, 

reassemble, and test for shutoff. Repeat this grinding 

procedure if leakage is still excessive. 

7. If necessary to replace the seat ring, unscrew it from 

the body (key 1} with a suitable seat ring puller. 

Assembly 
1. Install a new seat ring if necessary. 

2. Install the guide bushing and valve plug and stem in the 

bonnet. Install a new body gasket. the split or snap ring. 

bonnet, and bonnet flange. On the Design B, also install the 

four cap screws. 

3. Slide the following packing parts down over the valve 

stem. being careful not to damage the packing on the stem 

___ ,/ 



threads: spring (key 17). washer (key 18). male adaptor (key 
9B). three V-nngs (key 9C). female adaptor (key 9A), and 
packing follower (key 8). On 2-1 /8-inch yoke boss construc
tions, also install the wiper (key 28). 

4. With the yoke locknut and packing nut or flange held in 
position on the actuator yoke boss. mount the actuator 
down on the bonnet boss. Secure the actuator with the yoke 
locknut and packing nut or flange. On 2-1 /8-inch yoke boss 
constructions. also install the two packing flange nuts. 

5. Make up the stem connection according to the appro
priate actuator instruction manual. 

Kev De 1cription 

I De1l1n1 B and BA 

ORDERING INFORMATION 

Each valve body is assigned a serial number which can be 
found on the body. This same number also appears on the 
actuator nameplate when the body is shipped from the 
factory as part of a control valve assembly. Refer to the 
number when contacting your Fisher representative for 
technical assistance. or when ordering replacement parts. 

When ordering a replacement part, be sure to include the 
11-character part number from the following parts list. 

Pert Number Kev Description Part Number 

PARTS LIST 4• Seat Rong (Contonued) 10 Bonnet Flange 

(figure 2} 1" body size Design B 
114" port 1 H7559 35072 Steel 1 H7901 24502 
31e·· port 1H756035072 316 SST 1H790136042 

1 12'' port 1H7561 35072 Design BA 

Key Descriptoon Pert Number 
3.'4" port OA0331 35072 Steel 

316 SST· Alloy 6 Seat 1 · 2" body s,ze 1 H7577 24102 

1 Valve Body See follow,ng table 1 12" body size 3- 4" body s,ze 1 H7897 24502 

2· Valve Plug & Stem See following table 1/4" port 1J7822 46052 1" body s,ze 1H7894 24102 

3 Bonnet 318" port 1K721546052 316SST 

Des,gn B 314" body s,ze 112" body size 1H7577 35072 

Steel 114'' port 1 K2 560 46052 3•4" body size 1 H7897 35072 

1-1 /4" yoke boss 2J8776 24092 3-'8" port 1 K2593 46052 1" body size 1 H7894 35072 

2 • 118" yoke boss 2 K4831 24092 112" port 1 K9789 46052 12 Cap Screw, Design B onl1· !4 req di 

316 SST 1" body size Steel 1 A3445 24052 

1-1/4" yoke boss 2J8776 35072 114" port 1 K4879 46052 316 SST 1A3445 X0012 

2-1 /8" yoke boss 2K4831 35072 3'8" port 11( 5564 46052 13 Split Rong (except 112" & 3 4" 

Design BA 1/2" port 1 K9500 46052 Design BAI 

Steel 314" port 1 N9B90 46052 Steel 1H7902 24102 

1-114" yoke boss 316 SST 1 H7902 35072 

1 /2" body size 1J8950 24092 5 Pack,ng Nut (1-114" yoke boss only), 13 Snap Rong 

314• body size 1J8949 24092 Steel. Cd pl OP0776 24102 1 /2 ·· Design BA 
1" body s,ze 1J8948 24092 5 Packing Flange (2-118" yoke boss only!, Steel 1H789924102 

2- 118" yoke boss Steel. Cd pl 1E9437 24102 316 SST 1H7899 35072 

1,'2" body size 2N2469 X0012 5• Body Gasket, TFE 314" Des,gn BA 
3/4" body s,ze 2P3152 24492 Design B 1J1741 06242 Steel 1 H7896 24 t 02 

1" body size 2U5477 X0012 De1,gn BA 316 SST 1 H7896 35072 

316 SST 1 /2" body size 1J1739 06242 
1-114" yoke boss 314" body soze 1J174006242 16 Pope Plug 

1 /2" body s,ze 1J8950 35072 1• body size 1J1741 06242 Steel 1A7675 24662 

3/4" body size 1J8949 35072 7 Guide Bushing. 316 SST 1A7675 35072 

1· body size 1J8948 35072 17-4PH SST 1 H5879 35012 17 Sprong. 316 SST 1F1254 37012 

2-1 /8" yoke boss 18 Washer, 316 SST 1F 12 52 36042 

112" body size 2N2469 X0022 8 Packing Follower. 316 SST 19 Packing Flange Stud (2 · 118" yoke boss 

314" body s,ze 2P3152 X0012 1-1 /4" yoke boss 1 K8850 35072 only). steel. Cd pl 

1• body size 2U5477 X0022 2-1 /f" yoke boss 1 £9439 35072 (2 req"dl 1£9441 31032 
4• Seat Rong 9A" Packing Female Adaptor. 

316 SST TFE 1F1244 01012 20 Pecking Flange Nut (2-1 18" yoke boss 

112" body size 9e• Packing Male Adaptor. only), steel. Cd pl 

1/4" port 1 H7302 35072 TFE 1F124801012 (2 req"dl 1£944024112 

318" port 1 H7303 35072 9c• Packing V-Rong, TFE 27 Yoke Locknut 

3/4" body s,ze (3 req'dl 1C752601012 1-114" yoke boss. 

114" port 1H7557 35072 br111 1U7971 14012 

3'8" port 1 H7558 35072 2-118" yoke boll. 

112" por1 1 H7556 35072 11HI 1 £7930 23062 

28 Wiper (2-1/8" yoke boss only!, 
Felt 1J8726 06332 

• Recommended spa,• pan 3 
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Designs 8 and BA I 

-

1£TAIL Of 2·1/1" YOK£ IOSS 

--

ICSIGII I WITH 1-1/4" YOKE IOSS DESIGN IA WITH 1-1/4" YOKE BOSS 

Figure 2. Body Constructions with Single TFE V-Ring Packing 

Key 1. Va Ive Body 

BODY SIZE DESIGN B DESIGN BA 

ONCHESI wee S1eeI 316 SST wee Steel 316 SST 

1 :2 
NPT 2J1732 24092 2J1732 35072 1J 1729 24492 1J1729 35072 

SWE 2J6494 24092 2J6494 35072 ... . .. 

--
3,4 NPT 2J1733 24092 2Jl 733 35072 1Jl730 24092 1J1730 35072 

SWE 2J9980 24492 2J9980 35072 1 J3390 X00 12 1J3390 X0022 

1 
NPT 2J 1734 24092 2J1734 35072 1J1731 24092 1J1731 35072 

SWE 2J5774 24492 2J5774 35072 1J9817 X0012 1J9817 X0022 

4 
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TRANSDUCER ACCESSORIES 
21000 Proximity Probe; 
and Housing Assernbf')r 
The model 2 1 000 Housing Assembly is a unit incorporating 
an integral. threaded adaptor/junction box housing and may 
be ordered with or without a proximity probe (option Al. 

The 2 1 000 Housing accommodates both the standard and 
Tonox versions of the 190, 300 & 7200 (5 mm) Probe 
Series, option A. (Tonox probes are designed to be used in 
high pH - basic - environments, e.g., ammonia syn-gas trains. I 

1 90 and 300 Probes can be ordered with lead lengths (option 
Bl from a minimum of 12 inches to a maximum of 36 inches in 
increments of 6.0 inches. 7200 Probes (option Bl can be 
ordered in either the 0.5 meter or 1.0 meter lengths. 

Probe sleeve lengths (option Cl are determined by probe lead 
length selections. Note table provided with C Dim and restric
tions. 

6.7 
(170.0) 

1 

I 

Adaptors are available if increased standoff dimensions are 
required (Dwg. 210021. 

Dimension is dependent on pipe thread engagement and shc.uld 
not be used in calculations for positioning of probe. To insure 
accuracy, dimension must be physically measured during 
installations of this unit. 

Dimension represents mid-setting distance between mounting 
aurface and target surface. Threaded sleeve allow• ±0.50 
I 12. 701 adjustment from this point. 

Option D allows a choice of fittings or no fittings, as required. 

The 21001 Housing (page 5-1 I is offered in three standard 
sleeve lengths, but without the probe and seal fitting options. 
This allows the customer to custom fit the 2 1 001 to a desired 
length by cutting off the end. An 0-ring seal is provided for 
NEMA 4 water tight requirements. 

The 21 000 and 21001 Assemblies provide advantages in
cluding: (11 compact housing; (210-ring seal around the probe 
sleeve to prevent fluids entering the housing under normally 
encountered pressure differentials, and an 0-ring seal under 
the dome cover to provide water tight seal; (3) ease of adjust
ment with no offset wrenches required; and (41 standoff 
adaptors available to raise housing from machine case when 
required for clearance purposes. 

& 

MOUNTING SURFACE 

0.50 (12.70) DIAMETER 
STAINLESS STEEL 
PROBE SLEEVE 

DIMENSIONS IN PARENTHESES 
ARE IN MILLIMETERS. 

Seal fitting option is supplied in kit form and is not installed 
by Bently Nevada. 

~ 
I 
l 

t 
t 
i 
' l 
< 
t 
! 

Dimension is 0.55 (13.971 for 190 Probe, 0.60 (15.24) for 
300 & 7200 (5 mm) Probes and 1 .20 (30.5) for 7200111 mm) 
Probe. 

Dimension ii for reference only. Actual dimension is determined 
by probe uaed with assembly It time of unit inatallation. 

BENTLY 
NEVADA P.O. Box 157 e Minden, Nevada USA 89423 • (702) 782-3611 • Telex: 354437 
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ORDERING INFORMATION 

BENTL V NEVADA 
CATALOG NO. 

A 
21000 -cp 

{ 

t PROBE 
TYPE 

00 No Probe 

01 190-04 (FBGI (1901 

02 190-04 IFBGI 11901 

03 300-04 !F8GI (3001 

04 300-04 IFBGI 13001 

05 21508 IFBGI (5 mml 

06 I 29776 IF8GI 111 mml 

07 28411 ITNXI 13001 

08 28411 ITNXI 13001 

09 28402 (TNXI (1901 

10 28402 ITNXI 11901 

11 28424 iTNXI 15 mml 

Denotes option code 

BENTLY(\ 
NEYADAV 

CONNECTOR 
TYPE 

BNPS 

Miniature Coaxial 

8NPS 

Miniature Coaxial 

Miniature Coaxial 

M1n1ature Coaxial 

M,n,ature Coaxial 

8NPS 

M,niature Coaxial 

BNPS 

Miniature Coaxial 

B 

C=:J l 

PROBE CABLE LENGTH 
3000 SERIES, TYPES 190 & 300 

Increments of 6 inches 
Min. length: 12 inches 
Max. length: 36 inches 
Example: 

rn = 12 inches 

rn = 30 inches 

7 200 SERIES 5 mm or 11 mm 

05 0.5 m 

10 1.0 m 

00 No Probe 

4-2 

1.2.23-213 

C D 
I I I CD 
I 

PROBE PENETRATION t FITTING OPTION KIT 
Increments of 0. 1 inch 
Min. length: 2.0 inches 00 No fitting required 
Max. length: See chart below 01 One explosion proof 
NOTE: Lengths greater than 3/4 NPT fitting; one 
1 2. 0 inches require additional 3/4 NPT plug 
sleeve support. 

02 Two explosion proof 
PROBE RECOMMENDED 314 NPT fittings 
CABLE "C" DIMENSION 
LENGTH MAXIMUM 03 One 3/4 NPT plug: 

one 3/4 to 1 /2 NPT 
12 Inches 5.0 Inches reducer; and one 

cable seal grip 
18 Inches 10.5 Inches with grommets for 
24 Inches 16.1 Inches cable sizes: 118 to 3'16, 

30 Inches 21.7 Inches 
114 10 5'16. & 5"16 to 3"8 

04 One 314 NPT plug only 
36 Inches 2 7 .3 Inches 

0.5 Meter 11.5 Inches 

1.0 Meter 29.2 Inches 
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21000 RELATIVE PROBE ASSEMBLY -- INSTRUCTION SHEET 

GENERAL The 21000 Relative Probe Assembly consists of a proximity probe and the coaxial cable 
contained in an explosion proof-weatherproof housing. Also included are a probe sleeve jam 
nut, lockwasher, and "O" rings. The probe senses machine shaft motion relative to the machine 
case. Wiring between the housing and proximitor may be routed through conduit. Refer to the 
Probe and Proximitor Operation and Maintenance Manual TW8019610 for a functional description 
of the probe and proximitor. 

INSTALLATION Refer to Figure 1 for installation information. 

---WARNING*-

A probe assembly having a long sleeve may 
require support at the probe end to pre
vent excessive vibration. 

a. Unscrew dome cover from housing, loosen sleeve jam nut, and unscrew the sleeve 
with locking washer and jam nut, being careful to turn the probe cable with the 
sleeve to prevent cable damage. 

b. Do not remove probe from sleeve unless the probe is to be replaced. See Probe 
Replacement for correct procedures. 

c. Apply anti-seize thread compound to all 3/4-14 NPT threads. 

d. Install housing (or housing with adapter) into machine case. 

e. Install conduit (or optional explosion proof fittings) to 3/4-14 NPT conduit 
connections in housing, (install conduit hole plugs in any unused conduit 
hole). Install extension cable through conduit, but do not connect to probe 
cable at this time. 

f. With machine shaft stopped, carefully hand turn the sleeve (with probe, locking 
washer, and jam nut) into the housing (see Figure 1). Allow the probe cable to 
turn with the sleeve to prevent cable damage. Do not allow probe tip to accumu
late any thread compound or foreign conductive material during installation 
because signal distortion may result. Adjust gap in accordance with BNC Probe 
and Proximitor Manual TW8019610. 

g. Secure the sleeve in correct probe gap position with jam nut. Bend tongs of 
locking washer to secure nut. 

h. Connect the probe cable to extension cable. Apply a double wrapping of Teflon 
tape or a coating of encapsulating compound around the connection to prevent 
entry of contaminants. 

i. Install the dome cover to housing. 

- PROBE REPLACEMENT In order to replace the proximity probe, perform the following: 

a. Unscrew dome cover from housing, remove tape or encapsulant from probe connector 
and separate the connection; bend tab on locking washer, loosen jam nut, and 
unscrew sleeve, being careful to turn probe cable with sleeve to prevent cable 
damage. 

AUG.1976 
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b. Unscrew probe from sleeve (tum probe cable with probe) and remove probe. If 
necessary, heat the probe thread area of the sleeve to soften the thread locking 
compound {Tmax• 400°F). 

c. Install "0" ring on replacement probe, insert probe cable into sleeve, apply 
Lockquic primer T and Loctite No. 40 ·etaining compound to probe threads in 
accordance with their instructions and thread probe into sleeve until "O" ring 
contacts sleeve. Continue tightening probe 1/2 to 3/4 turn. 

d. Complete installation using Steps!. through h. of Installation paragraph. 

RELATIVE PROBE KIT The 21001 Relative Probe Kit consists of a weatherproof housing, dome 
cover, "O" rings';"lock washer, jam nut, and a probe sleeve. The unit is supplied as a kit and 
the sleeve must be cut to correct length and tapped {see drawing 21001) before probe can be 
mounted. After probe is installed_ {see Replacement, Steps c and d) unit can be considered the 
same as a 21000 and Ge~eral. Installa~to'!•. a~~ Replace~~t- paragraphs wo_uJ_g ~pply. _ ·- _ 

TUl/4-1--
1 m 1 FULL THREAOS 

Figure l 
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SHAFT 

PROBE MOUNTING BRACKET 

LOCKNUT 

-24V0C 
POWER 
SUPPLY 

SIGNAL 
RETURN 

TW8019610 

SO-OHM INTEGRAL CABLE 

CONNECTOR 

95-0HM EXTENSION CABLE 

PROXIMITOR 

Figure Al-1. 7000 Series Probe and Proximitor Combination 
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Al-1 GENERAL 

SECTION ,G.-I 

GENERAL INFORMATION 

TW8019610 

Al-2 This manual contains four sections that cover the Bently 
Nevada Corporation 7000 Series Probe and Proximitor combination. Section 
A-I contains a general description of the manual, general physical and 
functional descriptions of the equipment, description of the available 
options, definition of the non-standard terms used in this manual, and 
specifications for elec~rical, mechanical, and environmental. Section 
A-II contains receiving inspection, power and signal connections, proximi
tor installation, probe installation, and initial gap procedures. 
Section A-III contains calibration check procedures. Section A-IV 
contains a list of the replaceable parts. 

Al-3 PHYSICAL DESCRIPTION 

Al-4 The 7000 Series Probe and Proximitor system consists of three 
separate items; a Type 300 Probe, with SO-ohm integral cable and connect
or, a 9S-ohm coaxial extension cable, and a 7000 Series Proximitor as 
shown in Figure Al-1. These components are required to make proximity 
measurements. The field wiring descriptions between the proximitor 
output and the monitor device are covered in the applicable monitoring 
device manual. 

Al-S PROBE WITH SO-OHM INTEGRAL CABLE AND CONNECTOR 

Al-6 The Type 300 Probe shown in Figure Al-2 is a typical probe 
used with monitoring systems. The probe is ordered by the user with a 
specific length of 50-ohm integral cable and connector, and a specific 
body type. When ordering the probe and cable, the total physical length 
is defined as the distance measured from the probe tip to the connector 
end. When compared with the 95-ohm coaxial extension cable, the electri
cal length of the probe 50-ohm integral cable is approximately double 
its physical length. 

5O-OHM INTEGRAL CABLE 

CONNECTOR 

Figure Al-2. Type 300 Probe 
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Al-7 95-0HM EXTENSION CABLE 

Al-8 The 95-ohm extension cable shown in Figure Al-3 is used to 
connect the probe with the proximitor with a specific matched electrical 
length of cable. When ordering the extension cable, the total physical 
length is approximately equal to the electrical length. 

MALE CONNECTOR ~FEMALE CONNECTOR 

95-0HM CABLE 

Figure Al-3. 95-ohm Extension Cable 

Al-9 7000 SERIES PROXIMITOR 

Al-10 The 7000 Series Proximitor shown in Figure Al-4 is used in 
conjunction with the Type 300 Probe and 95-ohm extension cable. The 
Proximitor catalog Number defines the case configuration, the total elec
trical length of the combined probe with 50-ohm integral cable and 
connector, and the 95-ohm coaxial extension cable, and the tip size of 
the probe used. The following shows the catalog numbers versus electrical 
cable length. 

EXAMPLE: 

CATALOG NO. 

Cl2237-07 
Cl2237-02 

CABLE LENGTH 
(ELECTRICAL FEET) 

15 
20 

Al-11 Part of the total length is the probe with 50-ohm 
integral cable and connector, and part is the 95-ohm coaxial exten
sion cable. If the probe with 50-ohm integral cable and 

Al-2 
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connector is 18 inches long (physical length), the total electrical -
length is approximately equal to 36 inches (3 feet). Us1n~ the first catalog a 
number, the total electrical length, 15 feet minus 3 feet (SO-ohm cable) • 
equals 12 feet. This is the total electrical and approximate physical 
length of 95-ohm coaxial extension cable required to match the calibra-
tion of the example proximitor model number. The total physical length 
of this cable would be 1-1/2 feet (18 inches 50-ohm cable) plus approxi-
mately 12 feet (95-ohm cable), or approximately 13-1/2 feet. 

-~ -- -----

Figure Al-4. 7000 Series Proximitor 

Al-12 FUNCTIONAL DESCRIPTION 

Al-13 The functional operation can be divided into two distinct 
categories; gap measurement (initial gap setting and thrust or eccentric
ity measurements) and vibration measurement (varying gap measurement). 
The probe and proximitor covered by this manual are capable of both 
types of measurements without any modification. The monitoring device 
must be suited to the measurement application for the required readout. 

Al-14 GAP MEASUREMENT 

Al-15 The proximitor is nonnally driven by -24 volts from an external 
source, such as a power supply or monitoring device. The proximitor 
converts the de drive voltage into an rf signal that is applied to the 
probe through the 95-ohm coaxial extension cable, as shown in Figure Al-5. 
The probe coil radiates the rf signal into the surrounding area as a 
magnetic field. If there is no conductive material within a specified 
distance to intercept the magnetic field, there is no power loss in the 
rf signal. With no power loss in the rf signal, the output signal at 
the proximitor OUTPUT terminal is maximum (approximately -16 volts). When 
a conductive material approaches the probe tip, eddy currents are gener
ated on the surface of the material, resulting in a power loss in the rf 
signal. As a power loss is developed in the rf signal, the output 

Al-3 
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signal at the proximitor OUTPUT terminal is reduced proportionately. As 
the observed conductive surface comes closer to the probe tip, more 
power is absorbed by the eddy currents on the surface of the material. 
When the gap reaches a specified minimum distance from the conductive 
material surface, the total rf energy radiated by the probe is absorbed 
by the material. This is reflected as a maximum power loss of the rf 
signal, resulting in a minimum de output signal at the proximitor OUTPUT 
terminal. The proxim1tor measures the magnitude of the rf envelope, and 
provides a negative de output signal proportional to the peaks of the 
envelope. Thrust measurements and eccentricity measurements are merely 
gap measurements at a slow rate of change in the gap. 

Al-16 

GAP= 0.070'-' ::::~ • -1 
GAP= 0.030

11 

--t1.,..a--GAP=O (NOMINAL) -0-------

Figure Al-5. Gap Measurement Diagram 

VIBRATION MEASUREMENT 

J.nd.1no 

::>OJ\ t-Z-

Al-17 If the observed surface is rotating and rapidly changing the 
gap distance, the rf envelope is not a constant amplitude, but varies in 
direct proportion to the peak-to-peak movement of the observed surface 
as shown in Figure Al-6. This peak-to-peak movement of the observed 
surface causes the rf envelope to be amplitude modulated. 

Al-4 
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RF ENVELOPE 

AVE GAP 60 MIL 

+6~.1. 0 ..I. RF ENVELOPE 
MAX GAP 65 MIL -6 

&OMIL AVE GAP lDYNAMIC MOTION 
IOMIL VIBRATION IV P-P 

Figure Al-6. Dynamic Motion Measurement Diagram 

Al-18 The proximitor detects the modulated rf envelope as an ac 
signal varying around a constant average de voltage (initial probe gap 
setting), as shown in Figure Al-7. 

0 
u 

p T 
R p 
0 u 
X T 
I 

M V 
I 0 
T L 
0 T 
R A 

G 
E 

16 

~--j 
AC COMPONENT 

-4-+------4---------+-------\-PEAK-TO-PEAK 
VIBRATION 
DYNAMIC MOTION 

-~VERAGE GA;- - - - - - - - - - -~ 

(VOLTS DC) 

0--------------------
TIME 

Figure Al-7. AC Component of Motion Measurement 

Al-19 If the shaft vibration is 10-mils peak-to-peak, around an 
initial gap of 60 mils, the average de voltage of approximately -6.9 volts 
remains constant, but the ac voltage is 1 volt peak-to-peak (-6.4 to 
-7.4 volts) in direct proportion to the shaft vibration (100 mv/~il scale 
factor), as shown in Figure Al-8. This is the process of radial vibration 
measurements, whether it is single plane or two plane {X-Y). 

Al-5 
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Al-20 

Figure Al-8. Gap Conversion in Mils to Volts 

DEFINITION OF TERMS 

Al-21 The following terms are used throughout this manual and have 
the definitions noted for each. Any other definition of these terms 
does not apply to this manual. 

PROBE - A proximity measurement device that radiates an rf field 
into a given area to allow non-contacting measurements of static 
and varying gaps. The probe in this manual is usually 0.300 inch 
in diameter. 

7000 SERIES PROXIMITOR - A transducer and rf generating device that 
drives the p1·obe and converts the probe gap information into a 
proportionally linear de output voltage. 

50-0HM INTEGRAL CABLE - A coaxial cable of specific length that is 
an integral part~he proximity probe. The cable is the main 
input/output connection for the probe. 

95-0HM EXTENSION CABLE - A coaxial cable of specific length that 
interconnects the probe with 50-ohm integral cable and connector to 
the proximitor. 

1,2.2~226 

Al-6 
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ELECTRICAL LENGTH - One electrical foot of cable has the same 
electrical characteristics at low radio frequencies as one physical 
foot of ideal 95-ohm coaxial cable. 

PROBE CALIBRATION CURVE - A plotted curve of probe gap in mils 
versus proximitor output in de voltage, that represents the linear 
operating range of the probe, extension cable, and proximitor. The 
plot also shows maximum and minimum operating limits, though not 
necessarily linear. 

RECOMMENDED INITIAL GAP VOLTAGE - The point on the probe calibration 
curve that correspondsto the approximate center of the linear 
operating range. This point may also be expressed in mils, as 
translated from the probe calibration curve. 

OBSERVED SURFACE - The surface from which the probe is gapped. 
This surface is also the surface being monitored for gap changes by 
the probe. 

MECHANICAL RUNOUT - The physical probe-to-observed surface gap 
variation caused by physical surface imperfections and/c· an eccen
tric shaft. 

ELECTRICAL RUNOUT - The error signal read by the proximity system 
that is due to electrical imperfections in shaft surface caused by 
magnetism, non-uniform hardness, non-uniform composition, etc. 

Al-22 SPECIFICATIONS 

Al-23 The following specifications define the probe and proximitor 
electrical, environmental, and mechanical characteristics. 

Al-24 PROBE 

Electrical - Not applicable. 

Environmental 

Operating Temperature Range: -50° F to +350°F 

Storage Temperature Range: -50° F to +350° F 

Temperature Sensitivity: See graph, Figure Al-9 

Pressure: 

Humidity: 

Order P type probe for applications 
where probe is exposed to differential 
pressures. P type probe will with
stand 500 psi differential pressure 
at 250° F 

100% RH 
If probe is to be submerged, order PG 
type. PG type will withstand submer-

Al-7 
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Al-25 

Corrosive Atmosphere: 

Mechanical 

Case Material: 

Tip Material: 

Cable Material: 

Connector Material: 

Tip Diameter: 

PROXIMITOR 

Electrical 

Output: 

Output Impedance: 

Scale Factor: 

Range: 

Frequency Response: 

Resolution: 

Power Requirements: 

TW8019610 

sion of 500 psi at 350° F. A 100 mv 
shift occurs when gap medium is water 
instead of air 

Generally atmospheres with a PH of 
less than 4 or more than 10 will 
damage the probe 

300 Series Stainless steel 

Epoxy resin with anhydride curing 

Teflon jacket and dielectric 

Body - stainless steel 
Insulator - teflon 

0.300 inch 

-2 vdc (0 gap) to approx -18 vdc (oegap) 
at -24 vdc 
-2 vdc (0 gap) to approx -17 vdc (co<1gap) 
at -18 vdc 
de voltage proportional to average 
gap distance 
ac voltage superimposed on de gap 
voltage is proportional to vibration 
amplitude and frequency 

50 ohms 

100 mv/mil +5% from 30 to 95 mils 

65 mils of .:!.:.5% linearity 

0 to 600,000 rpm 

50 microinches 

Voltage - -18 to -30 vdc 
-24 vdc normal operating range 

Current• Maximum 25 ma 
Typical 5 ma 

Interchangeability Deviation: DC Output 2% maximum 

0.5% typical 

--

--

--
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Drift Due to Changes 
in Supply: 

Environmental 

Operating Temperature: 

Temperature Coefficient 
of Output: 

Mechanical 

Connectors: 

Size: 

Weight: 

OPTIONS 

TW8019610 

DC Output - maximum 16 mv change in output/ 
l volt change in supply 

typical 5 mv change in output/ 
l volt change in supply 

Slope - typical 0.01 mv/mil change in slope/ 
l volt change in supply 

maximum 0.50 mv/mil change in slope/ 
l volt change in supply 

-60° F to +212°F 

(specified in linear range) 
DC Output maximum 2 mv/° F 

typical 0.5 mv/°F 
(see graph, Figure Al-10) 

Slope maximum 0.025/mv/mil°F 
typical 0.010 mv/mil°F 
(see graph, Figure Al-10) 

Common, output, and power are thermal 
plastic barrier block with 3 each 6-
32 screws and washers 
Probe input is BNJR 

2-3/8 inches wide by 3-1/8 inches 
long by 2 inches high see outline 
drawing (figure Al-11) for mounting 
dimensions 

7-1/4 ounces 

Al-27 The available options offered for the 7000 Series Probe and 

Proximitor combination are the calibrated length of the probe with 50-

ohm integral cable and connector and 95-ohm coaxial extension cable. 

Refer to the example of Paragraph Al-9, 7000 Series Proximitor. Also 

there are several probe types offered for specific applications and environ

ments. 

A 1-11 1•2.~.?.3.Q .. 
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A2-l GENERAL 

SECTION A-11 

INSTALLATION 

Tw8019610 

A2-2 This section contains receiving inspection, power and signal 
connections, probe and proximitor mounting considerations, and an initial 
gap procedure. The exact installation instructions will depend upon the 
application and machine configuration where the probe and proximitor are 
to be used. 

A2-3 RECEIVING INSPECTION 

A2-4 Inspect the probe, extension cable, and proximitor as soon as 
it is received and unpacked, to determine if any in-transit damaqe has 
occurred. All shipping forms and invoices should be retained. If any 
shipping damage is apparent, file a claim with the carrier and submit a 
copy to Bently Nevada Corporation. Include the probe and proximitor 
model and serial numbers with all correspondence. The user will be 
advised concerning repair or replacement in accordance with the terms 
and conditions of sale. 

A2-5 POWER AND SIGNAL CONNECTIONS 

A2-6 All power and signal connections between the probe and proximi-
tor and between the proximitor and the monitoring device must be made in 
the field. Figure A2-l shows the probe connected to the proximitor 
through the extension cable, and the required power and output signal 
connections from an external source such as a monitoring device. The 
power and signal connections between the proximitcr and the monitoring 
device should be made through three-wire shielded cable to avoid erroneous 
indications due to radiated interference. 

A2-7 For specific monitoring applications, using the probe and 
proximitor described in this manual, refer to the applicable monitoring 
device manual. 

A2-8 PROXIMITOR INSTALLATION 

A2-9 The proximitor installation is primarily governed by the 
length of the extension cable to the probe and the environmental consid
erations. The proximitors are designed to operate with a specific 
length of 95~ohm coaxial extension cable and probe with 50-ohm integral 
cable and connector, refer to Section A-I for an explanation of these 
specific lengths. Provision should be made for protection from haz
ardous environments or weather. 

A2-10 The 7000 Series Proximitor is not normally affected by vibra
tion, dust, humidity, or most gases. However, it is necessary to mount 
the proximitor in a location where it is not subjected to temperatures in 

A2-l 
1.2;23-232 
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--
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excess of 100°C (212°F). Temperatures in excess of 100° C (212°F) may 
cause permanent damage to the proximitor. 

A2-11 PROBE INSTALLATION 

A2-12 Standard probes for relative shaft motion measurements may be 
mounted in any location on or in the machine with the end of the probe 
facing the surface to be observed. When observing a vibration point, 
the machine surface should be of bearing type finish to minimize mechani
cal runout noise. Also, the observed surface should be checked for 
electrical runout, and if present, the runout should be removed. 

A2-13 The probe observes the gap from the probe face to the running 
shaft. Therefore, for accurate measurements of vibration, the holding 
structure of the probe must not vibrate at amplitudes or frequencies in 
the range of the measurements to be made. If a probe cannot be mounted 
in a solid location on the machine, like a bearing housing, it is neces
sary to use a beam structure. Make certain the beam structure cannot 
vibrate appreciably. The resonant frequency of any such mounting struc
ture vibration should be field checked by tapping the structure lightly, 
and observing the proximitor output on an oscilloscope (the proximitor 
output is available on the proximitor OUTPUT terminal). The lower 
frequency limit should not be less than ten times the rpm of the observed 
surface. 

A2-14 When installing the probe, the 50-ohm integral cable and 
connector should be disconnected and the 50-ohm integral cable should be 
rotated with the probe as the probe is threaded into the mounting hole. 
Do not allow twist loads to occur at the probe and the joint of the 50-
ohm integral cable as they may cause cable damage. The probe must be 
securely locked into its mount by a locknut, clamp, or other vibration 
secure device. Make certain the mounting hole is clear of obstructions. 
If the observed surface is moving, take care to prevent the probe face 
from being rubbed by the shaft. 

A2-15 Initial probe gap is determined by consulting the typical 
probe calibration curve shown in Figure A2-2, or for specific applications, 
the probe calibration curve shown in the applicable monitoring device 
manual. In open installations, the gap can be set using a feeler gage 
or plastic shim, or by observing the proximitor output voltage. The 
output voltage of the proximitor should be set to correspond to the 
recommended initial gap voltage indicated by the typical probe calibra
tion curve in Figure A2-2 or the specific application probe calibration 
curve in the applicable monitoring device manual. The proximitor output 
voltage method is useful in blind installations or with the machine 
running, where feeler gages or shims cannot be used. In blind mounting 
holes, make certain the probe is observing the shaft by moving the probe 
in and out to decrease or increase the gap while observing the proximitor 
output voltage. Decreasing gap will cause decreasing volta9e (less 
negative) and increasing gap will cause increasing voltage (more negative). 

A2-16 In the completed installation there should be no metal within 
twice the diameter of the probe face, except the observed surface, as 
shown in Figure A2-3. This is a minimum requirement, and in general, as 
much clearance as possible should be maintained. 

A2-3 
1.2.23-234 . 
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I /OBSERVED /t- ]''/ SURFACE 
I \ 

I \ 
2X TIPDIA 

CHAMFER COUNTER BORE 

Figure A2-3. Probe Tip Relief Diagram 

INITIAL GAP PROCEDURE 

A2-18 The following initial gap procedure may be used to set the 
initial probe operating gap in accordance with the typical probe calibra
tion curve, Figure A2-2, or a specific probe calibration curve for a 
specific application. Specific application probe calibration curves 
will be found in the applicable monitoring device manual. The following 
procedure will be performed using the Digital Multimeter (DMM) or a 
direct equivalent. For open installations where the shaft is not rotating, 
a feeler gage or plastic shim may be used in lieu of this procedure. 

a. With the probe installed in its normal mounting, connected 
to its proximitor in accordance with the instructions in 
this section, and with all proximitor power connected, 
connect the DMM between the OUTPUT and COM terminals on 
the proximitor. Set the DMM to indicate de voltage. 

b. Carefully rotate the probe and its SO-ohm integral cable 
toward the observed surface; the de voltage indicated on 
the DMM will be decreasing in magnitude (approaching zero 
from a negative voltage). 

c. Continue to rotate the probe and the SO-ohm integral 
cable toward the observed surface until the voltage indi
cated on the DMM has decreased to some value less than 
the recommended initial gap voltage on the probe calibra
tion curve being used. 

d. Rotate the probe away from the observed surface until the 
recommended initial gap voltage is reached as indicated 
on the DMM. 

e. Secure the probe. If the SO-ohm integral cable has a 
twist load from rotation, disconnect it at the 95-ohm 
coaxial extension cable connector and relieve the twist 
load before reconnecting. Disconnect the DMM. 

A2- S 

1.2.23-236 
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A3-l GENERAL 

A3-2 This section covers calibration check procedures for the 7000 
Series Probe and Proximitor combination. Part of the calibration check 
procedure is devoted to making a probe and proximitor calibration curve, 
similar to the typical curve shown in Figure A2-2. Table A3-l lists the 
equipment recommended to perform the calibration check procedures. 

TABLE A3-l. RECOMMENDED MAINTENANCE EQUIPMENT 

RECOMMENDED EQUIPMENT 

Digital Multimeter (DMM) 

TK-3 Test and Calibration Kit 
with Instruction Manual 

SPEC I FI CA TI ON 

3-1/2 digit display minimum, with ohms, 
ac volts, de volts as minimum functions 

Vibration rpm range= lK to lOK rpm 

Displacement range (spindle micro
meter)= 0 to 500 mils 

Vibration amplitude range= 0 to 5 mils 
peak-to-peak 

A3-3 CALIBRATION CHECK PROCEDURES 

A3-4 The following calibration check procedures will determine if 
the 7000 Series Probe and Proximitor combination are operating within 
tolerance. 

a. Install the probe in the TK-3 spindle micrometer fixture, 
assuring the probe tip extends completely through the 
spindle micrometer mounting fixture. 

b. Connect the probe to the proximitor with the proper 
length extension cable. 

c. Connect the power supply -24 volts output between the -24 
voe and COM terminals on the proximitor. 

d. Connect the DMM between the OUTPUT and COM terminals on 
the proximitor. 

e. Set the TK-3 spindle micrometer to 60 mils, and adjust 
the probe position in the mounting fixture until the 
proximitor output voltage is approximately -7 vdc as 
indicated by the DMM. 

A3-l 

1.2.23-237 
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f. Set the TK-3 spindle micrometer to 10 mils. The proximitor 
output voltage should be approximately -2 volts. 

g. Measure and record the output voltage from the proximitor 
at each 10-mil increment as the TK-3 spindle micrometer 
is rotated away from the probe face, out to a setting of 
120 mils. 

h. Set the TK-3 spindle micrometer to 200 mils. The proximi
tor output voltage should be approximately -16 vdc. 

i. Calculate the response sensitivity between each 10-mil 
increment from 30 mils to 90 mils. 

NOTE 

For example, if the voltage at 40 mils is 
-5.00 volts and the voltage at 30 mils is 
-4.02 volts, the difference is 0.98 vdc or 
980 millivolts. Sensitivity is derived by 
dividing the voltage by the distance; 980 
mv/10 mils= 98 mv/mil. The sensitivity 
between any 10-mil increment from 30 mils 
to 90 mils should be no less than 85/mv/mil 
nor greater than 115 mv/mil. If they are 
not within the specified limits, refer to 
the Field Wiring Tests, Paragraph A3-5. 
The voltages recorded in the preceding test 
may be used to plot a probe calibration 
curve on graph paper graduated 20 mils per 
inch for the horizontal scale and 2 volts 
per inch for the vertical scale. The probe 
graph should be similar to Figure A2-2. 

A3-5 FIELD WIRING TESTS 

A3-6 The field wiring test procedure need be performed only when 
the calibration check procedures of Paragraph A3-3 show that the sensi
tivity between 30 mils and 90 mils is greater than 115 mv/mil or less 
than 85 mv/mil. Field wiring includes the probe, probe 50-ohm integral 
cable and connector, 95-ohm coaxial extension cable, and proximitor. 
The wiring between the proximitor and the specific monitoring device is 
covered in the applicable monitoring device manual. 

a. Measure regulated proximitor drive voltage (-18 to -24 
volts) at the proximitor -24 voe terminal. 

b. Measure the probe gap voltage at the proximitor OUTPUT 
terminal. 

c. If Step b of this paragraph is not satisfactory, disconnect 
the extension cable at the proximitor and measure 4 to 10 
ohms between the cable center conductor and cable shield. 

A3-2 
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NOTE 

The approximate resistance of the probe 
with 50-ohm integral cable and connector 
is 4 to 10 ohms. The 95-ohm coaxial exten
sion cable resistance is approximately 0.25 
ohms per foot. However, the wide variation 
in resistance of probes with 50-ohm in
tegral cable and connector causes most meas
urements to be between 4 to 10 ohms, 
except for very long extension cables. 
The measurement should not be a short or 
much more than 10 ohms. 

TW8019610 

d. If Step c of this paragraph is not satisfactory, disconnect 
the 95-ohm coaxial extension cable from the probe SO-ohm 
integral cable and connector, and measure 4 to 10 ohms 
between the probe center and conductor and the shield. 

e. If all the preceding Steps of this paragraph are satisfac
tory, replace the proximitor. 

A3-3 
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SECTION A-IV 

REPLACEABLE PARTS 

TW8019610 

A4-l GENERAL 

A4-2 This section contains a list of the replaceable parts required 
to maintain the 7000 Series Probe and Proximitor combination. When 
ordering either the probe or the extension cable, the cable length must 
be matched to that being replaced. If replacement of connectors is 
required, contact the Bently Nevada Corporation factory or field repre
sentative to determine the correct part numbers, tools, and replacement 
procedures. 

TABLE A4-l. REPLACEABLE PARTS 

QTY PART NO. NOMENCLATURE SPECIAL REMARKS 

1 * 

1 * 

1 * 

Probe with 50-ohm cable Specify length as measured from 
probe tip to cable connector end. 

95-ohm coaxial exten
sion cable 

Proximitor 

Specify length. 

Specify probe size and total 
electrical cable length. 

* When ordering replacement parts, assure the number on the order 
exactly matches the number of the part to be replaced. 

A4-l 
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SECTION I 

GENERAL INFORMATION 

1-1 GENERAL DESCRIPTION 

8025700 

1-2 The 9000 Series Rack Assembly, Figure 1-1, provides the housing and 
electrical interconnection for the power supply, relay module, monitors and 
common display unit. The assembly consists of an instrument rack constructed of 
aluminum; a bus board with connectors; terminal strips for transducer power, 
signal, recorder and common reset connections; a relay module having OK and 
alarm relays and relay terminals; and protective covers for the relay module and 
bus board. 

1-3 Either panel clamps or EIA 19-inch rack adaptors are furnished for 
mounting. When specified, the rack assembly is provided with an extender card 
service tool, a weatherproof door or housing, and special markings on strips 
located at the top and bottom of the rack face. 

1-4 MODIFICATIONS 

1-5 A modification is an alteration to a unit and is designed to meet 
special user requirements. The modification is described on a modification 
document, a copy of which is inserted in the appropriate operation and main
tenance manual . 

176 RACK CONSTRUCTION 

1-7 The rack assembly is constructed of extruded and heavy sheet aluminum 
which is protected by either an anodizing or chromate conversion treatment. The 
physical size of the rack is determined by the quantity of monitors. Table 1-1 
lists the four rack size options. The power supply and common display unit 
occupy the first four positions at the left of the rack. Positions on the right 
are occupied by monitors or blank position filler plates. 

1-8 BUS BOARD AND CONNECTORS ----
1-9 All electrical connections within the rack are provided by a printed 
circuit bus board that has card-edge connectors for the power supply, relay 
module and all monitor positions. Refer to the rack assembly schematic diagram 
in Section IV of this manual for circuit information. The bus board circuit is 
designed so that any monitor can be installed in any position to the right of 
the power supply. In the case of a thermocouple temperature (TC) monitor, a 
cold-junction compensation module and jumper wire must be soldered to the bus 
board at the monitor position, thus limiting that position. 

1.2.23-247 
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T~BL£ 1-1. RACK ASSE~BLY CATALCG NUMBER 

8NC CATALOG ,uMSE~ 

90060 - I 01, 
I 

I 
PA,'lEL MOIJNTEiJ 
INSTRUMENT RACK SIZE 

01 I 6 Position 

02 I 8 Position 

03 12 Positi•:in 

04 16 Position 

1-10 TERMINAL STRIPS 

8025700 

90085 -

I 9-J.N H ~. L • RP..Ci<. ,"10UN i rn 
INSTRUMENT RACK SIZE 

01 · I ,s Position 

1-11 All field wiring to the 9000 Series System is connected to the barrier-
type terminal strips at the rear of the rack. The low-voltage transducer and 
recorder terminals are exposed, but the high-voltage power and alarm terminals 
are shielded by an aluminum safety cover. A label' below each exposed terminal 
strip identifi;s the function of each terminal. 

1-12 RELAY MODULE 

1-13 The relay module contains.the optional OK reiay and up to four option-
al alarm relays. The relay ter.ninals are illustrated in the Customer· Wiring Dia
grams in Section rv. Contact configurations are shown in the relay moduie sc~e~
atic diagram in Section IV. Refer to Table 1-2 for relay module configurations 
and to Table 1-J for specifications. 

1-1:! 7he optional S?OT OK relay is normally energized. The OK relay ce
ener;izes if any monitor detects a transaucer fault, thereby causing the ~;er
ation of any annunciator system connectad to the OK relay. 

1-15 The DPOT alarm relays operate when monitors in the system detect out-
of-limit conditions. Alar.n relay coils can be either no~ally energized or 
normally de-energized, depending on the configuration of the driver circuits in 
the power supply. The ariver circuits are field changeable so that the user can 
change bet·~een normally energized and normal1y de-energized operating modes. 
Refer to the Power Supply Operation and Maintenance Manual, 8025800, for further 
information. 

l -.3 
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TABLE 1-2. RELAY MODULE CONFIGURATIONS 

BNC CATALOG NUMBER 

90040 - Io llf- l 
I 

I 

OK RELAY ALARM RELAYS 

01 Installed None 

02 Installed No. l 

03 Omitted No. 1 

04 Ins ta 11 ed No. 1 and 2 

05 Omitted No. 1 and 2 

06 Ins ta 11 ed No. ,. 2 and 3 

07 Omitted No. ,. 2 and 3 

08 In sta 11 ed No. 1 , 2, 3 and 4 

09 Omitted No. 1 • 2, 3 and 4 

l 0 Ins ta 11 ed None 

11 Ins ta 11 ed No. 1 

12 Omitted No. 1 

13 Ins ta 11 ed No. 1 and 2 

14 Omitted No. 1 and 2 

1 5 Ins ta 11 ed No. 1 , 2 and 3 

16 Oni tted No. ,. 2 and 3 

17 Installed No. 1 , 2, 3 and 4 

18 Omitted No. 1 , 2, 3 and 4 

ARC SUPPRESSORS 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

Ins ta 11 ed 

Ins ta 11 ed 

Ins ta 11 ed 

Ins ta 11 ed 

Ins ta 11 ed 

Installed 

Installed 

Ins ta 11 ed 

Installed 

8025700 
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TABLE 1-3. OK ANO AL~RM RE!.AY SPECIFICATIONS 

Contact Arrange!"lent OK relay:S?OT; Ala:-m relay:DPOT 

Contact Definition NC ·o 
(Coil de-energized) J ARM 

' 

NO 0 ! 

Contact Ratinqs 3A at 28 vdc or 120 vac, resistive load 

Contact Material ~old-flashed silver 

Arc Suppressor Option 212 v peak (minimum) suitable for use 
Clamp Voltage with up to 150 vac rms across contacts 

Relay Construction Hermetically-sealed metal enclosure 

1-16 The alarm relays considered alone are non-latching, but some monitor 
alarm circuits-latch after a1arm conditions have ended, thereby holding the 
c~rrespondinq reiays in :he alarm state. Both the latching and non-latchir.g 
type monitors can operate the same relay. The monitor alarm circuits are field 
changeable so that the user may change between latching and non-latching ooera
ing modes if necessary. ~efer to the specific monitor manual for circuit revis-. 
ion procedures. 

1-17 PROTECTIVE COVERS 

1-18 A safety cover a: the rear of the relay ~odule prevents accidental 
contact with the high voltage terminals. A second cover at the rear of the ~us 
board (below the terminal strips) protects the bus board conductors. The bus 
board cover is not removed during nonnal installation and maintenance. However, 
installation of an additional thermocouple (TC) monitor requires removal for 
wiring. 

1-19 CLA:-1P MOUNTING OR E. I .A. RACK ~OUNT!NG 
____ ......, ____________________ __ 

1-20 A oanel-mounted rack is secured to the mounting oanel by use of two 
c1amos, one at each side of the rack. C1amp-type mounting is available for all 
rack sizes. 

1-21 The 16-oosition E.I.A. mounted rack has mounting SC:"'e.,., slots in the 
front vertical suocorts. Panel-mounting clamos are not included in this particu
lar rack assembly. 

1-5 
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1-22 EXTENDER f8E,Q, 

1-23 The extender card is a printed circuit board that connects any 9000 
Series monitor to the rack bus board during calibration or maintenance. The 
card permits monitor operation while the monitor is completely extended from the 
rack for access to components. Besides having conductors for all monitor-bus 
board connections, the extender card has 31 test points accessible at the front 
of the card when in use. The monitor is secured to the card by a pin latch that 
engages a hole in the monitor circuit board. 

1-24 WEATHERPROOF DOOR OR HOUSING· ------- - - ---
1-25 A weatherproof door or housing is available for all panel-mounted rack 
sizes. The weatherproof door assembly provides weather protection for the front 
of the 9000 Series instrument. The rack mounting clamps secure both the door 
assembly and the rack to the mounting panel. Table 1-4 lists the weatherproof 
door options. If a weatherproof housing is used to provide complete weather 
protection, the housing is first panel mounted, then the rack assembly is in
stalled in the housing. Table 1-5 lists the weatherproof housing options. 

TABLE 1-4. WEATHERPROOF DOOR CATALOG NUMBER 

BNC CATALOG NUMBER 

72191 - I I I 
I 

I 

INSTRUMENT RACK SIZE 

01 8 Position 

02 12 Position 

03 16 Position 

07 6 Position 

1-6 
JAN. 1979 



9000 Rack 8025700 

. iABL~ 1-5. '.~EAiHERFROOF HOUSING CATALOG NUMBER 

SNC CATALOG ~UMBER 

90080 - I I I- I I- I I I 
I I I 

I I I 

HOUSING S !ZE I CONOUtT FITTING OPTION A IR PURGE OPTION 

01 ,. 
0 osition Rack 00 I No Fittings Required I 00 I Not Required 0 

02 3 Position Rack 01 Conduit Fittings Required 01 Air Purge Fit:ings 
Only 

03 12 Position Rack · 

04 16 Position Rack 

1-26 The weatherproof housing is rated NEMA Type 4. This rating applied to 
a housing in an indoor, nonhazardous location indicates that it protects against 
accidental contact with enc1osed equioment; falling dirt; falling liquids and 
light splashing; dust, lint, fibers and flyings; and hosedown and splashing 
','later. 

1-2i The ~1e1A i'yoe 4 rating aool ied to a housing in an cutdoor nonhanrdous 
location indicates that it protects aaainst accidental contact with enclosed 
equ~omen; rain, snow and s1eet (exte~r:al mechanisms not required to be operable 
when ice covered); windblown dust; and hosedown. 

1-28 ~ARKING SiR!PS 

1-29 Two ~arking strios on the rack face, one above and one below the 
monitor qositions, are used to indicate the function of each ~onitor and the 
machinery :eing monitored. The information printed on the ~arking st~ips is 
selected by the u~er and is described in the Customer ~arking Drawings contained 
in Section IV of this manual. 

1-i 
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2-1 GENERAL 

SECTION II 

INSTALLATION 

8025700 

2-2 This section contains procedures for 9000 Series System receiving 
inspection, damage claim, and mechanical and electrical installation. 

2-3 RECEIVING INSPECTION 

2-4 Visually inspect the rack assembly when received to ensure that all 
components are free of shipping damage. Refer to procedures in this section for 
component removal and installation. Inspect the following items: rack assembly 
sheet metal; display unit and monitor front panels and components; power supply; 
and bus board terminal strips and rear covers. 

2-5 DAMAGE CLAIM 

2-6 If there is apparent shipping damage, file a claim with the carrier 
and submit a copy to Bently Nevada Corporation. Include the rack assembly part 
number and serial number on all correspondence. The user will be advised concern
ing repair or replacement in accordance with the guarantee. 

2-7 SYSTEM INSTALLATION 

2-8 Locate the 9000 Series System in an environment free from potentially 
damaging conditions such as excessively high temperature, humidity and corrosive 
atmosphere. 

***CAUTION*** 

During installation of system or component 
parts, disconnect system power to pre
vent accidental short circuits that may 
damage components. 

****** 

2-9 INSTRUMENT RACK-TO-PANEL INSTALLATION 

2-10 As shown in Figure 2-1, the 9000 Series Rack Assembly is installed in 
the mounting panel as follows: 

a. Cut a rack-mounting opening (Din the panel according to the 
panel cutout dimensions shown on the rack assembly outline drawing 
in Section IV of this manual. 

b. Remove both panel $amps @ from the rack assembly by unscrewing 
the slide screw until the slide button© disengages from 
the keyhole slot . 

2-1 
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c. 

8025700 

Insert the rack assembly© into the panel cutout. Hold the 
assembly in a level position and install the panel clamps onto 
the rack and lightly tighten the slide screws. 

d. Check for proper alignment of the rack and tighten the slide 
screws. Ensure that all fasteners have been properly secured. 

2-11 WEATHERPROOF DOOR INSTALLATION 

2-12 As shown in Figure 2-2, the weatherproof door is installed with a 
panel-mounted instrument rack as follows: 

a. Cut a rack-mounting opening in the mounting panel according to 
the panel cutout dimensions shown on the rack assembly outline 
drawing in Section IV of this manual. 

b. Remove both panel clamps from the rack by unscrewing the slide 
screw until the slide button disengages from the keyhole slot. 
Refer to Figure 2-1. 

c. Examine the front mounting area of the panel and repair uneven 
areas that can cause leakage at the weatherproof door seal. The 
use of a sealing compound is not recommended because of possible 
damage to the neoprene seal. 

d. Fully open the weatherproof door and insert the rack assembly al1 
the way through the opening in the shroud. Close the door. 

e. Insert the rack assembly with the door into the panel cutout. 
Hold the assembly in a level ?Osition. Install the panel clamps 
onto the rack and lightly tighten the clamp slide screws. 

f. Check for proper alignment of the rack, door and seal, then fully 
tighten the clamp slide screws. Ensure that all fasteners have 
been properly secured. 

2-13 WEATHERPROOF HOUSING INSTALLATION 

2-14 As shown in Figure 2-3, the weatherproof housing for the 9000 Series 
System is installed as follows: 

a. Cut an opening in the panel and drill bolt holes for the housing. 

b. Refer to Drawing 90080 in Section IV of this manual for the panel 
cutout dimensions and bolt hole locations specific to the size of 
the weatherproof housing being installed. 

c. If studs (Dare to be·installed on the panel for mounting the 
housing, install them at this time. 

d. If conduit will be used for ,.fjeld wiring, remove the required 
1.25 NPT conduit knockouts (.g) from the sides of the housing (at 
rear). 

2-3 
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e. Insert the housing into the panel and support it in a level 
position. Install the housing-to-panel fasteners with a thread 
sealing washer (3) against the housing and a flat washer© 
under the inter~ head of each fastener to obtain a watertight 
seal .. Securely tighten all fasteners. 

f. Remove the housing rear cover@ and install the conduit fittings 
and conduit. 

2-15 RACK-TO-~EATHERPROOF HOUSING INSTALLATION ANO REMOVAL 

2-16 The rack assa~bly is installed in a panel-mounted housing as follows: 

a. Open the housing door and engage the support. 

b. Remove both of the panel clamps from the rack assembly by unscrew
ing the slide screw until the slide button disengages from the 
keyhole slot. Refer to Figure 2-1. 

c. Insert the rack assembly into the housing. Refer to Figure 2-4. 

d. 

e. 

f. 

g. 

h. 

Install the panel clamps (D onto the rack assembly. Loosen the 
clamp slide screws as necessary to allow the slide buttons@ to 
engage the keyhole slots: 

Lightly tighten the slide screws until the rack assembly panel 
clamp is clamped lightly against the interior flange cf the 
weatherproof housing. Check the alignment of the rack and clamps, 
then fully tighten the slide clamp screws; 

Connect the field wiring to the rack asse!libly terminals. 

Ensure that all components are properly positioned and that a11 
fasteners are secure. 

Ensure that~e housing rear sealing surface and the seal in the 
rear cover 0 are clean and undamaged. Do not apply sealing 
compound to tne rear seal surfaces. Install the rear cover, 
then close the housing door. 

2-17 The rack assembly is removed from the panel-mounted housing as follows: 

2-6 
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a. Disconnect system power. 

b. Remove the housing rear cover. 

c. Disconnect field wiring from the rack assembly. 

d. Remove the panel clamps from the rack assembly. 

e. Open the housing door ar.d engage the support. 
assembly from the housing. 
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2-18 ill.b.Q. WIRING INSTALLATION 

2-19 Field wiring diagrams and instructions that specifically apply to the 
9000 Series System as ordered by the user are contained in Section IV of this 
manua 1 • Connect a 11 fie 1 d wiring in accordance w.i th these di a grams and 1 oca 1 
electrical codes that apply. Label wiring as necessary for reconnection. 

2-20 •After completion of field wiring, ensure that all terminal screws are 
tightened securely and that wiring bundles are protected against damage. 

2-21 RELAY TERMINAL DEFINITION 

2-22 The applicable custcmer wiring diacram in Section IV shows the relav 
module field wiring terminals. Refer to the.power supply part number option· 
table in the Power Supply Operation and Haintenance manual, 8025800, to determine 
the alarm relay operation mode. F'or normally de-energized relays, the ARM-~IC 
contacts are closed in the non-alarm condition, and the ARM-NO contacts are open. 
For nonnally energized relays, the ARM-NC contacts are open, a_nd the ARr1-NO con
tacts are closed when the relays are in the non-alarm state. Refer to Paragraph 
1-12 and specification Table 1-3 for further descriptions of the alarm relay 
module. • 

2-23 MONITOR REMOVAL ~ INSTALLATION 

2-24. ·To remove a monitor, unfasten the captive screws at the top and bottom 
of the monitor front panel. Grasp the heads of the screws and pull forward. To 
install a monitor, carefully align the card edses with the rack guides. Push 
the card into the rack until the connectors mate. Tighten the captive screws. 

2-25 ADDITIONAL MONITOR INSTALLATION 

2-25 Installation of an additional monitor basica11y requires the following 
ste~s. but if a thermocouple temperature (TC) monitor is being instai1ed, refer 
to ParagralJ,h 2-27 for additiona1 procedures. 

2-8 
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a. Disconnect system power. 

b. Install the field wiring label below the terminal strip of the 
additional monitor position. 

c. Insta11 the field wiring. 

d. Remove the blank faceplate. 

e. Connect the monitor to the extender card and install the extender 
card in the rack position to be occupied by the monitor. Refer 
to Paragraph 2-29. 

f. Reconnect system power. 

g. Check monitor performance according to t~e appropriate ~~nitor 
manua 1. 

h. Install the monitor in the rack. Refer to Paragraph 2-23. 
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2-27 THERMOCOUPLE MONITOR INSTALLATION 

2-28 This procedure is necessary only when adding a thermocouple temperature 
(TC) monitor to an existing field-installed 9000 Series System. In addition to 
the procedure in Paragraph 2-25, perform the following steps before installing 
the thermocouple temperature monitor into the rack: 

2-29 

a. Remove several monitors and, if required, the power supply from 
the rack to gain access to the bus board inside the rack. 

b. As shown in Figure 2-5, remove terminal strip screws (I) through 
© at the additional thermocouple m~itor position. Install the 
cold junction compensation module 5 with leads inserted through 
the bus board. Install the termina screws to hold the module in 
position and solder the module leads to pads on the inside surface 
of the bus board. Avoid excess heat while soldering. Clip and 
remove the excess lead wire. 

c. Remove the bus board rear cover© . 

d. Install a jumper wire (24 gauge, insulated) (z) on the outside of 
the bus board from pad E7 to pad E2 or £4 of the additional 
monitor position. Refer to the rack assembly interconnecting 
dia9ram, drawing 90029 in Section IV, on which the jumper wire 
(Wl) circuit is shown. Solder the jumper wire at the inside 
surface of the bus board. Clip and remove the excess wire. 

e. Install the bus board cover. 

f. Complete the monitor installation as described in Paragraph 2-25. 

EXTENDER~ 

2-30 The extender card is a maintenance device used to electrically connect 
a monitor outside the rack for access to test and calibration points. Refer to 
Figure 2-6 for the sequence-numbered extender card installation procedure. 

2-31 DISPLAY UNIT ANO POWER SUPPLY REMOVAL ANO INSTALLATION --- ------- - -----
2-32 Refer to Figure 2-7 for the seq~ce-numbered display unit and power 
supply removal procedure. Perform Steps (J) through G) to remove the display 
unit only. Installation is the reverse of the removal procedure. 

2-33 RELAY MODULE REMOVAL AND INSTALLATION 
---- ----'--------'---=------

2-34 Refer to Figure 2-8 for the sequence-numbered relay module removal 
procedure. Installation is the rev_erse of the removal procedure. 
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REMOVE MONITOR 

2 PLUG MONITOR INTO EXTENOER CARO 

J ENGAGE LATCH PIN 

4 PLUG EXTENDER CARO INTO RACK 

Figure 2-6. Extender Card Installation 
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1 01SCONNECT POWER TO SYSTEM 

2 OfMO\/l RELAY MOOULE COi/ER 

3 REMOVE A:ELAV CONTACT FIELO WtflllNG 
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9000 Rack 

3-1 GENERAL 

SECTION I I I 

REPLACEMENT PARTS 

8025700 

3-2 This section contains information for ordering spare parts and re-
turning equipment for repair. 

3-3 Spare units from the factory are fully tested and calibrated. However, 
when installing a replacement unit, field testing and calibration procedures in 
the applicable manual should be performed to verify proper unit performance. 

3-4 Bently Nevada Corporation recommends that at least one of each type of 
circuit board or assembly be kept on hand as a spare. If the 9000 Series instru
ment is located outside the U.S.A. or is used on an extremely critical applica
tion, the user may need several spares. 

3-5 Orders for spare parts should be addressed to: 

Marketing Department 
BENTLY NEVADA CORPORATION 
P.O. Box 157 
Minden, Nevada 89423 

Telephone: 
(702} 782-2255 

Telex: 354437 

3-6 To order replacement parts, specify the complete part number including 
options. Specific part numbers are listed in the manual for each unit. If a 
unit has been modified, specify the modification number on the parts order. 

3-7 Units being returned to Bently Nevada Corporation for repair can be 
shipped to the nearest BNC sales or service office. Carefully pack units using 
containers that will prevent damage during shipping. 
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4-1 GENERAL 

SECTION IV 

DRAWINGS 

8025700 

4-2 This section contains the engineering drawings, field wiring 
drawings and customer marking drawings that apply to the 9000 System Rack 
Assembly as ordered. 

4-3 DRAWING LI ST 

4-4 Drawing Number 

900XX 

72181 

90080 

90029 

90059 

XXXXX-XX 

xxxxx 

Title 

Outline, Monitor Rack System 9000 Series 

Outline, Weatherproof Door, 9000 and 
7200 Series 

Outline, Weatherproof Housing 9000 
Series 

Interconnecting Diagram, Rack Assemblies 

Schematic Diagram, Relay Module Assembly 

Field Wiring Diagrams 

Customer Marking Drawings 
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9000 PS 

INPUTS 

Power 
115 Vac option 

220 Vac option 

Nominal power consumption 

OUTPUTS 

Unregulated voltages 

-V 

Regulated voltages 

+5 

-24 Vdc 

-18 Vdc 

ENVIRONMENTAL LIMITS 

Rated perfonnance 

Long tenn storage 

Relative humidity 

WEIGHT 

SPECIFICATIONS 

90050 POWER SUPPLY 

8025800 

95 to 125 Vac, l 0, 50-60 Hz, 1.0 amp 
max (fused at 1.5 amps) 

190 to 250 Vac, 1 0, 50-60 Hz, 0.5 amp 
max ( fused at O. 75. amp) 

100 watts (nominal value given is for 
a typical 16P system including power 
supply, monitors and relays) 

+9.0 to +15 Vdc at 2.0 amps max 

+28 to +49 Vdc at 0.25 amp max 

-29 to -48 Vdc at 1.5 amps max 

+5.0 Vdc, .:t_0.25 Vdc at 400 ma max 

-24.0 Vdc, .:t_O.l Vdc at 1.0 amp max 

-18.0 Vdc, -0.22 +0.38 Vdc at 
360 mA max 

0 to +65°C 

-40 to +85°C 

To 95% noncondensing 

9 lbs (4.08 kg) includes display 
module 

; 

1.2.23-281 
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9000 PS 

1-1 GENERAL 

SECTION I 

GENERAL INFORMATION 

8025800 

1-2 The 9000 Series AC Power Supply shown in Figure 1-1 is comprised of a 
printed circuit board mounted to a sheet metal chassis assembly. The printed 
circuit board contains the voltage regulators, test points and latching OK and 
alarm reset circuit. The circuit board also contains the alarm and OK relay 
drive circuits for a 9000 System that employs either the 90060-XX or 90085-XX 
rack assembly (without individual relays). If the 9000 System employs the 
90220-XX rack assembly (with individual relays located across the lower rear} 
the relay drive circuits are located in the relay modules. The chassis assembly 
contains a transformer, large heat sink, ac line fuses with adjacent spares, 
rectifiers, and filter capacitors. The pri.mary function of the power supply is 
to provide all regulated or unregulated de voltages to the 9000 Series instrument 
rack. The de voltages are used to power all monitors within the rack assembly 
and all associated transducers. · 

1-3 When applicable, the power supply can be used with an auxiliary Key-
phasor probe and Proximitor. The Keyphasor probe observes a shaft marker to 
produce a pulse train having a frequency proportional to rotational speed. A 
front panel Keyphasor output is not available in temperature systems employing a 
digital display module. 

1-4 STANDARD OPTIONS 

1-5 Standard options are installed at the factory according to the catalog 
number specified by the user. The standard options included in this system are 
shown in Table 1-1. The input power can be either 95 to 125 Vac or 190 to 250 
Vac depending on the primary power requirement. The -24 volt transducer power 
is required for the 7000 and 7200 Series Proximitors, and the -18 volt supply is 
used for the 3000 Series Proximitors. If no Proximitors are used in the system 
the -24 volt transducer option is specified. 

1-6 FIELD CHANGEABLE OPTIONS 

1-7 All standard options are installed at the factory according to the 
catalog number specified by the user. However, the alarm relay options can be 
changed in the field to meet new requirements. When installed in a rack without 
individual relays, any of the four alarm relays can be connected for normally 
de-energized or normally energized operation by relocating a jumper wire in the 
power supply. See Section II, Paragraph 2-5 and Figure 2-1, for detailed in
structions. If installed in a rack with individual relays, refer to the Rack 
Assembly Operation and Maintenance Manual 8029270 (Individual Relays) for in
structions relative to relay configuration. 

1-2 
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TABLE 1-1. OPTION LIST 

8IIC CATALOG N\MIER 
,--

90050 

POWER INPUT TRANSDUCER 
P<MER 

POWER UP 
INHIBIT 

--

ALARH RELAY 
NO. I 

00 I• 00 

01 

ALARM RELAY ALARM RELAY 
NO. 2 HO. l 

* 00 * 
01 ~0-60 Hz I Phase Jil_ -=TBVdci -ITTcic ::_ Reuired _ De-energized -- ..... 9---- g 

Nonnally Norully 
n,._,.n,arnt 7ta-d 

- De-e11enitz@cl 

ALARM RELAY 
NO. 4 

00 • ,._ 

01 Nor111lly 
llt!-en@r.!l!!ed 

0I I 95-125 Vac 00 -24 Ydc ll OOHot Required 01 I Noraally ~ I ~ I ~ 

I 02 I Nonully 
02 I 190-250 Vac 

50-60 I!! 1 Phase 
02 \ Honll,l,l\y 

Enerqlzed 
02 \ Normally 

[ner~lie<! 
I 02 j Norully 

_ __ E™1r9.lzecl _ [11@rghed 

i 
\ 

\ 
,' 

• EQUIPPED WITH INDIVIDUAL RELAYS; Sf( 9000 
RACK ASSEMBLY MANUAL 8029270. 

--
\0 
0 
0 
0 

"O 
V, 

/ 

O> 
0 
N 
U1 
0> 
0 
0 
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1-8 MODIFICATIONS 

1-9 Modifications are changes to the power supply that are not covered by 
the standard options and the field changeable options. The changes, if any, are 
described in the modification documents that immediately follow Section I of 
this manual. Modification document numbers are marked on the chassis label and 
circuit board. These numbers should be used when ordering replacement units. 

1-10 OPERATIONAL DESCRIPTIONS 

1-11 UNREGULATED VOLTAGES 

1-12 As shown in Figure 1-2, the 9000 Series Power Supply receives primary 
power through the terminal strip on the rear and through fuses to the trans
former. The transformer provides secondary ac voltages that are rectified to 
provide one negative and two positive unregulated de voltages. The voltages 
are: -V(-29 to -48 volts),+ V(+28 to +49 volts) and +VR (+9.0 to +15.0 volts). 
The three unregulated voltages are applied to the rack assembly for distribution 
to all monitors in the system. The unregulated voltages also are used within 
the power supply for regulation circuits and an optional power-up-inhibit cir
cuit. 

1-13 REGULATED VOLTAGES 

1-14 The power supply also provides three regulated de voltages: +5 volts, 
-24 volts, and an optional -18 volts. The voltages are short circuit protected 
within the power supply and are applied to the rack assembly for distribution. 
The -24 volt supply and optional -18 volt supply are used to power Proximitors 
and similar devices. The -24 volt supply is required for monitor circuitry and 
will always be included with the -18 volt option. 

1-15 The +5 volt regulator is a single integrated circuit fed by +VR. The 
device provides all the regulation and protection for the +5 volt supply. The 
-24 volt regulator contains three major elements: an error amplifier, a power 
control device mounted on a large heat sink, and a current limiter. The error 
amplifier is a feedback circuit that compares the regulator output voltage to a 
reference voltage. When the output voltage tends to increase or decrease, a 
signal is fed to the power control device causing the voltage to remain constant 
at -24 volts. The current limiter monitors 'the output current and, if the 
current reaches approximately 1.0 to 1.2 amperes, turns off the power control 
device to prevent excessive current flow. During short circuit conditions the 
current limiter will hold the output current to approximately 0.6 amperes so 
that the power control device will not overheat. The -18 volt supply is derived 
from the -24 volt supply by use of a zener diode regulator which effectively 
subtracts 6 volts from the 24 volts. 

1-16 RESET CIRCUITS 

1-17 The reset circuits are activated by pressing the front panel COMMON 
RESET switch or by closing a remote switch connected between terminals 4 and 5 

1-4 
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on TBl on the rear of the power supply. The reset signal is fed to all monitors 
in the system and resets any latching alarm or OK circuit that is not receiving an 
alarm level signal. The non-latching alarm and OK circuits automatically reset. 

1-18 OK AND ALARM 

1-19 Some monitors have OK circuits to detect transducer or field wiring 
malfunctions. When such a malfunction occurs, a not-OK signal is fed to the OK 
driver (refer to Figure 1-2). If equipped with individual relays, the not-OK 
signal is fed to the OK relay module which contains the relay drive circuit. 
T~e OK driver then causes the OK relay (optional) to de-energize or drop out. 

1-20 If any of the alarm levels in the monitors are exceeded, one of the 
four alarm buses will receive a signal that will be passed on to the applicable 
alarm driver (refer to Figure 1-2). If equipped with individual relays, the 
alarm signal is fed directly or via a rack bus to the appropriate alarm relay 
module which contains the relay drive circuit. The alarm relay driver will 
amplify the signal, then pass it on to the alarm relay. 

1-21 POWER-UP-INHIBIT 

1-22 The power-up-inhibit option automatically disables the monitor alarm 
circuits and signals a not-OK condition when one of the power supply voltages 
drops below the normal operating level. The alarm relays, OK relay, and OK 
indicators are disabled until approximately 17 seconds after the voltage has 
returned to normal and then are automatically restored to full operation. When 
normally de-energized relays are used, the power-up-inhibit circuit provides 
protection from false alarms due to power transients. If the monitor contains 
latching OK circuits, the COMMON RESET switch on the display module must be 
pressed following a power outage to illuminate the OK indicators. 

1-6 
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2-1 GENERAL 

SECTION II 

MAINTENANCE 

8025800 

2-2 This section contains perfonnance testing and calibration procedures 
for the 9000 Series Power Supply and Keyphasor. The recommended maintenance 
equipment is listed in Table 2-1. If this maintenance equipment is not avail
able, a direct equivalent should be used. RecoRITlended maintenance is restricted 
to replacement of the power supply, power-up-inhibit plug-in board, fuses, and 
to changing jumper wires. Any maintenance by the user other than that recom
mended could void the guarantee. Refer to Table 2-3 for power supply replace
ment parts. 

TABLE 2-1. 

...,*CAUTION*** 

To prevent damage to connectors and com-
. ponents, ensure that all connector pins 
are properly aligned and matched during 
removal and installation of the power 
supply, plug-in display module, and com
ponents. 

****** 

RECOMMENDED MAINTENANCE EQUIPMENT 

~DE;.;,S_C...;RI;_P..;..T;;;,.;IO...;N _________ --+_S __ P __ E __ CI--F __ I __ CA __ T __ I __ ON ... S _________ ---i 

Hewlett-Packard 
HP970A Digital Multimeter (DMM) 
with HP97002A current shunt 

2-3 POWER SUPPLY INTERNAL FUSES 

3 1/2 digit display, with: 

0-1000 Vdc, 10 megohms input impedance 
0-1000 Vac 
0-1000 mA de 
0-1000 mA ac 
0-10 megohms 

2-4 The power supply contains internal ac line fuses plus spares. A 1.5 
ampere slow blow fuse is used with the 95-125 Vac power input option, and two 
0.75 ampere fuses are used with the 190-250 Vac option. If fuse replacement is 
required, remove the power supply from the rack using the procedure given in the 
Rack Assembly Operation and Maintenance Manual 8025700 or 8029270 (as applic
able). See Figure 2-1 of this manual for fuse locations. 

2-1 
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2-5 FIELD CHANGEABLE OPTIONS 

***CAUTION*** 
. 

To prevent damage to circuit board com
ponents, do not use excessive heat during 
soldering. 

****** 

2-6 If the 9000 System rack is equipped with individual relays, refer to 
the Rack Assembly Operation and Maintenance Manual 8029270 for field changeable 
relay option information. If not equipped with individual relays, refer to 
Paragraph 2-7 of this manual. 

2-7 If a change must be made in the alarm relay options for the system 
without individual relays, refer to Rack Assembly Operation and Maintenance 
Manual 8025700 for the power supply and display unit removal procedure. Remove 
the power supply, then remove the screws from the master printed wiring board 
and place it in a horizontal position. This operation will expose the four 
alarm jumpers as illustrated in Figure 2-1. To change a relay option to a 
normally de-energized or normally energized configuration, unsolder the upper 
end of the corresponding jumper, and connect it to the adjacent terminal. 
Jumper locations are specified in Table 2-2. After completing the change, mark 
the revised catalog number on the printed wiring board and chassis label for 
future reference. 

2-8 PERFORMANCE TESTING AND CALIBRATION PROCEDURES 

2-9 Successful completion of the following tests and cali·b·ration pro-
cedures will verify normal power supply operation. The tests should be per
formed in the order given. Unless otherwise specified, test point locations and 
adjustments are shown on Figure 2-1. For power supply and display unit removal 
procedures and individual relay (alarm and OK) test procedures, refer to the 
Rack Assembly Operation and Maintenance Manual. 

2-10 VOLTAGE REGULATOR CALIBRATION 

2-11 Successful completion of the following tests will verify proper opera-
tion of the voltage regulators. 

2-2 

a. Remove the display module. 

b. Connect the DMM between the -24 voe and COM test points. The DMM 
should indicate -23.9 to -24.l volts. If not, adjust the -24 V 
potentiometer. 

c. Connect the OMM between the +5 voe and COM test points. The DMM 
should indicate +4.75 to +5.25 volts. 

1,2.23-290 ... 

---
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TABLE 2-2. FIELD CHANGEABLE OPTIONS (WITHOUT INDIVIDUAL RELAYS*) 

ALARM ALARM 
RELAY JUMPER RELAY JUMPER 
NO. l BETWEEN FUNCTION NO. 2 BETWEEN FUNCTION 

01 E38-E39 NORMALLY 01 E35-E36 NORMALLY 
DE-ENERGIZED DE-ENERGIZED 

02 E38-E37 NORMALLY 02 E35-E34 NORMALLY 
ENERGIZED ENERGIZED 

ALARM ALARM 
RELAY JUMPER RELAY JUMPER 
NO. 3 BETWEEN FUNCTION NO. 4 BETWEEN FUNCTION 

01 E32-E33 NORMALLY 01 E29-E30 NORMALLY 
DE-ENERGIZED DE-ENERGIZED 

02 E32-E31 NORMALLY 02 E29-E28 NORMALLY 
ENERGIZED ENERGIZED 

* SEE MANUAL 8029270 FOR INDIVIDUAL RELAY INFORMATION 

NOTE 

If the -18 volt option is included, per
fonn Step~- If not, proceed with Step 
!.· 

d. Connect the DMM between the -18 VDC and COM test points. The DMM 
should indicate -17.78 to -18.38 volts. 

e. Remove the OMM and reinstall the display module. 

2-12 POWER-UP-INHIBIT TESTS 

2-4 

***CAUTION*** 

The preset alann levels will be exceeded 
when perfonning the test procedures re
maining in this manual. Disconnect or by
pass external circuits to avoid a false 
alann or machine shutdown. 

****** 

. 1...2.23-292 
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2-13 Successful completion of the following tests will verify proper opera-
tion of the power-up-inhibit circuit when it is included in the power supply. 

a. After power has bee~ applied to the system for one minute or 
longer, cause at least one monitor to go into the alarm state by 
increasing the signal level or decreasing the alarm level. 

b. If no system monitor will generate an alarm, check the power 
supply AC line voltage. Low line voltage will cause the power
up-inhibit circuit to disable the monitor OK and alarm circuits. 
The line voltage should be greater than 95 Vac for the 95-125 Vac 
input option and greater than 190 Vac for the 190-250 Vac input 
option. 

c. If no system monitor will generate an alarm and the voltage 
measured in Step bis above the minimum value, replace the power
up-inhibit circuit board. See Figure 2-1 for board location. 

d. With at least one monitor in the alarm state, turn off the system 
ac power and after about 30 seconds restore power. 

e. Verify that all monitor OK and alarm indicators are extinguished. 

f. Press and hold the COMMON RESET switch. If the respective trans
ducer outputs are within normal limits, latching or non-latching 
OK indicators will illuminate 10 to 22 seconds after restoration 
of system power. OK indicators of monitors containing the timed 
OK/danger defeat option will be delayed an additional 8 to 18 
seconds before illuminating. The alann indicators illuminated in 
Step a will re-illuminate 11 to 27 seconds after power is re
stored unless delayed 8 to 18 seconds further by a timed OK/ 
danger defeat circuit. 

g. 

h. 

If Steps e and f cannot be completed successfully, replace the 
power-up-Tnhibit board and repeat the tests. 

Restore the monitor used in Step! to its original condition. 

2-14 COMMON RESET TEST 

2-15 Successful completion of the following test will verify proper opera-
tion of the COITITIOn reset circuits. 

a. By either increasing the signal level or decreasing the alann 
level, cause at least one system monitor that c~ntains latching 
alarms to go into the alann state. 

b. Restore the signal level or alarm level to a non-alann condition. 

2-5 
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c. Press the COMMON RESET switch.. All latching monitor OK and alarm 
circuits that are within normal levels should reset. 

d. If pressing the COMMON RESET switch does not reset the OK and 
alann circuits, and activating the remote reset switch does, the 
COMMON RESET switch may be defective. If it is, replace the 
display module. 

e. If neither the COMMON RESET switch nor the remote reset switch 
operate properly, repeat the preceding procedure with another 
monitor. If the test is still unsuccessful, replace the power 
supply. 

2-16 OK CIRCUIT TEST 

2-17 The following procedure applies to 9000 Systems without individual 
relays. For a system equipped with individual relays, refer to Rack Assembly 
Operation and Maintenance Manual 8029270 (Individual Relays) for the OK relay 
test procedure. · 

NOTE 

Omit the OK circuit test if the optional 
OK relay is not included in the relay 
module, or if no monitors in the system 
contain a transducer fault detection (OK) 
circuH. 

2-18 The following test will verify proper operation of the OK relay (if so 
equipped). 

2-6 

a. Disconnect power to the 9000 System. 

b. Remove all monitors from the rack. 

c. Install the extender card in any position. 

d. Restore system power and jumper extender card terminal ll&M (L/R 
COM) to 18 (OK) which establishes the OK signal to the OK relay. 
The relay coil should be energized and the relay contacts at the 
appropriate states (NO closed and NC open). Verify relay contact 
state by perfonning a continuity check. Remove jumper. 

e. Jumper extender card terminal K (+VR) to 18 (OK) which estab
lishes the not-OK signal to the OK relay. -The relay coil should 
be de-energized and the relay contacts switched from the states 
noted in Step~- Verify relay cont~ct state. 

f. Failure of the OK relay to operate properly requires replacement 
of the relay module. Refer to Rack Assembly Operation and Main
tenance Manual 8025700 for relay module replacement procedure. 

' 
'-._,'. _,/ 

-
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2-19 ALARM CIRCUIT TESTS 

2-20 The following procedure applies to 9000 Systems without individual 
relays. For a system equipped with individual relays, refer to the Rack Assembly 
Operation and Maintenance Manual 8029270 (Individual Relays} for the alarm relay 
test procedure. 

2-21 
relay. 

The following test will verify proper operation of a specific alarm 

a. Disconnect power to the 9000 System. 

b. Remove all monitors from the rack. 

c. Install the extender card. 

d. Restore system power, a_nd jumper extender card tenninal K(+VR) to 
terminal 16 (#1 ALM). This establishes the non-alann signal to 
alann relay 1. The relay contacts should be in the proper state 
for the mode (normally energ·; zed or normally de-energized) of 
the alarm relay. Verify relay contact state ·by performing a 
continuity check. Remove jumper. 

e. Jumper extender card terminal ll&M (l/R COM) to the same alarm 
drive terminal used in Step d. This establishes the alarm signal 
to the alarm relay and the relay contacts should have changed 
from the state noted in Step .9... Verify relay contact state. 

f. Repeat Steps d and e for the other alarm relays using extender 
card terminals U (#2 ALM), 17 (#3 ALM), and V(#4 ALM). Failure 
of any alarm relay to operate properly requires replacement of 
the relay module. Refer to Rack Assembly Operation and Mainte
nance Manual 8025700 for relay module replacement procedure. 

2-22 KEY 0 POWER OUTPUT TEST 

NOTE 

Omit the Key 0 Power Output test if the 
optional Keyphasor is not included in 
the system. 

2-23 Successful completion of the following test will verify proper opera-
tion of the Keyphasor output power. 

a. Connect the DMM between the VT and COM terminals on the terminal 
strip on the rear of the rack adjacent to the power supply. 

b. For the 00 transducer power option, the DMM should indicate -23.9 
to -24.l volts with no load on the Keyphasor supply, and several 
volts less when a Keyphasor Proximitor is connected. For the 01 
transducer power option, the OMM should indicate -17 to -19.2 
volts. 

2-7 
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TABLE 2-3. POWER SUPPLY REPLACEMENT PARTS LIST 

CATALOG OPTION 
NUMBER NUMBER 
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Error 

Tracking Error 

POWER CONSUMPTION 

ENVIRONMENTAL LIMITS 

Rated Performance 

Long Term Storage 

Relative Humidity 

SPECIFICATIONS 

90120 ANALOG READOUT 

!. 0.5% maximum at full scale 

+ 2.0% of full scale maximum 

0.3 watts nominal 

0 to 65°C 

-40 to as·c 
To 95% noncondensing 

8025900 

iit/iv 
AUG 1977 
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1.1 GENERAL DESCRIPTION 

SECTION 1 

GENERAL INFORMATION 

8025900 

The 9000 Series Analog Display Module is used primarily to display switch 
selected signals and alarm levels from the monitors. The module contains a 
3-1/2 inch panel meter, POWER ON indicator, C0ftt10N RESET switch, optional HIGH 
READ/CHANNEL SELECT switch, and calibration adjustments and test points for KEY 
0 (Keyphasor) and COM (conmon). Figure 1-1 illustrates the module front panel. 

1.1.1 STANDARD OPTIONS 

The standard options included in this module are shown in Table 1-1. 

Table 1-1. Option List 

BNC CATALOG NUMBER 

90120 - I b I c:l.. I - ...s- 1 .... ~ 

I 
OPTION OPTION OPTION 
CODE HIGH READ CODE DISPLAY RANGE CODE 

01 Standard 01 o to 10o·c 45 
Without High 
Read 02 0 to 150·C 46 

02 With High Read 03 o to 2oo·c 51 

04 o to 25o•c 52 

05 o to 5oo·c 53 

21 0 to 200·F 54 

22 O·to 300·F 65 

23 0 to 400·F 66 

24 0 to 500·F 67 

25 0 to lOOO·F 68 

DISPLAY RANGE 

Oto 100% 

Dual Oto 100%/100-0-100% 

Oto 5 mils oeak-to-oeak 

0 to 3 mils oeak-to-oeak 

0 to 10 mils oeak-to-oeak 

Oto 15 mils oeak-to-oeak 

0 to 125 micrometers 
oeak-to-oeak 

0 to 80 micrometers 
oeak-to-oeak 

0 to 250 micrometers 
oeak-to-oeak 

0 to 400 micrometers 
oeak-to-oeak 

,.., 
NOV 1980 
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--
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1.1.2 MODIFICATIONS 

Modifications are changes to the module that are not covered by the standard 
options. The changes, if any, are described in the modification documents that 
i111t1ediately follow Section 1 of this manual. Modification document numbers are 
marked on the display module. These numbers should be used when ordering repla
cement modules. 

1.2 OPERATIONAL DESCRIPTIONS 

As shown in Figure 1-2, the monitor inputs (Oto -10 volts) are applied through 
the SPAN adjustment to the panel meter. If the high read option is installed. 
the HIGH READ/CHANNEL SELECT switch must be in the CHANNEL SELECT position 
(shown) to allow the monitor signal and alarm levels to be selected for display. 
When the switch is in the HIGH READ posi·tion, only the highest vibration monitor 
output is displayed, even if the monitor signal switches or alarm switches are 
actuated. 

The input signals applied to the display module, except for the h1gh read 
signal, are received from the monitor signal and alarm switches. These switches 
are normally used one at a time. However, no damage or false alarms will result 
from simultaneous use of more than one switch, but the meter indication should 
not be considered accurate. 

1-2 
NOV 1980 
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2.1 GENERAL 

SECTION 2 

MAINTENANCE 

8025900 

This section provides calibration and performance testing procedures for the 
analog display module. If trouble occurs, make certain that the power supply is 
operational and that all monitor inputs are within specifications before testing 
or replacing the module. Display module installation and removal procedures are 
given in the Rack Assembly Operation and Maintenance Manual, 8025700. Repair of 
the module is limited to replacement of the entire assembly. Failure to heed 
this recomnendation could void the guarantee. If replacement of the module is 
required, use the specific part number- given in Table 1-1 and include all option 
numbers and any modification numbers. 

2.2 PERFORMANCE TESTING AND CALIBRATION PROCEDURES 

Successful completion of the following procedures will verify proper module 
operation at minimum acceptable standards. To ensure proper calibration, the 
procedures must be followed 1n the order giv~n. The recorrmended maintenance 
equipment for performing these procedures is listed in Table 2-1. 

Table 2-1. Reconrnended Maintenance Equipment 

RECOMMENDED E UIPMENT 

Hewlett-Packard 
HP970A Digital Multimeter (DMM) 

DC Power Supply 

Bently Nevada Corporation 
9000 Series Extender Card 
Part Number 90038 

2.2.1 DISPLAY 1'-0DULE CALIBRATION 

EQUIPMENT SPECIFICATIONS 

3-1/2 digit display with: 0 to _:1000 
Vdc range 

Variable negative output voltage with a 
minimum range of Oto -10 Vdc 

Contains all required test points for 
performing test and calibration 

If the following calibration procedure cannot be completed successfully, replace 
the entire analog display module. 

2-1 
NOV 1980 
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2-2 
NOV 198.0 

8025900 

a. With all monitor signal and alarm switches in the neutral position 
{not pressed for display), and if included, the optional HIGH 
READ/CHANNEL SELECT switch set to the CHANNEL SELECT position, the 
display module meter should indicate zero. 

b. If zero adjustment is required, perform Steps c through e. If 
zero adjustment is not required, proceed directly to Step f. 

c. Remove the display module from the rack in accordance with the 
instructions provided in the Rack Assembly Operation and 
Maintenance Manual 8025700. 

d. Hold the display module so that the meter is upright and braced on 
a table or bench •. and adjust the meter zero control on the rear of 
the meter until the meter indicator points to zero. 

e. Reinstall the displ~y module in the rack by reversing the removal 
procedure referenced in Step£· 

f. Install the extender card in a vacant monitor position. Connect 
the de power supply between the meter bus ·1 {Ml) and the signal 
conmen (SIG COM) on the extender card. . 

g. Turn on the de power supply and set its output for a -10.00 volt 
indication on the DMM. The module meter should indicate a full 
scale deflection. 

h. If the module meter does not indicate full scale in Step .9., remove 
the adjustment control cover and adjust the SPAN potentiometer for 
a ful~ scale deflection. 

NOTE 

If a de power supply is not available for 
this test and calibration, use one of the 
system monitors, with the output set to 
full scale (-10.00 Vdc}. 

--

--
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INPUTS 

Signal 

Input impedance 

Scale factor 

Power Consumption 

OUTPUTS 

Recorder 

Output impedance 
(voltage output options) 

Maximum load impedance 
(current output options) 

Meter output 

Output impedance 
(front panel) 

Transducer voltage 

3000 series proximitor 
option 

SPECIFICATIONS 

90100 DUAL RV MONITOR 

TW8026100 

Two proximity vibration signals 

lOK ohms nominal 

100 mv/mil (approx. 4V/mm) 
or 

200 mv/mil (approx. SV/IIITI) 

3.4 watts nominal 

Voltage or current proportional to mon
itor range 

100 ohms 

900 ohms 

o to -10 voe signal proportional 
to monitor range 

lOK ohms+ 1% 

-18 VOC, +0.4, -0.3 VDC at 15 MA@ 25°C 

7000 or 7200 series proximitor 
option 

-24 VOC, + 0.1, -0.2 VOC at 20 MA@ 25°C 

Proximitor out 
(front panel) 

Out~ut impedance 

Relay drive 

; 

DC gap and dynamic motion signal 

3. 3K ohms + 5%. 

Two system compatible alarm relay drive 
signals (alert & danger) and an OK relay 
drive signal. Alarm and OK reiay drive 
signals are common to both channels. 

1,2..l3-308 
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PERFORMANCE 

Signal conditioning 

Frequency response 

Mid-band accuracy 

SPECIFICATIONS 

90100 DUAL RV MONITOR 

240 to 360,000 RPM,+ 0 to -3 db 
1,200 to 240,000 RPM, +Oto -5% 

(rated sinusoidal input to output) 

Error at 25°C Tempco 

Tvoical* Maximum* Tvoical* 
__________ ,._ 

Recorder output + 0.6% + 1.5% ::.·o.Ol% per °C 

Meter output + 0.5% + 1.0% :_ 0.008% per °C 

+ 1. 5% + 0.008% per °C Meter output, high read + 0.7% =-----=----------=-------~ 
*% of full scale 

ALARMS 

Adjustment range 0 to 110% of full scale 

Set point stability + 0.0075% of full scale per °C, typical 

Alarm repeatability Within+ 0.1% of full scale at 25°C -------------=--------
ENVIRONMENTAL LIMITS 

Rated performance 0 to +65°C 

Long term storage -40 to +85°C 

_R_e_l a_t_i_v_e_h_u_m_i_d ,_· t-=-y _________ ___.:O to 95 % noncondens i ng 

_w_E_IG_H_T _____________ o_._69_l_bs_._(0_._3_1 _K __ g_) --------

ii 
1.2.23-309 
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1-1 GENERAL DESCRIPTION 

SECTION I 

GENERAL INFORMATION 

TW8026l00 

1-2 The 9000 Series Dual Radial Vibration (ORV) Monitor System shown in 
Figure 1-1 continuously monitors two independent channels of radial vibration 
for machine protection. The two channels also may be used for X-Y vibration 
monitoring. The system consists of two transducers, each comprised of a probe, 
proximitor and associated cabling; and a 9000 Series ORV monitor mounted in a 
9000 Series instrument rack. 

1-3 The eddy current type probes and proximitors generate electrical 
signals that are proportional to the distance between the probes and a shaft or 
other observed surface. Detailed descriptions of the probes and proximitors are 
given in the Probe and Proximit6r Operation and Maintenance Manuals. 

1-4 The monitor consists of a front panel and circuit board which includes 
switches for display of signal and alarm levels, light-emitting diode (LED) 
indicators for annunciation of OK and alarm status, calibration and alarm adjust
ments, and connectors for output signals. The instrument rack assembly contains 
a common display module, power supply, relays for OK and alarm circuits, and 
terminals for field wiring. Field wiring information is furnished in the Rack 
Assembly Operation and Maintenance Manual, TW8025700. 

1-5 The monitor converts each proximitor output to a signal that is used by the 
common system display to indicate peak-to-peak vibration. The monitor also 
provides recorder output signals which are available at the rack rear terminal 
strip. Each channel includes an OK circuit to detect transducer faults, field 
wiring faults or improper probe gap settings. The alert and optional danger 
alarm circuits have individually adjustable set points for each channel which 
can be read on the system display. If a vibration level exceeds a set point, 
the corresponding indicator will illuminate and a signal will actuate an alarm 
relay in the instrument rack. 

1-6 STANDARD OPTIONS 

1-7 The standard options included in this system are shown in Table 1-1. 
All standard options are factory installed according to the catalog number 
specified by the user. 

1-8 FIELD CHANGEABLE OPTIONS 

1-9 Certain of the standard options can be changed in the field to meet 
new requirements. The alarm timing 9nd mode, alert relay select, and optional 
danger relay select options can be altered by relocating jumper wires on the 
printed circuit board. Refer to the procedure in Section II of this manual for 
detailed instructions. 

1-2 



~ 

I 

...... 
I 

w 

TABLE 1-1. OPTION LIST 

BNC CATALOG NUMBER 

I ~ l..-5 I -
I 

I I 

MONITOR . 
RANGE 

01 0-5 MILS 01 

02 0-3 MILS 
02 

OJ 0-10 MILS 

04 0-15 MILS OJ 

05 0-125 MICROMETERS 

06 0-80 MICROMETERS 

07 0-250 MICROMETERS 

08 0-400 MICROMETERS 

( 

' --

I tJl--2 I- I ~I .1 I- I" I.., I - I LJl-l. 
r-' ~ 7 

TRANSDUCER RECOROER 
lVPE DIJTPUT OK CIRCUIT 

7000 l'ROXIHITOR 01 o TO -10 voe DI NON-LATCHING 01 
100 HV/HIL 

02 o TO •5 voe 02 LATCHING 
3000 PROX IMllOR 
200 HY/MIL 03 • I TO • 5 voe 03 TIMED OK 02 

DANGER DEFEAT 
7200 PROXIHITOR 04 0 TO 20 MA 
200 HV/HIL 

05 4 TO 20 MA 

( 

--

- I .11 / I - I i>I 1 I -
'--, I 

I 

ALAAM ALARM 11HING 
OUANTITY AND MODE 

CHANNEL A 01 l SEC DELAY 01 
AND B ALERT LATCHING 
ONLY 02 

02 l SEC DELAY 
CIIANNEL A NON-LATCHING OJ 
AND B ALERT 
ANO DANGER OJ 1 SEC DELAY 04 

LATCHING 

04 1 SEC DELAY 
NON-LATCIIING 

~ 
ALERT 
RHAV 
SELECT 

RHAY I 00 

RELAY 2 01 

RELAY 3 112 

RELAY 4 OJ 

04 

DANGER 
RELAY 
SELECT 

NONE 

REI AY I 

RHAY 2 

RELAY J 

RELAY 4 

) 

'° 0 
0 
0 

0 
:;o 
< 

~ 
(X) 
0 
N 
C1\ ...... 
0 
0 

--
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1-10 MODIFICATIONS 

1-11 Modifications are changes to the monitor that are not covered by the 
standard options and the field changeable options. The changes, if any, are 
described in the modification documents that invnediately follow Section I of 
this manual. Modification document numbers are marked on the circuit board. 
These numbers should be used when ordering r.eplacement units. 

1-12 OPERATIONAL DESCRIPTIONS 

1-13 Figures 1-2 and 1-4 through 1-6 are functional diagrams that are 
presented to help the user better understand the ORV monitor operation. The 
text is keyed to these diagrams by the use of circled numbers. Only one channel 
of this dual channel monitor is described since both channels are identical in 
operation. 

1-14 SYSTEM 

1-15 As shown in Figure 1-2, the transducer signal (D i_s applied simultan-
eously to the ac amplifier® , the OK circuit ® and the PROX OUT A connector 

@. A span adjustment control is provided on the ac amplifier for calibration 
of full-scale output. The ac amplifier output is fed to a peak-to-peak detector 
where the signal is converted to a Oto -10 volt level that is proportional to 
the peak-to-peak movement of the observed surface. The Oto -10 v~t level is 
applied to the alarm comparators ® , the METER OUT A connector 6 , the 
recorder A circuit (j), the front panel SIGNAL switch @· and the igh read 
circuit (9). The recorder circuit provides a de voltage or current output that 
corresponds to the Oto -10 volt input. WhenAressed, the SIGNAL switch passes 
the Oto -10 volt level to a display driver @ , which feeds an output signal 
to the common system display module. The high read circuit applies the larger 
of the two vibration levels to the rack high read bus. When in the high read 
mode, the display module reads the largest vibration level present on the bus. 

1-16 FRONT PANEL 

1-17 See Figure 1-3, the ORV monitor front panel drawing, for ind~cator, 
switch and control definitions. 

1-18 OK CIRCUIT 

1-19 Figure 1-4 illustrates the OK circuit for one channel. The compara-
tors @ monitor the proximitor output voltage to determine if it is between 
the upper and lower OK limits, which define the range of normal proximitor 
operation. OK limit voltage values are listed in Section II, Transducer and OK 
Circuit Limit Test, for each proximitor type. 

1-20 During normal operation the proximitor output is within the OK limits, 
the OK indicator is on, and if all channels in the system are in the OK state, 
the OK relay (if provided) is energized. If the proximitor signal exceeds an OK 
limit, the corresponding comparator feeds a signal to the indicator and relay 
driver @ . The driver then extinguishes the OK indicator and de-energizes 
the OK relay. The driver can operate in a non-latching or latching mode. In 
the non-latching mode, the indicator and relay are energized the moment that OK 

1-4 
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BENTLY 
NEVADA 

~ 

BENTLY f\ 
NEVADA 0 
MADE@ 
IN 
USA 

TW8026100 

NORMALLY ILLUMINATED, THEREBY INDICATING THAT THE 
PROBE IS WITHIN SPECIFIED LIMITS AND THE FIELD WIRING 
IS INTACT. 

ILLUMINATED IF EITHER CHANNEL EXCEEDS A DANGER LEVEL. 
(OPTIONAL) 

ILLUMINATED IF EITHER CHANNEL EXCEEDS AN ALERT LEVEL. 

USED TO SELECT EITHER CHANNEL SIGNAL LEVEL FOR SYSTEM 
DISPLAY. 

USED TO SELECT EITHER CHANNEL DANGER LEVEL FOR SYSTEM 
DISPLAY. (OPTIONAL) 

USED TO SELECT EITHER CHANNEL ALERT LEVEL FOR SYSTEM 
DISPLAY. 

COVER FOR ALARM SET LEVEL POTENTIOMETERS. THE COVER 
LABEL INFORMATION DEFINES THE SPECIFIC MONITOR RANGE. 
THE XDCR TYPE AND RECORDER OUTPUT INFOru1ATION IS 
LISTED ON THE REAR SIDE OF THE COVER. 

TEST POINTS FOR THE BUFFERED UNPROCESSED PROXIMITOR 
SIGNAL. 

TEST POINTS FOR THE UNS~ITCHED METER OUTPUT. 

Figure 1-3. ORV Monitor Front Panel 

1-6 



... o. 

9000 ORV TW8026100 

conditions are restored. In the latching mode, the COMMON RESET switch or 
remote reset contact must be actuated after OK conditions are restored to 
energize the indicator and relay. 

-J• V 

TIIIMtN&L 06C• 
fflJllf' COtlNIC'TOII .... 

® ~ ,_,. 
o• °" LIMtT I.ID 

COWAUTOII .. DII I -® @ 
c:0NNIC'TOII 

J 
011 • 
0 C n11111 

OIIIVIII 011 IOfllTIOIULI 
I ,. 

-MV oc -•u.• 
® OIIIVI 

~AIATOII 

-·· oa,u, 
IDPfDIAU 

tNNl9rT 
,. _____________ __, 

IIUIT 

Figure 1-4. OK Circuit Flow Diagram 

1-21 If .the timed OK/danger defeat option is specified, a timer O is 
included in the circuit. This option disables the corresponding danger alarm 
circuit whenever the transducer output is not within the OK limits. When the 
transducer output returns within the OK limits, the timer waits approximately 15 
seconds before allowing the driver to restore the OK lamp, OK relay and danger 
circuit to normal operation. This feature prevents false danger indications due 
to transducer failures or intermittent operation. 

1-22 PROXIMITOR POWER SUPPLIES 

1-23 As shown in Figure 1-5, the proximitor supply voltage is -18 vdc for 
the 3000 series transducer and -24 vdc for the 7000 and 7200 series transducers. 
Each supply voltage is current limited to prevent any circuit damage if a short 
circuit occurs in the proximitor supply. In addition, a short circuit will not 
affect the operation of the other proximitor and monitor cha~nel. 
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RACK 
CONNECTOR -

... 

12 

, 

13 

\ 

-24 voe 

--

-11 VDC 

--

RACK TERMINAL 
CONNECTOR STRIP 

TRANSDUCER 

' OPTION 

' , 
' OR 

' 4 

' E 

0 
VT CURRENT OR PROX 

/ LIMITER B POWER 
/ 

/ ,,. 
2 ,,, 

OR 
5 

0 0 OR COM 
A 

Figure 1-5. Proximitor Power Supply Flow Diagram 

1-24 ALARM CIRCUIT 

1-25 As shown in Figure 1-6, the conditioned proxi~tor signal is applied 
to the alert and, if included, the danger comparators Q.1) . Each comparator 
set level can be adjusted by using the controls @ accessible through the 
front panel . 

1-26 Whenever the alert level is exceeded, the comparator changes state and 
actuates the time delay circuit @ . The time delay is a field changeable 
option. If the preset level continues to be exceeded until ,1;..Qe time delay has 
elapsed, a signal is fed to the indicator and relay driver QJ) . The driver 
illuminates the ALERT indicator and causes the selected alarm relay to change 
state. The alert alarm is either latching (manual reset) or non-latching (auto
matic reset) and is field changeable to either operating mode. If the latching 
option is installed, a reset signal will be required to return the circuit to a 
normal condition after the input signal has decreased below the alarm set level. 

1-27 
except 

1-28 

1-29 
power 
power 

The optional danger alarm operation is the same as the alert alarm 
for the timed OK/danger defeat option described in Paragraph 1-21. 

POWER-UP-INHIBIT 

The alarm and OK circuits respond to power-up-inhibit signals from the 
supply. If the power-up-inhibit circuit detects a power transient or 
loss, it will disable all monitor alarm and OK circuits in the system. 
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This operation annunciates loss of power and prevents false alanns. Refer to 
manual TW8025800, Power Supply Operation and Maintenance, for more infonnation. 

1-30 POWER SUPPLY REQUIREMENTS 

1-31 The system power supply assembly provides +5 vdc, -24 vdc and optional 
-18 vdc regulated voltages. Unregulated voltages also are provided. See Table 
2-3 for voltage values and test points used in the ORV monitor. 

1-32 COMPUTER INTERFACING PRECAUTIONS 

1-33 To assure compatibility when interfacing the monitor recorder output(s) 
with a computer system via a multiplexer, observe the precautions in Paragraphs 
1-34 through 1-40. 

1-34 VOLTAGE MOOE INTERFACING 

1-35 . The output voltage of each voltage-mode recorder output option (see 
Table 1-1) is limited by the monitor to approximately +15 Vdc to protect the 
multiplexer. Therefore, ensure the multiplexer can safely accept this maximum 
voltage. 

1-36 CURRENT MODE INTERFACING 

1-37 Ensure the product of the load resistance and the maximum driver 
current for each current-mode recorder option (see Table 1-1) does not exceed 
the input voltage limits of the multiplexer. 

1-38 The recorder output driver acts as a current sink, thereby developing 
negative voltages across the load. Ensure the negative polarity is compatible 
with the multiplexer input requirements. 

1-39 MULTIPLEXER SAMPLE TIME 

1-40 To reduce switching transients to an acceptable level, the minimum 
multiplexer sampling time required for any recorder output is 7.5 microseconds. 
However, certain multiplexers may require longer sampling durations (typically 
20 to 30 microseconds) to achieve acceptable reduction of switching transient 
levels. 

1-10 
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2-1 GENERAL 

SECTION I I 

MAINTENANCE 

2-2 This section contains procedures for calibration and performance 
testing, alarm adjustments and alteration of field changeable options. If 
trouble occurs make certain that the power supply is operational, all field 
wiring is intact and the transducers are operating normally before testing or 
replacing the ORV monitor. Monitor installation and removal procedures are 
given in the Rack Assembly Operation and Maintenance Manual, TW8025700. Solder
ing or unsoldering of connections on the circuit board should be limited to 
changing of jumper options. Failure to heed this reco1T1Tiendation could void the 
guarantee. If replacement of the monitor is required, use the specific part 
number given in Table 1-1, with all option numbers and any applicable modifica
tion numbers. A monitor which is equivalent except for field changeable options 
can be used as a replacement if the field changeable options are altered appro-
priately. ' 

2-3 FIELD CHANGEABLE OPTIONS 

***CAUTION*** 

To prevent damage to circuit board com
ponents, do not use excessive heat during 
soldering. 

****** 

2-4 If one of the field changeable options must be altered, remove the 
monitor board from the rack to expose the jumper wires as shown in Figure 2-1. 
To change the alarm timing and mode, or relay selection, unsolder one end of the 
appropriate jumper wire and resolder it according to Table 2-1. 

2-5 After completing the change, mark the revised catalog number on the 
printed wiring board for future reference. 

2-6 ALARM ADJUSTMENT PROCEDURES 

***CAUTION*** 

The alarm adjustment controls are capable 
of settpoints as low as O mils. If the 
externtl alarm circuits are connected 
during this procedure, improper adjust
ment could activate the alarms. 

****** 

2-7 The alarm adjustment front panel cover must be removed to gain access 
to the potentiometers. Refer to Figure 1-3 for switch locations and Figure 2-1 

2-1 
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TABLE 2-1. FIELD CHANGEABLE OPTIONS 

ALARM ALERT DANGER 
TIMING JUMPER RELAY JUMPER RELAY 
& MODE BETWEEN FUNCTION SELECT BETWEEN FUNCTION SELECT 

01 E149-E150 ALERT AND 01 E154-E155 RELAY l 00 
El 62-El 63 DANGER 3 
E151-El53 SEC DELAY 02 E154-E156 RELAY 2 01 
E164-E166 LATCHING 
E175-El74* 03 E154-E157 RELAY 3 02 
E185-E186* 
E176-E178* 04 E154-E158 RELAY 4 03 

& 
E187-E189* 04 

02 El49-E150 ALERT & 
El62-El63 DANGER 3 
El51-El52 SEC DELAY 
El64-El65 NON-
El75-El74* LATCHING 
El 85-El 86* 
£176-£177* 

& 
El87-E188* 

) 03 E149-El48 ALERT AND 
El 62-El 61 DANGER l 
El51-El53 SEC DELAY 
E164-El66 LATCHING 
E174-El73* 
El 85-El 84* 
El 76-El 78* 

& 
El87-El89* 

04 El49-E148 ALERT AND 
El 62-El 61 DANGER l 
El51-El52 SEC i-lON-
E164-E165 LATCHING 
El74-E173* 
El 85-El 84* 
El 76-El 77* 

& 
E187-El88* -

* DANGER CIRCUITS ARE OPTIONAL. THESE JUMPERS HAVE NO EFFECT 
ON MONITOR OPERATION WHEN THE DANGER CIRCUITS ARE NOT INCLUDED. 

2-2 

TW8026100 

JUMPER 
BETWEEN FUNCTION 

NONE NONE . 
E179-E180* RELAY l 

El 79-El 81 * RELAY 2 

El79-E182* RELAY 3 

E179-E183* RELAY 4 
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for alarm adjustment locations. If the danger alarms are not included, the 
-adjustment controls are not installed on the board. 

2-8 The alarms are adjusted to the required values by first pressing the 
appropriate alarm switch toward the proper channel, reading the value indicated 
by the display and then adjusting the corresponding potentiometer to the value 
representing the desired alarm vibration. 

2-9 PERFORMANCE TESTING~ CALIBRATION PROCEDURES 

2-10 Successful completion of the following procedures will verify proper 
monitor system operation at minimum acceptable standards. To ensure proper 
calibration, the procedures must be followed in the order given. The recommended 
maintenance equipment for performing the.se procedures is given in Table 2-2. 
The remainder of the testing requires that the monitor be extended from the rack 
using the extender card. 

***CAUTION*** 

To prevent circuit damage when installing 
the extender card, either disconnect sys
tem power or connect the monitor to the 
extender card before connecting the ex
tender card to the rack bus. Ensure that 
all connector pins are matched and prop
erly aligned. 

****** 
TABLE 2-2 RECOMMENDED MAINTENANCE EQUIPMENT 

RECOMMENDED E UIPMENT 

Hewlett-Packard 

HP970A Digital Multimeter (DMM) 
with HP97002A Current Shunt 

Bently Nevada Corporation 

2-4 

TK-3 Test and Calibration Kit 
with Instruction Manual 

9000 Series Extender Card 
Part Number 90038 

EQUIPMENT SPECIFICATIONS 

3-1/2 digit display with: 
0 to +1000 vdc 
0 to 1000 vac 
0 to 1000 ma de 
0 to 1000 ma ac 
Oto 10 megohms 

Vibration rpm range= lK to lOK rpm 
Vibration amplitude range= 0 to 

5 mils peak-to-peak 
Displacement range (spindle 
micrometer)= o·to 500 mils 

Contains all required test points 
for performing test and calibra
tion refer to Table 2-3 

1.2.23-325 
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***CAUTION*** 

The preset alarm levels will be exceeded 
when performing all test and calibration 
procedures remaining in this manual. Dis
connect or bypass all external circuits 
to avoid a false alarm or machine shut
down. 

****** 

TW8026100 

2-11 TRANSDUCER POWER TEST 

2-12 If the following test results are not within the limits specified, 
replace the monitor. 

a. Using the DMM, measure the voltage between the SIG 1 and SIG 2 
extender card terminals and between the SIG 4 and SIG 5 extender 
card terminals. The voltage should be between -17.7 and -18.4 
volts for the -02 transducer option, and between -23.8 and -24.1 
volts for the -01 and -03 transducer options. 

b. Disconnect the rear terminal strip proximitor output power connect
or (VT} from the channel A and B proximitors. 

. 
c. Using the DMM and the current shunt, measure the current between 

the SIG 1 and the SIG 2 extender card terminals, and between the 
SIG 4 and the SIG 5 extender card terminals. ~he current should 
be between 20 and 33 ma for the -02 transducer option, and between 
29 and 43 ma for the -01 and -03 transducer options. 

d. Reconnect VT to the appropriate proximitors. 

2-13 TRANSDUCER AND OK CIRCUIT LIMIT TEST 

2-14 If the following Steps 9- through j_ do not yield results that are within 
the specified limits, replace the monitor. 

NOTE 

Some probes and proximitors are cali
brated for use with materials such as 
aluminum and stainless steel, rather than 
for conmon soft steel. Ensure that the 
TK-3 targets are compatible with the par
ticular probe and proximitor in use. The 
TK-3 is normally provided with soft steel 
targets, but special targets are avail
able. 

a. Disconnect the probe from the 95-ohm extension cable. 

b. Remove the channel A probe from the machine or obtain an equiva
lent substitute probe. 

2-5 ,-.~-
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NOTE 

The actual machine probe should be used 
in lieu of a substitute probe to obtain 
greater system accuracy. 

TW8026100 

c. Perform the Calibration Check Procedures that are·in the appropri
ate Probe and Proximitor Operation and Maintenance Manual, TW8019410, 
TW8019610, or TW8026800, depending on the type used. 

NOTE 

Use monitor power instead of an ex
ternal power supply. No external load 
will be required on the proximitor OUTPUT 
terminal when the monitor is connected. 
Bently Nevada Corporation recommends that 
for future reference the calibration 
curve should be plotted from data OQ
tained in the preceding step. 

d. Rotate the TK-3 spindle micrometer to a gap of 50 mils away from 
the probe face. The A OK indicator should be illuminated. If 
the OK circuit latching option is included, press the COMMON· 
RESET switch on the system display module and the A OK indicator 
should illuminate. If the timed OK/danger defeat option is 
installed, there will be an 8- to 18-second delay before the OK 
indicator illuminates. 

e. Rotate the spindle micrometer away from the probe face to a point 
at which the A OK indicator just extinguishes. The DMM indication 
at the PROX OUT A connector should be between -~0.5 and -11.4 
volts for 3000 series proximitors (200 mv/mil), between -11.0 and 
-12.0 volts for 7000 series proximitors (100 mv/mil) and between 
-16.4 and -17.3 volts for 7200 series proximitors (200 mv/mil). 

NOTE 

If the timed OK/danger defeat option is 
included, then perform Step .9. in lieu of 
Step f.. 

f. Slowly rotate the spindle micrometer toward the probe face to a 
point at which the A OK indicator illuminates. If the OK circuit 
latching option is included, press and hold the COMMON RESET 
switch during this step. The DM~ indication should be within 0. 1 
volt of the indication in the preceding step. 

g. Slowly rotate the spindle micrometer toward the probe face to a 
point at which the OMM indication is 0.1 volt below the indication 
in Step e. The A OK indicator will illuminate after an 8- to 18-
second delay. 
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2-15 

h. Rotate the spindle micrometer toward the probe face to a point at 
which the A OK indicator just extinguishes. The DMM indication 
should be between -2.0 and -2.35 volts for 3000 series prox
imitors, between -3.9 and -4.5 volts for 7000 series proximitors 
and between -2.9 and -3.3 volts for 7200 series proximitors. 

NOTE 

If the timed OK/danger defeat option is 
included, then perform Step J.. in lieu of 
Step i-

i. Slowly rotate the spindle micrometer away from the probe face to 
a point at which the A OK indicator illuminates. If the OK 
circuit latching option is included, press and hold the COMMON 
RESET switch during this step. The DMM indication should be 
within 0. 1 volt of the indication in the preceding step. 

j. Slowly rotate the spindle micrometer away from the probe face to 
a point at which the DMM indication is 0.1 volt above the indica
tion in Step h. The A OK indicator will illuminate after an 8-
to 18-second delay. _ 

SIGNAL CONDITIONER CALIBRATION 

2-16 Successful completion of the following signal conditioner calibration 
procedure will verify proper operation of the monitor readout circuits. Replace 
the monitor if this procedure cannot be completed successfully. If the high 
read option is included in the display module, set the HIGH READ/CHANNEL SELECT 
switch on the system display module to the CHANNEL SELECT position. 

a. Using the dial micrometer supplied with the TK-3, adjust the TK-3 
wobulator cross-slide until it is set at the monitor full scale 
vibration value, or 5 mils (127 micrometers) peak-to-peak, which
ever is less. 

NOTE 

Refer to the TK-3 Instruction Manual for 
the procedure of setting the cross-slide, 
and to Table 1-1 of this manual for the 
monitor full-scale vibration value. 

b. Remove the dial micrometer from the cross-slide and install the 
channel A probe or. substitute probe in the cross-slide. 

c. Connect the DMM to PROX OUT A on the monitor front panel and ad
just the probe position in the cross-slide until the DMM indica
tion is approximately -6.5 volts for 3000 series proximitors, 
-7.5 volts for 7000 series proximitors or -9.0 volts for 7200 
series proximitors. 

2-7 
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d. Press the SIGNAL switch on the monitor front panel to the READ A 
position. The system display module meter should indicate zero 
vibration. 

e. Connect the DMM to METER OUT A. Set to indicate de voltage with
in a range of Oto -10 ~de. 

f. Turn on the TK-3 wobulator and adjust the speed to approximately 
6000 rpm. 

g. The OMM indication should correspond to the vibration input level 
set in Step a of this paragraph within about +5%. If the indica
tion is incorrect, adjust the SPAN A potentiometer (see Figure 2-
1 ) . 

h. Press the SIGNAL switch to the READ A position. The system 
display module meter indication should be full scale or 5 mils 
(127 micrometers) peak-to-peak, as determined by the vibration 
level set in Step!. of this paragraph. 

i. If the high read option is included in the display module, set 
the HIGH READ/CHANNEL SELECT switch to the HIGH READ position. 
The system display module meter indication should be within 1% of 
the indication in Step h if no other vibration channel in the 
system has a higher vibration input. Return the switch to the 
CHANNEL SELECT position. 

j. To check the recorder output, connect the OMM to SIG 7 on the 
extender card. Adjust the DMM to indicate a de voltage or current 
range that is capable of acco1T111odating the recorder output (refer 
to Option List, Table 1-1, for-proper recorder outputs). If the 
system has remote recorders, each should be disconnected during 
calibration in order to obtain accurate results. The recorder 
output should correspond to the meter output value of Step g_ with 
an error of less than +1% of full scale. -

2-17 ALARM CIRCUIT TESTS 

2-18 The following test procedure includes both the alert and optional 
danger circuit tests. When the danger circuit is included, perform the entire 
procedure. If the danger circuit is excluded, omit Steps~ through g_ and con
tinue to Step h_. If the alarm levels are set at a value greater than 5 mils 
(127 micrometers) peak-to-peak, use the Alarm Adjustment Procedures (refer to 
Paragraph 2-6) to set the alarm levels to a point less than 5 mils peak-to-peak 
for this test only. 

2-8 

a. With the probe fnitalled as fn Paragraph 2-16, set the TK-3 
wobulator cross-slide to the center of the disc. 

b. If the alarm circuit latching option is included, press the 
COMMON RESET switch to clear any alarms. 

....... , 
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c. Turn on the wobulator and adjust the speed to approximately 6000 
rpm. Press the SIGNAL switch to the READ A position. The system 
display module m~ter should indicate approximately zero mils or 
micrometers peak-to-peak. 

d. Press and hold the SIGNAL switch to the READ A position during 
this step. Slowly adjust the cross-slide away from the center of 
the disc until the system display module meter indicates the 
alert vibration alarm level. After the specified time delay, the 
ALERT indicator should illuminate and the alarm relay assigned to 
the alert circuit should change state. Verify the relay changed 
state by performing a contact resistance measurement. 

e. Press and hold the SIGNAL switch to the READ A position during 
this step. Slowly adjust the cross-slide away from the center of 
the disc until the system display module meter indic.ates the 
danger vibration alarm level. After the specified time delay 
(refer to Table 1-1), the DANGER indicator should illuminate and 
the relay assigned to the danger circuit should-change state. 
Verify that the relay changed state. 

NOTE 

If the timed OK/danger defeat option is in
cluded, perform Steps f_ and g_. otherwise 
continue to Step h_. 

f. Connect a jumper between the SIG 1 and SIG 2 extender card termi
nals. The A OK and DANGER indicators should extinguish. 

g. Disconnect the jumper b~tween SIG 1 and SIG 2. After an 8- to 
18-second delay the A OK indicator should illuminate. The 
DANGER indicator then should illuminate after the specified alarm 
time delay has elapsed. 

h. Restore the channel A probe to the normal machine location. 
Press the COMMON RESET switch if the alarms are latched on and 
repeat this procedure for channel B beginning with Paragraph 
2-13. Substitute terminals SIG 4 and SIG 5 for SIG 1 and SIG 2, 
and SIG 9 for SIG 7. 

i. When Step h has been completed, restore the channel B probe to 
the normal-machine location. Readjust the alarm set levels as 
desired if changed for this procedure. Press the COMMON RESET 
switch if the alarms are latched on and reinstall the monitor in 
the rack. 

2-9 
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- TABLE 2-3. EXTENDER CARD TEST POINTS 

TERMINAL NAME SIGNAL DEFINITION 

SIG l 0 REC B COMMON 
SIG 9 REC B OUTPUT 1<si u 172) V l!,..._ 

@ · .. S) ~ 
SIG 3 ~ROX A INPUT SIG 10 #2ALM .#]ALM #4ALM OK 
SIG 8 . REC A COMMON 
SIG 4 PROX B POWER 
SIG 5 PROX B COMMON 
#2 ALM ALARM RELAY 2 OUTPUT 

2@ s .. 15@ T@ 16@ . ·0 
SIG 9 TM INHIBIT RESET ~!ALM 

TM (OPTIONAL) 
SIG 1 PROX A POWER 
SIG 6 PROX B INPUT 
SIG 2 PROX A COMMON 
SIG 7 REC A OUTPUT 
#3 ALM ALARM RELAY 3 OUTPUT 
INHIBIT INHIBIT SIGNAL {-24 VDC) 

c@ £@ 
13& p 

R@ 14@ @ 
SIG 3 SIGl -11¥ -v 

3@ 5@ 
lO&l tl&M 12& N · 

@ @ @ 
SIG 8 SIG 6 •SY L/R COM -24Y 

-18 V -18 VOLT INPUT TO MON 
+5 V +5 VOLT INPUT TO MON 
( 7) NOT USED 
Ml METER DRIVE 

·@ D@ 7@ 9@ I(@ 

SIG 4 SIG 2 •Y •YR 

-
#4 ALM ALARM RELAY 4 OUTPUT 
RESET RESET SIGNAL {-24 VDC) 
-V -29 to -48 VOLTS 
L/R COM LAMP ANO RELAY COMMON 

A@ 4@ F _H@ 
l&J 

@ @ 
SIG 5 SIC 7 Mt HI READ SIC 

COM - +V +28 TO +49 VOLTS 
HI READ HIGH READ METER DRIVE 
M2 NOT USED 

'@ / 

M2 
._ __ ./ 

OK OK RELAY DRIVE OUTPUT 
#1 ALM ALARM RELAY l OUTPUT 
( 14) NOT USED 
-24 V -24 VOLT INPUT TO MON 

Figure 2-2. Extender Card Terminals 

+VR +9.5 TO +15 VOLTS 
SIG COM SIGNAL COMMON 

/ 
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Al-1 GENERAL 

SECTION A-I 

GENERAL INFORMATION 

Al-2 This manual contains four sections that cover the Bently 
Nevada Corporation 3000 Series Probe and Proximitor combination. Section 
A-I contains a general description of the manual, general physical and 
functional descriptions of the equipment, description of the available 
options, definition of the non-standard tenns used in this manual, and 
the following specifications: electrical, perfonnance, mechanical, and 
tenninals. Section A-II contains receiving inspection, power and signal 
connections, proximitor installation, probe installation, and initial 
gap procedures. Section A-III contains calibration check procedures. 
Section A-IV contains a list of replaceable parts. 

Al-3 PHYSICAL DESCRIPTION 

Al-4 The 3000 Series Probe and Proximitor system consists of three 
separate items; a Type 190 or 300 Probe with 50-otm integral cable and 
connector, a 95-ohm coaxial extension cable, and a 3000 Series Proximitor 
as shown in Figure Al-1. These components are required to make proximity 
measurements. The field wiring descriptions between the proximitor 
output and the monitor device are covered in the applicable monitoring 
device manual. 

Al-5 PROBE WITH SO-OHM INTEGRAL CABLE AND CONNECTOR 

Al-6 The Type 190 or 300 Probe shown in Figure Al-2 is a typical 
probe used with monitoring systems. The probe is ordered by the user 
with a specific length of SO-ohm integral cable and connector, and a 
specific body type. When ordering the probe and cable, the total physical 
length is defined as the distance measured from the probe tip to the 
connector end. When compared to the 95-ohm coaxial extension cable, the 
electrical length of the probe SO-ohm integral cable is approximately 
double its physical length. 

. 1.2.23-336 Al-1 
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Figure Al-1. 

Al-2 
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Al-7 

Figure Al-2. Type 190 or 300 Probe 

95-0HM EXTENSION CABLE 

TW8019410 

50-0HII INTEGRAL. CAlt.E 

Al-8 The 95-ohm extension cable shown in Figure Al-3 is used to 
connect the probe with the proximitor with a specific matched electrical 
length of cable. When ordering the extension cable, the total physical 
length is approximately equal to the electrical length. 

,.,ALE CONNECTOR 

9S-OHIII CAIL~ 

Figure Al-3. 95-ohm Extension Cable 

Al-3 
1,2.23-337 
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Al-9 3000 SERIES PROXIMITOR 

Al-10 The 3000 Series Proximitor shown in Figure Al-4 is used in 
conjunction with the Type 190 or 300 Probe and 95-otvn extension cable. 
The Proximitor Catalog Number defines the case configuration, the total 
electrical length of the combined probe with 50-otvn integral cable and 
connector plus the 95-ohm coaxial extension cable, and the tip size of 
the probe used, as shown by the following example: 

EXAMPLE: 

CATALOG 
NUMBER 3115 2800 .190 

TT - Probe tip size 

L_Proximitor case config~ration 

-------Proximitor series and total cable 
. length in electrical feet (15 feet in 

this example) 

Figure Al-4. 3000 Series Proximitor 

Al-11 In the preceding example, the first two digits of the catalog 
number define the proximitor series. The second two digits define the 
total cable length in electrical feet. Part of this total length is the 
probe with 50-ohm integral cable and connector, and part is the 95-otvn 
coaxial extension cable. If the probe with 50-ol'ln integral cable and 
connector is 18 inches long (physical length), the total electrical 

Al-4 
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length is approximately equal to 36 inches (3 feet). Using the preceding 
number, the total electrical length, 15 feet minus 3 feet (50-otvn cable) 
equals 12 feet. This is the total electrical and approximate physical 
length of 95-ohm coaxial extension cable required to match the calibra
tion of the example proximitor catalog number. The total physical length 
of this cable would be 1-1/2 feet (18 inches SO-ohm cable) plus approxi
mately 12 feet (95-otvn cable), or approximately 13-1/2 feet. 

Al-12 FUNCTIONAL DESCRIPTION 

Al-13 The functional operation can be divided into two distinct 
categories; gap measurement (initial gap setting and thrust or eccentric
ity measurements) and vibration measurement (varying gap measurement). 
The probe and proximitor covered by this manual are capable of both 
types of measurements without any modification. The monitoring device 
must be suited to the measurement application for the required readout. 

Al-14 GAP MEASUREMENT 

Al-15 The proximitor is always powered by -18 volts from an external 
source, such as a power supply or monitoring device containing an -18 
volts power supply. The proximitor converts the -18 volts into an rf 
signal that is applied to the probe through the 95-ohm coaxial exten
sion cable, as shown in Figure Al-5. The probe coil radiates the rf 
signal into the surrounding area as a magnetic field. If there is no 
conductive material within a specified distance to intercept the magnetic 
field, there is no power loss in the rf signal. With no power loss in 
the rf signal, the output signal at the proximitor OUTPUT terminal is 
maximum (approximately -14 volts). When a conductive material approaches 

+1ovo:11111 
-10 voe __ ......................................... ~ .... 

GAP: 0.070
11 

-
__ +_2_v_ooc nnmmmmnnmm 

GAP= 0 ·030" ·mmYvvmmvvvmvvvv -2 voe ................................ ~ .................. 

--1..,_ ___ GAP= 0 (NOMINAL) -·o-------

Figure Al-5. Gap Measurement Diagram 
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the probe tip. eddy currents are generated on the surface of the material, 
resulting in a power loss in the rf signal. As a power loss is developed 
in the rf signal, the output signal voltage at the proximitor OUTPUT 
tenninal is reduced proportionately. As the observed conductive surface 
comes closer to the probe tip, more power is absorbed by the eddy currents 
on the surface of the material. When the probe is very close to the 
conductive material surface, nearly all of the power radiated by the 
probe is absorbed by the materfal. This is reflected as a maximum power 
loss of the rf signal, resulting in a minimum de output signal at the 
proximitor OUTPUT tenninal. The proximitor measures the magnitude of 
the rf•signal, and provides a negative de output signal proportional to 
the peaks of the rf signal. Thrust measurements and eccentricity measure
ments are merely gap measurements at a slow rate of change in the gap. 

Al-16 VIBRATION MEASUREMENT 

Al-17 If the observed surface is rotating and rapidly changing the 
gap distance, the rf signal amplitude is not a constant amplitude, but 
varies in direct proportion to the peak-to-peak movement of the observed 
surface as shown in Figure Al-6. This peak-to-peak movement of the 
observed surface causes the rf signal to be amplitude modulated. 

MAX GAP 
S2.5 MIL 

Figure Al-6. 

J.ndJ.no ioj 
~ NO~O J 1-~____,0A&I-0 

:~- RF SIGNAL 

so MIL STATIC GAP 

+8 ~1 AMPLITUDE MOOULATEO 
0 ~ RF SIGNAL 

-e t 
SO MIL AVG GAP DYNAMIC MOTION 
S MIL VIBRATION IV P-P 

Dynamic Motion Measurement Diagram 

Al-18 The proximitor detects the modulated rf signal as an ac 
signal varying around a constant average de voltage (initial probe gap 
setting). as shown in Figure Al-7. 

Al-6 
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Figure Al-7. AC C<Jl1ponent of Motion Measurement 
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Al-19 If the shaft vibration is 5-mils peak-to-peak, around an 
initial gap of 50 mils, the average de voltage of approximately -8.0 volts 
remains constant, but the ac voltage is one volt peak-to-peak (-7.5 to 
-8.5 volts) in direct proportion to the shaft vibration (200 mv/mil scale 
factor), as shown in Figure Al-8. This is the process of radial vibration 
measurements, whether it is single plane or two plane (X-Y). 

AVG GAP• 8.0V 

-L:\ 8.5 
• s:.L_7.5 

PEAK-TO-PEAK 
VIBRATION• 1.0V 

Figure Al-8. 
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Al-20 DEFINITION OF TERMS 

Al-21 The following tenns are used throughout this manual and have 
the definitions noted for each. Any other definition of these tenns 
does not apply to this manual. 

Probe - A proximity measurement device that radiates an rf field 
into a given area to allow non-contacting measurements of static 
and varying gaps. The probe in this manual can be either 0.190 or 
0.300 inch in diameter. 

3000 Series Proximitor - A transducer and rf generating device that 
drives the probe and converts the probe gap infonnation into a 
proportionally linear de output voltage. 

SO-Ohm Integral Cable - A coaxial cable of specific length that is 
an integral part of the proximity probe. The cable is the input/ 
output connection for the probe. • 

95-0hm Extension Cable - A coaxial cable of specific length that 
interconnects the probe with SO-ohm integral cable and connector to 
the proximitor. 

Electrical length - One electrical foot of cable has the same 
electrical characteristics at low radio frequencies as one physical 
foot of ideal 95-ohm coaxial cable. 

Probe Calibration Curve - A plotted curve of probe gap in mils 
versus proximitor output in de voltage, that represents the operating 
characteristics of the probe, extension cable, and proximitor. 

Recorrmended Initial~ Voltage - The point on the probe calibration 
curve that corresponds to the approximate center of the linear 
operating range. This point may also be expressed in mils, as 
translated from the probe calibration curve. 

Observed Surface - The surface from which the probe is gapped. 
This surface is also the surface being monitored for gap changes by 
the probe. 

·Mechanical Runout - The ph~sical probe-to-observed surface gap 
variation caused by physical surface imperfections and/or an eccen
tric shaft. 

Electrical Runout - The error signal read by the proximity system 
that is due to electrical imperfections in shaft surface caused by 
magnetism, noo-unifonn hardness, non-unifonn composition, etc. 

Al-22 SPECIFICATIONS 

Al-23 The following specifications define the probe electrical, 
environmental, and mechanical characteristics; and the proximitor elec
trical, performance, mechanical and tenninal characteristics. 

Al-8 
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Al-24 PROBE 

Electrical 

Typical response with 
different observed 
material: 

Environmental 

See graph, Figure Al-9 for 190 
probe or Al-10 for 300 probe 

Operating Temperature Range: -45°C (-50°F) to +175°C (+350°F) 

Storage Temperature Range: -45°C (-50°F) to +175°C (+350°F) 

Temperature Sensitivity: See graph, Figure Al-11 for 190 
probe or Al-12 for 300 probe 

Pressure: Order P type probe for appl ica
tions where probe is exposed to 
differential pressures. P type 
probe will withstand 500 psi 
differential pressure at 120°c 
(250°F) 

Humidity: 

Corrosive Atmosphere: 

Mechanical 

Case Material: 

Tip Material: 

Cable Material: 

Connector Material: 

Tip Diameter: 

100% RH 
If probe is to be submerged, 
order PG type. PG type will 
withstand submersion of 500 psi 
at +175°C (350°F). A 100 mv 
shift occurs when gap medium is 
water instead of air 

Generally, atmospheres with a PH 
of less than 4, or more than 10, 
will damage the probe 

300 Series Stainless steel 

Epoxy resin with anhydride 
curing 

Teflon jacket and dielectric 

Body - corrosion resistant metal 
Insulator - teflon 

190 Probe= 0.190 inch 
300 Probe= 0.300 inch 

· 1~343 
Al-9 
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Al-25 PROXIMITOR 

Electrical 

Input Power Required 

DC Output 

AC Output 

Output Impedance 

External Load 

Probe Tip Diameter 

Probe to Proximitor Cal
ibrated Cable Length 

Calibration Scale Factor 

Operating Range 

Observed Material 

-•' 1.2.~4 
I ' ,, .' 

TW8019410 

-18.00 volts (-17.70 to -18.5 
volts)/ milliamps maximum draw. 
The AC ripple on power source 
should not exceed 0.020 volts 
peak-to-peak (AC ripple on input 
power will be present on the 
proximitor output. 

Proportional to probe average 
gap distance 

Proportional to probe peak-to
peak gap change and frequency of 
gap change (superimposed on DC 
output) 

Approximately 320 ohms 

10K ohm load across the OUTPUT 

Proximitors 31XX-XXXX-190: 0.190 
inch -

Proximitors 31XX-XXXX-300: 0.300 
inch -

Proximitor Model 

3106-XXXX-XXX 

3109-XXXX-XXX 

3115-XXXX-XXX 

3120-XXXX-XXX 

200 mv/mi 1 :!:. 5%. 

Nominal Electrical 
Cable Length 

6 Feet 

9 Feet 

15 Feet 

20 Feet 

190 Probe: 15 to 55 Mils 

300 Probe: 20 to 70 Mils 

4140 Steel. For typical response 
with different observed materials, 
see Figures Al-9 and Al-10 

---, -

.___/ 
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Calibration Resistor 

Output Voltage vs 
Probe Gap {Typical) 

Temperature Effects on 
Proximitor {Typical) 

Power Supply Stability 
Effects {Typi~al) 

Frequency Response 

Mechanical Characteristics 

Dimensions - Overall and 
Mounting 

Weight 

Materials: 

Case 

Tenninals (-18 VDC, 
COM, OUTPUT) 

Terminal Insulator 
(-18 voe. OUTPUT) 

Probe or Cable 
Connector 

Calibration Resistor 
Tenninals 

Calibration Tenninal 
Insulator 

Identification and 
Calibration Tag 

Tenninals 

-18 voe 

COM 

OUTPUT 

TL-J80194 l 0 

Fixed - Factory Calibrated 

See Figure Al-8 

See Figure Al-14 

See Figure Al-15 

Flat to 10 KHz 

See Figure Al-16 Outline Drawing 

5 1/3 ounces 

Extruded 6063-TS Aluminum 

Brass - Gold Plated, 6-32 thread 

Fiberglas 

Stainless Steel BNJR - Gold 
Plated 

Brass - Gold Plated 

Teflon 

Mylar - Acetate Laminate Finish 

Power Input Tenninal 

Power and Signal Ground Tenninal -
Grounded to Aluminum Case 

Output Signal Tenninal 

Al-13 
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Al-26 

BNJR Connector 

Calibration Tenniryals 

OPTIONS 

Probe or Cable Connector 

Scale Factor Calibration Resistor 
Tenninals - Adjusts mv/mil 

Al-27 The available options offered for the 3000 Series Probe and 
Proximitor combination are the calibrated length of the probe with 50-
ohm integral cable and connector and 95-ohrn coaxial extension cable. 
Refer to the example of Paragraph Al-9, 3000 Series Proximitor. Also, 
probe tip size of 0.190 or 0.300 inch and several probe types are offered 
for specific applications and environments. 
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A2-l GENERAL 

SECTION A-II 

INSTALLATION 

TW8019410 

A2-2 This section contains rece1v1ng inspection, power and signal 
connections, probe and proximitor mounting considerations, and an initial 
gap procedure. The exact installation instructions will depend upon the 
application and machine configuration where the probe and proximitor are 
to be used. 

A2-3 RECEIVING INSPECTION 

A2-4 Inspect the probe, extension cable, and proximitor as soon as 
it is received and unpacked, to determine if any in-transit damage has 
occurred. All shipping forms and invoices should be retained. If any 
shipping damage is apparent, file a claim with the carrier and submit a 
copy to Bently Nevada Corporation. Include the probe and proximitor 
model and serial numbers with all correspondence. The user will be 
advised concerning repair or replacement in accordance with the guarantee. 

A2-5 POWER AND SIGNAL CONNECTIONS -- - --------
A2-6 All power and signal connections between the probe and prox1m1-
tor and between the proximitor and the monitoring device must be made in 
the field. Figure A2-l shows the probe connected to the proximitor 
through1:he extension cable, and the required power and output signal 
connections from an external source such as a monitoring device. The 
power and signal connections between the proximitor and the monitoring 
device should be made through three-wire shielded cable to avoid erroneous 
indications due to radiated interference. 

A2-7 For specific monitoring applications, using the probe and 
proximitor described in this manual, refer to the applicable monitoring 
device manual. 

A2-8 PROXIMITOR INSTALLATION 

A2-9 The proximitor installation is primarily governed by the 
length of the extension cable to the probe and the environmental consid
erations. The proximitors are designed to operate with a specific 
length of 95-ohm coaxial extension cable connected to a probe that has a 
50-ohm integral cable and connector, refer to Section A-I for an explan
ation of these specific lengths. In general, some provision should be 
set up for protection from hazardous environments or weather. 

A2-10 The 3000 Series Proximitor is not normally affected by vibra
tion, dust, humidity, or most gases. However, it is necessary to mount 
the proximitor in a location where it is not subjected to temperatures 
in excess of 65°C (150°F). Temperatures in excess of 65°C (150°F) may 
cause permanent damage to the proximitor. 

A2-l 
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A2-11 PROBE INSTALLATION 

A2-12 Standard probes for relative shaft motion measurements may be 
mounted in any location on or in the machine with the end of the probe 
facing the surface to be observed. When observing a vibration point, 
the machine surface should be of bearing type finish to minimize mechani
cal runout noise. Also, the observed surface should be checked for 
electrical runout, and if present, the runout should be removed. 

A2-13 The probe observes the gap from the probe face tQ/the running 
shaft. Therefore, for accurate measurements of vibration, the holding 
structure of the probe must not vibrate at amplitudes or frequencies in 
the range of the measurements to be made. If a probe cannot be mounted 
in a solid location on the machine, like a bearing housing, it is neces
sary to use a beam structure. Make certain the beam structure cannot 
vibrate appreciably. The resonant vibration frequency of any such 
mounting structure should be field checked by tapping the structure 
lightly, and observing the proximitor output on an oscilloscope {the 
proximitor output is available on the proximitor OUTPUT tenninal). The 
lower frequency limit should not be less than ten times the rpm of the 
observed surface. 

A2-14 When installing the probe, the 50-ohm integral cable and 
connector should be disconnected and the 50-ohm integral cable should be 
rotated with the probe as the probe is threaded into the mounting hole. 
Do not allow twist loads to occur at the probe and the joint of the 50-
ohm integral cable as they may cause cable damage. The probe must be 
securely locked into its mount by a locknut, clamp, or other vibration 
secure device. Make certain the mounting hole is clear of obstructions. 
If the observed surface is moving, take care to prevent the probe face 
from being rubbed by the shaft. 

A2-15 Initial probe gap is detennined by consulting the typical 
probe calibration curve shown in Figure A2-2 for 190 tip, A2-3 for 300 
tip; or for specific applications, the probe calibration curve shown in 
the applicable monitoring device manual. In open installations, the gap 
can be set using a feeler gage or plastic shim, or by observing the 
proximitor output voltage. The output voltage of the proximitor should 
be set to correspond to the recommended initial gap voltage indicated by 
the typical probe calibration curve in Figure A2-2 for 190 tip, A2-3 for 
300 tip, or the specific application probe calibration curve in the 
applicable monitoring device manual. The proximitor output voltage 
method is useful in blind installations or with the machine running, 
where feeler gages or shims cannot be used. In blind mounting holes, 
make certain the probe is observing the shaft by moving the probe in and 
out to decrease or increase the gap while observing the proximitor 
output voltage. Decreasing gap will cause decreasing voltage (less 
negative) and increasing gap will cause increasing voltage (more negative). 

A2-16 In the completed installation there should be no metal within 
a radius from the center of the probe tip equal to the diameter of the 
probe tip coil (see Figure A2-4). Disregard the diameter of special 
application items around the probe tip such as shrouds. For example, 

A2-3 
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Figure A2-4. Probe Tip Relief Diagram 

when installing a 190 probe (0.190-inch tip diameter), no metal other 
than the observed surface should be within 0.190 inch from the center of 
the probe tip. However, as much clearance as possible should be main
tained. If the minimum required clearance cannot be obtained, contact 
Bently Nevada Corporation. 

A2-17 INITIAL GAP PROCEDURE 

A2-18 The following initial gap procedure may be used to set the 
initial probe operating gap in accordance with the typical probe calibra
tion curve, Figure A2-2 for 190 tip, A2-3 for 300 tip, or a specific 
probe calibration curve for a specific application. Specific application 
probe calibration curves will be found in the applicable monitoring 
device manual. The following procedure will be performed using the 
Digital Multimeter (DMM) or a direct equivalent. For open installations 
where the shaft is not rotating, a feeler gage or plastic shim may be 
used in lieu of this procedure. 

A2-6 

a. With the probe installed in its normal mounting, connected 
to its proximitor in accordance with the instructions in 
this section, and with all proximitor power connected, 
connect the DMM between the OUTPUT and COM terminals on 
the proximitor. Set the DMM to indicate de voltage. 

Rn.AUG. 1877 



--

--

--

3000 P/P TW80l94l0 

b. Carefully rotate the probe and its 50-ohm integral cable 
toward the observed surface; the de voltage indicated on 
the DMM will be decreasing in magnitude (approaching zero 
from a negative voltage}. 

c. Continue to rotate the probe and the SO-ohm integral 
cable toward the observed surface until the voltage indi
cated on the DMM has decreased to some value less than 
the reconmended initial gap voltage on the probe calibra
tion curve being used. 

d. Rotate the probe away from the observed surface until the 
reconmended initial gap voltage is reached as indicated 
on the DMM. 

e. Secure the probe. If the SO-ohm integral cable has a 
twist load from rotation, disconnect it at the 95-ohm 
coaxial extension cable connector ~nd relieve the twist 
load before reconnecting. Disconnect the DMM. 

A2-7 
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A3-l GENERAL 

SECTION A-III 

MAINTENANCE 

A3-2 This section covers calibration check procedures for the 3000 
Series'Probe and Proximitor combination. Part of the calibration check 
procedure is devoted to making a probe and proximitor calibration curve, 
similar to the typical curve shown in Figure A2-2 for 190 tip, or A2-3 
for 300 tip. Table A3-l lists the equipment recoomended to perform the 
calibration check procedures. 

TABLE A3-l. RECOMMENDED MAINTENANCE EQUIPMENT 

RECOMMENDED EQUIPMENT SPECIFICATION 

Digital Multimeter (DMM) 3-1/2 digit display minimum, with 
ohns, ac volts, de volts as minimum 
functions 

TK-3 Test and Calibration Kit Vibration rpm range• lK to lOK 
with Instruction Manual rpm 

Displacement range (spindle micro-
meter)= 0 to 500 mils 

Vibration amplitude range= 0 to 5 
mils oeak-to-oeak 

lOK OHM Resistor 

A3-3 CALIBRATION CHECK PROCEDURES 

A3-4 The following calibration check procedures will determine if 
the 3000 Series Probe and Proximitor combination are operating within 
tolerance. 

a. Install the probe in the TK-3 spindle micrometer fixture, 
assuring the probe tip extends completely through the 
spindle micrometer mounting fixture. 

b. Connect the probe to the proximitor with the proper 
length extension cable. 

c. Connect the power supply -18 volts output between the -18 
voe and COM terminals on the proximitor. 

d. Connect the lOK ohn resistor between the OUTPUT and COM 
terminals on the proximitor. 

A3-l 
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e. Connect the DMM between the OUTPUT and COM tenninals on 
the proximitor. 

f. Set the TK-3 spindle micrometer to 0 mils, and adjust the 
probe position in the mounting fixture until the probe 
face just touches the target. The DMM indication should 
be 0 volts. · 

g. Set the TK-3 spindle micrometer'to 10 mils. The proximitor 
output voltage should be approximately -2 volts. 

h. Measure and record the output voltage from the proximitor 
at each 10-mil increment as the TK-3 spindle micrometer 
is rotated away from the probe face, out to a setting of 
120 mils. 

i. Set the TK-3 spindle micrometer to 200 mils. The proximi
tor output voltage should be approximately -14 volts. 

j. Calculate the response sensitivity between each 10-mil 
increment from 10 mil~ to 70 mils. 

NOTE 

For example, if the voltage at 40 mils is -6.0 
volts and the voltage at 30 mils is -4.05 volts, 
the difference is 1.95 volts or 1950 millivolts. 
Sensitivity is derived by dividing the voltage 
by the distance: 1950 mv/10 mils= 195 mv/mil. 
The sensitivity between any 10-mil increment 
from 15 mils to 55 mils for a 190 probe, or 
from 20 mils to 70 mils for a 300 probe should 
be no less than 180 mv/mil nor greater than 
220 mv/mil. If they are not within the speci
fied limits, refer to the Field Wiring Tests, 
Paragraph A3-5. The voltages recorded in the 
preceding test may be used to plot a probe cal
ibration curve on graph paper graduated 10 mils 
per inch for the horizontal scale and 2 volts 
per inch for the vertical scale. The probe graph 
should be similar to Figure A2-2 for 190 tip, or 
A2-3 for 300 tip. 

A3-5 FIELD WIRING TESTS 

A3-6 The field wiring test procedure need be perfonned only when 
the calibration check procedures of Paragraph A3-3 show that the sensi
tivity between. 15 mils and 55 mils for 190 probe, or 20-70 for 300 probe 
is greater than 180 mv/mil or less than 220 mv/mil. Field wiring includes 
the probe, probe SO-ohm integral cable and connector, 95-ohm coaxial 
extension cable, and proximitor. The wiring between the proximitor and 
the specific monitoring device is covered in the applicable monitoring 
device manual. 

... ,./ 
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a. Measure regulated proximitor drive voltage (-18 volts) at 
the proximitor -18 voe terminal. 

b. Measure the probe gap voltage at the proximitor OUTPUT 
terminal.. 

c. If voltage indicated in Step b of this paragraph is not 
satisfactory, disconnect the extension cable at the 
proximitor (probe remains connected) and measure 4 to 10 
ohms between the cable center conductor and cable shield. 

NOTE 

The approximate resistance of the probe with 
50-ohm integral cable and connector is 4 to 
10 ohms. The 95-ohm coaxial extension cable 
resistance is approximately 0.25 ohms per 
foot. However, the wide variation in resis
tance of probes with SO-ohm integral cable 
and connector causes most measurements to be 
between 4 to 10 ohms, except for those with 
very long extension cables. The measurement 
should not be a short or much more than 10 ohms. 

d. If ohms reading in Step c of this paragraph is not satis
factory, disconnect the 95-ohm coaxial extension cable 
from the probe 50-ohm integral cable and connector, and 
measure 4 to 10 ohms between the probe 50 ohm center 
conductor and the shield. 

e. If all the tests in the preceding Steps of this paragraph 
are satisfactory, replace the proximitor. 

AJ-3 
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A4-1 GENERAL 

SECTION A-IV 

REPLACEABLE PARTS 

A4-2 This section contains a list of the replaceable parts required 
to maintain the 3000 Series Probe and Proximitor combination. When 
ordering either the probe or the extension cable, the cable length must 
be matched to that being replaced. If replacement of connectors is 
required, contact the Bently Nevada Corporation factory or field repre
sentative to detennine the correct part numbers, tools, and replacement 
procedures. 

TABLE A4-l. REPLACEABLE PARTS 

* 

TY PART NO. NOMENCLATURE SPECIAL REMARKS 

1 

l 

l 

* Probe with 50-ohm cable Specify length as measured from 
probe tip to cable connector end. 

* 95-ohm coaxial exten- Specify length. 
sion cable 

* Proximitor Specify probe size and total 
electrical cable lenqth. 

When ordering replacement parts, assure that the number on the 
parts order exactly matches the number stamped or labeled on the 
part being replaced. 

1.2.23-361 
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WARRANTY 

The following provisions constitute Bently Nev1d1 Corporation's (BNC'sl warranty, disclaimer 1nd 
Buyer's e,u;luaive remedies, 111 of which, 1b11nt specific written waiver by BNC, bleome pen of 
the contract upon acceptance by BNC. 
A. LIMITED WARRANTY. Subject to the following terms end conditions, BNC warrants title end 

guer• lltHS its manufactured standard electronic instrument products to be free from defects in 
material or workmanship for e period of ten ( 101 years from the date of shipment from the fac
tory, its standard test equipment, Uquid Crystal Display Units with associated electronics end 
products having moving mechanical pens for a period of two (21 veers from the date of ship• 
ment from the factory, ind ell other products for I period of 90 days from the date of shipment 
from the factory or II otherwise stated by BNC in each instance of sale: 
1. So long II the oroducts are installed by BNC, its representatives or the user according to 

BNC's Instructions. 
2. So long es the products are serviced end calibrated by BNC, Its representatives, or the user 

according to BNC's instructions. 
3. So long as the products are not used with attachments or modificatjons which have not been 

recommended or aporoved by BNC in writing. 
4. So long as an adequate service and calibration record is maintained. 
6. So long es tha defective products, parts or assemblies are returned prepaid to, or repaired by, 

BNC Product Services or an authorized representative. Repairs performed by BNC Product 
Service personnel or Its representatives include pans and labor for actual repair of warranted 
items. Cost of travel, subsistence, and labor required to obtain access to the defective item 
will be for the Buyer's account. 

I. EXCLUSIVE REMEDY. Buyer's remedy is limited excluaively to repair or replacement, by BNC, of 
the defective product. All other remedies, statutory or otherwise, ere expressly waived by 
Buyer. 

C. DISCLAIMER. 
1. THERE IS NO IMPLIED WARRANTY OF MERCHANTABILITY. 
2. THERE IS NO IMPLIED WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE. 
3. BNC assumes no liability for, and this warranty doe• not extend to protection against, in• 

cidental or consequential damages suffered by any person or thing as a result of a defect in 
BNC product, material, design, manufacture or installation. 

4. BNC shall assume no liability for typographical or orinting errors in and does not warrant the 
complete accuracy of installation or service manuals. BNC will notify purchasers immedi• 
ately upon the ascenainment of such errors. 

6. BNC shall not be responsible for any delay in repair, replacement or delivery to a carrier aris
ing out of acts of the public enemy, fire, flood, or any disaster, labor trouble, acts of a sup
plier, or occurring without fault of BNC. 

8. BNC shaU not be responsible for any damage which shall occur during shipment, nor shall any 
such damage relieve Buyer of any obligation hereunder. 

7. BNC shall not be liable for consequential or incidental damages or penalties resulting from its 
failure to perform, or delays in performing, its obligations hereunder unless otherwise agreed 
in writing by an authorized officer of BNC at the time of accepting the order .. 

8. 8NC does not warrant and shall not be liable for equipment or instruments supplied by BNC 
but manufactured by others, beyond the original supplier/manufacturer warranty. BNC shall 
apply its best efforts to suppon Buyer's pursuit of such reoerations. 

9. This Warranty doe• not extend to Computer Systems hardware, software or perii,heral 
equipment. These items are exclusively and separately warranted. 

D. WARNING. BNC has thoroughly tested and inspected its products for their recommended and 
aoproved uses. Present technology and exoanise rava• I no defects in design or manufacture if 
put to those uses and serviced according to schedule. However, miause, abuse or modification 
of BNC producta may reault in failure or inaccuracy, and will terminate the express warranty 
contained herein. BNC oroductl require the use of electrical current for their operation. Improper 
installation, use or service may reault in exposure of such current. 

BENTLY NEVADA CORPORATION 
1 October 1 980 
The above Warranty supercades all previous Warranty statements 
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BENTLY NEVADA CORPORATION 

TERMS AND CONOITIONS CONSTmJTING A PART OF AU QUOTATIONS, 

PROPOSALS, AND SALES OF BENTLY NEVADA CORPORATION GOODS 

1 . •cceotlflce OHe,s to ourcneH ara suo,ac, to .,,G affect,ve on1v uDQn acc•otence 11'1 BENTLY NEV •D• COPIPOIIIATION l~e,e,,..fte, rel- lo H ''BNC'"l in Moi,clen, Nev•c:la. USA. Tiu• 

auo11t1on and 10t1c,r1t1on for ora•r• ti 11mnec:1 ro tl'le Q1,,1-,nu11 1na 1t1m1 soec,fic:allv m1nt1oned P'l1r1in and BNC .,.u auume no r11oon11bdirv to, furn111'1ll'lg ot111r .auaoment or "'•r.ena11 tl\Own 

,n .,.., o,an or soec1hc1t1on. Acceata,,c:1 of offers to ourcP'l111 goods ov 8NC is 1aore1S1v conditioned uDOn l1.1'f1r'1 , ... n, 10 d't1 t1rm1 and cONSiuon1 cont11n1O ,,.,...,, Nt'lte:n •SMnt 11 

1cknow'9G911C1 bY ~ver uoon ar.ceohrMJ anioment . .,,d 1n1t1 or• vad 11 rt\e tin• ••ornaaon of tl"'II Oartiel ,n tt,1 event of conflict. 

2. F'nce•: PrH:11 •re FOB ll'l•OCMl'IQ ao,nt unieu om1rv1nu 19rNd to"' wntt"9 by BNC. ~•• will remate• in affect fot •••iv 1801 day1 from the data of tt\e qucHatioft. In al other rasoects. U\1 

auot•non al'ld sotec111r1on tar o,oen mav oe w1tl'IOl'1wn at any 11me onor to acceotance t,v SNC!. or the wl'lo• mav be ••tefldad ttevond al•tv ,eo, d•v• when confirmed 1n Vllriting .bv INC. 

3. Taaea: L.iat,IHtv toi a£a t••••· 1icense1 or ome, tHa ,moo••d ttv •nv iD"en,mental eutnontv uoon tl'le ~ucuon•. ••••· ah1oment or UM of eQuaomet1t or servtCn cove,N ttv tt'l1a so,ic1ra

""" 1llall lie·-- anCI o• oel fo, ov .,,. luve, anCI .,,. au .... ,, ... in-If-, INC .... , •nv •ucfl li•Oilttv. Apglic- Niel Of UM, •••• wiH be b~led t,y INC 10 luv•r unleu -·-••emo
tion certtfic•t•• .. h.,m,anecs tw Buver ttefo,e accacn:anca tt¥ BNC. 
, Sh,ol'M'f'lt: SP11ament ,.,..1 occ:..,, uDOfl Ge11v•rv oft"• oroducta or mattnatl by INC to I camer at 1NC·1 faciory. at wNctii tkne •• ri1k1 o••• to 9uyar. INC ll\ell 1t1ampt to m11ta 1n,on,ent 

wrttam '"• ,,me aoec1fieG by INC .after it1 accecn1ftCa and/or •her "'• rec1101 of fuU d1t1 including 1ooroved certified pri"ta. lw• ag,Na to h1miat1 COfflDlete 1f'lippin9 inatrucuon• to BNC 

w,tnm I r11IOl'l•ble oenod of tu,,a oeto,1 !ne data such anaoment 11 reQUINCI to be rrwd1. 

9. Paym.,n: Uni••• o•"•rw, .. IOeClfted ,n INC"• Quo111,on And solic:1t1rian fot otter,. payment term, er• '"'nv 1301 dl'tl rtat from tl'le d• tl of INC"11nvotee r,avat.ae ,,. U"ite<II Stat11 dollar,. 

Upa,11,-.c·1 fatlure to rec .. va payment w1ttlin ttltttv 130) dl'VI, ,n addftt0n 10 •"Y offler remed'81 whecf'I INC may f'lave. "•~• have tf'te rigM and a..,.., wil penn,, 11 to.,.,., tf'le orer,111n w"•re 

tl\e _,omont •• inataol8G anCI .. PGSHu •Gl>i-• o• prOCI=• •• to wllicl\ lull payment 0,11 not been _..,.ad, On 1111 _,. ~- tt•nHCtioft&, ifttMUt al - - OM 11811 peN:ent t 1 YI '1111 

- ,_,.,,, a,ont• lfl -•en• 118'11>1 .,,,,.. .. ,,. wdl be aeldad to out - •ccount1. 

S. l'Toonet.,.,. Information: The Clata •uPDliecl by BNC i1 for UN in_....., of INC manuf•cturecl - ,upplied •QUislfflent ,.,,,,,, "-..ct- for UM or UN af 1upplied Cleta lo_, any otller put• 

oou •• gro"iblted e•caoc wnh rne ••or ... ~rmlUIOn of BNC. 

7. Ca,,cetlatton - f!atumecs EQui-t: Orc1•1 may be c:ancetled or ..,..,.,.,ad bv lluyer only upon 8NC'1 wnnen cona•nt - UDOfl D•v,.,.,,, of reuonellle and 111- cancetl• IIClft 

ct,e,vn ,ncluellng factory coare anG ucienH• oncUff•a 11'1 8NC in carry,ng ,_.,,, tlle orele, to tlll data of BNC'1 av,nment ID te,mitlate. 11 tfte onle, or ,nv pe,t tllereot I\H bHn •~•POed from 

tlle anipping po,nt, me eGU•om•nt IINIII lie retumeel only when ooec,llcettv ""tllorilld anCI creclit for tll,e returned eauipment allall be det1nnined 1W INC after factory inapectian • I'd granted only 

attar pnor wnnet1 aumon1111on from 8,..C hea been 91ven. If ecau,omenc h11 bNfl fflanuf•cnued or outside pv,cf'lan1 "'8Cf1 by INC ourauant co Otclers. priOr to r•cetett of 8uy•r·1 hold not1c1, tt'le 

eQU,omenr 111• 11 be held in storage for ran 11 01 e1•v1 w1tl\ no charge. • fter ten 110 I Clay•, ltor•ge c~rgel w,11 lie levied on tlle 8'1ver. The o- wdl be on vole ad on me dare a,e _,pment wH 

peaced ,n uorava. Stor•9e cnarge1 wwitl 1M •nv!Jicecl after tf'le eQu.grnent "•• beetl removed from storave. 

a. l=inlflc•• Ae1oon11bllitv of 8uyer: If any um• before sn,omenc. t"• flnanc1•t resoonlibditv of Buyer beeome1 irnr,11red, or unutrtfectory to INC. INC may requwe c1Sl'I payment or such 

orf'ler furtl'\er auurancn a, ,t de..-n1 nece11arv be made b•fore sn1o,nent. and lf'I tl'le ever,t of benkruotcy or inaot"•ncv of tt'le Buyer. o, in the •"•"t ,111y r,roceed1n9 i1 brought by or ageinat 

Buyer undet bankrucncv Of '"soivencv 11w1. 9NC st11H be encnled to cancet any oreler tl'len OU11tandif"IQ ..-,d 1h1fl rece,ve reimburtament and DfQper canceHatiOfl charges tl'\erft\. Suen termma

tion shad not c,,e1uchce 8NC's nghrs to any •mounts due uncser the contraCl. 

9. Teflder: In cne event of f1riur1 o,. retu•• of the Buyer to accept delivery. no ph,v1tea6 tender of the product1 t,v BNC :lheU bl necnury, but writtel'\ notlCe of BNC'a readinna and w,H-

ingneu to defave, any quantity of the oroduct at any rim• 1pec1f~ lhall be me eQuiv• lent of phy11Cal tender thereof. 

10. Cacalog end Spec1ficatt0n Illustration•: The 11Ju1tr1ttOna and •n911ving1 in BNC'a catato91 and •l)ecificauon shaau are mttnded to lhow the genital featurn of the product or materiat1, 

but INC,...,...." the right to 1uoo,lv product• and m• teri•I• of l1tnt dui;n and rnanut•crure and don not warr•m tl'l• t producu will confom, co tither samples or illu1tr1tiona. Two ln1t1ll1tion 

and Malmenanc• lnatructN>n Manual, w1D be fuml•had wn'.f'l aacl'l 1y1t•m reek and. •• •C>Qhca~•. one tn,tl'\lction o, Ooe,arion and MaWltenance Manual o, on• 1et of drawings or mterof1tm win 

be provided for ott,,ar 1n1trum1nt1 0tde,1d, ''" of char;•. When r1aue1tld. one 1ep1e 1nd blueline dr1w1n9 wUI t». provided fo, ••ch 1y1tern reek and one bluetina drawin; or m1crofiim w,U be 

orovided for 01ne, 1nStn.im•nt1 ordered. free of cnar;• . .Add1t1on1J c0c,ie1 of ti'!• • OOv• will be orov1d1d a1 extra d'lar;e. 

T 1. A1s,enmen1: No r19nr or obti;111on 1n1in9 under rP''U• contract mav b• 1u1;ned or tr1n1ferred bv the 9u\ler ·111utt'lout onor wnnen content of BNC. 

T 2. ll'ldemn1hca11on: Buyer doel l"larebv prom11e ano covenant to ,ndemn1fv ano hold harmies1 •nd 1n,11 defend INC from and 191,nst 1U c11em1. !o•NI and liabllitv of • nv lt1ttd wnanoav, 

bro...;"t by •nv oerson or 1nt1tv. caused 1n whole o, 1n P• rt by the n99li;ence or willful 1ct1 of Buyer. rta r1pre1ent1t1ve1. 1gent1 o, • mpk)v••• 1n connection w1tn t"'• goods furnished haraund•, ____ ,/ 

,ncludwt;. w11t1ou1 hm,t• hon. ma rnacallatt0n. erection. ,ec,air. ad1~ment or oo.,•non tt'lareof. 

1 3. Enur1 Conu•ct: Th11 wn11ni; conatm.1t11tt,11ntn1 •~r1•m•m and undertt•ndin; betwnn t~ 01n1e1 •• of Yh• d1,1 of 1cc.acanc1 bv INC aftd ,nad not theraaft.er be modli~d \1"1 any w •v 

••ceot '" .-..rYt1n9 bv .,, au,,.,on.zed BNC ••ecut1ve 

WAIIIIANTY 

Th• toilo11111n; prov,1,0,,1 con1trr\JII 81nt1v Nevada Corpor1uon·11BNC's1 w1rr1ntY, d1ac111mer •no 8uyer·1 ••clua111te remediaa. 111 of wt'hcfl, 1t,1ent 10ec1fic wrinen waiver by 8NC. bacoma can 

ot u,a conn-• c-: uoor, 1cc• ot1nc1 Dv a.NC . 

..1. UTT'nred 'N• rrantv Su01ect to me followtnQ :erm1 and coriart1on1. 9NC 'tflfln•nt1 otte and gu1r1ntee1 1t1 1r1n<1ard ,iecrron1c instrument oroduc':1 to be free 

'rom datecu ,n metanal or won.m1nt1uo tor a oer•od ot ten 1101 v11r1 tram tn• date of 1h1cu-nent from tn1 tactoN. 11• stanaard tasr eQu1omeflt. !.!Quid Crvstal 0110ta\l un•r• .,,,tt, 1ssoc1ared 

• tec:tronie• and i,roduct1 l"la>J•"Q rnov,nQ mec:nanic:11 0.arts for• penod of two 121 ve• ra trom th• d11:• ot si'l1oment from me factarv. and 1U ocna, oroauc.ts for 1 01noa of runetv 190t d• v1 

from tne d1'C1 of st1t0ment ftom th• facto,v or a:1 otn1rw1se siataCI t)v SNC 1n 11cn 1natanc1 of ••le: 

1 So ion; H tne 0roduct1 are ,r,at11l1C1 by BNC, its reoreMnt1c1vn or me UMf' according ta 8NC"11n• tNC't'lon1. 

2. So Ion;•• tP'l.a orod\Jcrs 1,1 111•wic:ld 1nd e111brat1d ov SNC. 1t1 reo,e11nc1t1ve1. or t"• user. 1ccord1n; to 8NC 0 1 ,n1uuc:uon1. 

3. So lonQ H me :m>duct1 are r,,ot uMd *•th 1tt1cnmenta or rnoaiticatt0n1 wrucn nave not ONn recommended or aooroved bv BNC in wntang. 

4 So IOOQ II an 1deQu1t1 Hnnc:1 1nd c.• uDr• aon ,1coro 11 maintained. 

5. So Ion; II tn• a1fect1ve groduct1. parts or u1emCJ,e1 ire r• rumed cr.oaid to. or reo• ireo by. BNC ~,oduct S..-v,ca1 or 1n aumori.zed reoreaentacive. Fleoa,r, g•r-

fo,med bv BNC l'l"oCluct Service ;,e,aonne, o, 1t1 r•0r• sentat1ve1 include o•ns and 11oor for 1ctu1i ra~ir of watt1n11d 1t1m1. Cost Qf trevlt. 1ub111tence. Ind lat>Ot reawrea to obtain 1c

c1u to tna defect1ve ,tern will be for me 9uv..,·• account. 

a. E• ciuSJVI Remedy. 
w• ,vec by Buver. 

C. Oisct•-,, 

Suve,·1 retl'ledy •• lirruced exdusively to reoatr or raoiacemant, by BNC. of tna defective product. All Ot"•' remedi••• statutory or afflerw•n. are ••oren1y 

1. THERE IS NO IMPLIED w•AA•NTY OF MEACH•NT•BIUTY. 

2. THERE IS NO IMPUEO W•APl•NTV OF FITNESS FOR .. NY P•ATICULAl'I P\JRPOSE. 

3. SNC auumes r,o h101l1tv for. and ffi11 w• rranl'( does not e,i:tend to proteet1on a,a11n1t, ,ncidenUII or consee1uent1al dam~•• tuff.,lld t,y any person or tl'llf"lg as 1 

reauft of • oet•ct 1n BNC product. m• tenal. de~n. manufacture or ,nstauavon. 

'· BNC snaU ••.a.um• no l11b1htv to, tvoo,a,10,,..:11 or pnn,u,9 .,.ror3 in and does not warr• nc u,a comc,l•t• accuracy of in1t1ll1t1or, or serv,ce menua41. BNC wdl notify ourchaaert 1mm1ai1t•· 

ly 1.1oon t1'1.1 IK1na1nmen, of tucn errors. 

5. !NC lhetl not l:)e r• soonait>11 tor any d-41'f 1n r•o11r. r101ac:em1nt or dlahve,y to a carriet •r,•mg 01.l1' of IC'II of me pubhc enemy, fire. flood. or any di11eter. 1100, 

troutHe. Kta or I suooi11r. 01 occurin9 wr1nout f1ut1 of INC. 

e. !NC shall no1 be rHoon11ble for 1,w dam~• wn,cn 111111 occur durtn9 an1pmenr. nor th1II any tucn dame;• relieve 5u,..., of any obii9at1on hereunder. 

7 INC lhaM nor Oe liable for con1eouenc111 or ,net-dental d1m191e o, pen•mea result1no 1,om 111 teilure to gerlorm. or de11va ,., oerform1nQ its oblH3acions P'lere

Ynder unl• sa ou,erw,u 1;111C1 1n writ1n; bv an 1utt1on.ud office of !!INC at th• time of 1c:ceot1ng me ord•r. 

8. BNC doe1 no, w1rr1nc and'"'" not rM 1110fe for •au,omen1 or 1n1rn.Jmlt'lt1 suapMea b'W' 8NC buc m1nufacrured bv oc"en, beyond tna oriQ.,,_. aupoliertmanuf• cn.ar• r wanan,:v. 8NC sr,au 

•Potv its beat etfons to suooort &uver', puAIMt of suc!"I reoarat,ona. 

i. Tl'ua Wan•ntv do•• not •••end to Comc:,iucer Svttlmt hardware. software or ge,1oheral aQu&0m1nt. These •tlffll are 1•clu&1velv ind seoaratety warranted. 

0. W..-,,a"\9. 15NC hu morou9hfy tntad and inso«:ted ,ca o,oducia for mw recommended a,,d aooroved YM•. Pl'• ..,,t recrtnoloqy •nd ••oert•N rev••' no defect• 1n dea,gn , 

---'· 

'· 

manufacture •f out to tnos• use• and ,.,..,teed 1ccorC11nQ to SCl'ledu ... Mowhe,, m11u1e, abuse or modiftC1t1on of BNC 0roduct1 may r11ult 1n , .. 1u,. or 1nKCI.Jf'K't'. lf"ICI wHI ttnThnata me••-..._,/ _,. 

p,au ••"'""' conr1.,ad ... .,..,,. BNC c,roducta requ,ra the us• of •&ectne:• current for t"•" oe>er1t1on. 1fflp,op.,- in1tall1ft0fl, uN or service may r••wt 1n ••ooeure of 1ucn cunent. 

IINTLY NIVA0A CORPOIIATIOH 
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YOUNG RADIATOR COMPANY 
RACINE, WISCONSIN 53404 

INSTALLATION AND MAINTENANCE INSTRUCTIONS 
FOR YOUNG HEAT EXCHANGERS 

INSTALLATION INSTRUCTIONS 

Young Radiator Company Heat Exchangers are de
signed to give the optimum heat transfer rate for 
given flow conditions. Ordinarily the most viscous 
fluid is piped to the shell side while the least viscous 
is piped to the tube side. The shell side of the Ex
changer is baffled and therefore the shell fluid is 
required. to make many changes of direction in its 
travel through the Exchanger. This breaks up the 
surface fi Im which would other w is e prevent the 
transfer of heat. The next important consideration in 
the piping of the fluids to the Exchanger pertains to 
temperature. A single pass Exchanger should be piped 
counter flow for greatest heat transfer as this will 
give the greatest mean temperature difference over 
the entire length of the Exchanger. True counter flow 
exists where the two fluids flow in opposite direc
tions in the Exchanger and is possible in the single 
pass Exchanger only. 

In connecting a multi-pass Exchanger, the shell fluid 
should enter the Exchanger at the same end at which 
the tube fluid enters. 

Strai ner5, 
In making up the pipe on the lube oil side of a Heat 
Exchanger for lubricating oil cooling it is essential 
to install a strainer on the outlet side of the Heat 
Exchanger. This is to collect foreign matter which 
may have entered the Exchanger in shipping and 
piping, preventing its entry into the engine. Consult 
your Young Radiator Company representative or write 
the factory directly for strainer recommendations. 

Water Regulating Valves 

In the interest of conserving water, a water regulating 
valve should be installed ahead of the Heat Exchang
ers in which water is used for cooling another fluid. 
Normally the regulating valve is temperature control
led and the control bulb for the valve is placed in the 
stream of fluid being cooled. Consult Young Radiator 
Company or a reputable manufacturer of this equipment 
for recommendations. 

Preuure Relief Valve 

When there is a possibility of surge pressures, above 
the design pressure of the Heat Exchanger a pressure 
relief or regulating valve sh o u Id be installed to 
protect the Exchanger from bursting pressures. 
Consult Young Radiator Company factory or a reliable 
manufacturer of such equipment for recommendations. 

SERVICE RECOMMENDATIONS 

The Heat Exchanger, when shipped from the factory, 
is clean and should require no on-the-job cleaning. It 
is recommended that the Exchanger be inspected 
thoroughly on both the shell and tube side making 
sure that no foreign matter entered while in shipment. 
This inspection can be made without removing the 
end bonnets of the Exchanger. It is also recommended 
that the bolts holding the end bonnet to the end cast
ing be checked and pulled down so as to insure 
tightness. The Exchanger should be mounted solidly 
in place and the pipe connections made up, being 
sure that all connections are tight. If the Exchanger 
is to be stored for any length of time before use, 
shell and bonnet openings should be kept sealed to 
prevent the entry of dirt or other foreign matter. 

When the Exchanger is first installed, sufficient data 
should be taken to establish the temperature and 
pressure drops. Similar data recorded at regular in
tervals by the operator will serve to detect any 
accumulation of sediment or scale, and from such data 
the proper interval between cleanings can be estab
lished. 

When an Exchanger is disassembled for cleaning, new 
gaskets should be used upon reassembly. This is 
important in both the Fixed and Removable Tube 
Bundle Exchangers. 

Care should be taken when remo\'ing or handling the 
tube bundle of a Removable Tube Bundle Exchanger 
to protect the baffle plates and tubes from being bent 
or damaged. The result of bent baffle plates is by
passing of •fluid with an accompanying decrease in 
heat transfer rate. 

Corrosive and Scale Forming Fluids 

In many sections of the country raw water is extreme
ly corrosive or scale forming and should be treated 
to prevent damage to the Heat Exchanger and to pro
long periods between cleanings. Before piping fluids 
to a Heat Exchanger, they should be analyzed as to 
what action they will have on the me t a l s in the 
Exchanger. 

If salt water is used as a cooling medium, zinc 
pencils should be used in the Heat Exchanger on the 
salt water side to prevent corrosion of the Exchanger. 
Parts in contact with the salt water should be of 
Admiralty metal, cast iron, or copper-nickel alloys. 

-1- 1.2.23ia88 
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LESLI[ 
• 

TECHNICAL 
MANUAL 

LESLIE CO. TECHNICAL MANUAL 
BINGHAM - WILLAME'l"I'E 
P.O.* l-61656 
Portland or. 97210 
LESLIE CO. ORDER NO. 

80-0516 

OPERATING and MAINTENANCE DATA for 

ORDERING PARTS 

THIS INFORMATION IS ESSENTIAL - When ordering parts for Leslie Reg
ulators, Controllers or Whistles, the following data should accompany 
each order: 

1. Part name and part (REFERENCE NUMBER) from parts list on back 
of applicable drawing. 

2. Quantity of each part. 
OR 

1. Serial number, Class and Size of Regulators, Controller or Whistle. 

2. Part name (See parts list on drawing). 

3. Quantity of each part. 

4. Marine Representative Listing. 

LOCATE OPERATING, MAINTENANCE INSTRUCTIONS AND DRAWINGS FROM INDEX 

USE ONLY GENUINE LESLIE PARTS 

LESLIE CO., PARSIPPANY, NEW JERSEY 07054 
2462 PRINTED IN U.S.A. 278 SM 
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CONTENTS SHEET --

ITEM NO. DESCRIPTION OWG.NO. INSTRUCTION 

l.O 2" DPUF 1500# BWE Sch. 40 106 8868 29 lO/O.S.l 

Diaphragm Control Valve 10/2.5.l 

severe Service Valve 
7/8" Tr:iln 
5 Stage 
CODE: 03P23A2BLA 
w/ Bailey Positioner ~21200 PBS-7 

Spring Ref.# A350l4 

2.0 Electronic Controller 23/1.4.6 23/1.S.l 

4-20 MA Pressure 0-100 
GI & D 
output 4-20 MA 
Single case 

3.0 1/4" Thd. AF-2 301802913 30/1.5.l 

Reducing Valve 
3-60 PSIG -

9.0 Faichild Model TSl00-4 EA-12817 -: I/F Transducer 
4-20 MA Input 
3-15 PSIG output 

lv.O Medel F 20CS Annubar c-4900 

2" 1500# ANSI Flg. 
Flow Range o-345 GPM 
Max. Press. 2493 PSIG@ 325°F. 
Schedule pipe 160 

System Diagram SJCTLCS 8 ee, M\-1. l 
~-alf-tC 

--
1.2.23-388· 
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OPERA TING and MAINTENANCE DA TA 

for 

ORDERING PARTS 

THIS INFORMATION IS ESSENTIAL 

!-m:N ORDERING P.ARl'S FOR LESLIE ~, CCNI'ROLtERS OR 

WHIS'l'IES, "nm FQI.otJ:X,m,."G DATA SBCXJLD 'A/Xf::MP1'N':l FACH ORDER: 

l. PARI' NA'£ AND ·PA.~ (RE:FERENCE NUMBER) FRCM PARl'S 

LIST OF APPLICABU: DRAWING. 

2. Qf.JJ-NrIT'i OF EACH PAR!'. 

OR 

l. SERIAL NUMBER, CL.?1,,SS MID SIZE OF REGt'!I.XroRS, a:NI'R-

OLLER OR WHISTLE. --

2. PART NAME (SEE PA..>US LIST CN DRAWING). 

3. QUANTITY' OF EACi P1'.Rl'. 
4. MARINE REPRESENI'Al'IVE LISTING. 

USE ONLY GENUINE LESLIE PARTS 

1.2.23-369 
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instructions for 

CONTROL_ VALVES 
• INSTALLATION, OPERATION and MAINTENANCE 

FOR ADDITIONAL CONTROL VALVE DATA CON
SULT PROPER INSTRUCTION SECTION BELOW: 

INSTALLATION............................... SECTION I 
OPERATION ...••••.••••••••••••.•••••••••••••• SECTION II 
MAINTENANCE ............................... SECTION III 
ACTUATOR MAINTENANCE •••••••.••••••. SECTION IV 
• Where noise is a factor follow recom

mendations for piping and fittins• 
per 5/0.3.l. 

SECTION I - INSTALLATION • 
1. Valve Position 

Install control valve in the highest horizontal 
line of piping, in an accessible location and with 
arrow on side of valve body in direction of iluid 
flow. Control valve may be placed in any position, 
but upright is preferable for ease of maintenance. 

• Figure 1 - Typical lnatallation 
*Expand as required fo~ fluid flow. 

2. Problem Preventing ProcedurH 

• Provide remoVtJl space above, below and around 
control valve for easy removal of parts during 
maintenance. See proper Dwg. for dimensions. 

• Blow or flush out pipe lines thoroughly before 
installing control valve. 

• Protect control valve and following equipment 
with a LESLIE SELF-CLEANING STRAINER. 

• Install stop valves and gauges in inlet and out
let lines to provide means for checking adjust
ment and operation of equipment. 

• Provide proper inlet and outlet drainage in steam 
service to prevent water hammer or possible 
erosion in equipment. 

• Adhere to good piping practice. Install a bypass 
around the control valve. 

3. Connect operating medium tubing from control 
pilot, instrument or loading de~ice to diaphragm 
chamber connection of control valve or to valve 
positioner, if one is in use. 

4. Important: 

If control valve is fitted with a Thermo-Isolating 
boMet, do not laq or insulate bonnet or paint it 
other than dull black, otherwise its heat emitting 
efficiency will be impaired and packing will be 
submitted to excessive temperature. 

5. Reco111111endecl Plplnt for Control of Comp,.ulltle 
Fluids at ValuH of 25" or Leu of Inlet Pressure. 

• Expand outlet pipe to tWice control valve inlet 
pipe size. Use tapered expander. · 

• CoMect control pipe for control pilot aheai of 
outlet stop valve and at least 2' to 3' down
stream from end of expander. 

• Make control pipe connection at least 18" to 2' 
from outlet stop VtJlve, any elbow or other flow 
direction chanqing fitting. 

• Fig. 2 - Typical Control Valve Station For Control of 
Compreasible Fluids at 25" or LeH of Inlet Pr.11ure. 

• Expand as required for fluid flow. 

NOTE: Wht1re st1nsi11g impuln is tal,,m 2' to 3' 
downstream from control 11al11t1 ( upandt1r), 
dimmsior, "A" mi11imum of 6' to IO' will 
providt1 lowut noiu and 11t1locity factor:., 
accurate pressure smsing a11d reasonablt1 
bypass length. 

SECTION II - OPERATION 
l. Close inlet and outlet stop valves. 

2. Check that control valve responds properly through 
rated travel in relation to changes in operating 
pressure on the diaphragm. Rated travel is shown 
by position of travel indicator on valve stern 
relative to travel indicator scale on yoke. 

3. Manually operate control valves fitted with manual 
operating devices through rated travel to check 
freedom of movement. 

------PLAY SAFE! USE ONLY GEHUIHE LESLIE REl'LACEMEHT PARTS .. -------

LESLIE CO., PARSIPPANY,. N. J. 07054 
1.2.23-.:171 

10/0 • 5 • I - Page I 
771 JII 



instructions for 

lESLI[ 
(':') CONTROL VALVES 

SECTION IV - ACTUATOR MAIMTEMAMCE, 
REPLAOMG DIAPHRAGMS,STEM SEALS, ETC. 

FOR ADDITIONAL CONTROL VALVE DATA CON
SULT PROPER INSTRUCTION SECTION BELOW: 

INSTALLATION ..... ...• ••.•.••.•.•. ..••..•••• SECTION I 
OPERATION ...••..•••••••.••••••••••••••••••••• SECTION II 
MAINTENANCE •••.••..•••..•.••••.•.••••.•••• SECTION III 
ACTUATOR MAINTENANCE ••.••••.•.•.••. SECTION IV 

GENERAL 

1. Remove compression on actuator spring by screw
ing spring adjuster counterclockwise until actu
ator spring is free. 

SIZES 35, 55, 85, 135-DISMANTLING- (S.. Fig. 3) 

Remove bolts/nuts (23/22),_ upper diaphragm case 
(20) and old diaphragm (21). 

To examine, clean or replace other internal com
ponents lift out diaphragm plate (24) assembled 
with actuator stem (31). actuator spring (28). 
washer (34) and unscrew spring adjuster from 
adjuster sleeve (36). 

REASSEMBLY 

Replace internal parts. Install new diaphragm. In 
sizes 35, 55 and 85 line up holes with those in 
lower diaphragm case. In size 135 place bead on 
diaphragm in recess in lower diaphragm case. Re
place upper diaphragm case on diaphragm. 

Assemble four bolts and nuts through parts (90° 
apart). Fingertighten. Assemble balance of bolts/ 
nuts to actuator. Tignten evenly and alternately 
across diaphragm case. (Before tightening bolts 
in 35 actuators or where flat stock diaphragm ma
terial is used in other sizes as an emergency 
measure) consult note relating to preforming 
diaphragms. 

SIZES 35R, 55R, 85R & 135R.- DISMAMTLING-
(S.e Fig.-') 

Remove bolts/nuts (19/18) and upper diaphragm 
case (15). Insert rod through holes in yoke (34) 
O!ld actur,tor stem (35) to prevent twisting of ste:n 
seal (29) when removing self-locking nut (16). 
(In size 35R use wrench on flats on actuator stem) 
Remove self-locking nut (16), diaphragm plate 
(17), diaphragm (20), collar (22) and stem seal 
(29). Remove stem seal as follows; - In J.'>R and 

135R Actuators, remove S'tud nuts (24) in 135R; 
capscrews (23) in 35R and ,disassemble lower dia
phragm base (21) from yoke (34). Lift out stem 
seal. ln S5R and 85R DO NOT remove lower dia
phragm base unless gasket (26) is to be replaced. 
Stem seal (29) is held in place by seal ring (27) 
and screws (28). Talce out these parts and lift out 
stem seal. 

NOTE: To cbec~ actuator spring and other com• 
ponents in size I35R disassemble spacer 
(33) and lift out parts. In 35R, 55R and 
85R parts a,e talen out from the under
side. • 

D 

Fig. 3-Dlrect 
Acting Diaphragm 
Actuatar 

Fig. -'-Rnerse 
Acting Diaphragm 
Actuator 

------PLAY SA.FE! USE OHLY CEHUIHE LESLIE REPLACEMEHT PARTS.-------
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instructions for 

CONTROL VALVES 

REASSEMBLY 
Reassemble spring adjustor (40), washer (39), 
actuator spnnq (36), top spring seat (30) to actu• 
ator stem (35) (If they have been removed). Re
place assembled parts in yoke (34). Place stem 
seal collar (31) on actuator stem (35). Reassemble 

si,acer (33) to yolce in 13SR. Position stem seal 
(29) on stem seal collar (22). In sizes SSR, 8SR 
and 13SR place -bead of stem seal. in rec:•s of 
stem seal collar. 

In 35R anti 13:SR actuator6 reassemble lower dia
phrac;m base (21) to yoke (34). Assemble nuts 
(24) to spacer studs (32) in 13SR. Tighten. In 
35R insert capsaews (23) through holes in lower 
diaphragm case and diaphraQm and into threads in 
yoke. Tighten after piesettinq stem seal as 
diac:ribed belo~. 

In 55R and 85R act'II.IUOr6 replace sealing ring 
(27) and screws (28). Tighten. 

Pr•setti•I s, .. S•tll - <,,R. S,R, !r u,R) 

Place collar (22) on stem seal (29) making SUr& 

that bead on stem seal enters recess in collar. 
Reassemble diaphrCJQm ( J)) over actuator stem 
(35). Fit center hole in diaphraqm around raised 
face of collar (22). ~eplace diaphraQm plate ( 17), 
and self- lodcing nut ( 16). Hold. acmator s,.,, 

st.ady with rod through yolc• and stnc ('5R, 85R, 
13:SR) or with wrmch on /1,us on actuator stn, 
(35 RJ then tighten self-lodcing nut. Replace upper 
cliaphraqm case (15) and bolts/nuts. Tighten as 
described previously. See Instruction Sheet 
10/0.5.8 - for precautions to observe when ~ 
placing seals. 

Pv•s.11'111 s, .. Sedl - (3,R) 

Place collar (22) on stem seal (29), assemble self
lockinq nut ( 16) to actuator stem (35) and tighten 
down aqainst parts. Then press actuator stem 
downward to make stem seal move to taut position. 
Tiqhten capsaews and remove self-Iodcing nut ( 16). 

ALL ACTUATORS 
Set preload on actuator SPtinq, reassemble actu
ator to valve body assembly, if it has been re-

moved, adjust valve for rated travel and reconnect 
operating medium tubing. 

SOME IMPORTANT NOTES 

FL.AT SHEET RUBBER MATERIAL. 

Flat sheet rubber material m~ be used in SS(R), 
8S(R) and 13S(R) actuators as emerqenc:y replacement 
material but for guaranteed results it should be re
placed at the earliest opportunity With the LESLIE 
ROLLING ACTION DIAPHRAGM designed specifi
cally for these actuators. When fiat material is used 
in emerqenc:y prefonn as described below. 

PREFORMING 3$(R) ACTUATOR DIAPHRAGMS 

Flat stock material is used for diaphragms in 3S(R) 
actuators. When · assembling first finqertighten all 
diaphraqm case bolts. Then compress actuator spring 
sufficiently to move cliaphraqm throuqh full travel to 
the upper or lower diaphraqm case (dependinq. on 
whether actuator is direct or reverse acting). This 
prefonns diaphragm ~d pennits full movement throuqh 
rated travel Without resistance from a taut diaphragm. 

TO CHANGE VALVE ACTION FROM MORMALL Y 
OPEN TO NORM.ALLY CLOSED OR VICE-VERSA. 

To reverse the action of a single ported diaphragm 
control valve it is only necessary to replace the 
actuator in use with one having the opposite action. 
A single "0" in the control valve class indicates 
actuator is "DIRECT ACTING" - Air moves dia
phragm downward. A double D (''DO") indicates 
actuator is "REVERSE ACTING" - Air moves clia. 
phragm upward. Note: Final valve action in response 
to air signal on diaphragm depends on whether valve 
pluq is positioned above or below the seat ring. 

PROCEDURE 
To chanqe actuator, loosen valve pluq stem locknut 
under travel indicator and tum valve pluq stem ,all 
the way out of the actuator stem. Remove ccpscrews 
securinq actuator to bonnet. Replace actuator with 
one having desired action. Re-insert and tighten c:ap
screws. RecoMect valve pluq stem to actuator stem. 
Adjust actuator sprinq preload and set valve for rated 
travel. For more detailed instruction consult general 
instruction pertaining to the particular type of control 
valve. 

------PLAY SA.FE! USE OHLY GENUINE LESLIE REPLACEMENT PARTS .. ------
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instructions for 

lE~LI[ CONTROL VALVES 
(t') SINGLE PORnD CONTROL VAL YES · 1500 PSIG AND OVER SERIES 

SEalON Ill (Cont'd)· MAINTENANCE OF VALVE BODY SUB-ASSEMBLIES 

FOR ADDITIONAL CONTROL VALVE DATA CONSULT 
PROPER INSTRUCTION SECTION BELOW: 

INSTALLATION ••••••••••••••••••• SECTION I 
OPERATION ••• ; ••••••••••••••••• SECTION II 
MAINTENANCE •••••••••••••••••• SECTION III 
ACTUATOR MAINTENANCE •••••••••• SECTION IV 

DISMANTLING (Continued) 
Prior to dismantling control valve body 
assembly remove actuator (as described 
in Steps 1-3) and positioner if one is in 
use. To remove positioner loosen nut (17) 
and remove cap screws holding positioner 
to yoke (11). Slide positioner extension 
arm away from valve stem. 

4. Remove nut (17) from valve plug stem. 
Loosen stuffing box nuts (22). Remove 
bonnet nuts (40). Lift bonnet (27), and 
valve plug (21) off body as a unit. Re
move valve plug complete and other parts 
from bonnet. 

5. Take gasket (32) and seat retaining 
guide (37) from body. Then remove seat 
ring in the following manner; Insert 
wooden dowel into seat ring (38). Press 
sufficiently for dowel to grip seat ring 
so that it can be lifted out of body. 
Gasket (39) will follow with seat ring. 

Clean main body thoroughly including 
gasket faces. Inspect seat ring (38), 
valve plug complete (21) and seat re
taining guide (37). Replace any badly 
worn or damaged part. Clean all parts 
to be re-used thoroughly, using suit
able solvent and crocus cloth to remove 
any encrusted material. 

6. Lapping in Valve Plug and Seat Ring 
A. In Main Body - Return seat ring 
gasket (39), seat ring (38), to their 
proper places in valve body (33) making 
sure that valve seating face of seat 
ring (38) faces toward bonnet end of 
body. 

~: For Z.apping Mark "P" Trim 
Typ• inatruotiona ••• Page Sand 6. 

Place a small amount of superfine 
grinding compound, properly mixed with 
oil, on seating face of valve plug at 
several points. Insert valve plug 
assembly into valve body (33) and in 
contact with seat ring (38). Place bon
net (27) over valve plug complete and 
on valve body, using bonnet as guide 
wher. lapping inner valve. Lap valve 

17 

22 

25 

JI----+--+---- 9 

....._____~;C~~rc.-~-- 18 

Fig. 1 - DOS, Cage Trim, Sooket WeZ.d End 
Type. May al.so be butt weZ.d end, FZ.ang•d 
Endo~ 90° AngZ.e Type. 

plug complete (21) and seat ring (38) 
together very lightly and carefully. 
Just a few turns are sufficient. As 
lapping progresses, occasionally lift 
valve plug complete (21) a small distance 
away from seat ring (38) and rotate 90° 
to keep lapping compound evenly 
distributed. 

------PLAY SAFE! USE OHLY GEHUIHE LESLIE REPLACEMEHT PARTS .. ------
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instructions for 

CONTROL VALVES 

REASSEMBLY 
Reassemble spring adjustor (40), washer (39), 
actuator spring (36), top spring seat (30) to ac:tu• 
ator stem (35) (If they have b-.n removed). R~ 
place assembled parts in yoke (34). Place stem 
seal collar (31) on actuator stem (35). Reassemble 
spacer (33) to yclce in 13SR. Position stem seal 
(29) on stem seal collar (22). In sizes SSR, 8SR 
and 135R place -bead of stem seal in ree•s of 
stem seal collar. 

In 3:JR «nd 135R actuators reassemble lower dia
phragm base (21) to yoke (34). Assemble nuts 
(24) to spacer studs (32) in 135R. Tighten. In 
35R insert capsaews (23) through holes in lower 
diaphragm case and diaphragm and into threads in 
yolce. Tlqht•n after pzesett1nq stem Hal as 
discribed below. 

In 55R anti 85R actutllors replace sealinq rinq 
(27) and screws (28). Tighten. 

PrPHtlirtg s,na Selll - U5R, 8'R, 6- l35R) 

Place collar (22) on stem seal (29) maltinq sure 
that bead on stem seal enters recess in collar. 
Reassemble diaphragm (J)) over actuator stem 
(35}. Fit centM hole in diaphragm aIOund raised 
face of collar (22). Replace diaphraqm plate ( 17), 
and self- lodcinq nut (16}. Hold actuator .stot 
steady with rod through yoke and st- (55R. 85R, 
135 R) o, with wrwnch on {ltlls on o.ctuato, stfflt 
(35 R) then t1Qhten self-lodcinq nut. Replace Ul'Per 
diaphragm case (15) and bolts/nuts. Tighten as 
described previous! y. See Instruction Sh e et 
10/0.5.8 - for precautions to observe when re
pi acing seals. 

Pr•settiag St•• Seal - U1R) 
Place collar (22) on stem seal (29), assemble self
loc:king nut ( 16) to actuator stem (35) and tighten 
down aqainst parts. Then press actuator stem 
downward to make stem seal move to taut position. 
Tighten capsc:rews and remove se!f-lodcing nut ( 16). 

ALL ACTUATORS 
Set preload on actuator spring, reassemble actu
ator to valve body assembly, if it has been re-

moved, adjust valve for rated travel and reconnect 
operatinq medium tubing, 

SOME IMPORT ANT NOTES 

FLAT SHEET RUBBER MATERIAL 
Flat sheet rubber material may be used in SS(R), 
SS(R) and 135(R) actuators as emergency replacement 
material but for guaranteed results it should be re
placed at the earliest opportunity With the LESLIE 
ROLLING ACTION DIAPHRAGM designed specifi
cally for these actuators. When flat material is used 
in emergency preform as described below. 

PREFORMING 35(R) ACTUATOR DIAPHRAGMS 

Flat stock material is used for diaphragms in 35(R) 
actuators. When assembling first finqertighten all 
diaphragm case bolts. Then compress actuator spring 
sufficiently to move diaphragm through full travel to 
the upper or lower diaphragm case (depending. on 
whether actuator is direct or reverse acting). This 
preforms diaphragm ~d pennits full movement through 
rated travel Without resistance from a tout diaphragm. 

TO OIANGE VAL VE ACTION FROM HORMALL Y 
OPEN TO NORMALLY O.OSED OR VICE-VERSA. 

To reverse the action of a single ported diaphragm 
control valve it is only necessary to replace the 
actuator in use With one having the opposite action. 
A single "D" in the control valve class indicates 
actuator is "DIRECT ACTING" - Air moves dia
phragm downward. A double D ("DD") indicates 
actuator is "REVERSE ACTING" - Air moves dia
phragm upward. Note: Final valve action in response 
to air signal on diaphragm depends on whether valve 
pluq is positioned above or below the seat ring. 

PROCEDURE 
To change actuator, loosen valve pluq stem locknut 
under travel indicator and tum valve plug stem ,all 
the way out of the actuator stem. Remove capscrews 
securing actuator to bonnet. Replace actuator with 
one having desired action. Re-insert and tighten cap
screws. Reconnect valve plug stem to actuator stem. 
Adjust actuator spring pre load and set valve for rated 
travel. For more detailed instruction consult general 
instruction pertaining to the particular type of control 
valve. 

------FJLJ.Y SA.FE! USE OHLY GEHUIHE LESLIE REPL.4CEMEHT PARTS •. ------
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instructions for 

lESLI[ CONTROL VALVES 
crv SINGLE PORTED CONTROL VAL YES • 1 S00 PSIG AND OVER SERIES 

If preload adjustment is made with no 
pressure in valve body, then, when the 
control valve is placed in operation, 
additional compression must be placed 
on the actuator spring to provide valve 
closure for:e. With proper adjustment 
valve will close tightly and will not 
begin to open until the 3 psig opera
tion pressure is exceeded. 

NOTE A - A control valve which has been 
adjusted to provide 3 psig start
ing pressure plus valve closure 
fora• (with pressure in body) wiZZ 
have a considerably higher starting 
pressure than 3 psig~ when tasted 
at O body pressure. 

NOTE B - Air pressures quoted are relative. 
Actual pressures required in opera
tion may vary with pressure drop 
conditions ezisting and/or aotu• 
ator springs used. 

ADJUSTING CONTROL VAL VE 
FOR RA TED TRAVEL 

(Indicator soaZe shows rated travel of 
vaZveJ 

6 • Single Ported Unbalanced Control Valves 
With Direct Acting Actuators 
With valve plug and actuator stem threads 
engaged as described in "Reassembly", 
supply 20 psig operating pressure to 
actuator diaphragm. Valve will move to 
closed position. Observe travel obtained 
as shown by travel indicator and indi
cator scale. Readjust as follows: 

• OVERTRAVEL - If travel is too great, 
loosen stem locknut and turn valve plug 
stem out of actuator stern the amount 
necessary to obtain correct travel. 

• ONDERTRAVEL - If travel is too short, 
loosen stem locknut and turn valve 
plug stem further into actuator stem 
the amount necessary to obtain correct 
travel. 

7 • Positive Compression Force 
When correct travel has been obtained 
reduce operating pressure sufficiently 
to move valve plug away from seat ring(s). 
Then turn vaZve pZug stem one full turn 
out of actuator stem threads. 

e. Single Ported Unbalanced Control Valves 
With Revene .Adlng Actuators 
Loosen stem locknut. Apply air to diaphragm. 
Turn valve plug sta into actuator stem 
threads until valve plug is out of contact 
with seat ring, with air removed from dia
phragm. Then turn valve plug stem out of 
actuator stem threads until valve plug 
just contacts seat ring again. 

Supply sufficient operating pressure to 
actuator diaphragm to move valve plug away 
from seat ring. Then turn valve plug stem 
on• full turn out of actuator stem threads. 
Diaphragm plate determines travel. With 
proper diaphragm plate correct travel will 
result from adjustment. For under- or over
travel proceed as described above. 

9 • Positive aosing Force 
The on• fulZ turn toward the seat ring, 
made after obtaining travel, provides the 
positive closing force required to obtain 
tight valve closure in single ported 
valves. In all cases be sure to make this 
.final adjustment. 

· 1 o. All Aduators 
Tighten stem locknut and travel indicator 
against actuator stem. RecoMect operating 
medium tubing from the sensing element or 
manual loading device to the diaphragm 
case. 

REPLACING OR LAPPING IN MARK "P'' TRIM 
(Sorew Stem Locknut Down to Bottom of 
Stem Threade) 

To remove Mark •p• Trim from main body 
dismantle actuator from bonnet, remove bonnet 
nuts then carefully lift bonnet,valve plug 
and seat retainer out of valve body. CAUTION: 
Move bonnet directly upward or outward from 
body (relative to installation) to prevent 
damage to valve plug. Take out bonnet gasket, 
throttling orifice chamber, and gasket. Clean 
all parts. Replace any worn or damaged part. 

lapping in Mark "P" Trim 
To lap in Ma:k •p• trim use a very 

small amount of superfine lapping com
pound (no rougher than 20,000 grit) evenly 
distributed over valve plug seating sur-

------PLAY SAFE! USE OHLY GEHUIHE LESLIE REPLACEMEHT PARTS.,--------
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instructions for 
CONTROL VALVES LESLI[ 

® SINGLE PORTID_ CONTROL VAL YES • 1 SOO PSIG AND OVD SERIES 

fac•. Ins•rt valv• plug in throttling 
orific• chui.b•r and plac• seat rataininq 
quid• in position on orific• chamber u 
shown in 4A) • 

Lap only enough to remove any en
crusted material from ••ating surfac•s. 
A few turns should be sufficient. Lift 
and rotate valva plug go• occasionally 
to k••P compound evenly distributed. Re
move &ll traces of lapping compoand from 
parts before reassembling valva. 

If eith•r of the s•ating surfaces is 
found to be damaged parts should be re
tw:n•d to Leslie Co. for refurbishing. 

!f:!!!.: .Altho•gh vcZv• ptwg• and ohamb•~• 
az-• not ••••ntiaZty matoh•d ••t• 
it is alway• good p~aotio• to oon
sid•~ tham a• •wah aft•~ w••• and 
to ~•pZaa• th•m in ••~via• aa wnita. 

REASSEMBLY 
Follow general procedure outlined under 

•Reassembly• Page 4 making sure that throt
tling orifice chamber and gasket are pro
perly positioned in body and that seat 
retaining guide is passed carefully ov•r 
valve plug stem into position on throttling 

·orifice chamber. 

ASA 2500# 
Ill TED IIODIIS ;__,,_.,.. 

SPfCW. ,-OYISJOH 
FOi 3500 MAL 

VALVI l'I.UG SHOWN IN 
SHUT-Off POSITION .. 

!NUT 

,. 

n ~; 
'i f ,f Clf 
~ '! 

-~ I 
Fig. 4.A -

Lapping Valv•. 
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instructions for 
CONTROL VALVES 

SINGLE PORTED. CONTROL VAL VIS • 1 S00 PSIG AND OVER SERIES 

face. InHrt valve plug in throttling 
orifice chamber and place seat retaining 
quid• in position on orifice chamber u 
sbCWn in 4A). 

I.&p only enough to remove any en
cruated material from seating surfac••• 
A few turn• should be •ufficient. Lift 
and rotate valve plug 90• occa•ionally 
to keep compound evenly distributed. a.
move all trace• ot lapping compound from 
parts before reassembling valve. 

It either ot the seating surfaces i• 
found to be damaged parts should be re
turned to IA•lie Co. tor refurbishing. 

AtthoMgh veto• pZwg• and ohamb•~• 
(U"• not ••••ntiatZH matoh•d ••t• 
it i•·atwaH• good p~aotio• to oon-
1id•r th•m a• IMOh aft•r w••• and 
to r•pZao• th•m in ••ruio• a• unit•. 

REASSEMBLY 
Pellow general procedure outlined under 

•Reassembly• Page 4 muing sure that throt
tling orifice chamber and gasket are pro
perl~ positioned in body and that seat 
retaining guide is passed carefully over 
valve plug stem into position on throttling 

·orifice chamber. 

ASA 251111# 
U TED 10D11S; 

Sl'fCIAl. PROVISION -JI-,, 
FOi 3500 MAX. 

VAi.Yi PWG SHOWN IN 
SHUT~ POSITION 

I 
Fig. 4A -

Lapping VaZ11•. 
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Charaderizable Pneumatic Positioner 

~~~~~~~~~~~~~~~~~~~~~~, 

i WARNING I 
f DO NOT INSTALL, MAINTAIN OR OPERATE Tl-:,S EQUIP· f 
f MENT WITHOUT READI"'.'~· _UNDERSTANDING AND FOL- f 
f LOWING PROPER B:a,i_,_ey Babcock • Wilcox 1N- f 
f STRUCTIONS AND MANUALS, OTHERWISE INJURY OA f 
f DAMAGE MAY RESULT. f ,.. _____________________ _. 
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FIGURE 1 - Mounting and External Dimensions of Type AP2 Characterizable Pneumatic Positioner 

INSTALLING THE POSITIONER 

UNPACKING 

I. Check for any obvious damage to shipping 
carton. 

2. Open carton and remove all loose packing. 

3. Carefully remove Positioner from carton 
and inspect for any physical damage which may 
have occurred during shipping. 

U23• 381· 

4. Remove two cover screws and Positioner 
cover and examine interior for any loose compo
nents, such as nuts, screws, springs, etc. Check 
data on nameplate (located at right side of cam) 
for correct Type, Series and Signal Range. 

CAUTION: Before mounting or installing Posi
tioner, check nameplate data to make certain 
Positioner is suitable for application desired. DO 
NOT AT ANY TIME EXCEED THE RA TINGS 
LISTED ON THE NAMEPLATE. 

)· 



Characterizable Pneumatic Positioner 

5. If any damage to Positioner is evident, refer 
to inside front cover of this Instruction Book. If 
Positioner appears undamaged, replace cover and 
proceed with installation instructions. 

INSTALLATION 

The Characterizable Pneumatic Positioner, 
Type AP2, can be applied to double-acting 
cylinder applications or single-acting diaphragm 
actuator applications. 

CAUTION: The positioner can be installed in any 
position with proper recalibration. It should be 
noted that certain installation methods will not 
stroke the power operator to a fail-safe condition 
if the controller fails to send a signal. Bailey 
Meter Co. strongly recommends that, for 
increased safety, an installation method be 
selected to provide a fail-safe mode when loss of 

MOTION 
WITH 

INCREASING SIGNAL 

NOTES: 

PISTON 

PISTON ROD 

P88-7 
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controller signal is experienced. Mounting and 
external dimensions of Type AP2 Positioner are 
shown in Figure 1. 

Double-Acting Cylinder Applications 

When the Positioner is applied to a 
double-acting cylinder assembly, the piston rod is 
normally connected thru suitable linkage to 
position a valve, damper or other regulating 
device. Position of the power operator is normally 
tied back to the Positioner drive arm thru a drive 
rod (other tie back methods may be used 
depending on application). The drive arm is fixed 
to the positioning cam which is shaped to give a 
desired characteristic of power operator position 
versus input demand control signal. Positioner 
mounting and pneumatic connections must be 
such that an increasing control signal will ~ 
(stretch) the range spring. 

GAGE DESIGNATIONS: 
GI - SIGNAL PRESSURE GAGE 
G2-0UTPUT PRESSURE GAGE 
G3- OUTPUT PRESSURE GAGE 

FOR A DOWNWARD MOTION WITH INCREASING SIGNAL, USE BLACK SIDE 
OF CAM (COUNTER CLOCKWISE ROTATION) AND REVERSE 01 ANO 02 CONNECTIONS. 

IN ANY INSTALLATION, DIRECTION OF PISTON TRAVEL FOR A GIVEN SIGNAL CHANGE 
CAN BE REVERSED BY USING OPPOSITE SIDE OF CAM ANO SWITCHING 01 ANO 02 CONNECTIONS. 

FIGURE 2 - Typical Positioner Installation Mounted on Double-Acting Cylinder 

1.2.n.:m 
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Characterizable Pneumatic Positioner 

In any installation, the direction of piston 
travel for a given signal change can be reversed by 
using the opposite side of the cam and reversing 
the 01 and 02 output connections (Figure 2). 

If the Positioner is included with a 
double-acting cylinder assembly, tubing 
connections between the Positioner and the 
power operator would be as illustrated in Figure 
2. Pressure gages are optional and are not 
included unless specified when ordering 
Positioner. 

If it is necessary to complete the pneumatic 
connections to the Positioner, refer to Product 
Instruction G 18-2 for tubing methods and 
precautions. 

Single-Acting Diaphragm or Spring-Loaded 
Actuator Applications 

When the Positioner is applied to a 
single-acting actuator assembly, the valve stem is 
normally connected thru suitable linkage to 
accurately position an inner valve in response to a 
control demand signal. Position of the valve stem 
(or inner valve) is normally tied back to the 
Positioner thru a drive rod which is attached to 
the Positioner drive arm. The drive arm is fixed to 
the positioning cam which is shaped to give a 
desired characteristic of inner valve position 
versus input demand control signal. Positioner 
mounting and pneumatic connections must be 
such that an increasing control signal will extend 
(stretch) the range spring. 

In any installation, the direction of valve stem 
travel for a given signal change can be reversed by 
using the opposite side of the cam, plugging the 
output connection being used and connecting 

P88-7 
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tubing to the remaining output connection 
(Figure 3). 

If the Positioner is included with a control 
valve furnished by Bailey Meter Company, it is 
mounted on the valve yoke and piped to the 
actuator as illustrated in Figure 3. Pressure gages 
are optional and are not included unless specified 
when ordering Positioner. 

If it is necessary to complete the pneumatic 
connections to the Positioner, refer to Product 
Instruction G 18-2 for tubing methods and 
precautions. 

SUPPLY PRESSURE 

Supply pressure range is 18 to 1 SO psi. 
Because of the minimal effect of supply pressure 
variations on output positions, a regulated supply 
is not normally required for either application. 
However, for single-acting diaphragm actuator 
applications, a minimum supply pressure of 5 psi 
over maximum input signal range (20 psi for 3-15 
psi unit or 32 psi for 3-27 psi unit) must be 
maintained. 

WARNING: TYPE AP~ POSITIONERS ARE 
SUITABLE FOR MAXIMUM AIR SUPPLY 
PRESSURE OF 150 PSIG. ADHERENCE TO 
THIS LIMITATION WILL ENSURE SATIS
FACTORY PERFORMANCE. DO NOT SUPPLY 
PRESSURE TO THE POSITlONER IN EXCESS 
OF THAT WHICH THE RELATED ACTUATOR 
OR CYLINDER CAN SAFELY ACCEPT. 

NOTE: It is recommended that a filter or dripwell 
be installed in the supply line to prevent improper 
operation of the Positioner due to entrained 
moisture or dirt. 
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PLACING IN SERVICE 

Make the following adjustment checks to 
insure correct operation of the valve actuator or 
cylinder assembly and the Positioner before 
placing in operation. 

1. Make certain connecting linkage, brackets 
and any mounting hardware are secure. 

2. Make certain supply, input control signal 
and output pressure connections are tight. Check 
for leakage, while under pressure, with soapsuds 
solution. 

3. If optional pressure gages were furnished, 
make certain gages are installed in correct 
location for application (Figure 2 or 3) and all 
connections are tight. Check for leakage, while 
under pressure, with soapsuds solution. 

4. Perform procedures outlined under .. Cali
bratine the Positioner" to check output pressure 
level adjustment and to set zero iilld ran1e adjust
ments for the required application prior to 
placine the Positioner in service. 

NOTE: It is recommended that a position 
indicator plate be fabricated and installed on 
valve actuator yo(ce (or cylinder) and a pointer be 

POSITION 
INDICATOR 
PLATE 

FIGURE 4 · Typical P011ition Indicator Plate 
Mounted on Valve Actuator Yoke 

installed on valve stem (or piston rod) to indicate 
full OPEN and f uJI CLOSED travel of power 
operator (Figure 4 ). 

ROUTINE SERVICING 

I. Once each year, check all air connections 
for leakage, while under pressure, with a soapsuds 
solution. 

2. Maintain a clean air supply (free of dirt, oil 
or moisture) to assure satisfactory operation of 
Positioner. If recommended filter is installed 
(refer to .. Supply Pressure") in supply line, 
remove and clean if nece~ary. 

3. Whenever power operator is out of service 
(or when required), remove Positioner output 
valves as outlined unaer .. Troubleshooting" and 
clean with an aliphatic hydrocarbon solvent (i.e., 
gasoline or kerosene). 

WARNING: USE SOLVENT IN A WELL
VENTILA TED AREA. A VOID PROLONGED 
OR REPEATED BREATHING OF VAPORS. 
A VOID PROLONGED OR REPEATED CON
T ACT WITH SKIN. DO NOT USE NEAR OPEN 
FLAME. 

4. Periodically check orifice and nozzle for 
deposits and clean if necessary as outlined under 
"Troubleshooting". 

5. Once each year (or when required), check 
adjustment and calibration of Positioner and 
power operator as outlined under "Calibrating the 
Positioner". 

6. Also, if Positioner is equipped with option
al integral shut off and equalizing valve, clean 
valve assembly and cavity each year with aliphatic 
hydrocarbon solvent. Disassemble by removing 
valve handle and valve retainer (Figure 23, items 
16 and 15) and lifting out valve assembly (17). 
Inspect o-rings ( 13 and 14) and replace if 

·necessary. Re-lubricate with minimum amount of 
o-ring lube (Dow Coming No. 4 or equivalent) 
and reassemble. 

NOTE: Be sure same shims are installed between 
vaive'assembly ( 17) and valve retainer (IS). 

·) 
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TROUBLESHOOTING 

If trouble occurs which is definitely traced to 
the Positioner, check supply pressure, input and 
output pressure connections and mechanical 
linkage adjustments before removing from service. 
If no obvious defects are noted, ref er to "F aul-t 
Correction Chart". Locate· applicable heading for 
type of Positioner failure encountered. Correct 
procedures for checking or replacing various 
components are listed below. 

WARNING: MAKE CERTAIN POSITIONER IS 
DISCONNECTED FROM SUPPLY PRESSURE 
SOURCE OR REMOVED FROM SERVICE 
BEFORE ATTEMPTING ANY REPAIR OR 
REPLACEMENT PROCEDURES. 

CLEANING NOZZLE ORIFICE 
(Refer to Figure 5) 

NOTE: Diameter of hole in orifice is approxi
mately 0.016-inch. Dirt or foreign particles could 
easily be trapped in orifice before reaching noz
zle. 

1. An access hole on top of Positioner cover is 
provided for servicing or cleaning nozzle orifice. 
Remove pipe plug from nozzle chamber section 
of relay assembly using a 5/32-inch allen wrench 
to gain access to orifice. 

2. Use a wire approximately 0.015-inch in 
diameter and remove any dirt or foreign particles 
obstructing orifice hole. 

WARNING: USE EXTREME CARE WHEN 
CLEANING ORIFICE TO PREVENT SCRATCH
ING OR ENLARGING ORIFICE HOLE. EN
LARGING HOLE COULD AFFECT "GAIN" 
CHARACTERISTICS OF POSITIONER. 

3. Reassemble pipe plug in nozzle chamber 
section of relay assembly. 

REPLACING RELAY ASSEMBLY 

NOTE: To remove the Positioner from the case, 
refer to Figure 22 for identification of item 
numbers listed parenthetically in steps 1 thru 4 
only. 

l. Remove cam (34) from cam shaft (33). 

2. Disconnect range spring ( 4) from spring re
tainer ( 15 ). 

3. If Positioner is equipped with gain 
suppression accessory kit (items 7 thru 11 ), 
remove kit as follows: 

1:2.23-385 

a. Remove two screws (9), lockwashers (10) 
and small washers (11) from base assembly (13). 

b. Disassemble retainer (8) and spring (7). 

4. Remove two screws (30) from rear of base 
assembly ( 13) and carefully remove Positioner as
sembly (3). 

5. To remove signal nut (40), place a 
9/16-inch thin head or tappet, open end wrench 
on hex of signal diaphragm assembly (26) guide 
to secure guide in position and prevent rotation 
(Figure 6). With guide held firmly, place a 
3/4-inch open end wrench on flats of signal nut 
(40). Remove signal nut and spring retainer (39) 
from threaded section of guide. 

NOTE: Spring retainer (39) is Ioctite sealed into 
signal nut ( 40) and should not have to be sepa
rated. 

CAUTION: Damage could result to signal dia
phragm assembly if guide is not held in position 
when removing signal nut. 

6. Remove tabbed retainer (25) from signal 
diaphragm assembly (26) guide. 

7. Remove screws (46) and lockwashers (47) 
securing base mainfold assembly (36), relay as
sembly (27) and manifold assembly (8) in posi
tion. (Dowel pins in both ends of relay assembly 
prevent rotation of assemblies after cap screws 
have been removed.) 

PNEUMATIC 
AMF'LIFIER 

SIGNAL 
DIAPHRAGM 
ASSEMBLY 

f>OSITIONING 
CAM 

FIGURE 5 - Cleaning Nozzle Orifice 

-, 
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8. Remove base manifold assembly (36) .. 

9. When removing relay assembly (27), guide 
vane by hand until vane is clear of signal dia
phragm assembly (26) guide. 

10. To install new relay assembly, reverse 
steps 3 thru 9 above. T-ighten four screws (46) 
uniformly in rotation, 70 to 75 in. lb .. Wait 15 
minutes and retorque screws. 

CAUTION: To prevent damage to relay assembly, 
make certain exposed diaphragms (at each end of 
relay assembly) are in flat, relaxed position before 
tightening screws (46). Also, be sure that dowel 
pins which protrude from each end of relay, enter 
holes in mating parts before tightening screws. 

1 1 . Make a preliminary setting of small 
slotted set screw in vane assembly so that set 
screw point lifts vane overtravel hinge end away 
from vane assembly approximately 1/64". 

12. Complete reassembly of relay into Posi
tioner by reversing steps 1 and 2. 

13. Recalibrate Positioner for correct applica
tion as outlined under "Calibrating the Posi
tioner". 

14. Apply minimum input signal pressure. 
Using a stop watch or watch with a sweep second 
hand as a timing device, rapidly increase input 
signal pressure from minimum to maximum while 
noting the time necessary for piston or valve to 
stroke from one extreme to the other. 

15. Again noting time necessary for piston or 
valve to stroke from one extreme to the other, 
rapidly decrease input signal from maximum to 
minimum. 

NOTE: Rate of input signal change should be 
approximately the same as in step 14. 

16. Compare two stroke times. If an undesira
ble differential exists, adjust small slotted set 
screw in vane assembly approximately I /2 turn 
and re-zero calibration. 

1 7. Repeat steps 14, 15 and 16 until stroke 
time differential is reduced to within desired 
limits. At this point supply and exhaust capacities 
of O I and 02 output valves are balanced. Apply a 
drop of Loctite Grade 290 or equivalent to set 
screw threads. 

REPLACING OUTPUT VAL VE O 1 
(Refer to Figure 7) 

P88-7 
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1. Using slot in end of valve plug (32). remove 
plug from base manifold assembly (36). (Plug 
assembled at factory with adjustable sealant on 
threads.) Plug can be removed by unscrewing 
until all the threads are exposed. A 3/4-16 UNF 
hex nut should then be screwed over the plug 
threads and the plug removed by grasping the nut 
with pliers. Remove hex nut. Examine o-ring (31) 
and replace if necessary. 

2. Remove valve (28), valve spring (29), wash
er (30) and o-ring (2) from base manifold 
assembly (36). Examine o-ring and replace if 
necessary. 

3. Clean valve (28) using an aliphatic hydro
carbon solvent (i.e., gasoline, kerosene, etc.) and 
visually inspect for damage to seating surfaces. 
Remove any sealant remaining on valve plug (32) 
and threads inside base manifold assembly (36). 
Examine valve seats inside of base manifold 
assembly for dirt. Clean if necessary. 

WARNING: USE SOLVENT IN A WELL-VENTI
LATED AREA. AVOID PROLONGED OR RE
PEATED BREATHING OF VAPORS. AVOID 
PROLONGED OR REPEATED CONTACT WITH 
SKIN. DO NOT USE SOLVENT NEAR OPEN 
FLAME. 

4. Apply minimum amount of o-ring lubricant 
(Dow Corning No. 4, or equivalent) too-ring (2). 
Assemble valve spring (29), washer (30) and 
o-ring (2) on valve stem. InstaU valve (28) 
subassembly in base manifold assembly (36). 

S. Apply small amount of lubricant on o-ring 
(31) and install on valve plug (32). 

6. Apply adjustable seal (Loctite Sealant, 
Grade No. 242, or equivalent) to threads of valve 
plug (32) and install in base manifold assembly 
(36). End of valve plug must be flush with base 
manifold housing when assembled. 

REPLACING OUTPUT VALVE 02 
(Ref er to Figure 7) 

1. Remove as a unit, screw retainer ( 1 ), valve 
cover (3) and valve seat assembly (6) from 
manifold assembly (8) by removing screws (41) 
and lockwashers (42). 

NOTE: After removing subassembly described in 
step 1 , visually check ( or take a quick measure
ment) of the gap between the bottom side of 

..... ---------------------------------------------
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valve cover (3) and the top of valve seat assembly 
(6). This procedure is necessary in order to obtain 
Tiie same approximate dimension when reassem
bling valve seat assembly and will assist in 
recalibration of the Positioner after final assembly 
is completed. 

2. To disassemble· valve seat assembly (6) 
from valve cover (3), back off adjustment screw 
(34) until valve cover can be removed. It is not 

· necessary to remove screw retainer ( l) to disas
semble valve seat assembly. 

3. Examine o-rings (5) and (33). Replace if 
necessary. 

4. If o-ring (2) must be replaced, disassemble 
screw retainer (l ) by removing screws ( 43) and 
"lock washers ( 42 ). Remove adjustment screw (34) 
from valve cover (3) and replace o-ririg. 

5. Clean valve using an aliphatic hydrocarbon 
solvent (i.e., gasoline or kerosene) and blow dry 
with air hose. Visually inspect for damage. If 
valve is damaged, valve seat assembly (6) must be 
replaced. 

WARNING: USE SOLVENT IN A WELL-VENTI
LATED AREA. A VOID PROLONGED OR RE
PEATED BREATHING OF VAPORS. AVOID 
PROLONGED OR REPEATED CONTACT WITH 
SKIN. DO NOT USE NEAR OPEN FLAME. 

6. Examine valve chamber in manifold assem
bly for dirt and clean if necessary. 

7. Apply minimum amount of lubricant (Dow 
Coming No. 4, or equivalent) to o-rings (2), (5) 
and (33). 

8. Install o-ring (2) on adjustment screw (34), 
o-ring (5) in valve cover (3) and o-ring (33) on 
valve seat assembly (6). 

9. With notch in valve seat assembly (6) in 
alignment with dowel pin (4) in valve cover (3), 
tum in adjustment screw (34) until correct 
distance is obtained between bottom of valve 
cover and top of valve seat assembly (refer to 
NOTE following step I). 

CAUTION: Threads on adjustment screw are very 
·fine pitch. Use care to avoid cross threading. 

I 0. Install valve subassembly in manifold 
assembly (8). Secure in position using screws (41) 
and lockwashers (42). 

11. If screw retainer ( I) was removed, install 
retainer on valve cover (3) with screws (43) and 

12. Recalibrate as outlined under ''Calibrating 
the Positioner". 

REPLACING SIGNAL DIAPHRAGM ASSEMBLY 
(Refer to Figure 8) 

NOTE: To remove the Positioner from the case, 
refer to Fi1ure 22 for identification of item 
numbers listed parenthetically in steps I thru 3 
2.!le£. 

I . Disconnect range spring ( 4) from spring 
retainer (1 S) usin1 needle nose pliers. 

2. If Positioner is equipped with optional gain 
suppression kit (items 7 thru J I), remove kit as 
follows: 

a. Remove two screws (9), lockwashers (10) 
and small washers (11) from base assembly (13 ). 

b. Disassemble retainer (8) and spring (7). 

26 

39 

8 

36 

46 

lockwashers (42). FIGURE 8 • Replacing Signal Diaphragm Assembly 
1~~~. 

../) 
_, 
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GAIN SUPPRESSION KIT 
PART NO. 5327328-1 

GAi"! SUPPRESSION KIT 
PART NO. 5327328-2 
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APPLICATION 
Positioner with 
Standard Gain 

(250-3001 

Positionar with 
High Gain 
(3004001 

Positioner with 
Standard Gain 

(250-3001 

Positioner with 
High Gain 
(300-4001 

Cylinders with 51' in.3 or 
less displacement. 

Cylinders with 50 in.3 to 
200 in.3 displacement. 

Diaphragm actuators with 
high packing friction. 

X 

X 

X 

X Not Required 

X 

TABLE I • Suggested Gain Suppression Kit Guide Lines 

3. Remove two screws (30) from rear of base 
assembly ( 13) and carefully remove Positioner 
assembly (3 ). 

4. To remove signal nut (40), place a 
9/ 16-inch thin head or tappet open end wrench on 
hex of signal diaphragm assembly (26) guide to 
secure guide in position and prevent rotation. 
With guide held firmly, place a 3/4-inch open end 
wrench on flats of signal nut ( 40). Remove signal 
nut and spring retainer (39) from threaded sec
tion of guide. 

CAUTION: Damage could result to signal 
diaphragm assembly if guide is not held in 
position when removing signal nut. 

S. Remove tabbed retainer (25) from signal 
diaphragm assembly (26) guide. 

6. Loosen four hex socket head cap screws 
(46) until base manifold assembly (36) and relay 
assembly (27) can be disassembled from mainfold 
assembly (8). (Dowel pins in both ends of relay 
assembly prevent rotation of assemblies after cap 
screws have been removed.) 

CAUTION: To prevent damage to vane of relay 
assembly, carefully guide relay assembly (27) 
vane over signal diaphragm guide when separating 
relay assembly and manifold assembly (8). 

7. Remove three screws (44) and disassemble 
signal cover (24 ). 

8. Remove signal diaphragm assembly (26). 

9. To install new signal diaphragm assembly 
(26). reverse steps I thru 8 above. Tighten three 

INSTALLING OPTIONAL GAIN SUPPRESSION 
KIT (Refer to Figure 22 and Figure 9) 

An optional gain suppression kit is available 
for Type AP2 Positioner (refer to Table 1 ). !nstal
ling the gain suppression kit might be necessary to 
control oscillation of the final control element; to 
reduce sensitivity and prevent overshoot where 
high packing friction is evident; where oscillation 
occurs in a rapid rise portion of the cam or to 
adapt the Positioner to a change in application. 
The need for gain su ression will vary according 
to actuator and valve c aractenstics. I it is neces
sary to add the gain suppression kit, refer to ap
plications listed in Table 1 and procedure out
lined below. 

1. Remove cam (Figure 22, item 34) from 
cam shaft (33). 

2. Disconnect range spring (Figure 9, item 4) 
from spring retainer (15) using needle nose pliers. 

3. Install spring (7) over signal nut (45) until 
spring contacts signal nut flange. 

4. Install "bonnet" portion of retainer (8) 
over spring retainer (15) until retainer (8) secures 
spring (7) in position. 

5. Install screws (9), lock washers (I 0) and 
small washers ( 11) thru retainer (8) and into Posi
tioner base assembly ( 13). Do not tighten secure- -
ly. 

6. Reassemble range spring (4) to spring re
tainer ( 15 ). 

screws (44) 25 to 30 in. lb. Tighten four cap 7. Install cam (Figure 22, item 34) on cam 
screws (46) 70 to 75 in. lb.; uniformly, in rota- shaft (33). 
tion. Wait 15 minutes and retorque screws. 1,2.23-388 

- ---------- -----------------------------------
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FAULT CORRECTION CHART· 

FAULT 

1. Final drive element at 
one end of stroke and does 
not respond to input 
change. 

2. ExC8SSive air consump• 
tion (exhaust loud). 

3. Oscillation of final drive 
element. 

4. Slow response. 

5. Final drive element at 
minimum travel stop 
and wilt not respond to 
input change. 

6. Uprange zero shift that 
cannot be adjusted. 

7. Full range cannot be 
obtained with adjustment. 

PROBABLE CAUSE 

a. Obstruction in orifice 
leading to nozzle. 

b. Relay {amplifier) section 
l•aking internally. 

a. Leakage at joints of manifold 
assembly. relay assembly or 
base manifold assembly. 

b. Improper seating of output 
valves. 

-a. Output presure level 
too low. 

b. Gain too high. 

c. ·Drive arm not securely 
attached to final drive 
element. 

a. Output pressure level 
too high or too low. 

b. Output valves blocked. 

. 

c. Relay (pneumatic amplifier) 
assembly not operating 
correctly. 

a. Signal diaphragm leakage. 

a. Signal diaphragm leakage. 

•· Incorrect range spring. 

b. Signal diaphragm leakage. 

CORRECTIVE ACTION 

a. Check orifice as outlined 
under "Cleaning Nozzle Orifice". 

b. Replace as outlined under 
"Replacing Relay Assembly". 

a. Tighten four .250-28 x 4 hex socket 
head stainless steel cap screws 70 to 
75 in. lb. 

b. Remove valves as outlined 
llnder "Replacing Output 

-- Valve 01" or "Replacing Output 
Valve 02". Clean valves and seats. 
Replace valve if ntcesury. 

•• Reset output pressure level adjust· 
ment as outlined under "Calibrating 
the Positioner". 

b. Install optional spring kit as out• 
lined under "Installing Gain 
Suppression Kit". 

c. Tighten or correct linkage as 
necessary. 

a. Reset output pressure level ad• 
justment as outlined under 
"Calibrating the Positioner". 

b. Remove valves as outlined under 
"Replacing Output Valve 01" 
or "Replacing Output Valve 02" . 
CIHn valves and Ports. 

c. Replace as outlined under 
"Replacing Relay Assembly". 

a. Tighten thrn .190·32x1 .00 pan 
head screws to 25-30 in. lb. or 
replace as outlined under "Re-
pl~ing Signal Diaphragm Assembly". 

a. Tighten three .190-32x t .00 pan 
head screws to 25-30 in. lb. or 
replace u outlined under "Re-
pl1cing Signal Diaphragm Auemb/y". -

a. Remove range spring and inmll 
correct spring for range required. 

b. Tighten three .190·32x1.00 pan -/.) 
head screws to 25-30 in. lb. or 
replace as outlined under "Re-
placing Signal Dia_phragm Assembly". 
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FIGURE 9 • Installing Optional Gain 
Suppression Kit 

8. Position retainer (Figure 9, item 8) on its 
slotted holes so it is in position to exert a slight, 
even compression load on spring (7) when cam 
and signal pressure are at 0%. Tighten screws (9) 
in this position. 

9. Readjust range and zero adjustments as 
outlined under "Calibrating the Positioner". If 

Range Spring No.of 
Part No. Coils 

5327330-1 15 

5327330-2 14 

5327330-3 ·11 

P88-7 
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unit is unstable or sluggish, retainer (8) can be 
repositioned in its slotted holes. 

10. Check to verify that there is a slight load 
on spring (7) when unit is pressurized and in a 
static position. · 

INSTALLING OPTIONAL HIGH GAIN RANGE 
SPRING 

Two optional high gain range springs are avail
able for Type AP2 Positioner (refer to Table 1). 
Installation of the high gain range spring is recom
mended for increasing accuracy on large displace
ment cylinders or actuators only, where high gain 
should not affect stability of the final control ele
ment. To install high gain range spring, follow 
procedures outlined below. 

1. Remove cam from cam shaft. 

2. Disconnect standard gain range spring from 
threaded adjuster and spring retainer using needle 
nose pliers. Install new high gain range spring. 

3. Install cam on cam shaft. 

4. Readjust range and zero adjustments as 
outlined under "Calibrating the Positioner". 

Input Signal 
(psi) Application 

3-15 Optional high gain 
range spring 

3-27 Optional high gain 
range spring 

3-15 •standard gain range 
spring 

3•27 •standard gain range 
spring 

•standard gain (250-3001 ranQa springs are assambled in place and 
shipped with Poaitioner. 

TABLE 2 • Optional High Gain Range Spring 

--

-• 

--
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POSITIONING CAM 
I 100~ TRAVEL.) 

0PTIONAL PRESSURE 
GAGO 

FIGURE 10 - Positioner Adjustments 

CALIBRATING THE POSITIONER 

Calibration of Type AP2 Characterizable 
Pneumatic Positioner consists of adjusting the 
linkage from the power operator so that the 
positioning cam rotates thru full range for full 
travel of the piston or valve stem and to adjust (or 
balance) the output pressure level. 

The following adjustments are perfonned 
with Positioner mounted on the power operator. 
These ad·ustments are s ecifically for checkin 
o eration ot the two units rior to ada tin t e 

ositioner to a particular application. nee these 
adjustments have been completed, proceed to 
"Calibration Adjustments for Particular 
Applications". 

OUTPUT PRESSURE LEVEL ADJUSTMENT 

Double-Acting Cylinder Applications 

If necessary to change or correct output 
pressure level of Positioner, follow the procedure 
outlined below and refer to Figure IO. 

l. Use B (straight line) positioning cam which 
is shipped in place in Positioner assembly. 

CAUTION: Make certain correct side of cam (red 
or black) is facing outward for application desired 
(Figure 2). 

. .1.2.23-391 

2. Make supply air connections (18 to 150 
psig) designated "S" on manifold. Maintain this 
pressure during adjustments and after Positioner 
has been placed into service. 

WARNING: TYPE AP'1 POSITIONERS ARE 
SUITABLE FOR A MAXIMUM AIR SUPPLY 
PRESSURE OF 150 PSIG. ADHERENCE TO 
THIS LIMITATION WILL ENSURE SATISFAC
TORY PERFORMANCE. DO NOT EXCEED 
MAXIMUM RECOMMENDED CYLINDER 
OPERATING PRESSURE. 

3. If optional pressure gages are not included, 
connect customer supplied pressure gages to 
Positioner output ports O I and 02 or to I /8-inch 
NPT gage ports (Figure 2). 

4. Apply midrange signal (9 psi for 3-15 unit 
or 1 S psi for 3-27 unit) with no load on cylinder. 

CAUTION: Make certain midrange signal is ap
plied. Output pressure level cannot be adjusted if 
piston is against travel stop. 

S. Turn integral shutoff and equalizing valve 
(AP200 I•) to AUTO position. 

6. Each output pressure gage should stabilize 
at approximately 2/3 of supply pressure (0 I gage 
reading plus 02 gage reading should equal 4/3 of 
supply pressure) . 

as .. szzza u CPS-
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7. If reading is not correct, tum adjustable 
valve screw counterclockwise to increase pressure 
or clockwise to decrease pressure until correct 
reading is obtained. 

NOTE: If oscillation occurs, gain suppression 
spring kit (available option from Bailey Meter 
Co., Pt. No. 5327328-0) must be installed. Refer 
to "Installing Gain Suppression Spring" for table 
of spring applications and installation procedure. 

Single-Acting Diaphragm Actuator Applications 

If necessary to change or correct output 
pressure level of Positioner, follow procedure 
outlined below and refer to Figure I 0. 

1. Use B (straight line) positioning cam which 
is shipped in place in Positioner assembly. 

CAUTION: Make certain correct side of cam (red 
or black) is facing outward for application desired 
(Figures 2 and 3). 

2. Make supply air connections ( 18 to 1 SO 
psig) designated "S" on manifold. Maintain this 
pressure during adjustments and after Positioner 
has been placed in service. 

NOTE: For single-acting diaphragm actuator ap- . 
plications, a minimum supply pre~sure of S psi 
over maximum input signal range (20 psi for 3-1 S 
psi unit or 32 psi for 3-27 psi unit) must be 
maintained. 

WARNING: TYPE AP2 POSITIONERS ARE 
SUIT ABLE FOR A MAXIMUM AIR SUPPLY 
PRESSURE OF ISO PSIG. ADHERENCE TO 
THIS LIMITATION WILL ENSURE SATISFAC
TORY PERFORMANCE-. DO NOT EXCEED 
MAXIMUM DESIGN OPERATING PRESSURE 
OF ACTUATOR. 

NOTE: For single acting diaphragm actuators, a 
minimum supply pressure of S psi over maximum 
input signal range (20 psi for 3-1 S psi unit or 32 
psi for 3-27 psi unit) must be maintained. 

3. lf"optional pressure gages are not included, 
connect customer supplied gages to 1 /8-inch NPT 
gage ports in location shown in Figure 3 for 
application desired. 

4. Apply midrange signal (9 psi for 3-1 S psi 
unit or IS psi for 3-27 psi unit) with no load on 
actuator. 

P88-7 
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CAUTION: Make certain midrange signal is ap-
- plied. Output pressure level cannot be adjusted if 

valve is against travel stops. 

S. If reading on supply gage G3 (Figure 3) 
does not equal supply pressure being applied, turn 
adjustable valve screw counterclockwise until sup
ply pressure is obtained. If reading is at supply 
pressure, tum screw clockwise to decrease pres
sure; then counterclockwise until full supply pres
sure is obtained. 

NOTE: Supply gage may momentarily drop if 
large step change is applied. 

6. Once supply pressure is obtained, tum 
adjustable valve screw one (I) full tum 
counterclockwise. 

ZERO AND RANGE ADJUSTMENTS 
(Refer to Figure 10) 

The range spring assembly applies a propor
tional feedback force to the input signal dia
phragm assembly. A threaded adjuster applies 
initial tension on the spring and provides a zero 
adjustment. 

Range adjustment of the Positioner is 
obtained by repositio_ning a pivot assembly along 
the cam follower arm. Moving the pivot assembly 
towards the cam results in a shorter final control 
element stroke for a given signal change. The 
opposite holds true for moving the pivot assembly 
away from the cam. 

Double-Acting Cylinder Applications 

The adjustment procedure below is based on a 
direct-acting application as shown in Figure 2. If 
power operator is being used for a reverse-acting 
application, note that the movements and 
positions will be oppo~te those listed below. 
Normally, the regulating device (valve, damper, 
etc.) used in direct-acting applications will be in 
the CLOSED position when piston is at bottom 
of cylinder; and the OPEN position when piston 
is at top of cylinder. Therefore, the words OPEN 
and CLOSED used below ref er to these positions. 

Single-Acting Diaphragm Actuator Applications 

The adjustment procedure below is based on a 
direct-acting, top-connected diaphragm actuator 
as shown in Figu~ 3. If the power operator is 
being used for a reverse-acting application, note 

--

--

--
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that the movements and positions will be oppo
site those listed below. Normally, a control valve 
used in direct-acting applications will be in the 
CLOSED position when the valve stem has 
traveled out of the valve body to its fullest 
extent; -and in the OPEN position when the stem 
has traveled into the valve body to its fuilest 
extent. Therefore, the words OPEN and·CLOSED 
used below refer to these positions. 

NOTE: It is recommended that a position indica
tion plate be installed on the valve actuator yoke 
(or cylinder) and a pointer be installed on valve 
stem ( or piston rod) to indicate full stroke travel 
in both directions. 

l. Position piston (or valve) to CLOSED 
position. If cam follower is not at zero mark on 
positioning cam, disconnect and adjust Positioner 
drive rod (or other connecting linkage used to tie 
back to power operator) until Positioner drive 
arm assumes position which places follower on 
zero mark. Reconnect drive rod. 

2. Set input signal at minimum range value (3 
psi for 3-15 psi unit or 3-27 psi unit). Piston (or 
valve) should remain in CLOSED position. 

3. If piston (or valve) begins to move from its 
CLOSED position, loosen set screw located in 
recessed hole of knurled adjustment nut and turn 
zero adjustment lFigure 10) clockwise to increase 
range s~Hin~ tension until piston (or valve) returns 
to a CL s75 position. 

4. Increase input signal above minimum range 
~ (3.5 psi for 3-15 unit or 3-27 psi unit). If 
piston (or valve) does not begin to leave CLOSED 
position immediately, turn zero adjustment nut 
(Figure 10) counterclockwise until such move
ment is obtained. Once zero adjustment is com
pleted, retighten set screw to lock zero adjust
ment in place. 

5. Return to mm.unum input signal (3 psi). 
Piston (or valve) should go to CLOSED position. 

6. Set input signal at maximum range value 
(15 psi for 3-15 psi unit or 27 psi for 3-27 psi 
unit). If piston (or valve) does not move to full 
OPEN position, loosen roller hold down screw 
(Figure I 0) and slide roller along beam until 
piston (or . valve) reaches tull OPEN position. 
After adjustment, tighten hold down screw firmly 
in place. 

7. Decrease input signal below maximum sig
nal range value (14.5 psi for 3-is psi unit or 26.5 
psi for 3-27 psi unit). If piston (or valve) does not 
begin to leave full OPEN position immediately, 
change range adjustment as outlined in step 6 
until such movement is obtained. 

CALIBRATION ADJUSTMENTS FOR 
PARTICULAR APPLICATIONS 

in steps .. 

The Positioner adjustments described below 
may be used to improve the operation of the 
power operator system either by itself or in 
relation to other systems or parts of a multiple 
system. 

Zero or Suppression Adjustment 

By using the zero adjustment (Figure I 0) an 
intitial tension may be imposed upon the range 
spring so that the piston (or valve) wilJ not begin 
to move from its minimum position until input 
signal has increased from 3 psi to any value up to 
9 psi (3-15 psi unit) or IS psi (3-27 psi unit). This 
adjustment is of value when two or more power 
operators are to be operated in sequence; where 
the power operator is equipped with a minimum 
stop; or where the characteristics of the device 
which the operator is moving must be matched 
with that of another regulated device. 

FIGURE 11 - Characterized Cam 
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FIGURE 12 - Cam A, Square Root Relation 

Split Range Adjustment 

= .., 
C z 
Cll 
iii .,. 

The range adjustment affords a variation of 
power operator motion for a given range of con
trol signal pressure. In combination with the zero 
adjustment described above, full piston (or valve) 
travel may be obtained for a signal pressure 
change as small as 6.0 psi (3-15 psi unit). Range 
adjustments available for each of the three cam 
variations furnished are shown in Figures 12, 13 
and 14. This adjustment is of value when the de
vice being regulated by the power operator is 
oversized, since the adjustment allows operation 
of the power operator thru its useful motion for 
the desired full change in control signal pressure. 
It is also useful in matching the signal versus posi
tion characteristic of the power operator with 
those of related power devices in the same control 
system. 

Cam Characteristic Adjustment 

This adjustment involves selecting or shaping 
the proper positioning cam in order to obtain that 
characteristic of piston (or valve) position versus 
control signal pressure which will afford the 
desired characteristic of controlled medium versus 
control signal pressure. The definition of "con
trolled medium" as applied to this section is the 
rate of action of that medium (water, air, etc.) 
being controlled. 
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CONTROL SIGNAL PRESSURE 

Signal V.tue (psig) 

Percent Vliue Control Sy1t1m Rang• 

3-15 3-27 

0 3.0 3.0 
10 4.2 5.4 
20 5.4 7.8 
30 6.6 10.2 
40 7.8 12.S 
so 9.0 15.0 
so 10.2 17.4 
70 11.4 19.8 
80 12.6 22.2 
90 13.8 24.S 

100 15.0 27.0 

TABLE 3 • Conversion Table for Control System 
Ranges 

Positioning cams A, B and C (Figure 11) are 
furnished with each Positioner (the B cam is 
shipped assembled in place and the A and C cam 
are included on the same part, but are inactive). 
The characteristics for which the cams are shaped 
are listed in Table 4 and are shown in Figures 12, 
13 and 14. The figures show a family of curves 
for each cam, each curve representing a range 
adjustment when used with that specific cam. 
Table 3 shows control signal pressure values of· 
the two control system ranges equivalent to the 
signal range percent values in Figures 12, 13 and 
14. 

If the system involves a single power operator, 
it is probable that the B (straight line) cam will be 
satisfactory. However, one of the other cams may 
provide a more uniform controlled medium versus 
signal pressure charact~ristic, providing stable 
control over a wide range of operation with a 
given proportional band adjustment on the con
troller. For a power operator which is an integral 
part in a complex control system, the cams 
provide a selection of characteristics which, when 
used in conjunction with the range adjustment, 
should allow close paralleling of the controlled 
medium versus signal pressure characteristic. 

Refer to "Qi.aracterized Cams" for selecting 
or shaping the proper positioning cam for a power 
operator which is to be part of a complex control 
system. 

Cam Selection 

cams. The following table is a comparison of pos
sible stroke lengths vs. feedback drive ann hole 
locations for the Full Stroke - 90° cam and the 
Half Stroke• 4S0 cam •. 

FHdbeclc Arm 
Hole Polition from 

Cam Shaft 

Lengm of Stroke• Inch .. 

1 
2 
3 
4 
5 
6 
7 

Full Stroke • Halt Stroke • 
90°c.n 45°Cam 

1 
1.5 
2 

2.5 
3 

. 3.5 
4 

.s 

.75 
1 

1.25 
1.5 
1.75 
2 

• CHARACTERIZED CAMS 

In order to match the inherent characteristics 
of the power operator to the final control device, 
it may be practical to reduce the controlled 
medium versus piston (or valve) position 
characteristic of each device in the system to a 
straight line relationship with regard to control 
signal pressure. This straight line relationship is 
established by calibrating the .Positioner with 
respect to the correct positioning cam by the 
following method 

l. Use B (straight line) cam to determine 
actual controlled medium versus piston (or valve) 
characteristic (Figure 15). 

2. Determine exact controlled medium versus 
control signal pressure characteristic desired (Fig
ure 16). 

3. Using values determined in steps 1 and 2, 
plot a curve to determine exact control signal 
pressure versus piston ( or valve) position charac• 
teristic (Figure 17). 

Positioning Pisto n or Valve Position (Pl 
Figura Cam, vs. 

Any Stroke Control Signal (I) No. 

A Squa re Root (I • vl/) 12 

B Str aight Lina (I • PJ 13 

C Squa re (I • p2) 14 

Depending upon nomenclature, the Positioner TABLE 4 • Positioning Cam Characteristics 
will be provided with one of two standard 3 lobe 
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FIGURE 15 - Regulated Device Characteristic 

4. Compilfe curve plotted in step 3 with 
curves shown in Figures 12, 13 and 14. Select 
positioning cam whose characteristic most closely 
matches control signal pressure versus piston (or 
valve) ·characteristic plotted in step 3. 

5. If necessary, set range and zero adjustments 
to match control signal pressure versus piston (or 
valve) characteristic more accurately as outlined 
under "Zero and Range Adjustments". 

6. If required characteristic cannot be ob
tained using the above procedure, or if a more· 
exact characteristic is required, alter shape of cam 
as outlined under "Cam Shaping Method". 

Cam Shaping Method 

To assist in the alteration process, cams are 
marked with radial lines (index of % piston or 
valve travel) and concentric lines (index of con
trol signal pressure). The ten concentric lines on 
the cam correspond to actual control signal 
pressure values shown in Table 3 for the specific 
control system signal range being used. 
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CAUTION: Before cutting any cam, make certain 
cutting will involve REMOVAL OF CAM MA
TERIAL, rather than building up of material. For 
example, if the characteristic plotted lies between 
the A and B cam (Figure 12 and 13), the A cam 
should be cut. 

1. Use cam selected in step 4 under ''Char
acterized Cams". For each increment of control 
signal pressure (concentric lines), locate the pis
ton (or valve) position (radial lines) required for 
specific control signal pressure. Refer to Figure 
18 for method of locating these points. 

CAUTION: If a cam shape has too steep a rise, 
there is danger of cam follower becoming locked. 
Line printed on cam (part no. S327322-l) 
indicates the maximum rise which should be cut 
into the cam. When a cam shape is required that 
includes such a rise, it is necessary to introduce 
sufficient angularity in the power operator device 
drive rod linkage to allow a less radical cam shape. 

2. A curve drawn thru points located on cam 
in step I above will be desired cam shape. Either 
alter cam or cut new cam to this shape. 

NOTE: An optional blank cam, Pt. No. 
5327322-1 is available from Bailey Meter Com
pany if alteration of the original cam is not 
desired. 

Speed Adjustment 

When the system involves only a single power 
operator, a -high positioning speed is usually an 
advantage. In a complex control system, however, 
it is generally desirable to operate all power 
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FIGURE 18 • Locating Points for Shaping 
Positioner Cam for 3-15 psi Unit 

devices at the same speed to avoid interaction 
between units or undesirable process conditions 
during control pressure changes. If it is necessary 
to reduce the speed of operation, speed control 
orifices (0.04011

) are available as an option from 
Bailey Meter Company (Pt. No. S327327-1 ). 
These orifices are installed directly into the 
output ports (01 and 02) and have l/4-inch NPT 
ports for connecting plumbing from the power 
operator. If orifices are too small, they may be 
drilled out to obtain desired speed control. Blank 
orifices (Pt. No. S327327-2) are also available. 

HOW THE POSITIONER OPERATES 

The Type AP2 Characterizable Pneumatic 
Positioner is a two-stage amplification, "push
pull" action, force-balance type control instru
ment, normally located in the control loop 
(Figure 19) between the controller and the final 
control element (valve actuator or cylinder assem
bly). A pneumatic input (3-1S psig or 3-27 psig) is 
applied to the Positioner to produce a power 
operator position which can be characterized for 
a particular application thru the use of a position
ing cam. A mechanical linkage connection to the 
piston (or .valve) stem serves to feed back the 
actual stem position movement. When the con
troller calls for the piston ( or valve) to change 
position, the Position er acts as a pneumatic relay, 
thru an independent air supply, and changes the 
piston (or valve) to its new required position. 

The Type AP2 Positioner can be applied to 
double-acting cylinder assemblies where a load is 
applied to one side of the cylinder while simulta
neously unloading the opposite side of the cylind
er for a change in controller output. By plugging 
one of the output connections (unused connec
tion depends on application, Figure 3), the Type 
AP2 Positioner can also be used with single-acting 
diaphragm actuators where a load is applied to 
top or bottom of the acutator for a change in 
controller output. 

PNEUMATIC AMPLIFIER RELAY ASSEMBLY 
(Refer to Figure 20 and 21) 

The Positioner's pneumatic amplifier is con
structed in a .. stack" design. Several pneumatic 
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SET. POINT CONTROLLER POSITIONER PROCESS 

0 

FIGURE 19 - Block Diagram of Type AP2 Positioner Application. 

chambers are formed by alternating fabric-re
inforced, elastomer diaphragms and aluminum 
spacers. The outer spacers are secured by stainless 
steel bolts while the movable center sections are 
clamped together by flaring the ends of the 
aluminum guide tubes. 

When a change in control signal pressure is 
applied to the signal diaphragm assembly the 
distance between the vane and nozzle changes. As 
the vane moves, the nozzle backpressure will 
increase or decrease (depending on direction of 
the signal applied) and the entire relay assembly 
center structure will displace. Movement of this 
center structure will open (or close) output valves 
01 and 02. 

CAM AND LINKAGE 
(Refer to Figure 20) 

Power operator position is fed back to the 
Positioner for comparision with the input control 
signal pressure. The feedback mechanism consists 
of I) a drive rod which follows the motion of the 
power operator; 2) an adjustable, swivel-ended 
drive arm which is driven by the drive rod; 
and 3) a cam and shaft which are driven by the 
adjustable drive arm. The prime function of the 
cam is to permit characterization of the power 
operator position versus input control signal 
pressure. 

A series of alternate drive link attachment 
holes in the Positioner drive arm provides for 
nominal strokes of 0.50 to 4.00 inches. The drive 
arm may be repositioned in 45 degree increments 
with respect to the case (i.e., at midstroke the 
arm can be at any of eight positions which are 
parallel to or displaced 45° relative to the sides of 
the Positioner). One of two cam configurations 
(45° or 90° rotation) are used, depending upon 
actuator stroke. 

1.2.23-388 

Since the cam, shaft and drive arm move as an 
assembly, cam motion is 45 or 90 degrees. The 
cam base circle radius is 1.30 inches and maxi
mum rise is 0.90 inches. In each case a square 
root cam A, straight line cam Band square cam C 
are stamped on one blank. The Positioner is 
shipped with the straight line cam B in position 
(red side facing out). By flipping the cam over 
and reversing output connections O I and 02. a 
reverse-acting application can be obtained. 

SEQUENCE OF OPERATION 

NOTE: Because of the variety of applications 
available with the Type AP:? Positioner, the 
description below will apply to a double-acting 
cylinder assembly used in a direct-acting applica
tion. The input control signal pressure being 
applied will be of an increasing nature. Refer to 

PIPE PLUG 

FIGURE 20 • Type AP2 Positioner Components 
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EXHAUST ORFICE 
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FIGURE 21 - Cutaway View of Type AP2 Positioner 

Figure 2 I for identification of item numbers 
listed in parentheses below and as a gwde for 
steps listing direction of movement (clockwise, 
counterclockwise, right, left, etc.) of various 
components. 

l. The controller sends out an increasing 
signal to change position of power operator 
piston. 

2. Increase in pressure applied displaces signal 
diaphragm assembly (1 ), carrying vane assembly 
(2) away from nozzle (3). 

3. Movement of vane away from nozzle de
creases pressure in nozzle back pressure chamber, 
allowing supply pressure in opposing chamber to 
exert force on relay diaphragm assembly and 
move entire center structure (4) to the right. 

4. Displacement of relay assembly center 
structure creates the following reactions: 

a. Opens output valve 01 to supply pressure, 
increasing pressure applied to one side of piston. 

b. Opens output valve 02 to atmosphere, 
causing opposite side of piston to exhaust. 

c. Amplifier vane begins to move to the right, 
initiating a negative internal feedback which 
decreases tension on range spring and allows vane 
to move towards nozzle. 

S. Piston displaces because of differential 
pressure across O l and 02 output ports. Move
ment of piston is fed back to positioner by a drive 
rod which is connected to Positioner drive arm 
and .positioning cam. 

6. Cam rotates clockwise and pushes follower 
assembly (5). Pivot assembly (6), connected to 
cam follower, then pushes on spring arm (7) 
which extends (stretches) range spring. 

7. As range spring extends, vane assembly is 
pulled toward nozzle until force exerted by range 
spring and force exerted on signal diaphragm 
assembly are equal. When a "balanced" condition 
is obtained, relay assembly center structure will 
return to a neutral position closing valves O l and 
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02; nozzle backpressure will again return to 2/3 
of supply pressure; and piston position will be in 
equilibrium with input control signal pressure. 

A decreasing input control signal pressure 
from the controller reverses the sequence above, 
causing the piston to move in the· opposite 
direction. 

For single-acting diaphragm actuators, the 
sequence of operation is identical to the above 
example except that one output valve is made in
operative thru a valve adjustment procedure as 
outlined under ''Output Pressure Level Adjust
ment" for single-acting diaphragm actuators. 

INTEGRAL SHUTOFF AND EQUALIZING 
VALVE, TYPE AP20Dl• 
(Double-Acting Cylinder Applications) 

If Positioner is equipped with the integral 
shutoff and equalizing valve, the cylinder assem
bly may be manually or automatically operated as 
outlined below. By turning the valve handle to 
HAND, supply pressure to the cylinder is cut off 
and 02 and O 1 are equalized allowing manual 
repositioning of the piston. 

Transfer from Manual to Automatic Operation 

1. Valve handle should be in HAND position. 

2. If manual operator does not lock drive 
cylinder in position: 

a. The piston must be positioned from prior 
knowledge of piston position versus signal or 
piston may "jump" when transferred to auto
matic. 

b. Tum valve handle to AUTO position. 

3. If manual operator locks drive cylinder in 
position: 

a. Switch valve to AUTO position. Drive 
cylinder will oppose manual operator if drive 
position and input signal do not correspond. 

b. Manually operate drive until load on man
ual operator decreases. If output pressure gages 
are installed on Positioner, readings should equal
ize. 

NOTE: If in step 3b it is desired that drive stay in 
uiffiar position, input signal must be adjusted to 
correspond with drive position as indicated by the 

,.2.2314GO 
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load on manual operator, output pressures or 
prior knowledge of position versus signal. 

Transfer from Automatic to Manual Operation 

1. Valve handle should be in AUTO position. 

2. If manual operator. does not lock drive 
cylinder in position, press safety latch and switch 
valve to HAND position. Drive cylinder will move 
as determined by load if not restrained by hand 
lever. 

3. If manual operator locks drive cylinder in 
position, transfer mechanism to manual. Press 
safety latch and tum valve handle to HAND 
position. 

OPTIONAL BYPASS VALVE 
(Single-Acting Diaphragm Actuator Applications) 

If Positioner is equipped with an optional 
bypass valve assembly (Figure 25), the actuator 
may be manually or automatically operated as 
outlined below. Depending on application, the 
Positioner may be adjusted for either direct or 
reverse-acting operation. When applied for direct
acting applications, an increase in control signal 
pressure will cause an increase in control pressure 
to the actuator. When applied for reverse-acting 
applications an increase in control signal pressure 
will cause a decrease in control pressure to the 
actuator. Determine the application to which the 
Positioner is being applied and follow the correct 
procedure. 

NOTE: Supply valve stated in the following pro
cedures is not supplied by Bailey Meter Co. 

Direct-Acting Applications 

To change from remote control to local 
manual control: 

1. Turn bypass valve to "BYPASS" position. 

2. If the Positioner is to be serviced, close 
supply valve (supply valve not supplied by Bailey 
Meter Co.). 

To change from local manual control to 
remote control: 

1. Open supply valve. 

2. Turn bypass valve to "POSITIONER" posi
tion. 

--
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Operate valves in this sequence to avoid a 
momentary pressure loss to the diaphragm actua
tor. 

When the valves are set for manual operation, 
control signal pressure goes to the signaJ dia• 
phragm assembly and aJso thru the bypass valve 
to the actuator. The actuator is supplied with 
signal pressure directly from the control system. 

The final control valve may be positioned 
either by signal pressure from the control system 
or preferably, by manual operation of the Selec
tor Station (if used) connected by the control 
pressure line to the Positioner. 

The Positioner cannot normally be transferred 
from automatic to manual or vice versa without 
disturbing the control system because the Posi
tioner is usua!ly calibrated to deliver control 
pressure to the diaphragm actuator which differs 
from control signal pressure received from the 
control system. 

To manually operate the control valve by 
hand jack. 

1. Pick up valve position with handjack. 

2. Qose supply valve. 

3. Position valve using handjack. 

Reverse-Acting Applications 

WARNING: WHEN ARRANGED FOR RE
VERSE-ACTING APPLICATIONS, SERIOUS 
DAMAGE COULD RESULT IF A "BYPASS" 
VALVE POSITION WERE USED AND CON
TROL SIGNAL PRESSURE WERE INTRO
DUCED DIRECTLY TO THE DIAPHRAGM 
ACTUATOR. THE CONTROL PRESSURE TO 
THE ACTUATOR DURING AUTOMATIC OP
ERATION IS THE OPPOSITE OF CONTROL 
SIGNAL PRESSURE FROM THE CONTROL 
SYSTEM TO THE POSITIONER. TO EFFECT A 
BYPASS ARRANGEMENT, IT IS NECESSARY 
TO ·REVERSE THE CONTROL SIGNAL PRES
SURE DURING MANUAL OPERATION OF 
THE POSITIONER. THIS IS NOT PRACTICAL 
FOR THE SMALL AMOUNT OF TIME THAT 
THE POSITIONER WOULD BE ON MANUAL 
DURING NORMAL OPERATION. 

To change from remote control to local 
manual control: 

1. Pick up control valve position with hand
jack. 

2. Oose supply valve 

3. Position valve using handjack. 

Position Transmitter Application 

The AP2 Positioner may be used as a position 
transmitter, by generating a pneumatic signal 
which is a function of an input position. The 
same combinations of signal ranges and stroke 
spans are available as are offered in the Positioner 
application (i.e., 3 to 15 psig and 3 to 27 psig 
outputs for strokes from 0.5 to 4 inches). 

The output signal may_ be made a square root, 
linear or square function of the input position 
thru use of the A, B or C portion of the cam, 
respectively. Other functions may be created thru 
special shaping of the cam. 

The AP2 may be made to function as a 
position transmitter by interconnecting the .. E .. 
input signal port with the '"02" output port and 
tapping into this interconnection for the output 
signal (Figure 26). A plug is placed in the "O l" 
output port. Position transmitter kit number 
5327252-l (Figure 26) provides the necessary 
hardware. 

A change in input (cam shaft position) causes 
a deflection of the range spring via the cam and 
linkage. The resulting unbalance of forces 
between the signal capsule and the range spring 
causes a change in the "02" output which is fed 
back to the signal capsule. 

The signal capsule now acts as a feedback 
element by opposing the input force from the 
range spring. When the force from the "02" 
pressure in the signal capsule equals the new range 
spring force the output will stabilize and will 
represent the desired function of the input 
position. 

Installation 

Installation is similar to Positioner instal
lation. The device whose position is to be 
transmitted should be coupled to the position 
transmitter's cam shaft so as to cause a 90° 
rotation of the shaft for full travel of the device 
( 45° for AP20 ID •). 

~j) 
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For a linear-motion device (e.g. diaphragm 
actuators) the cam shaft is driven by the drive 
arm (Figure 22. item 38) and a connecting link' 
(Figure 24, item 7) as in the Positioner 
application. For a 90° rotation device it may be 
desirable to couple the cam shaft directly to the 
device. 

The "zero" position of the cam shaft can be 
adjusted in 45° increments by repositioning the 
cam on the shaft. 

The direction of the transmitted signal can be 
reversed by reversing the cam. For example, with 
the red side of the cam facing out, clockwise 
rotation of the cam. viewed from the front of the 
unit, will cause an increasing signal. Reversing the 
cam so that the black side faces out will result in 
a signal that decreases with clockwise rotation. 

Supply Pressure 

Maintain a supply pressure, at the "S" 
connection, 5 psig above the maximum output 
pressure but not higher than 50 psig. 

Output and supply pressure gages may be 
installed in the positions labeled "G 1" and "G'.!", 
respectively (Figure 2). 

NOTE: The device to which the position 
transmitter is applied must supply power to 
operate the transmitter mechanism. Maximum 
torque to operate a 3 to 15 psi unit with a linear 
output is approximately 4-1 /2 in. lb. Torque may 
be as high as '.!S in. .lb. for a square root 
characteristic and a 3 to 27 psi output with 50% 
suppression. 

Calibrating the Position Transmitter 

Output Pressure Level Adjustment 

Adjustable valve is set as follows: 

I. Connect a pressure gage to "O I" output 
port or to I /8 in. NPT port in "G2" position 
(Figure 2). 

2. Position drive at mid-stroke position. 

3. Turn adjustable valve screw (Figure 6, item 
34) clockwise until "O I " pressure drops below 
supply pressure. Now tum screw counter
clockwise until supply pressure is reached on 
gage. 
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4. Turn adjustable valve screw an additional 
one full turn counterclockwise. 

Zero and Span Adjustments 

The following description is based upon a 3 to 
15 psig output for "O" to 100% travel of the 
moving device. 

1. Install accurate pressure gage at output 
connection or at connection labeled "G l" (Figure 
2). 

2. Turn-on air supply. 

3. Slowly stroke drive to its "zero" position. 
Adjust linkage between transmitter and drive such 
that Transmitter's cam follower is at zero on cam. 

CAUTION: In stroking the drive, be certain that 
the linkage is not overstrained due to maladjust
ment. 

4. Slowly stroke drive to its l 00% of travel 
position, taking care that linkage is free to move 
at all times, and is not strained due to 
maladjustment. Adjust pivot position in drive arm 
(Figure 22, item 38) or other external linkage 
such that cam follower is at 100% of cam rotation 
(radial line marked "I 00" on cam). 

S. Repeat steps 3 and 4 until cam follower is 
at 0% cam when drive is at 0% stroke and 100% 
cam when drive is at 100% stroke. 

6. Move drive to its 0% of stroke position. If 
output is not 3 psig, loosen set screw located in 
recessed hole of knurled adjustment nut. Tum 
nut (while keeping eye-bolt from rotating) until a 
3 psig output is achieved. Tighten set screw. 

7. Move drive to its 100% of stroke position. 
If output is not at 15 psig loosen range 
adjustment hold-down screw (Figure l 0). With 
hold-down screw retightened. slide pivot assembly 
along follower assembly until a 15 psig output is 
obtained. 

8. Recheck steps 6 and 7 until desired outputs 
are obtained. 

Large adjustments are provided in the zero 
and range adjustments so large deviations from 
the above calibration can be obtained. 

___ ...,. ____________ , -·11-. ~ • ........ ~..,..,,-'"' __ ,..= ... ---••--•--=-•---------••'"'••m-•-----•uan 
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GENERAL SPECIFICATIONS 

Standard Input 
3-15 and 3-27 Dlit. 

A1n111 
Standard Strok1 0.5 in. ta 4.0 in. 

A11111 Flatary illllUI 4S' •1111 90• . 

250 to 300 witll 50 Pitt ,_.y _,. 

Gain• ,.i,. nallllard gain ra,.. 111ri,.. Gain Of 
400 ootaiflallle """' 01manaf llitfl gain 
,.,._ aoring. Fl.,_ 10 Tlille 111. 

AISOlution• 0. 1, of 01npu1 ..,.,,_ 

D11d Band• 0.2%ofinPutlPM 

H ystllllis • 0.3, of output -· 

18ro 150111it. 

Supply ..,._u,. Minimum N,:,c,IY -- should be 
maintain_, 5.0 Pli lbo,,e meaimo,m r• 

QYiracl by -• 

Oieohr!!£ Ac:t,..tors 
A,..ra,ae irtf1e1: on act"8!0r ~tian 0.091' 
- 1.0 1111 NQPfy -inion, with 50 • 10 

Supply Pressu,. Pli supply. 

Effect Cylinders 
Navt9ble 

Capacitv c;,.,, .. tnan 25 ,elm 11 75 111,g ,upply 
!deli-y Incl uhaun). 

Oi1Dh!:5m Ac:t,..tors 
0.12 scfm It tlalance with 20 l)SiQ IUl>l)fy 
c,reuure. cv111au. 0.25 ,cfm, mu,mum. 
0 .175 scfm II belanc1 w11n 30 l)liQ IUPPIY 
l)r•aure, tYPicaJ. 0.35 scfm, ma,umum. 

Air Consumption 
Cvtind1r1 
~ II bel1nc1 w,tn 50 111,g IUPPIY 
Qrftlure. typical. 1.0 scfm, maximum .. 
1 .5 ,cfm 11 bet1nc1 with 150 1>119 supl>fy 
l)t•uure, 1YD1cal. 3.0 scfm, maximum. 

Temperature Limits 
-401' to +1801' lA/>2 00001. 
0 to +2501' !AP2 00011. 
(Determined by materi•4 limitation). 

Mounting Position Can bl mauntld in anv p01i1ion wittl 

Effect recalibr• tlOn. 

PRESSURE GAGES TABLE 8 
Gave 

Temperature Range G1411 
Ran91 (pug) Legend• PanNo. 

~F 0-30 lnnrument 5326605-1 
to 0·160 Supply 5326606-2 

+160F 0-160 Output 5326606-3 
-40F 0-30 Instrument 5326605-4 

to 0·160 Supply 5326605-5 
+250F 0·160 Output 5326605~ 

•1norrum•r,t, Sul)ply and Output ;ave o,Sld on 11ngl&-acting d•vicll. 
Instrument and lwo Ou1pu1 - usad on doubl•actinv dlVicft. 
Ther1 are no provi1t0n1 for mountintl I Supgly gae1 ot1 doubte«:ting 
d•vicel. 

SPEED CONTROL ORIFICE TABLE 8 
Orifice Size Orifice 

(in.I Part No. 
.040" 5327327-1 

Blank 
(dri II to suet l 5327327-2 

TABLE 5 

Vihmion 
Tenlll in ac:cordanca witll MIL STD 167B 
11111111) 

Pn1umatic 114' Nl'l on ~Y. 111na1 •1111 OUtOUt 
conncti-. 

Connections 1 /8" NPT on optionef 1>reaure .,__ 

Sin 10.250" •9.0625" ·•-125". 
1280.4mm • 230.2fflffl • 10<&.llfflml. 

Weipt i .I lb 14.3 kg.I. 

PAl!SSUAE GAGl!S for r_i,. inout 
signel, fUllllly end OUIIIUt P-rfl. Flefer 
ro Tlille 11 for part nuntban and usage. 

HIGH GAIN FIANGE SPRING ..,a;llble 
for Obtaining I gain ,_ of 400. Fleftr 
ro Tlille 111 for part numban. 
SPIED CONTROL OIU~ICIS - revutatn 
riffle can•tant of Paaitio..., end flnef 
conrrol llem.,,t. Oriti- - inmllld 
directly into Potitiofter OUll)UI pam. 
Attar ro Table IV far pan nurnblrl •1111 
usage. 

-Optional 
GAIN SUPPFIESSION SPRING for llimi-
natinv ••ceai,.. oversnoo, of final control 

Ac:casories elemenr. Flof1r IO Table V for l)llrt num-
blrsanduuv• . 

POSITION EA MOUNTING l(IT for 
mounting Politionor to dirct-or ..._ _1,. dial)ll,avm 1CtUII0'1 only. Refer to 
Table VI for pert numoers. 

BYPASS VALVE IPt. Ilia. 5328945-11 lor 
,.,.1...,.t1n9 diepnravm 11c:tua1or a1111fica-
tiom. Enabln oper110r 10 use cDntroH1r 
outout 1l9n11 ro 001nion actuator directly 
wnen Slfllicing Po11tioner. • tc. 

BLANIC CAM (Pt. Na. 5327322-11 is 
1V111lable for ac:189'1"9 Ille Politoaner to 1 

pertia.,lar 10Qlicat10n if anti,. of oriQinef 
cam ,, nor dNirable. 

•Tvoacai gerlormar,ca enaracteri1t1cs of Po11t1oner mounted on 
dieonr•vrn actuator Ira ... sPn"9 in t,orizontal PDSition wnen v,-.a 
will• co- '9fflowdl. Act,..1 1)8rform1nc1 rnav very witll application. 

SPECIFICATIONS SUBJECT TO CHANCE WlTHOUT 
NOTICE. 

HIGH GAIN RANGE SPRING TABLE 7 
Ran91 Sprint No. of Input Signal 

Application Part No. Coils (plil 

5327330·1 15 3-15 Oinional high gain 

3-27 Optional hi;h gain 
5327330-2 14 

3-15 0 S11na•rd gain 

5327330-3 l 1 3-27 "Standard 9• 1n 
•Standard 91in 1250-3001 r•nva "'""9111'1 • ...,,,.,,Id in l)IICI Ind 

snil)l)ld with Po111ianar. 

GAIN SUPPRESSION KIT TABLE 9 

Gain Suppression Kit Pan No. 

Application 
Std. Gain Higjl Gain 
(250-300) (300-4001 

Cylinders with 50 in.3 or 5327328-1 532.7328·2 Ins displacement. 

Cylinaers with 50 in.3 to Not Reqd. 5327328-1 
200 in.3 displacement. 

Diaphragm ill.tuators with 
5327328-1 5327328-2 high packing friction. 

ii :m.12 
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EXPLANATION OF NOMENCLATURE 

Type AP2 

Characterizable Positioner 
Pneumatic Input 

1 
2 

Input Signal 
Range 

3-15 psig 
3-27 psig 

• For double-acting cylinder api,lication1 only. 1 
2 

0 
1 

Temperature Range 

-40F to +180F 
0 to +250F 

Valving 

0 None• To be done externally 
1 l_!lt9Q!::_•~: ~hutoff and Equalizi~g • 

Stroke Span (in.I 

Min. 

.50 
1.00 

Max. 

2.00 
4.00 

An ''X" as a suffix to TYPE indicates that the Transmitter includes some special feature not covered 
by the standard Nomenclature. 

REPLACEMENT PARTS 

Figure 22 is a parts drawing of the Type AP2 
Characterizable Pneumatic Positioner. Figure 23 
is a parts drawing of the Positioner Assembly. 

These figures will normally apply to the unit 
furnished. However, there may be individual 
differences in specific assemblies due to: 

a. Design changes made since the printing of 
this instruction section. 

b. Special design of equipment furnished to 
make it suitable for special application. 

Therefore. when ordering individual parts, 
assure correct replacement by specifying on the 
order: 

1. Complete nomenclature, code number, pa.rt 
number, series label number and S.O. number of 
equipment for which parts are desired. 

2. The Parts Drawing Number on which each 
part is illustrated. 

,.,.,•~,-.... , .. " _______________________ _ 
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ITEM 'ART NO. NAME 

1 SEE NOTE NAMEPLATE 
2 SEE NOTE STYLE PLATE 
3 5326600-0 POSITIONER RELAY~. 

OR SEE PARTS OWG. 
53281la.Q P88-J1 

• SEE TABLE A RANGE .'!PRING 
5 SEE TABLE B PRESSUAE GAGES 

!OPTIONAL) 
8 SEE TABLE C GAIN SUP!'RESS10N !CIT 

iOPT10NALI INCLUDES 
ITEMS 7 THRU 11. 

7 SEE TA8LE 0 SPRING 
8 5327329-1 RETAINER 
9 .250-20..500 HEX SOC HO STN STL 

CAP SCR, 2 REOD 
10 .250 STN STl. REG SPRING LICWASH, 

2 RECD 
11 197'34-18 SMALLWASHEA.2 AEQO 
12 SEE TABLE E SPEED CONTROL ORIFICES 

IOPTIONAU 
13 5327405-2 ' SASE ASSY 
1• S327406-1 COVER 

ITIM ,AIIT NO, NAMI! 

15 197•21,1 SPRING RETAINER 
19 111715'-37 RETAINING RING, 2 REOD 
17 197552•1 COVER SCREW. 2 REQD 
18 5311•2&-3 0-AING. 2 PIEQO 
111 191173•19 RETAINING RING. 2 REQO 
20 532741·• WI'1E MESH FIL TEii 
21 lk23:JII~ c»LUG 
22 19911-12 ' IUTTONPLUG 
23 53274011-1 l'OLLOWER ASSY 
24 5327~-1 PIVOT"5SY 
25 11173'~ SMALL WASHER 
211 197•23-1 ADJUSTABLE NUT 
27 187422-1 EYE BOLT 
28 S327332-1 ADJUSTABLE PIVOT 
21 5321409-2 SPRING ARM 
30 197591·2 PAN HO LONG LOK MACHINE 

SCA. 2 REDO 
31 197164-60 RETAINING RING, 2 REQD 
32 19734~5 SMALL WASHER. 2 f'IEOD 
33 S328766-1 CAMSHAFT 
34 5327231· 1 CAM, HALF STROICE ITYPE 

AP2• 10• 0NLY) 

NOTE; SPECIFY ALL INFORMATION ON NAMEPLATE AND STYLE PLATE WHEN ORDERING 
REPLACEMENT P-'RTS. 

"\.ir,;;::.· ;.::....i 
1.2~:l~ 

ITIM 'AIIT NO. NAMII 

S327240-1 CAM. FULL STROKE !TYl'E 
Al'2• 2•• 0NLYI 

5327322·1 ILANK CAM (OPTIONAL) 
311 ~-20•.375 HEX HO STN STL c» SCR 
31 .. 1•-1.a1~1oz·STN STL SHKPPII' LKWASH 
37 I8n27-1 SPECIAL HEX HD SIMS SCR 
JI 5327 .. 1-1 ORIVI ARM 
38 SEE TASLE I' SEALING CORD 132" REOOI 
.a SEE TAILli P S!ALING STAI, 11r• REOOI 
'1 1"2883-1 WARNING LAIEL 
42 .190 STN STL REG SPfHNG LKWASH 
43 .190-32x.875 HEX SOC HO STN STL CAP SCR .. .190.J2x.187 HEX SOC HEADLESS STN STL OVAL 

POINT SET SCR 
45 5327331-1 SIGNAL NUT .. 688460-1 SPECIAL NUT 
47 5311451B1 HANDLE .. J54-32x.312 LG PAN HO STN STL MACH SCREW 
48 .11k-J2x.312 STN STL TYPE A PLAIN WASHER 
50 4808-09-41 OZ STN STL SHAKEPROOF WASHER 

FIGURE 22 · Parts Drawing PSS-30, 

c:.--... 1', ••• ·,-.,,...-, 

\ 
) 
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TABLE A· ITEM 4 

RANGE SPRING NO.OF INPUT SIGNA,L 
PART NO. COILS IPSII APPLICATION 

5327330-1 15 3-15 OPTIONAL HIGH GAIN 
RANGE SPRING 

3-27 OPTIONAL HI~ GAIN 
RANGE SPRING 

5327330-2 14 
3-15 STANDARD GAIN RANGE 

SPRING• 

5327330-3 11 3-27 STANDARD GAIN RANGE 
SPR1NG 0 

"STANDARD GAIN (250-3001 RANGE SPRINGS ARE ASSEMBLED 
IN PLACE AND SHIPPED WITH POSITIONER. 

TABLE C • ITEM 11 

GAIN SUPPRESSION KIT 
PART NO. 5327321-1 

TAILI I• ITIM 5 

GAGE RANGI TEMPERATURE (PSIGI RANGE 

-40F 0-30 
TO 0·180 

+160F 0-160 

-4QF 0-30 
TO 0-180 

+2SOF 0·160 

LEGEND• 

INSTRUMENT 
SUPPLY 
OUTPUT 

INSTRUMENT 
SUPPLY 
OUTPUT 
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GAGE 
PART NO. 

5326605-1 
5326606·2 
5326605·3 

5326605-4 
5326605-5 
5328805-6 

0
1NSTRUMENT, SUPPLY AND OUTPUT GAGE USED ON 
SINGLE-ACTING DEVICES. INSTRUMENT AND TWO OUT
PUT GAGES USED ON DOUBLE-ACTING DEVICES. THERE 
ARE NO PROVISIONS FOR MOUNTING A SUPPLY GAGE 
ON DOUBLE-ACTING DEVICES. 

GAIN SUPPRESSION KIT 
PART NO. 13Z73Zl·Z 

APPLICATION POSITIONER WITH POSITIONER WITH POSITIONIR WITH POIITIONER WITH 
STANDARD GAIN HIGH GAIN 

CZID-JOOI 1300-4001 

CYLINDERS WITH 50 ,n.3 OR X LESS DISPLACEMENT; 

CYLINDERS WITH 50 in.3 TO 
X 200 ,n.3 DISPLACEMENT. 

DIAPHRAGM ACTUATORS 'NITH 
X HIGH PACKING FRICTION. 

TABLED - ITEM 7 

SPRING 
PART NO. 

5328594·1 

5326594-2 

USAGE 

INCLUDED IN GAIN SUPPRESSION KIT 
!ITEM Bl PART NO. 5327328-1 

INCLUDED IN GAIN SUPPRESSION KIT 
IITEM 61 PART NO. 5327328-2 

TABLE F 

TYPE ITEM31 ITEM40 

AP2a::c:)) 8614522-TH 5327724-TH 
AP2CIDT 6614522·2H 5327724-2H 

Characterizable Pneumatic Positioner, Type AP2 

'."'l-r-,,,..-.----

STANDARD GAIN HIGH GAIN 
1210-3001 13DMOOI 

X 

NOT REQUIRED 

X 

TAIL& E - ITEM 12 

OPTIONAL SPEED 
CONTROL ORIFICE ORll'ICE 

PART NO. SIZE UN.I 

5327327 -1 .040" 

5327327•2 BLANK 
(DRILL TO SUITI 

MATERIAL 

NEOPRENE 
SILICONE 

hif!I,_.. • ._. 

-• 

--

-i • 
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ITEM PART NO. NAME ITEM PAATNO. NAME 

1 5328582-1 SCREW RETAINER 17 5326782-l VALVE ASSY 
2 SEE TABLE 0-RING. 2 REQD 20 .1II0-32x.500 PAN HD STN STL MACH SCR, 
3 5326783-1 VALVE COVER 3REQD 
4 197553-1 DOWEL PIN 21 .IIIO STN STL SPRG LKWASH, 
5 SEE TABLE 0-RING 3REQD 
6 SEE TABLE VALVE SEAT ASSY 23 1971182·1 .016" SHIM, AS REQD AT ASSY 
7 1951041·2 SOCKET HD PIPE PLUG, .020" SHIM, AS REQD AT ASSY 

3 REQD .026" SHIM, AS AEQD AT ASSY 

8 5326775-1 MANIFOLD ASSY FOR 24 5326593-1 SIGNAL COVER 
TYPE AP2CDO Cl 25 5326778-1 RETAINER 

5326775-2 MANIFOLD ASSY FOR 26 SEE TABLE SIGNAL DIAPHRAGM ASSY 
TYPE AP20010 ONLY 27 SEE TABLE RELAY ASSEMBLY" 
(INCLUDES ITEMS 13 28 5328510-1 VALVE 
THRU 23, 7,351 29 5326698-1 VALVE SPRING 

5328775-3 MANIFOLD ASSY FOR TYPE 30 19734-20 SMALL WASHER 
AP2CD11 ONLY (INCLUDES 31 SEE TABLE 0-RING 
ITEMS 13 THRU 23, 7, 35} 32 53287B1·1 VALVE PLUG 

13 SEE TABLE 0-RING. 2 REQD 33 SEE TABLE 0-'IING 

14 SEE TABLE 0-RING, 2 REQD 34 5326575-1 ADJUSTMENT SCREW 

15 5326773,1 VALVE RETAINER ASSY 35 11145760-1 PULL PLUG. 4 AEQD 

"INCLUDES ITEM 38. 

TYPE 
RELAY ASSY ITEM ITEM ITEM ITEM ITEM 

PART NO. 2 5 II 13 14 

AP20000 5326600-5 1951398·1 1951398-5 53287B5·1 OMIT OMIT 
AP20001 5326600-6 1951398-6 1951398,10 5326785·2 OMIT OMIT 
AP2C:Oto 5328139-1 1951398•1 1951398·5 532678$·1 1951398·2 1951398·3 
AP20011 5328139-2 1961398-6 1961398-10 53211785-2 1951398-7 1961398-8 

SPARE PARTS KITS 

TYPE 
ITEM ITEM ITEM ITEM ITEM ITIM 

2 5 II 13 21 21 

KIT NO. 2l8033-6 

AP20001 1961398-8 1961398-10 532878$-2 5328788-2 5326580-1 

KIT NO. 258033-6 

AP20011 1951398-8 1951398-10 532B785-2 1951398,7 5326788-2 5328180-1 

KIT NO. 21B033-7 

AP20000 1951398-1 1951398-5 532117811-1 53211788•1 632818().1 

KIT NO. 258033,I 

AP20010 1951398·1 • 1951398-5 5326785-1 1951398-2 5328788-1 5326580-1 

Positioner Relay Assembly, Pt. No. 5326600-0 and 5328139-0 

P88-7 
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ITEM PAATNO. NAME 

38 532tll03-1 BASE MANIFOLD ASSY 
(INCLUDES ITEM 371 

37 1961041·2 SOCKET HO PIPE PLUG, 
2REQD 

38 1961041-3 SOCKET HD PIPE PLUG 
39 197421-1 SPRING RETAINER 
40 5327331-1 SIGNAL NUT 
41 .112-iOx.500 FILLISTER HEAD STN STL 

MACH SCR. 3 REQD 
42 .112 STN STL REG SPRING 

LKWASH, 5 REQD 
43 .112~.312 PAN HO STN STL MACH SCR, 

2REQO ... .1II0-32x1.00 PAN HO MACH SCR, 3 REQD 
45 .tao STN STL REG SPRING LKWASH. 

3REQD 
48 .260-2Bx4.00 HEX SOC HEAD STN STL CAP 

SCR,4 REQD 
47 .250 $TN STL REG SPRING LKWASH, 

4 REQD 

ITEM ITEM ITEM ITEM 
21 71 31 33 

5326788,1 5326790·1 1951398·3 1951398-4 
5328788-2 5326790·2 1951398-8 1951398-9 
5326788-1 53211790•1 1951398-3 1961398-4 
5326788·2 5326790·2 1951398-8 1951398-9 

ITEM ITEM ITEMS ITEM 
ZI 30 14& 31 33 

5328599-1 19734-20 1951398,8 1951398·9 

5321151111·1 19734-20 1911398-8 1951398·9 

53211111111-l 19734-20 19513118-3 1951398-4 

5326699-1 11734-20 1951398-3 1951398-4 

------------------------------------·--···•-·------------------------
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NOT!: SH TABLE J'OR MOUNTING KIT PARTS RIQUIRID. 

ITIM PART NO. NAMa (TIM PART NO. 

1 532755-1 POSITIONER MTG 8RKT g 197120M 
% .312-lllx.625 HIX SOC HO CAP SCR, 10 5.111~1 

%RECD 
3 .312 SPRING UCWASH. 2 RIQD 11 5311~2 

' .250•20x1.0 HIX SOC HO~ SCR, 
,RECD 12 531915Q0.1 

5 .250 SPRING LXWASH,' REQD 

' see NOTE MTG BRKT !FOR VALVE 13 .12!S..71G 

NAMI 

STOP NUT, 2 REOD 
A0JUSTA8LE STtJ0 
12.1187.LGI 
AOJUSTAILI $T\JO 
(3.437"" LGI 
A0JUSTA8LI STUD 
13.4GI'" LGI 
GROOVPIN 

YOKE wrrnouT MTG BOSSI 1' .371 SPRING UCWASH. J 11100 
7 531244M CONNECTING LINK ICtJT 11 .ll&-11 HIX JAM NUT, l 11100 

TO FITl 

• .11111-32•.1· PANHOMAC>ISCR 

NOTI: !llACX.!T ANO ATTACHING I-IAllDWAlll NOT INCLUDID IN MOUNTING KIT. 1/1 
NICISSAIIY TO MOUNT l'OIITIONIR ON VALVI YOKI WITHOUT MOUNTING IOSHI, 
0110111 OPTIONAL MOUNTING IIIACKIT l'T. N0.11313131-1. 

MTG.KIT ITIM 

NOTt: CAP SCREWS. ~TS ANO 
WASHERS INCL.UOED WITH 
ITEM 6. 

ITIM PART NO. NAMI 

11 .37$-18•1.50 HEX SOC HO~ SCR, 
2REOO 

17 5311A7-2 STEM CLAMP f.375""-
.71Q•QJAI 

18 5312483-1 STIM CLAMP <.no;--
1.0• OJAI 

19 5311•1-1 CLAMP 11\J.Tll l.37!1"-
.7,0•0tAI 

20 5312471-1 CLAMPPLATI (.750•-
1.IT"OIAI 

VALVISTIM 
PART NO. USAGI DIAMITIR z 3 4 5 7 • • 10 11 t:r 13 14 ti 11 17 II 11 a, 

5327321-1 BAILEY _750•.1a· X X X X X X X X X X X X X X X 
S327321·2 BAILEY .371 •• .. 7ICr X X X X X X X X X X X X X X X 
5327321-3 BAILEY .110--1 a· X X X X X X X )( X X X X X ·x X 
53273%1• IAIL£Y .375•._790• X X X X X X X X X X X X X X X 
53273%1-6 FISHER .1!0•-1.0- X X X X X X X X X . 5327321-& FISHER .375--.750" X ,c X X X X X X X 

'FOR DIRECT OR REVERSE-ACTING OIAl'WRAGM ACTUATOR Al'l'\.ICATIONS ONLY. 

FIGURE 24 - Parts Drawing PSS-28, Optional Mounting Kit, Pt. No. 5327321-0 

-.. ~ .. ·=• •=-~·c=•:~=•-~•~===========~:'!=::~=~~~~~~'.:'•.~~~~~-,...__-.,..,.,..-----------------•.•. -.• • .. •. •.-... --~~;;: --~ - ~ •• ----·--"-•-•.c..__--, -·•---•"- ---.--.-·-.... - ........... -
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Characterizable Pneumatic Positioner 

ITEM PART NO. 

l 
2 
3 
4 

5327226-1 
5326948·1 
195158·3 
196727·2 

NAME 

3-WAY VALVE 
AIRLINE CONNECTION ASSY 
ELBOW CONNECTOR 
BRASS NIPPLE 

ITIM PART NO. 

5 
6 
7 

195171•3 
1H2833-1 
.1110-32•.376 

I 

I 
I 

~ 

NAME 

WEATHERHEAD TEE 
DESIGNATION PLATE 
PAN HD MACH SCR. 
2 REQO 

I 

I 
I 

I 
I 

I 
_djJ 

P88-7 
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ITEM PART NO. NAME 

a 
9 

N0.10 

.1110-32 

REG SPRING LKWASH, 
2 REOD 
HEX NUT. 2 REOD 

FIGURE 25 - Parts Drawing P88-24, Optional Bypass Valve Assembly for Single
Acting Diaphragm Actuators, Pt. No. 5326945-1. 
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INSTRUCTIONS FOR 
INSTALLATION , 

START-UP, 
OPERATION AND 

MAINTENANCE 

SERIES 2310 

INDICATING PNEUMATIC CONTROLLER 

~\~ I PNEUMATICS Ill I 
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FIELD CALIBRATION or r.%NllGE ••••••••••••••••••• 10 

This inatruction is specific to contz:ollera with 3-15 

p•i outputa. For 3•27 psi output• the equivalen~ 

value• az:e iiven in paz:entheaea. 

supply: 
Output 1'an9e1 

Midscale, 

20(30) p• i 
3•15 (l-27) pd 
9 (15) .pd 
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SECTION I GENERAL DESCRIPTION 

The Moeel 2310 Indicating Pneur..a~ic 
Controller is available with gain, ;a~~
plus-inteq=a!, and gain-plus-integral
plus-derivative control modes. Gain is 
continuously adjustable from .25 to 50-
or 2.5 to 100. In integral models a 
single turn valve provides continuous 
adjust.~ent from .Ol to 85 repeats per 
minute. 

In derivative models a single turn 
valve proviees continuous time adjust
ment from Oto 30 minutes. 

The instrument consists of three
major units: the measuring system, tte 
pointer and error detection mechanism, 
and the control unit. Any one of these 
can be removed separately from the case. 
The control unit contains, in a compact 
package, the inner valve, gain adjust
ment, amplifying pilot valve, the fee~
back bellows and integral and/or deriva
tive mechanisms. 

As the measuring element moves with 
changes in the controlled variable, the 
relationship between the inner valve and 
flapper is varied, thus altering the ·back 
pressure which in turn is amplified by 
the self-contained non-bleed type pilot 
valve, producing the output air pressure 
to the control valve. These changes in 
output air pressure also cause changes 

IVIC-•:M TH1) 131 

I 
L. 
i.' 

OUTPUT GAUGI 
ICONTIIOLLIIII ONL YI 

111.'32"" 

I 
I 

in the length of the feedback bellows 
which through a simple lever system 
tends to restore the original relation 
between inner valve and flapper. The 
amount of input and feedback motions to 
the flapper are adjustable by rotating 
the cover of the control unit, thus 
providing gain values of .25 to SO or 
2.5 to 100. A scale and pointer are 
provided showing values. 

To go from Direct Action (output 
air pressure increasing with an increase 
in value of measured variable) to Reverse 
Action (output air pressure decreasing· 
with increase in value of measured 
variable), it is merely necessary to• 
rotate the cover of the control unit 
from the Direct portion of the scale 
to Reverse. 

The integral model instrument is 
similar to the gain model except that a 
variable restriction is provided which 
allows the output air pressure to be 
gradually applied to the inside as well 
as the outside of the feedback bellows, 
thus tending to remove the feedback. 
Integral rates from .Ol to 85 repeats 
per minute are available. 

Derivative time is from Oto 30 
minutes. All controllers with deriva
tive action contain a by-pass which 
allows complete elimination of the 
derivative response. This is useful 
for process start-up. 

_; ;,..MAX . .-ANl!L TMJCKNISI • 1 1,r 

: FOIi fLUSH MOUNTlD 
\ OOffED LINU 

r--• 1111r· 

1 ,,, 

I--
WALL 
MTG. 

FO• VERTICAL 
'1PI MOUNTING 

•ANIL CUT-<IUT DIMINlllONI 

VIIIT. 
"A"DIM.· 
121,11 

HOIIIZ. 
'"l"DIM. 
IJ/11 -EB

I 1. 1)1D W/0 MAN-AUTO STA. 
I DOUILI AIIMOII COllllUD TEM•. IYSTIII 

-r· ·- 2. mo W/0 MAN-AUTO STA, SINOLE 
AAMOA C0\111110 TE•••- SYSTIM 101111 

10 \3/lZ 
13'\I 
13'11 11,•• ST"D .,,_ TA• ZI 

Z l
1
1f" 

..L-,..__,., ___ +--+---'--

\ C• ~•uGE OA ; ; 132 .. L' 

T'"l••·• CO';N_ J -i-..r-
,. 111•" 1 ,, •.. 

: ,. m• W/0 MAN-AUTO ST A. ,111u. ILIMlllTI 
··&'" I ~-ffi • ffi- ALL FIIACTIONAL OIM'1,LUI 011 MINUS 1

/ 

I ' 
i----.·-~ 

Cl',~!• TC CENTEII PA"-EL CUT-OUT DIM. 

FIGURE 1. OVERALL DIMENSIONS 

Page 2 

'(2;23-416 

1!M" 



. . .. . 
A. ACC!:SSORI!:S 

Several variation• are available 
iJi tbe inst..-ument which m.uat be specified 
at the time of ordarinq. These include 
prov!sions for external setpoint adjust• 
ment, pnewn.&tically operated setpointer, 
vented case for gas operation, blovaut 
disk and provision• for pipe mowitinli 
or valve moW1tinq. External twc-positicm 
manual-automatic control stations ua alao 
available. Also 30 pd supply on qain 
.4!14 inteqral modela a¢ 50 pd aupply 
-,n c;ain mcdel only are available. 

· SECTION II INSTALLATION 

A. MOONTING 

'l'he standard controller may·be mo'Wl.ted 

on a panel or wall. Universal mountinq 
brackec. are provided for either location. 
Choo•• a place u frH a• possible frCllll 
dust, dirt, vibration, cor:oaive f,mea, 
a= Ut.rl!UD•• of temperature. 

J'or panel mowitinq, the cut-out dimen
sions are 7-9/15• hiqh x 7-l/15• wide with 
aquu-a to 112• radii cornera. (See Figure 

1) 

Flow meters and 4i!ferential pressure 

1.n•trimenta have a socket for a 2• pipe 
!ntt.inq to penu.t instrument to be mounted 

. :on a floor stand, panel, or wall support. 

. Remove at1y atrinq, rubber :bandJI, 

·•card!:>oard guards, etc., that ue used for 
pack.inc, &lid sh.:1.ppinq the inst:ument. . 

. . 
If possible, locate the inst:umut 

and all pipinq where the tmc.pera~• 
never qoes below freezinq. Conduaed 
moisture may freeze in any part, atoppinf 
the controller. Insulate the line• if 

necessaxy. 

a. llll CONNEC'?XONS 

'l'h• air connections, one for supply 
and one for output, a:e located 011 tha 

bottom of the case. Located near th• 
is a bleed vent which ·must be left Opell. 

" Remove and discard all plastic pluqa 

f
. uHd to close the air connections durinq 
:·al::.ipment. All connection• accommodate 

standard 1/4• pipe fittings. 

~- Make pipe connections according to 
t:.e pipinq diagram furnished with these 
i.'ls t:uctions. 

C. SUPPLY Aill 

It is st.ronqly rec0C1ended that the 
air supply to the controller ~e clean, 
~y, and oil free. Ai.: compressors 
s!::.ould be equipped with air tilters and 

condensate t:apa ancS should be frequently 
serviced. Meat dif!icultiH in air cont:ol 
systezu ua caused by dirty, wet, or oily 
air IUpplias. 

'1'ha supply air preswra to t.he 1tan- -
qrd 1.Ast..""Wllent must ba 20 pounds per 
•qua.re inch (pd). 

The controller is equipped with a 
screen type filter in. the supply connec
tion. However,. it 1• recomme.n-!ed that a 
reducizaq valve and filter be used in the 
supply line to supply cleaA 20 psi air 
to th• instrumaAt. A cca=ination unit 
such••• Leslie Aizm&te or equivalent 
may be used instead of the two separate 
un.i.t•• This combination unit has a 
maxi.mlml capacity of 5 cubic feet of air 
per minute at 50 psi supply pressure. 
Mizdmum &ir pressure to the reducer must 
ba not less thaA 25 pai. Mazimma air 

• pr•••w:• to tb.a reducer must not ex
ceed 250 pai. 

'?ha controller consV1Des less tbaA 

0.1 cul)ic feat of free air per 11inute. 

ft• controller i• capable of deli
varinc; g-reater than 3.0 C!'H and exhausting' 
greater than 4.0 cubic feat of f:H air 

per l'\inuta_. 

D. SCl'PLY AD PIPING 

A typical install& tion is shewn in 

l'.ig,zre 2. Install the supply air lines 
to slope away frcim the controller so that 
condenHd mcistura cannot drain into the 

instrument. Connect the instrmDent sappli 
air line to the top of the main air supply 
line to prevent com!ansata f.:011 ante.ring. 

"IIIOTI: 
THit COMIINATION IIICIUUTOII AND 

11'11.TIII MAY II 1111'\.AC:10 l'I SIPAIIATI 
UNITS IP 01111110. 

••u-.•• 
--··::::. 

FIGURE 2. TYPICAL PIPING CIAGRAM 
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~o avoid trouble from pipe scale or 
rust which occur in iron pipe, it is 
recoim::e~ded that 3/8" o.o. annealed copper 
tubing and compression fittings, or l/4• 
brass pipe be used for both supply air 
and o~t;~t air lines. Ream the ends of 
all tl.:.bing to remove burrs. Clean scale, 
rust, dirt, and oil out of all pipe or 
tubing and low them out thoroughly with. 
compressed air before installation. 

~.a~ual Shut-off Valve. It is recom
menced ~~at an inexpensive valve be in
stalled in ~e supply air line, upstream 
from the reducer, so that the air may be 
shut cf! by hand for service to the con
troller, filter, reducing valve, etc. 

E. OCT?UT AIR PIPING 

1/4• o.o. copper tubing &nd compression 
fittings are recommended for the output 
air piping on most installations. Where 
fast response is a critical factor, l/s• 
O.D. copper tubing and compression fittings 
should be used. 

Output air lines muct be absolutely 
air tight to obtain accurate control. Pipe 
Sealing compound should be used on all 
threaded connections. 

F. CONTROL \71u.VE 

In general, the control valve should 
be at least one size smaller than the 
control-agent pipe. This assures that 
the largest part of the pressure drop 
through tbe control-agent supply system 
will occur at the control valve. Quick 
opening and disk-type valves should not 
be used where proportional control is 
desired. 

All standard Leslie controllers 
which have proportional action are de
signed for use with final control ele
ments which operate from one end of their 
stroke to the other through air pressure 
signals of 3 to 15 psi as recommended by 
the Industrial Instruments and Regulators 
Division of the ASME. 

G. VALVE BY-PASS CONNECTIONS 

Some processes cannot be shut down 
for se::vice to final control elementa1 
in such cases a suitable by-pass arrange
ment should be installed. 

B. DIRECT A.._,D REVERSE-ACTION ADJUSTMENT 

T~e model 2310 controller can be 
easily switc~ed from direct to reverse
action control by merely rotating the 
gain adjustment (control unit cover) to 
the desired action. 

T~e direction of the controller 
action is governed by the action of the 
co~trol valve selected. The controller 

Page 4 

action must be that which moves the con
trol valve in the proper direction to 
correct the supply of contro.l agent which 
will oppose changes in the controlled 
variable. 

1. A Normally Open Valve (direct
acting) is open when there is no air 
pressure on it and closes with an in
crease of preaslU'e. 

2. A N0r111ally Closed Valve (reverse
acting) is closed when there is no air 
pressure on it and opens with an increase 
of pressure. 

3. A Direct-Acting Controller in
creases the output air pressure as the 
value of the measured variable.increases. 

4. A Reverse-Acting Controller de
creases the output air pressure as the 
value of the measured variable increases. 

The direction of action of the final 
control element is generally governed by 
•failsafe• considerations. This means 
that a control valve should be selected 
which will move in the safest direction 
in case of failure of the compressed 
air supply. What this safe condition 
is will depend upon conditions of the 
process concerned. 

SECTION Ill OPERATION 

Do not start the controller until 
the pointer of the instrument indicates 
that the measuring system is wcrking 
correctly and accurately. See separate 
instructions covering the measuring 
system. 

A. STARTING CONTROLLER WITH GAIN ONLY 

l. Set the gain at 2. Be sure 
action is correct (direct or reverse). 
Turn on the supply air and adjust the 
reducing valve until the supply air gage 
reads 20 psi. Adjust the setpoint index 
to the desired value on the scale. Turn 
on the control-agent supply to the process, 
that is, steam, fuel, water, etc.• The 
process is now under automatic control, 
and the correct gain may be determined 
as soon as the process has come up to 
the control point. 

2. Adjusting the Gain. Increase 
the gain in small steps, such as from 
2 to 3 to 4 to 5 to l0. If normal load 
changes to the process are too small or 
too infrequent during this adjustme~t 
period, the effect of load changes can 
be artificially produced by shifting the 
setpoint index upscale and downscale about 
1/8 inch from the value at which the con
troller will be used. Allow ample ti.me 
between each change in the gain for the 
full effect of the adjustment to be ob
served (by watching the indicating 

; ; ' ,1.2.23-417 
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CODE 

1. Indicating Poinw 
2. Colrsa Zero Adjuft!Mnt 
3. Span Adjustm111t 
4. Disconnect 
5. Linearity Adjusirnem 
8. Indicating Pointer Zero AdjUS1mem 

7. S.tp0int Index Zeto Adjusunent 

8. Pneurnltic Ou,i,ui AdjUIUMffl 
9. Gain Adjusim111t 

10. Resiriction Clarine BuftDII 
11. lnt9gtll AdjuaUMnt 
12. Ou,i,ut PreauN Ga,91 
13. Sftpoim Index 

FIGURE 3. INTERIOR VIEW OF CONTROLLER 

pointer). In c;eneral, the hic;he•t c;ain 
that will not produce objectionable cyclinq 

c;iv•• the best control. 

B. STARTING CONTltOLI.Ell WITH GAm-PLt1S
INTE:GRA.L ACTION 

l. Set the integral rate at th• 

10\iest value by tu.mine; the integral valve 
adjustment in a counterclockwise tli=ection. 

After settinc; the integral rate 
at the lowest value, adjust the gain•• 
in puaqraph Al above. 

2. Adjusting the Integral Rate. In

crease the integral rate a small &1110unt to 
.10 (clockwise rotation of adjustment). 
Wait !or the change in-- integral rate to 

show up on the scale. The setting of the 
reset rate will depend on the control 
characteristics of the individual proce•• 
and must be determined by slowly addinq 
more integral, one step at a time, Ul'ltil 
the best control is obtained. In qeneral, 
use the fastest integral rate that can be 
applied without increasing instability. 

c. S~A.~TING CONTROLLER WITH GAIN-PLOS
f:;'t?G!O.:.-?LUS-OERIVATivf ACTI09 

The ~rocedure for startinc; three-mode 
controllers is the same as that fer inte
crral ::ol!els except that the derivative 
ti.%:e is established before the integral 
rate is l!eter:ained. 

Pac;e 5 
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a a. n azz, a 

1. '1'urn derivative adju•tment to 

by-pa•• po•ition. 

2. Set th• integral rate at the 
low••t value and adjwit gain as in para
graph A2 abolre. 

3. Open derivative valve wide, by 
turning adjust:mel1t in a counterclockwise 
direction. Adjust the gain u in para
graph A2 above. 

4. Adjuatinc; th• Derivative Tillle. 

Adju•t th• Derivative valve to • 02 time. 

Produce small load chanqes by shifting 
the setpoint index 1/8 inch upscale and 

down• cal• from the desirad value. In

er•••• derivative time atep by step. 
After eac:b. ch&nc;e in derivative tillle, 
wait for the effect of the chAnc;e to 
show up on the indicatinf scale. The 

purpoae of derivative action i• to 
stal)ilize control on a relatively diffi
cult process. Thu•, the be•t derivative 
settinc; must be found for each application. 
After the correct derivative settinc; ha• 
been found, again try increasing the gain 

a little. The addition of derivative 
action usually permits the use of a hic;he.r 
gain value. Derivative action i• not re
quired on an easy to control sinc;le-capacity 
proces•. 

5. After the correct derivative .,._·:::: 

time ha• been found, again.try i.ncreasinc; 
the c;ain. Next, adjust the integral rate,~ 

as in paragraph B2. 
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SECTION lV SERVICE 

In disc~ssi~; service and maintenance, 
we &ssur.e tr.a~'=--~• measurin; system of the 

- controller is -c=king properly. If not, 
rep~ir it be~c:e attempting to service the 
control syste::.. 

A. ROUTINE ~j.!!:-:'E:~A."-CE 

l. Air-Fil~er Sump. Moisture, oil 
·and dirt whict collect in the bottom of 
the air-filte: s·.m.p should be drained out 
daily. Oper. t~e erain valve for a few 
seconds witt. ~~• supply air turned on. 

2. Lucr!cat!or.. No lubrication of 
any sort is req-~ired. If the bearings 
becc~e sticky, clear. them with Xnhibisol. 

B. TROUBU:SHCO':I::G 

Unless tte=e is an obvious fault in 
the air contrcller, a thorough check of 
the process, :easuring system, and final 
control eler?e~t should be made first. 
The followir.g check list can be used as 
a g~ide for t~e systematic search for 
possible tro~le in the air controller: 

. l. syx:,.ptoc. output air pressure 
(as shown o~ ~he output air gage) is 
continuously ~igh, regardless of the 
position of t.~e setpoint index or pointer. 

Possible Faults: 

The inner valve may be plugged or the 
restriction screw may not be fully seated-
causing high back pressure. 

The inner ~alve can be cleaned by in
jecting clear.ing fluid in the restriction 
opening. First shut off the air supply, 
then remove the cleanable restriction 
assembly, clean inner valve. Reassemble 
restriction assembly and tighten securely. 
The effect of turning off supply air can 
be done by mcvin; the setpoint index to 
the position of minimum output air pressure. 

2. S~-mptom. output air pressure 
(as shown on the output air gage) is con
tinuously lo-, regardless of the position 
of the seti)O!nt index or pointer. 

Possible Faults:" 

Control-valve diaphragm is puncture~; 
the output air line leaks; the plunger in 
the inner va~ve is jammed, letting air 
leak out; the :estriction may be plugged. 

The res~riction may be cleaned by 
si.:::pl~· usi::i,; t:ie cleanable wire built in 
tt.e restrictic~. 

3. S~T.-?t:>t:! (with Integral Action). 
Slow integra: rate cannot be obtained, 
or resettin~ c:c~rs even with the integral 
valve closec.. 

Possible Fault: 

Integral valve may be leaking due to 
da.T-age, necessitating replacement. 
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,. S~'fflptom (with Inte,;ral Action). 
Fast integral rate cannot be OQtained. 

?ouible Fault: 

Leakage in integral pi?ir.g or feed
back ce:lows connection; integral valve 
may be ;lugged. Remove valve and clean 
very carefully with clear.in; fl~id. 

C. CON~ROLLER ALIGNMENT CH~CK (See Fig. 4) 

Cor.nect a 20(30) psi air •~pply to 
instri;ment supply connection. Dis
connect linearity adjustment (item 5, 
fig. 3) from span adjustment (item 3, 
fig. 3) using disconnect Cite~ 4, fig. 
3). :-:o•:e indicating pointe= {item l, 
fig. 3) to mid-scale ar.d hold with paper 
c li?, .tape, etc. NOTE: If o-ut;,ut 
is not :onnected to process, then output 
must be plugged off wit~ le~qth of 
tubing er oscillation ~ay o:c~r. 

?rcceed to steps l, 2, 3, or 4 
below a1 required. 

LINE.AIIITY AO.IUSTIIIINT 

FIGURE 4. CONTROLLER ALIGNMENT 

l. On Gain Controllers. Set gain 
at 2. Move index to coincide with the 
indicating pointer. Output pressure 
should be 9 psi. If it is not 9 psi, 
turn screw (item 8, fig. 3) so that the 
output is 9 psi. Coarse adjustment of 
linearity adjustment (fig. 4) !!l&Y be 
required. 

Next, set gain at 5. Output pressure 
should be 9 psi: .S psi. Set gain at 
.3. Output pressure should be 9 psi. If 
output at gain settings of Sand .3 are 
not within the above lir-its, the control 
unit will have to be recalibrated. 

2. On Gain-plus-I~tegral Controllers. 
Set ~ain.at 2. Open integral valve wi=e 
to ES rpm and adjust the set-~oint for 
9 ?Si. Hold for 15 seconc.s a~d close 
integ=al valve to seal 9 psi ~n the 
fee~ba:k bellows. 

. ~ove the setpoint index to -coincide 
with the indicating pointer. output 
press~re should be 9psi. It the output 
dri!ts, then the integral valve is not 
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~ 

.. 
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shutting otf completely. It the output 
pressure is not 9 psi after the above 
procedure, turn screv (item I, fig.3) 
so th&t th• output pressure i• 9 psi. 
Coarse adjustment of linearity adjustment 
Cfi9. 4) m&y be necessary. 

Next, set gain at 5. output pressure 
should be 9 pd :! • 5 psi. Set gain at 
.3. output pressure shoul4 be 9 pai. U 
output at 9ain settings of 5 and .3 are 
not vithin the above li.l:lits,. the control 
unit vill have to be recalibrate!!. 

3. On Gain-plus-Integral-plus
Derivativ• Controllers. Turn derivative 
adjustment to by-pas• position. Proceed 
a• for gain controllers as in para;raph· 
Cl above. · 

After the a!)ove check baa been com
pleted, adjust derivative valve to .02 
gain. at 2. Open derivative valve to 30 
and adjust the Htpoint to obtain an 
output of 9.0 psi. After &l:lout lS 
aeconds, vith an output of 9.0 pai, 
close the derivative valve to seal the 
9.0 psi pressure in the derivative 
bellows. 

"°v• the setpoint. index to coincide 
vith incliC".ating pointer. output pressure 
should be 9 psi. U the output d%ifta, 
then the duivative is not shuttinq off 
completely. U th• output pras•ure i • 
not 9 psi after the above procedure, tu:n 
screw (item a, fif. 3) so that th• output 
pressure is 9 p• i. 

Next, set. gain at. 5. output preHu.re 
should be 9 psi! .5 psi. Set gain at 
.3. output pressure should be 9 pd. U 
output at gain 9ettings of 5 and .3 are 
not within the above limits, the control 
unit vill have to be recalibrated. Then 

proceed as for int99ral cont.roller• in 
para9raph C2. 

D. REMOVAL OF CON'l'ROL tJNI't 

1. Remove iJM!icating scale. 

2. Disconnect input lever ara of 
control unit form the link connected to 

pointer mounting. 

3. Loosen the -two control unit 
mounting sc::ews and lift the control 
unit out. 

E. REPLACING A CONTROL UNI'? 

1. Rem~v• indicatin9 seal•. 

2. On temperature models, if the 
indieatin9 pointer i• in the way, dis
connect th• measuring element linlc at 
paint 4, fi9. 3 . . 

3. Install control unit in case. 

CAUTIONt Avoid·holdinq control unit by 
gain adjust:::ent cap vhen in
stalling unit a• this may damage 
the internal parts of the unit 
and destroy calibration. 

• 
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4. Scr• w the control ur.i-: ::cu.~t!.:i9 
ser• ws in ti9htly so that cont.:ol ur.it is 
flu.9h a9ainat back of case. 

5. Connect th• link from the pointer 
mounting to th• input lever ar: c! t!le con
trol unit. Also reconnect measuring ele
ment linkage. 

I. Connect a 20 pd supply to in
•~ent supply connection and proceed to 
checlc cont.roller ali9mnent as cutline4 in 
Section rv, paragraph c. 

F. CYCLING CAOSED BY CONTROL \"AI.VE 

1. Friction and t.ost Motio?!. Cycling 
control can be cauaed by mec!l.a:ical hyster
Hia or backlash in the final co:.t.rol ele
mut or pove: unit. A stickinl; cont:ol 
valve will usually produce a cyc!inq chart 
record of 11111&11 amplitude with a distinct 
time interval between each cycle. Control 
valves, pneumatic operators, hydraulic 
cylinders an4 other final-type elecents 
and pover unit• must b• correctly lubri
cated and adjusted periodically to elimi
nate friction and lost motion. 

1. Wrong Control-Valve Size. In 
9eneral, the control valve should be one 
size or more smaller th4n the control-aqent 
pipe. Thia assures that the largest part 

.of the pr• Hure d%op th.rouqh the control
aqent supply system will occur at the 
control valve. 

Control valves (or other fin.al 
control elements) should never be camplete
ly closed or opened by the cor.troller 
except du.rinq the start up of th• proc•••• 
Duri.D9 no:mal operation, a valve that is 
al.moat alway• closed ia obvio,:sly too 
lui•, and a valve that ia al=ost alway• 
wide open ia too small. A control valve 
ia too small only if it cannot paH 
enough control agent, when wice open, to 

maintain the variable at the desired 
value under full load on th• process. 

SECTION V 

CONTROLLERS WITH BATCH INTEGRAL 

OD automatic start-up, a cont.roller 
with 9ain plus inteqral (resat) resp.~•• 
vill 9enerally lag for lonq per!.oc!• And 
overshoot th• control pcint. With htch 
inteqral added, startup will be fast, 
but with no overshoot, provic!i.ni the 
controller modes are properly t-.:ned. 

'l'he batch integral acticn is ac
complished by insertin9 a small diar~.raqm 
actuated valve in the inte;ral systc 
Cs•• !iq. 5} which vents the iL-:• ir&~ 
pressure to atmosphere when t~• co~~ol
ler output is 15 psi or more. :::e ·:alv• 
is designed for a reverse ae-:i~i cc~trollc 
only. Por direct actin9 contrc:lers, it 

-
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-~ :- ,ould be necessary to inject 20 pai into 
.. _ the integral system (rather than vent it) 

when the controller output isl psi or 
. « less. 

While figure 5 illustrates a 3-mode 
controller with batch integral, generally 
only a 2-mode controller (gain plus batch 
integral) is used. 

On applications where on-stream 
load cr.anges are not sizeable, very good 
start-ups without overshoot could also be 
obtained with gain plus derivative control. 

Tbe above features are available on 
all Leslie Pneumatics III lines. 

SECTION VI CALIBRATION OF LINKAGE 

f_ A. G~:: type instrwcent is one whose 

~ per., pointer or cam follower is driven by 
a li:-.k ~hicr. connects tl",e pen, pointer or 
car:: !o!lo~e= to the measuring element. 
The measu:ir.; element may be·a pressure 
ele.~er.~, tec?erature element, manometer 
sha!~, rr.ec~a~ical motion, or any similar 
:ievice. 

!e s~=e to elir.tinate all friction 
be!o:e at~e=pting to recalibrate any 
syster.. t::-.c:er bad conditon• of high 

humidity, corrosive.fumes, gum vapors, 
dust laden air, etc., a possible reason 
for lo•• of calibration is corroded or 
dirty bearings in the measuring system • 
Check for such things as pointer rubbing 
scale, sticky bearing• and binding links 
and pivots. 

B. BASIC ADJUSTMENTS 

Three adjustments, used singly or 
in combination are employed in calibrating 
any link type instrument. These are zero, 
span and linearity corrections. 

l. Zero Adjustment. The zero ad
justment shifts the entire scale up or 
down the same amount. It changes the 
baH point without changing the slo~ of 
the curye or its shape. 

The fine zero adjustment is made by 
means of the micrometer adjustment OD the 
pointer. On instruments with an adjusting 
screw such as item 1, the zero adjust.:nent 
is made by means of this screw. First 
loosen slightly locking screws (item 2, 
fig. 3) to relieve pressure on friction 
plate and then turn adjusting screw in 
appropriate direction to zero the pen. 
Retighten locking screws after any ad
justment. 

A major zero adjustment is made at 
the center of rotation of the element by 
means of a friction plate. 

Page 8 
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SECTION VI I FIELD CALIBRATION OF LINKAGE 

SPAN LINKAGE 

INDICATING POINTER 

PIII OPERATING INSTRUCTIONS 

Adjustment required when changing control 
module: 

l. Shut off air supply. 

2. Plug output coMection. 

3. Remove scale. 

4. DiscoMect span linkage. 

5. Disconnect linearity linkage on con
troller. 

OUTPUT ADJUSTMENT 

GAIN ADJUSTMENT 

INTEGRAL SCREW 

SETPOINT ADJUSTOR 

S. Set integral adjustment screw at 110. 

6. Move set pointer to maximum. 

7. Supply air to unit until output g,Jage 
reads 91 for 30 seconds (or 15 for 3-
27 range. 

7.1 If controller does not have its 
own air supply, move set point 
adjustment and maintain 91 for 
30 seconds (15 for 3-27 range). 

6. Loosen two screw• in back of controller. LINIARIT'V ADJUITMINT 

Back out all the-~ay. 

7. Lift module up and out of case. 

TO INSTALL 

1. Place module in controller case, be 
sure o-rings are not out of round, 
cracked or damaged. Secure with two 
screws. 

2. Connect module linearity linkage. 

3. Replace scale and adjust gain to l. 

4. Position indicating pointer at 501 
and hold in place with tape or paper 
clip. 

Page 10 
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instructions for Small Flow AIRMATE 

PRESSURE REDUCING VALVES 
and Air Loaders 

CLASSES A-2, AG-2, AF-2, AfG-2, ETC. 

INSTALLATION - OPERATION MAINRNANCE 

SECTION I - INSTALLATION 
Install as shown in Fig. l. Use non
corrosive fittings and piping throughout. 
Use fine wire mesh or poromet filter 
screen. 

1/4" air suppZ.y 
lin" 

A-2 R"guZ.ato:zt 

Stop valve 

FIG. 1 - INSTALLATION DETAIL 

NOTE: Strain"r, shown for CZ.ass A-2 Typas, 
is not neaessa:zty fo:zt PiZ.tsr Type 
CZ.asses, AP-2. 

* When used with ai:zt motors o:zt puZ.sating 
equipm"nt, Z.ine "A" shouZ.d be of a 
suffiaient length and diams:s:z, to 
provide a reservoi:zt. On close coupled 
instaZ.Z.ations instaZ.Z. smaZ.Z. reservoir. 

SECTION II - OPERATION 

1. Op~n inlet supply valve to regulator. 

Note: Supply pressure should be at 
least 5 PSIG above maximum 
controlled pressure desired. 

2. Open outlet stop valve partially. 

3. Turn handwheel Cl) clockwise to start 
flow through regulator. Adjust for 
desired controlled pressure.** 
Tighten locknut (2). Open outlet stop 

1 valve fully. 

** Turn handwheel clockwise to increase 
controlled pressure1 counterclock
wise to decrease. 

SECTION Ill - MAINRNANCE 
Dismantlng 

l. Shut-off air supply. Loosen locknut 
(2). Relieve all adjusting spring 
compression. 

2. Disassemble adjusting spring case (8), 
top spring seat (4), adjusting spring 
(a) (6) and nozzle-diaphragm assembly 
from main body. 

3. Graap internal rib of aapir.ator plate 
(14) (Marked •Lift Here•) and lift out 
of main body. Remove gasket (12). 

4. Unscrew valve seat (16) with •o• Ring 
(17) from main body. Lift out main 
valve (18), with •o• Ring (19), and 
main valve spring (20). 

Coat adjusting 
screw thrsads with 

___ 1?4 Molyduolubs. 

aeaning or replacing parts 

FIG. 2 -
QASSA-2 

REGULATOR 

17 

Examine and clean all parts. Use an approved 
detergent (non-injurious to synthetic 
materials) for cleaning. Blow out all 
ports and main body with air. Replace any 
badly worn or damaged part. 

-------PLAY SAFE! USE OHLY GENUINE LESLIE REPLACEMEHT PARTS .. -----
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a. Set inteqral to closed. 

9. ,oeition aet pointer at 501 in line 
vith indicaeor pointer. 

1.0. output quaq• aho11ld read 91 (151 for 
3•27 ranqal. 

11. If it ia not 91 (151 for 3-27 range), 
looaan linearity adjuatment acrev• of 
module sliq~tly ao that linkaqe can be 
moved by ta~in9 input lever ana util 
9t (15t for 3-271 is achieved- ror fin• 

.. , 

adjuaui.nt, th• 011tput adj11atment acrev 
can be adj11ated. ~ar~ 1 Thia ia a limited 
adjuatment. 

12. Now move Ht point adjuator to 01. out• 
put abaald read 3 ~ • 5. 

•ll. NOV move ••t point adjuator to 1001. Out• 
~tput should be 15 ! 1. (271 for 3•27). 

U. It uy be neceuary to m&Jc• fin• adu•t• 
manta on atre&m ~or complete cali~ration. 
s .. 11 output adjuatin9 screw. 

@ ~=~~~E:.~~ 
Awaracl t..S.M.L 81114@ Sl_,,.O 

AOoroval far CIUln 1, 2 1114 3 N..cl••· Val-. 
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a. Set integral to closed. 

9. Po•ition set pointer at 501 i.il lin• 
vitb indica~or pointer. 

10. Output quaq• sb0ui4 read 91 (151 for 
3-27 range). 

11. If it is not 91 (151 for 3-27 range), 
loo••n linearity adju•tment screw• of 
module sliq1;i.tly so that linkage can be 
moved by ta?ing input lever ana until 
91 (15t for 3-27} is acnieved. ror fin• 

adju• uiant, th• output adju•tment screw 
can be &dju• ted. ~OT!1 This i• a limited 
&dju• taent. 

12. Now move Ht point adju•tor to 01. Out
put •hauld read 3 • .5. 

0
13. ltOV move ••t point adju• tor to 100,. Out

~tput •hauld be 15 ! 1. (271 for 3-27). 

14. It may be n•c••••ry to male• fin• adust
ment• on stream ~or complete calibration. 
SN 11 output adjusting screv. 

--, 

.::: .... :-~ ~~!~~fG''; 
Awardllll A..S.M.!. G UICI@ Slamll . 
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NEWILD/P 

D~gital to Pressure Transducer 

• Smallest, lightest, most compact • Resistant to vibrations • Fail safe low 

• Temperature compensated • Reverse or direct acting • External zero 
adjustment • Compatible with TTL microprocessor • Active high or low logic 

- 1 $£!!I 

For total control t:I when the pressure·, on. 

FAIRCHILD 
1Nou•T,.1A&. ,.,.ooucrs 01v1•10N 

1101 '•dlCHtL0 0111vt V.JP4T0"4-S•L.£tl NC 11101 
, •• , .. 111-1010 , .... 1().6121 

QS j •M .,..,,,·srra;;,rap;• ..... ....... 3 -
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Diaphragm replae1111eat 
Di••••emble nozzle diac aasembly con•i•ting 
of diaphragm di•c (l0), diaphragm (ll) and 
nozzle (13). Nozzle snaps out of diaphragm 
disc by finger pressure on diaphragm disc 
aide. Reassemble put• (with curve of disc 
away from diaphragm). Snap nozzle into 
place in diaphragm disc. 

In integral tilter types remove filter 
case (26) from main body. Remove tilter 
(23) and filter support disc (25). 

20 

22 

23 
24 

25 
26 

flG. 3 - l'AITIAI. ASSIMILY Of AF-2 TYPI SHOWING 
ADDITIONAL l'ARTS IN RLTER ASSIMILY. 

Al nhr par'II fua,t .._ IINy) - Ille - • • A-2 a.a. 

NOT!:: Removal of valve spring retainer (24) 
in inreqral Filter Types is unnecessary 
unless it i• to be replaced. To remove, 
squeeze sidewalls tog6ther to clear groove 
in main body, then pull. To insert new part, 
squeeze sidewalls together sufficiently 
for shoulders to pass through body opening 
and into groove. 

ReassembDng 
l. Place main valve spring (20) in .main 

body (15). Place •o• Ring (17) in 
recess of body. As3emble main valve 
(18), with •o• Ring (19), in valve seat · 
(16). Screw valve seat into main body 
threads until seating face contacts main 
body and tighten. 

2. Place gasket (12) in recess of main 
body (lS). Insert aapirator plate (14) 
with aspirator tube in outlet orifice. 
Snap aspirator plate in place with 
finger preasure. Place nozzle-diaphragm 
assembly in main body with diaphragm 

disc (10) upward. Place adjusting 
aprinq(sl (61 and top spring seat (41 
on diaphragm disc. Poaition spring 
case (B) with handwheel (ll on main 
body. InHrt screws (9) _and tighten. 

......, Plltw Ty,- ""."' Clal Al-2, m. 
In integral filter types place filter 
support disc (25) and filter (231 in 
tilter case (26), Aasemble gasket (12) 
and filter case to main body. Insert screws 
(22) and tighten. 

3. Readjust regulator as described under 
•o:p:&J\A'l'ION•. 

Maintenance of Loading Panels 
a.a. p.2, Pf-2, ffl. 

Disconnect tubing at •A•. Remove hand
wheel •B•. Take off locknut •c•. Remove 
valve from panel, Follow maintenance 
Instructions Section III. 

FIG. 4 - CWS P-2 PANR LOADER 

-------PLJ. Y SJ.FE! USE OHL Y GEHUIHE LESLIE REPLACEMENT PARTS.,-------
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, element. Doing so would eliminate the 
possibility of errors in the various com
ponents, cut maintenance and service 
cost, and eliminate individual calibration 
of several different components. 

The Fairchild µ.0/P Transducer. 
Fairchild Industrial Products recognized 
the need for a DIP (Digital/Pneumatic) 

.... 1 
4 •ansducer. And having been a leader in 
.. 1e field of Pneumatic Control for years, 
hey coupled 
their experi
ence with a 
new state of 
the art digital s---.- 1£0/P 

control and 
are offering 
a digital to 
pneumatic 
transducer 
which is compatible with TTL level micro
processors. Presently the DIP trans
ducer is being offered in a paralleled 
wired device that will connect directly to a 
microprocessor for close coupled control 
applications. Future expansion of the 
product line includes serial wiring so that 
central control room applications can be 
handled easily and with a minimal amount 

--- :" __ _.Jwiring. 

.. • ; • · _;. :;::. · · .,-: ;;. · :: x:- : ·c ;;·: ·:: 

What the µ.DIP transducer 
offers the Control Engineer. 
More than one DIP transducer can be 
attached to the same set of nine wires by 
simply adding an additional wire per unit . 

COMPUTER 
DATA! Z 3 

s 

in tr.e field. We will designate this the 
enable line. As many as 15 to 20 units can 
then be put in the field and as the micro 
decides which unit to control it enable$ 
that unit and sets the output. This output 
wi!I remain drift free at the last point the 
microprocessor placed it, until the micro 
again talks to it and sets a new point. 

Manual Operation. 
The DIP transducer can be completely 
disconnected from the micro and as long 
as its inde
pendent power 
supply is on, 
will remain in 
the last posi
tion placed. 
This means 
that in addition 
to a micro set
ting the output, 
an external or manual digital switch could 
be plugged into a transducer in the field 
and the output can be changed. 

1.2.23-430 " 
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Diaphragm replaument disc (10) upward. Place adjusting --., 

Disassemble nozzle disc assembly consisting 
of diaphragm disc (10), diaphragm (ll) and 
nozzle (13). Nozzle snaps out of diaphragm 
disc by finger presau%e on diaphragm disc 
side. aeaHemble parts (with curve of disc 
away trom diaphragm). Soap nozzle into 
place in diaphragm disc. 

In integral filter types remove filter 
case (26) from main body, Remove filter 
(23) and tilter support disc (25). 

20 

22 

23 
2~ 

25 
26 

PIG. 3 - PARTIAL ASSIMBLY Of AF-2 TYPI SHOWING 
ADDITIONAL PARTS IN RLTEI ASSIMII.Y. 

Al efhr ,-11 (uca,t ..- llNyl _ ttia_a ill A-2 a-. 

NOT!:: Removal of valve spring retainer (24) 
in i.nregral Pilter Types is unnecessary 
unless it is to be replaced, To remove, 
squeeze sidewalls tog6ther to clear groove 
i.n main body, then pull, To insert new part, 
squeeze 1idewalls together sufficiently 
for shoulders to pass through body opening 
and into groove. 

Reassembling 
l, Place main valve spring (20) in.main 

body (15). Place •o• Ring (17) in 
recess of body. As3emble main valve 
(lS), with •o• Ring (19), in valve seat · 
(16), Screw valve seat into main body 
threads until seating face contacts main 
body and tighten. 

2. Place gasket (12) in recess of main 
body (15). Insert aspuator plate (14) 
with aspirator tube in outlet orifice. 
Snap aspirator plate in place with 
finger pressure. Place nozzle-di,phragm 
assembly in main body with diaphragm 

spring(s) (6) and top spring seat (4) 
on diaphragm disc. Position spring 
case (8) with handwh .. l (l) on main 
body, Insert screws (9) and tighten. 

...... Filfw Ty,- -:- a.a Af.Z, tic. 

In integral tilter types place filter 
support disc (25) and tilter (23) in 
filter case (26), Assemble gasket (12) 
and filter case to main body. Insert screws 
(22) &Dd tighten. 

3, Readjust regulator as described under 
•oPERATION•, 

Maintenance of Loading Panels 
a-. ,,2. "'2. tic. 

Disconnect tubing at •A•. Remove hand.
wheel •B•, Take off locknut •c•. Remove 
valve from panel. Follow maintenance 
Instructions Section III. 

flt. 4 - QASS P-2 PANn LOADER 

-------PLAY SAFE! USE ONLY GEHUIHE LESLIE REPLACEMENT PARTS •. ------

. ....._ 

.... / 

LESLIE CO., PARSIPPANY, NEW JERSEY 07054 
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I' 
fOR PIPE SIZES 
I" THRU31" 

,4!!!f 
DIRECTION 
Of'Fl 

, 

la• 11l" SW COUflllNO CS 
DRILL OR BURN ON£ I.Ill•._ __ _, 

DIA HOLE ANO f'AOVIOE 
'4" MIN WELD BEAD. ALIGN 
TO PIPE AXIS 

tll•PffllWflllCI 
• ADJUIT LENGTH 

AT INSTALLATION 

PAOJECJ _ . ·•·· --- -·-----------,,-----------
LOCATION .... 

PIPE SIZE & SCHED --------------------

A'· 1 OR MORt PIPE DIAMETERS ARE RECOMMENDEDFOfllJP&TRIAMSIOE 

AFTER VALVES. ELBOWS. ETC 
8- J Io 4 PIPE l>IAMETERS ARE RECOMMENDED FOR DOWNITREAM SIDE. 

C' t'EHMANENJ RUSTPROOF METAL TAOS SHOWING MIN., NOAM. & UAJC. 

DESlliNEI> HOWS. METER AEADINOS FOR DESIGNED FLOW, TAO NO., 

llNt Sill. SERIAL NO & METERED FLUID. 

.... 
r-

J 

,er 

'" 4-375" DIA 
HI PRESSURE 
SENSING PORTS 

~ N ANNUBAR SENSOR 

• 5" 

Dt•wn Dy 

/1,a:.-~ f 

3111SS 

I ¼"·150II RF SW . 
MA TING Fl ANGE CS C W 
flEXITALLIC GASKEl 
STUDS & NUJS 

I ',0

• 150II Rf SS 
SENSOR FLANGE 

•;,· FEMALE NPl 
CS VALVE 121 

C"ttdu·,I I,, I 0.ltt 0.:-.iu I~-•"~ 
/> t.~ ~/~ /·/,.... ,v.r s 
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Analog interfacing for 
microprocessors in the 
control field. 
7he microprocessor is the latest thing 
to enter the process control field. New 
applications are being discovered every
day. Almost every trade magazine has at 
least one article on microprocessors and 

their applications. To utilize the micropro

cessor in control systems, both digital 
and analog interface requirements must 
be met. The digital requirements are not 

difficult since the microprocessor itself is 
a digital device. Generally the designer 
needs only to insure that there is enough 
1/0 available, ~elect the proper drivers, 
and generate the necessary software. 
But the analog requirements are a dif
ferent matter. Some method must be 
employed to convert the computer digital 
signal to an analog signal for the final 
control element. 

Digital to analog conversion. 
The most common method employed 
"-'.ithin the past few years to convert digital 

srgn_als from computers or other digital 
equipment has been to use three black 

c. 

boxes. One would convert the digital ;;;;;;··· 1, •• 

computer s·~nal to a voltage level analog · ..._ ;-:

signal. The second would convert the 
voltage anaog signal to a milliamp sig- · 

naJ. The third would be a common 1/P 
{Current ·Pr.eumatic) transmitter which ... 

would com art the milliamp analog signal 

to a pneurr.atic 3-15 PSIG signal. 
Preser,jy ,--;:::===:::-----, 

there are 
over twent'J
one firms 
who have 
developed 
plug-in 1/0 
boards for 
most avail
able single 
board com
puters 
(micro
processors). 
This is a 
large step in 

IIP 

the right d:rection, particularly for data 
acquisitic.1. The method however still 
requires several conversion steps which 

are sources of error between the micro
processor and the final control element. 
The vario:Js conversion steps are very 
costly, running from $150 up to $1,000 for 
0/A's anc A/D's which are still in the 
electronic or electrical stage and do not 
include tr.e final step which is the 1/P 
transmitter. · 

Simplifying the system. 
It makes sense to reduce these various 
steps to one step and one device that 
woulc bedirectlycompatiblewith micro

process:irs, as well as other digital 
equip'11ent. and give a 3-15 PSIG 
pneumajc signal out to a final control 

--:--:."~~=~~~~~~~~-=~~;.:l ,2 23-433 .... _.-...... u ... - .....................
.... . 
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boxes. One would convert the digital ... ,.,-· 

computer s·~nal to a voltage level analog ·- -- :: 

Analog interfacing for 
microprocessors in the 
control field. 
7he microprocessor is the latest thing 

to enter the process control field. New 
applications are being discovered every

day. Almost every trade magazine h~s at 

least one article on microprocessors and 

their applications. To utilize the micropro

cessor in control systems, both digital 
and analog interface requirements must 

be met. The digital requirements are not 

difficult since the microprocessor itself is 

a digital device. Generally the designer 

needs C?nly to insure that there is enough 
1/0 available, celect the proper drivers, 

and generate the necessary software. 
But the analog requirements are a dif
ferent matter. Some method must be 
employed to convert the computer digital 

signal to an analog signal for the final 
control element. 

Digital to analog conversion. 
The most common method employed · 

~ithin the past few years to convert digital 

s1gn_als from computers or other digital 
equipment has been to use three black 

signal. The second would convert the 
voltage analog signal to a milliamp sig-

nal. The third would be a common 1/P 

(Current -Pr.eumatic} transmitter which 
would com ert the milliamp analog signal 

to a pneurr.atic 3-15 PSIG signal. 

Presen:ly ,--;====----, 
there are 
over twenty
one firms 
who have 
developed 
plug-in 1/0 
boards for 
mostavail
ablesingle 
board com-
puters s 

(micro
processors). 
This is a 

1/P 

large step in 
the right direction, particularly for data '----' 

acquisitic~. The method however still 

requires several conversion steps which 

are sources of error between the micro

processor and the final control element. 

The vario:.is conversion steps are very 
costly, running from $150 up to $1,000 for 

0/A's and A/D's which are still in the 

7Iectronic or electrical stage and do not 

include tr.e final step which is the 1/P 
transmitter. · 

Simplifying the system. 
It makes sense to reduce these various 

steps to one step and one device that 
woulc be.directly compatible with micro

process:irs, as well as other digital 
equip11ent. and give a 3-15 PSIG 
pneumajc signal out to a final control 
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INSTRUCTION MANUAL SUPPLEMENTS 

CUSTOMER: STEARNS-ROGER ENGINEERING CORPORATION 

PURCHASE ORDER NO.: 2-000 G21700 

CHANGE CONTENTS PAGE (3 SHEETS) TO: 10-12-81 

-CHANGE BASIC KINGSBURY LUBE OIL SYS. TO: D-1A995-l -REV. D 

CHANGE INJECTION SYS. SCHEMATIC TO: A-54924 
2 PAGES REV. D 

ADD K'BURY RTD & TERMINAL HEAD 
MTG. DET1'.IL DRAWING TO: B-34899 

CHANGE LESLIE MANUAL TO: ENCLOSED 
MANUAL 
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UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES 
GENERAL TOLERANCES: 
MACHINING: FABRICATION: 
ANG ±0•30• ANG ±: 1°0' 
LIN ±.02 UN ±,.12 

.-. ... --. 4 

--~ 
I 

SEE B-37279 FOR ?\PING LAYOUT 

WHEN SMALL COOLER IS USED 

_______ ,~s 
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REV. I REVISION DESCRIPTION INIT. I APPD. I DAT!: 
[A] I NOTES APOE, 

[BJ I Flow' Me Te~ 14,0,oEP 

LEGEND 
I. AIR SUPPLY REGULATORc' CONTROLLER 
2.DUPLEX STRAINER 
3. INDICATING CONTROL THERMOM£T£R W/BULB 

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES 
GENERAL TOLERANCES: 
MACHINING: FABRICATION: 
ANG ±0"30' ANG.± 1°0' 
LIN ±.02 LIN ±.12 

4. F"LOW RE'GULArtNG VALVE ,--·-1 
S. Teri~ 1 3 

swrrcH 
..3- IS P. S. I. 

20 PS. I. AIR 

~ 

t~ 
~~ 

----
~ "!,/4" 

-Sl:E E-IA':J9.S-/ 

--
A-5492 

s 

K ul"-\ 
~,~ ~~ 
t'j. lJ q:: 

coµIJ@ 
-2 ,, 

2,, 

t - COLO 
CONDENSATE 
rL OW: fo-22GPM 
TEMP.: 135° F Mil 
PRESS.: 80 P.5.1. MIN. 

/ZO rsr ,I/IX 

[o] 

B~-'kl~ e~ r---t DR.WM 

PORTIAND, OR. 

SHREVEPORT, LA. 

PATT. 
NO. 

B~-'kl~ .PtJ. VANCOUVER, I. C. 
REF. 

FORM No. 566 -1 

3/4" 

- - -- - -- - . - - s 
3 I 3- ,s P.s.,. 

r.,11 • 11.n • z 
~] u~77il~ F//VAL 

1NJtC11fON SYS. SCU£MATIC -TEMP. CONT. 

~J(c?6f DATE,2-2~·80 I SCALE:,• 12 IN.I A-5 4 924( ;;v· 
I ~,~W IA 9 9 5 
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REV. REVISION DESCRIPTION INIT. I APP0. I DAh 

[A] 
[B] 

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES 
GENERAL TOLERANCES: 
MACHINING: FABRICATION: 
ANG ±0°30' AN<f ± 1°0' 
LIN ±.02 LIN ±-.12 

A-54924 
SH20F2 

ITEMI DESCRIPTION 

I I AIR SUPPLY REGULATOR 

2 STRAINER 

3 CONTROLLER 

4 VALVE 

5 TEMP. SWITCH 

IDENTIFICATION 

FISHER - TYPE 67 FR 
HAYWARD DUPL:cX N! 5 
W/20 MESH BASKETS 
FISHER TYPE 4166R 

UNJ 
yp 

TYPE 513-B- 3/4 • 

SETTINGS: SET ITEM N! I TO MAINTAIN 15PSIG AIR SUPPLY 
SET ITEM N!3 TO 160°F FOR OUTBOARD LEAK DETE"CTION 

ADDITIONAL COMMENTS: IF SUPPLIED FOR ALARM: 
INSTALL TEMPERATURE ALARM SWITCHES IN EACH INDIVIDUAL ATMOSPHERIC DRAIN LINE TO MONITOR OUTBOARD LEAKAGE. SET ALARM SWITCHES TO ACTUATE AT 10°f" ABOVE SETTING 
ITEM N2 2 ( 195°r) rF FURNISHED USE SHUTDOWN SWITCHES 
AT 20!S° F 

/J:---.L--,... _'kJdJa,,,u,,,tte ~ PORnAND, OR. ~~-T. ~TS IDENTIFICATION _,,,.,,- ~ SHREVEPORT, LA. 

8
;-_L_,..._,,~,.,,_ . .U.. "".A DR.o.s.,APP OATE~a1., SCALE:/IJDNC A 549241 R~. _,,,.,,- IIV~ ,.,t.;Ul,,0 VANCOUVER. I. C. , USED 

REF. ii FIRST 

FOAMNo .• l - -- -
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[A] 
[B] 
[C] 
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IMSION DESCIJPTiON NT. (Aflll..(D.\ff 

kl/ ~ 

__J_j I I\ I I MINCO RTD'• TYPE S?M-1 MOUNTED / IN KINGSeURY SHOES WITM ST.AINL£SS 
STEEL MET.AL ll"'AIDED LEADS RUNNING, 
TO TERMINAL t-lEAD 

-\'t
CI\ 

CONAX SEAL FITTING MODEL -
PG4- 06'2-8-N WITH .I\." THR'D 
TYPE B WITH COMPRESSIBLE 
NEOPRENE SEALANT TO ~EAL 
METAL BRAIDED LE.ADS. 

A RMINAL HEAD 
NCO TYPE F-102-4T WITH 
SCREW TERMINALS ANO ¥4° CONDUIT CoNN, 

RTO LEADS WITH 
METAL BRAIDING GROUNDE1' 

--
B-34899 

---+-

TO ACT AS SHIELD lllf,~: (!.{' ~ 7 ;, 

Buu;Juu,,,-'Jtk ~ ~=~~~ ~'b~· K'8U~ RTD f TERMINAL HEAD MTG. DETAI iREV.I 
A. ' IL.... • • ... • • VANCOUVEI, I.C. REF. D-/88/7 ~:~ 2G270<,81/708 DR. Wt CIC. 1,,4. I DATE,2/14/77 SCALE.6 = 12 IN. B-3489~ 

POIUII NO. Bfl7 
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TECHNICAL 
MANUAL 

LESLIE CO. TECHNICAL MANUAL 

BINGHAM - WILLAMETTE 
P.O. t l-61656 
Portland or. 97210 
LESLIE CO. ORDER NO. 

80-0516 

OPERATING and MAINTENANCE DATA for 

ORDERING PARTS 

THIS INFORMATION IS ESSENTIAL - When ordering parts for Leslie Reg

ulators, Controllers or Whistles, the following data should accompany 

each order: 

1. Part name and part (REFERENCE NUMBER) from parts list on back 

of applicable drawing. _ 

2. Quantity of ecch part. 
OR 

1. Serial number, Class and Size of Regulators, Controller or Whistle. 

2. Part name (See parts list on drawing). 

3. Quantity of ecch part. 

4. Marine Representative Listing. 

LOCATE OPERATING, MAINTENANCE INSTRUCTIONS ANO DRAWINGS FROM INDEX 

2462 PIUNT!D IN u.s.A. 271 5M 

USE ONLY GENUINE LESLIE PARTS 

LESLIE CO., PARSIPPANY, NEW JERSEY 07054 

1.2.23-444 
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OPERATING and MAINTENANCE DATA 

for 

ORDERING PARTS 

THIS INFORMATION IS ESSENTIAL 

WHEN. ORDERING PARI'S FOR LESLIE REGt.JLATORS, CCNI'IDLLERS OR 

WHISTI.ES, THE FOLI.£:NING DATA SHOULD ACCCMPNri EACH ORDER: 

1. PARr NAME AND PARI' (REFERENCE NUMBER) FRrn PARTS 

UST OF APPLICABLE DRAWING. 

2 • QUANTITY OF EACH P ARI'. 

OR 

1. SERI.AL NUMBER, CLASS AND SIZE OF REGUIATORS, CCNI'R:_ 

OLLER OR WHISTLE. 
2. PART NAME (SEE PARIS LIST CN DRAWING) • 

3. QUANTITY OF EACH PAR!'. 
4. MARINE REPRESENTATIVE LISTING. 

I.OCATE OPERATING, MAINTENANCE INSTRUCTIOJS AND DRAWING.S FRCM INDEX 

USE ONLY GENUINE LESLIE PARTS 

1.2.23-445 



ITEM NO. 

1.0 

2.0 

3.0 

9.0 

10.0 

11. 0 

12.0 

15.0 

--·- --- -----·------------
DESCRIPTION 

2" DPUF 1500# BWE Sch. 40 

Diap~ragm Con~rol Valve 

Severe Service Valve 
7/8" Trim 
5 Stage 
CODE: 03P23A2BLA 
w/Bailey Positioner AP21200 

Spring Ref. # A35014 

Electronic Controller 

4-20 MA Pressure 0-100 

G I & D 
Output 4-20 ¥.A 

Single Case 

1/4" Thd. AF-2 
Reducing Valv(; 
3-60 PSIG 

Fairchild Mod,el 5100B-44 

I/P Transducer 
4-20 MA Input 
3-15 PSIG Output 

Model F 20CS Annubar 
2" 1500# ANSI Flg. 
Flow Range 0-345 GPM 
Max. Press. 2493 PSIG@ 325° F. 

Schedule pipe 160 

Rosemont Flow Transmitter 

Model 1151HP4Jl2Ml,Bl 

Range 0-50" H20, 4-20 MA 

Rosem:int Power Supply 

Model #SPS-2011-P 

Namco Limit Switches 

System Diagram 

Electrical Schematic 

. 1.2.23-446 

• 

DWG. NO. INSTRUCTION 

106 8868 29 10/0.5.1 
10/2.5.1 

23/1.4.6 

301 8029 13 

T5100B 

C-4900 

1151 HP 

sooooc 

D2400X Chart 

SKCE-6-3-81-1 

SKCE-6-3-81-2 

PBB-7 

23/1.5.1 

30/1.5.l 

--

--

--



--

•&11•1• llllWllLE All Pl(SSUll II II PSI ,... 

f ' ·-

____ ,,_,,, ___ _ 

11-1 ,. 

~ 

OP(IATIII NIOIUN 
1 /,•• ,1 1NllU 

12-11• 

1-1/1 

AnROX. HU. WT. 

I 

I 

116 LI. 

PAII.T 
HO 

n 
IS 
16 
IT 
II 

" lo 
JI 
n 

)J 

}I 

)9 ., 
41 

47 
4 
49 
,0 

ii 
SJ ,, 
R ,, ,. 

--

PART NAME 

D, IPh••sm Ccr,er, Comp! 
O,,p,,, • .,.. 
Nu, 
lolt 
O,..,t,,..,.. ,. ... 

Di~ ..... ~ 
c.. x, ... 
ACIWIOf Spri .. 
Acw11or Si,,,, 
Yob 
w.-

T,_ lndiulor ~ 
s... •• 
s- Nut 

Nut 

'al ... 
lalt 

"""'""' -. v- lody 
SW, V.... lody 

-• Gmet 
Sut Retoi"'"l~idl 
V- Pl111, .... ,, Tria 

!Mt °'"""'"'• lilork ,, y,_ .. 
V- lodr, ,, Trllll 
P•lifll ltiftt 

MATERIAL 

P, .. wc1 s, ... 
Srnllletic Rubller 
Stnl 
Sletl 
Ult .... 
Prt1111!1 Stoel 

s-
Slftl, Pl•te 
Suinlnl Stftl 

c..t """ s .. ,-. Stoel 
C..t ,, ... 

s ....... Stoel 
Sui .... Stal 
A"""i"""' 
Stoel, ud. Platad 
Stoel 
Stoel, CM ,,_. 

'"' c.i, ..... Sult 
s .. iftloto Stoel 
lilloldod 111.-. 
s..i 
~s..i 
StNI 
StNI 
Sui- Stal. 
SuinlflA Sift! 
SllinlN s...i 
S..W...5'"" 
~s..11 
,., ... c.,..., Slell 
Slli- Stal 

HOU I · YOKE, PART NO. 2J IS FURNISHED COMl'LET£ 

WITH .\DJUSTING SLEEVE, l'.\RT NO. l6 

Codt • 03'2J,.29LA 

V•h~ P1111 · 711 M .. ~ SP Toim 

--

MATERIAL snc. QTY. PER. I RH. NO. 
UNIT 

Comml'rciil 

r,.,.,,.,. I I 
c-.,..i 16 

c.a.-,.,,..i I 16 

ASTM A· 12', 0 . I 

Commeo,..i I • 
AISI l09S 

AISl___!IJII 4 IQ_ 
ASTM A 12fi. Cl. I 

AISI ll'P" JOJ 
ASTM_ A- 11t., _CL.I 

"ISi Tl'P" 416 
AISI Trpo J02 

~T_~ Lm 
c-,... l 2 
"SlM ,.. 194, G,.4 I 

c-,..i 1-
ASTM A· 193, Gr.-17 1- 2 
ASTM A· ic•. Ci,. 1144 I 
AISI Tne JO) 

c-,..i I I 
ASTM A· 19J, Ci,. 17 4 
AISI 1020Hll I 

ASTM ,.,,. Cif. 4 I I 
AS TM A· 19), Ci,. I- 16 I 
AISI Trpo JIil 
ASTII A· Sl4 T,.- •• 
ASTM A"4 Tne IJDISIIII 
AISI T,.,_ 410 A llell. 
AISI ,,.. JIil 
ASTM A- Ill 11. II 
AISI Typo J02 /)04 

37791 

)7119 

)7791 
3114) 

23400 
Set, .. 

Ull 
S7SS4 
24271 
m 

37766 
SIOl2 

34721 
:16Sl4 
41110 
427)1 
SlllS 
)0701 

30909 
)61'0 
66270 
1JJJI 
27142 

l:161 
S4901 
11271 ... ,, 
s.91)) 

112n 
JOJOJ 

9 ~-~!!_.L.~.~-,'?.~~ 
OIAl'HUGM aJNTltOl VALVl 

2" DPUf UOO LI. bl SCH. 160 

STUS ENDS 

\ *"' 1u•·•-1 ····• 1nc, 
~ 11- ,o 1a Kit NO 

106 11161 29 DD 
lll'V. 0 
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FOR l'IPE SIZES 
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l 
Ulllll OH IIUHN ONE I 1)6·----..r 

DIA HOI E ANO PHOVIDl 
', MIN WH D BEAD ALIGN 
TO PIPE AXIS 

PIIU.JlCT 

IUCAIIUN 

1'11'1 ',1/l & !,Cttfll 

~ 
DIRECTION 

-+----0"-'-F_F~qw~---

I¼ .. SW COUPLING CS 

~ 1 ,,. .. PIPE NIPPLE CS 

• ADJUST LENGTH 
AT INSTALLATION 
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MODEL T5100B Transducer 

In a direct acting unit, an increase in the de 
milliampere signal to the coil will increase the 
magnetic field strength around the coil. This in
crease in flux density, or field strength of the coil, 

:,pposes the permanent magnetic field of the 
magnet; thereby creating a thrust on the coil in a 
downward direction. The downward movement of 
the coil moves the beam or flapper closer to the 
nozzle and restricts the flow of air. The restriction 
of the flow of air through the nozzle causes a 
build-up in the output pressure. The change in 
output pressure is directly proportional to the 
change in de current to the coil. 

1.2:23-454 

FAIRCHILD 

MODEL T5100 B 
I/P and E/P Transducers 

CURRENT J0PNEUMATIC 
VOLTAGE 1°PNEUMATIC 

TRANSDUCERS 

APPLICATION 

• Control for emergency process shutdown. 

• Op&ration of air dctivated valves and first 
control elements. 

• Supply input signal for pneumatic positioners. 

• Conversion of electrical outputs from electronic 

primary measuring devices into pneumatic 
signals for indication, recording, and control. 

MAJOR FEATURES 

• Exceptional accuracy 

• Four input ranges available 

• Compact 

• Linearity less than 1 /2 of 1 % over output span 

• Mounting in any position 

• Can be changed from direct to reverse acting 
by simple adjustment. 

• Will tolerate more oil or water vapor than 
competitive units. 

--

--

--
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Factory Mutual Approval. The Fairchild 1/P and 

EtP Transducers may be purchased as Factory 

· ·tual approved, Intrinsically Safe for Class I, 
- •ision 1, Groups A, B, C, and D and Class II, 

_ .Jision 1, Groups E, F. and G depending upon 

the model number and barrier used. 

Intrinsically safe with barrier models: TI-51008 

Intrinsically safe for Class I, Division 1, Groups C 

and D (Taylor Instrument Company Barrier No. 

1130F/1135F) 

(Honeywell, Inc. Barriers 38545-0000-0110-111/ 

i 12-F585) 

Intrinsically Safe Class I, Division 1, Groups B, C, 

and D when used with Foxboro SPEC 200 System 

Models 2AO-V21-FGB, 2AO-V31-FGB, 2AO
VA1-FGB, 2AT-SBU-FGB. 

lntrinsir:ally safe for Class I, Division 1, Groups A, 
B, C, and D (Honeywell, Inc. Barriers 38545-0000-

0110-113-F585) 

'Measurement Technology LTD Barrier No. MTL 

8) 

(Leeds & Northup Company Barrier No. 316569 or 

316747) 

All Fairr::hild "I" Series Transciur:ers above are 

dust-ignition proof as approved by factory mutual 

for Class II, Division 1, Groups E, F, & G when 

used WS!Jsr·,~Tf 1 ED
0

vf OR 
fAC10RY MU1UAL P.PPROVAl 

, D \~\1H ABOVE 
Range Pipe Size 

Aluminum Cover 

T-51008-11 1-5ma 1/4" NPT 

T-5,00B-44 4-20ma 1/4" NPT - 10-S0ma 

T-5100-99 1-9V 114" NPT 

- 1ptions 

Add after T in catalog number 

Intrinsically Safe I 
1.2.23-455 

SPECIFICATIONS 
MODEL T •5100B 

Supply pressure (psig) .•.• 20 : 2 

•output pressure, standard (psig) .••. 3-15 

Independent linearity .••• ± ¼% F .S. 

Terminal based linearity ..•. ± ½% F.S. 

Supply pressure effect (18-22 psig) .... 0.3% of 

span for ::t 1 psig change 

Shock and vibration ..•..•... negligible up to 

effect on output pressure 2G between 
5 hz and 200 hz 

Ambient temperature ... _ - 40°F to 150°F 

Temperature coefficient. ... less than 1% of 

span/50°F 

Hysteresis and repeat'bility .... v,ithin 0.1 °~ 
F.5. 

Maximum air consumption .... 0.16 SCFM 

C::· 
\-'-'.'.!") --· 

Maximum output capacity .... 0.15 SCFM (-..... 

Frequency response ..... -3 db @ 20 hz 

(unloaded) 

·other inputs and outputs available on applica

tion. 

MATERIALS OF CONSTRUCTION 

Base 
Orifice 
Nozzle 
PC Board 
Cover 

Input Impedance 
(Nominal) 

2300 

155 
78 

2740 

Aluminum Alloy 
Sapphire 
Stainless Steel 
Fiberglass 
Aluminum 

Input 
Range 

1-Sma 

4-20ma 
10-S0ma 

1-9 volts 
d-c 

r:·:·:":_·_·. 
~•:-·./ 



C,,, 

,-C,T IIAY HAVE VIIIITICAL 
OR HOAIZOHT Al. ADJUST 

It 

'hNP'TISOR 
EUCTIIICAI. 
CONDI'"· SHIP 
WITH PLACTIC 
-PLUG 

~ r" INCHtS .. .51 

• .n 
C I •-~ 
D 1.&0 
( ,., , Z.20 

.._, ... • I ID> 
~ ,_ .. 
I a.so 
J 1.•o 
• .ao 
L . .. 

T 5100B-11, 44, 
CURRENT TO PNEUMATIC TRANSDUCER 

T 5100B-99 
VOLTAGE TO PNEUMATIC TRANSDUCER 

1.2.23-456 

HOW TO ORDER 

Catalog Number T I 

Transducer--~ 

Option 

Intrinsically Safe (I) 

Category 

51008 11 

Standard Unit 0.15 SCFM -----' 

Input Standard 

Aluminum 

Cover 

1- 5ma (11) 

4-20ma (44) 

10-50ma 

1- 9 (99) 

--

--

--
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PLUG-INT.M. 
REGULATED 
DC POWER 
SUPPLIES 

~l..t.c -

-..0 N4:~~~~-IN 
~~ .... 

~ 

b 

1 to 40 volt outputs 

Adjustable voltage 

Overcurrent protection 

( Automatic or external fuse) 

GENERAL 

Regulated Plug-In DC power supplies provide highly 

stable and isolated DC voltage for various industrial, 

medical. laboratory, ground support and other 

applications. These models are ideally suited for 

industrial transducer excitation, current transmitter 

applications as well as for laboratory use. 

The Plug-In types are transistorized and compact, 

but are repairable. A mating 8-pin octal receptacle for 

conventional chassis mc.ur,ting is shipp~d with each 

unit. However, the optional screw-down socket with 

molded barrier strips offers extra convenience and fast 

installation. 

The open construction 2210 series is equally 

convenient in use and installation. This economical 

unit is of solid state design, and offers automatic 
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momentary short circuit protection. The line and load 

regulation and the ripple specifications are less 

stringent (see ordering table) than for the enclosed 

models. However, these units are especially designed 

for low-cost applications where a large number of 

isolated voltages are required and where electrical 

specifications are not critical. 

Power supplies are available with narrow slot range 

and with wide range voltage adjustments. Any voltage 

between , and 40 volts is available from ut least one of 

our standard power supplies. The table below shows 

the model numbers for the most popular voltage 

ranges between 1 and 40 volts. After determining 

applicable models, refer to the "Style" table on page 2 

for electrical specifications. Duplications exist in some 

voltage ranges for your selection based on economy, 

current ratings or electrical specifications. 

VOLTAGE/MODEL TABLE 

VOLTAGE 

STYLE 1-6.5 5-9 10 12 15 18 20 24 28 30-40 

2210 
2210 2210 

A SPS-2077 SPS-20TT SPS-2079 

B SPS-2014 SPS-2010 SPS-2019 -SPS-2011 SPS-2021 

SPS-2055 SPS-2057 SPS-2057 'SPS-2058 SPS-2054 SPS-2054 SPS-2101 SPS-2101 SPS-2102 

0 SPS-2052 SPS-2052 SPS-2074-0 SPS-2101 

SPS-2062 SPS-2063 SPS-21'0 SPS-21'0 SPS-2110 SPS-2110 SPS-211' SPS-2111 SPS-2111 SPS-2112 

F SPS-212o-D SPS-2121-0 

---~Rosemount----------
1.2.23-457 
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ORDERING INFORMATION 

2210 -------------------------------------

OPEN CIRCUIT 
CONSTRUCTIOtl 

STYLE "A" 

ULTRA COMPACT 
0.6 WATT 
PLUG-IN 

STYLE "B" 

ECONOMICAL 
2 WATT 
PLUG-IN 

MODEL 

2210-00280 

2210-00240 

MODEL 

SPS-2077-P 

SPS-2078-P 

MODEL 

SPS-2014-P 

SP"i-2010-P ---SPS-2018-P 

SPS-2011-P 

SPS-2021-P 

DC OUTPUT RATING 
CURRENT 

VOLTS (mA) 

28 175 

24 225 

DC OUTPUT RATING 

VOLTS CURRENT 
(mA) 

9-12.5 0-50 

13-16 0-40 

DC OUTPUT RATING 
CURRENT 

VOLTS (mA) 

10 0-175 

12 0-175 

15 0-125 

24 0-90 

28 0-80 

REGULATION (mV DC) RIPPLI OUTPUT 

LINE LOAD (mV RMS) ADJUST 

::t10 20 10 ±5'111 

::t10 20 10 ±5'111 

REGULATION (mV DC) RIPPLE TEMP. 

LINE LOAD (mV AMS) 
COEFF. 
('l.t"F) 

3 6 1.5 0.02 

3 6 1.5 0.02 

REGULATION lmV DCI RIPPLE TEMP. 
COEFF. 

LINE LOAD (mV RMS) ( 1t./°F) 

::-4.5 :9 1 0.03 

::t6 :!:12 1 0.03 

:t6 :!:12 1 0.03 

::t5 ::-12 1 0.025 

:t6 :!:14 1 0.025 

STYLE "D" ---------------------------
----------------

3 WATT 
PLUG-IN OR 
SOLDER-HEADER 

MOUNTING 

NARROW 
ADJUSTMENT 

RANGE 

WIDE 
ADJUSTMENT 

RANGE 

DUAL 
VOLTAGE 
OUTPUT 

MODEL 

SPS-2055-P 

SPS-2055-S 

SPS-2057-1" 

SPS-2058-P 

SPS-2052-P 
SPS-2052-5 

SPS-2054-P 

SPS-2101-P 

SPS-2102-P 

SPS-2074D-P 

DC OUTPUT RATING 

VOLTS 
CURRENT 

(mA) 

1-6.5 0-300 

9-13 0-200 

13-17 0-175 

9-13 0-200 

17-21 0-150 

20-30 0-100 

30-40 0-75 

:!:15 0-65 

REGULATION (mV DC 
RIPPLE TEMP. MOUNTING 

LINE LOAD (mV RMS) 
COEFF. STYLE 
('lo/" F) 

15 5 1.5 0.03 
Plug-In 

Solder-Header 

2 5 0.5 0.02 Plug-In 

2 5 0.5 0.02 Plug-In 

Plug-In 
2 5 0.5 0.01 Solder-Header 

2 5 05 o.o, Plug-In 

10 15 1 0.02 Plug-In 

10 15 1 0.02 Plug-In 

3 6 1 0.02 Plug-In 

STYLE "F" ----------------------
-------------

4.5 WATT 
PLUG-IN OR 
SOLDER-HEADER 
MOUNTING 

7 Dn~o""'n11nt 

NARROW 
ADJUSTMENT 

RANGE 

WIDE 

ADJUSTMENT 
RANGE 

DUAL 
VOLTAGE 
OUTPUT 

MODEL 

SPS-2062-P 
SPS-2062-S 

SPS-2063-S 

SPS-2110-P 

SPS-2111-P 

SPS-2112-P 

SPS-2120-P 

SPS-2121-P 

DC OUTPUT RATING REGULATION (mV DC 

VOLTS CURRENT LINE LOAD 
(mAl 

1-65 
0-600 15 10 
0-800 

5-9 0-600 15 10 

10-20 0-200 15 15 

20-30 0-175 15 15 

30-40 0-150 15 15 

::-12 0-175 5 1Q 

:15 _0-150 5 10 

1.2.23-468 

RIPPLE TEMP. MOUNTING 

(mV RMS) 
COEFF. STYLE 
('io!"F) 

1.5 0.03 
Plug-In 

Solder-Header 

1.5 003 Solder-Header 

1 0.02 Plug-In 

1 0.02 Plug-In 

1 0.02 Pluo-ln 

1.5 0.(!2 Plug-In 

1.5 0-02 Plug-In 

t;.-.':::•::. 
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GENERAL SPE~IFICATIONS 

Input Voltage 
105 to 125 VAC at 50-400 Hz. 

Adjustable Output 
Voltage adjust potentiometer at the top of all power 

supplies. (If range is not specified, adjustment is ±5%.) 

Floating Output 
Positive or negative, output can be grounded, isolated 

from case and AC line. 

DC Isolation 
Greater than 100 megohm with 200 VDC applied 

between output and case. 

AC Isolation 
Typically 20 picofarad - shield between primary and 

secondary transformer. 

Line Regulation (output voltage variation as input line 

voltage changes from 105 to 125 VAC) 

See ordering 1able on opposite page. 

LoaC: F-egul.ation (outµul voltag1: variation due to a 

change from no load to full rated load current) 

See ordering table on opposite page. 

Output Impedance 
Less than 0. 1 ohms (DC to 1 KC}. 

Reverse Current 
Fully protected against an application of reverse 

current. 

Remo!c Sensing 
Styles "D" and "F" models have provisions for remoting 

the point of regulation to the load. 

Short Circuit Protection 
Electronic protection against accidental short circuit 

and temporary overloads. (The style "8" has provision 

for external fusing). 

Transient Response 
250 mV peak to peak, for a step load change of 10 to 

100% for less than 50 millisecond duration. (Not 

specified for 2210). 

Temperature Range 
The temperature effect over the usable range of 20° F to 

125°F is less than 0.03%/°F. Do not exceed 150°F 

maximum temperature on base of solder-header styles 

or permanent damage may result. (Not specified for 

2210) 

Stability 
Long term stability is better than ±0.1% of rated voltage 

at fixed conditions. Stability is ±0.2% for Style "B" and 

other models when operating below 9 volts. 

1.2.23-459 

PRICING AND DISCOUNTS 

The applicable price list is P50000. All models listed 

on the current price list are stocked at our Nashville 

plant. Most styles delivered from stock in quantities to 

25 pieces F.O.B., Nashville, Tennessee. Prices and 

specifications on all models are subject to change 

without notice. When ordering, specify model number 

and quantity of each item. 

Quantity discount schedule follows: 

QUANTITY 

1-9 
10-24 
25-49 
50-99 

100-199 

WARRANTY 

DISCOUNT 

Base Price 
Base Price Times 0.96 
Base Price Times 0.92 
Base Price Times 0.88 
Base Price Times 0.84 

We warrant our power supplies to be free from 

defects in workmanship and/or material and to 

function satisfactorily when properly installed, 

operated and maintained in accordance with 

instructions and specifications for a period of 6 

months. The warranty becomes effective on the date of 

shipment. 

This warranty does not extend to any of our products 

which have been subject to misuse, neglect, accident, 

or improper installation or application; nor shall it 

extend ~o units which have been repai.·ec or 

substantially altered by persons other than authorized 

personnel. 

We will, in no way, be liable for damage to other 

equipment caused by failure or malfunction of 

equipment built by us. 

REPAIR POLICY 

The warranty obligation is limited to repairing or 

adjusting of the power supply or parts thereof upon 

authorized return to the factory, transportation 

prepaid. Repair or replacement of such equipment, 

which upon examination proves to be defective due to 

materials or workmanship, will be completed at no 

charge and reshipped F.O.8. Nashville. Any power 

supply returned beyond the time limit warranty, or due 

to misuse, etc., will be repaired (repair price is 

approximately half price) or if not repairable. can be 

replaced at the current price. 

Rosemount 3 



VOLTAGE 
AO.JUST 

• MOUNTING 

711e LONG 

o--- SOLOf" 
Tf"MINALS 

1/8 MAX. 

FO" SOLOE"-~EAOf" 6 
PLUG-IN STVL[ ·•F" ONLV 

OUTLINE DRAWINGS 
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• STUDS 6-32• 7/UI 
STVLE .. ,-•. ONLV 

PLUCS KEV 
1'0" STVLfS 

.. A ... ··•··• ··o·· 

PLUG-IN STYLES 
··A" ... B", .. o·· & .. P. 

ALL STYLES • SIDE VIEW BOTTOM VIEW 
SOLDER-HEADER STYLE "D" 

BOTTOM VIEW 

- DIMENSIONS, PLUG-IN MODELS WEIGHT 
STYLE 

A B 

''A'' 2-1 /2 1-7/16 

"B" 3 2 

.. n .. 3-1 /8 2-1/4 

"F" 3-15/16 3-1/16 

SCREW-DOWN SOCKET WITH 
MOLDED BARRIER STRIPS 

Part Number: N0012-00170 

C D 

1-7/16 

2 

2-1 /8 

2-15/16 1-7/8 

This Amphenol Model 146-104 socket can be used to 

connect plug-in power supplies into a circuit without 

soldering. Both mounting and terminal connection 

proble,ns are .;iuickly s-,lved by .ising this .socket. The 

socket can be mounted above or below the chassis. 

Voltage rating is 1250 volts RMS at 5 amp. Mounting 

screws are not supplied. 

2 HOLES .156 DIA. 
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e MODEL 1151HP ALPHALINE 

e DIFFERENTIAL PRESSURE 

I TRANSMITTER FOR HIGH 

LINE PRESSURES 

(Replaces PDS 2197) 

--_._._·.-:::. 

-

4500 psi operating pressure 

6750 psi test pressure 

Ranges from 25" H20 to 300 psid 

Compatible with any 

2-wire system 

0.25% accuracy 

On 4-20 mA output: 

• Up to 600% elevation or 

500% suppression 

• Adjustable damping 

FEATURES 

The ALPHALINE@- Differential Pressure 

Transmitter· now provides accurate differential 

measurement for line pressures up to 4500 psi. 

Confident application in high fine pressure systems is 

assured with static pressure protection to 6750 psi and 

full overpressure protection to 4500 psi without 

damage to the transmitter. Direct electronic sensing 

with the completely sealed 6-CELL... capacitance 

sensing element eliminates mechanical force transfer 

and the associated problems with vibration and shock. 

Installation and commissioning are simplified by 

compact design, 2-wire system compatibility, external 

span and zero adjustments and explosion-proof, 

weather-proof construction. Wiring terminals and 

electronics are in separate compartments, so the 

electronics remain sealed during installation. Reverse 

polarity protection keeps wiring mishaps from costing 

money. Maintenance costs are reduced by the use of 

solid state plug-in printed circuit boards which are 

interchangeable among all Rosemount 1151 

transmitters . 

OPERATION 

CAPACITOR 
PLATES 

SENSING 
DIAPHRAGM 

RIGID INSULATION 

::r~._;;::=- SILICONE 
OIL 

THE 6-CELL 

Process pressure is transmitted through isolating 

diaphragms and silicone oil fill fluid to a sensing 

diaphragm in the center of the b-CELL. The sensing 

diaphragm functions as a spring element which 

deflects in response to differential pressure across it. 

The displacement of the sensing diaphragm, a 

maximum motion of 0.004 inches, is proportional to the 

differential pressure. The position of the sensing 

diaphragm is detected by capacitor plates on both 

sides of the sensing diaphragm. The differential 

capacitance between the sensing diaphragm and the 

capacitor plates is converted electronically to a 2-wire. 

4-20 mADC or 10-50 mADC signal. 

• ::_1 

-~Rosemount-----------
Copyright Rosemovnr Inc., 1971, 1975, 1'176 

1.2.23-461 

"Protected by oni: or more of the following U.S. Patents: 

No. 3,271,669; 3.318.153. 3.618.390; 3.~6.538: 3,793,885; 

3,800,413; 3.854,039; 3.859.594 and 3.195.02B. Canada 

Patented 1968. 1974 and 1975. Patenre Mexican• No. 

I !88n. Other U.S. and Foreign Patents issved or pending. 



1/2-1' NPSM 
CONDUIT 

CONNECTION 
12 PLACES) 

TUMINAL CONNECTIONS 
THIS SIDI 

1/•-11 NPT 
ON FLANGES 

FOi PUSSURE CONNECTION 
W11HOUT THI USE Of 

FLANGE ADAPTERS. 

1/2-1' NPT 
ON FLANGE ADAPTERS 

NOR ADAPTERS CAN II 
IOTATED TO GIVE 

FLANGE CONNtCTION 
CENTUS Of 2", 2-1/1" 

01 2.,, ... 

Dimensional Drawings 

taANSMITTEI 
CIICUITIT 
THIS SIDI 

1/•-IINPT FOR 
51DE VINT /DUIN _.,..I=\---, (OPTIONAL 

1-5/1" 

TOP 01 
IOTTOMI-.J---t---T" 

A• 2-1/1" ON CODI • I 5 •ANGIS 

2-3ti.·· ON CODI 6 a 7 IANGU 

OPTIONAL MOUNTING BRACKETS 

SHOWN IN TYPICAL MOUNTING CONFIGURATIONS 

I 
I 
I 

I -..- ..... ...: 
"'" .... _., 

FLAT MOUNTING BRACKET 

ORDERING CODE FB 

MOUNTING BRACKET 

ORDERING CODE MB 

9" MAX. 

3-11/16" 

FLANGES 
CAN II ROTATED 

PANEL MOUNTING BRACKET 

ORDERING CODE PB 

2-5/1" 

1.2.23-462 
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Functional Specificati_pns 

Service 

Liquid, gas or vapor. 

Ranges 

0-25/150" H20 
0-125/750" H20 
0-17/100 psid 
0-50/300 psid 

Outputs 

4-20 mAOC or 10-50 mAOC. 

Power Supply 

External power supply required. 
4-20 mAOC: Up to 45 voe. 
Transmitter operates on 12 VOC with no load. 

10-50 mADC: Up to 85 VDC. 
Transmitter operates on 30 VDC with no load. 

Load Limitations 

See Figure , . 

Indication 

Optional meter with 1-3/4" scale. Indication accuracy 

is ±2%. 

Hazardous Locations 

Explosion proof: Approved by Factory M11tual for 

Class I, Division 1, Groups s·, C and D; Class II, 

Division 1, Groups E, F and G; and Class Ill, Division 1. 

Certificaiion by Canadian Standards Association 

(CSA) for Class I, Groups C and D available as an 

option. Intrinsically safe: FM or CSA certification 

optional for Class I, Division 1, Groups B, C and D 

when used with listed barrier systems. 

Span and Zero 

Continuously adjustabie externally. 

Zero Elevation and Suppression 

Regardless of output specified, zero elevation and 

suppression must be such that neither the span nor the 

upper or lower range value, exceed 100% of the upper 

range limit. 
4-20 mADC Maximum zero elevation: 600% of 

calibrated span. Maximum zero suppression: 500% of 

calibrated span. 
10-50 mADC Range 4 or 5 maximum elevation or 

suppression: 150% of span. Range 6 or 7 maximum 

elevation or suppression: 50% of span. 

"Opr,onal mere, nor approved tor Group 8. 

Rosemount 3 
1.2.23-463 

Temperature Limit• 

-2o•F to +200°F Amplifier operating. 

-40°F to +220°F Sensing element operating. 

-60° F to +250° F Storage. 

Static Pressure and Overpressure Limits 

Maximum rated static line pressure (operating): 4500 
psig. 
Maximum static line pressure (without damage): 150% 
of rated (6750 psig). 4500 psig pressure on either side 

without damage to the transmitter. 10,000 psig proof 

pressure on flanges. 

Humidity Limits 

0-100% RH. 

Volumetric Displacement 

Less than 0.01 c:ubic inches. 

Damping 

4-20 mADC: Time constant continuously adjustable 

beh. eun 0.2 and 1 .E 7 seconds. 
10-50 mADC: Time constant fixed at 0.2 second for 

ranges 4 and 5, and 0. 1 second for ranges 6 and 7. 

Turn-on Time 

2 seconds. No warmup required. 

LOAD 

(OHMS) 

LOAO 

(OHMS) 

FIGURE 1 
LOAD LIMITATIONS 

,650 
,500 

,ooo 

!SOO 

,,oo 

500 

0 

4-'20 mAOC 

,2 20 30 40 

POWER SUPPL V (VOC) 

10-50 mAOC 

30 !SO 70 BO 

POWER SUPPL V (VOC) 
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Performance Specifications 

(ZERO BASED SPANS, REFERENCE CONDITIONS} 

C- ~uracy 

::!.u.25% of calibrated span. Includes combined effects 
of linearity, hysteresis and repeatability. 

Dead Band 

None 

Stablllty 

±0.25% of upper range limit for six months. 

Temperature Effect 

At Maximum Span (e.g. 0-100 psid for 0-17/100 psid 
range) 

Zero Error: ±0.5% of span per 100°F. Total effect 
including span and zero errors: ±1.0% of span per 
100°F. 

At Minimum Span (e.g. 0-17 psid for 0-17/100 psid 
rang&) 

Zero Error: ±J.0% of span per 100°F. Total effect 
including span and zero errors: ±3.5% of span per 

100°F. 

- ·erpressure Effect 

,rpressure of 4500 psi will cause a zero shift of 
tess than ±1.0% of upper range (Range 4) 
less than ±2.0% of upper range (Range 5) 
less than ±5.0% of upper range (Range 6, 7) 

Static Pressure Effect 

Zero Error: ±2.0% of upper range limit for 4500 psi. 

Span Error: -1 .0±0.25% of reading per 1000 psi. 
This is a systematic error which can be calibrated out 
for a particular pressure before installation. 

Vibration Effect 

±0.05% of upper range limit per g to 200 Hz in any axis. 

Power Supply Effect 

Less than 0.005% of output span per volt. 

Load Effect 

No load effect other than the change in power supplied 
10 the transmitter. 

Mounting Position Effect 

Zero shift of up to 1" H10 which can be calibrated out. 
· io span effect. No effect in plane of diaphragm. 

Physical Specifications 

Materials of Con1tructlont 

Isolating Diaphragm• and DralnNent Valves: 
316SS. 

Process Flanges and Adapters: 
Cadmium Plated Carbon Steel or 316S5. 

Wetted 0-Rlngs: 
VITON. 

FIii Fluld: 
Silicone Oil. 

Bolts: 
Cadmium Plated Carbon Steel. 

Electronlc1 Housing: 
Low-copper aluminum (NEMA4) 

Paint: 
Polyester-Epoxy. 

Process Connections 

1/4 NPT on flanges. 1/2 NPT with adapters. 

Elecl'lcal Conn'lctlons 

1/2-inch conduit with screw terminals and integral test 
jacks compatible with miniature banana plugs 
(Pomona 2944, 3690 or equal). 

Weight 

12 pounds excluding options. 

tVITON is• DuPont tr1demark. 

Terminology per SAMA Srandard PMC20.1·1973 

1.2.23-464 
Rosemount4 
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Typical Model 1151 Pressure Transmitter Assembly 

6-CELL 
SENSING 
MODULE 

ELECTRONICS HOUSING 

'-

. -~ 
-- ~ 

PROCE~ 
FLANGE ' 

COVER 

Electrical Block Diagram 

SENSOA;___..,;,,-~ DEMODULATOA 

VJiring Connections 

BIONAL L0O,0 MAV • !: eROUNDU, AT 

A.NY ~onr,rr 0.. u" UNGfltOUN01!0 

CUP'tP'tENT 

DETECTOP't 

VOLTAC!E 

P'tE5UL,o.TOP't 

1.2.23-465 

+ 
St19NAL 

STANDARD ACCESSORIES All Models are ship

ped with flange adapters, vent/drain valves and one 

instruction manual per shipment. 

TAGGING ALPHALINE Differential Pressure 

Transmitters will be tagged in accordance with 

customer requirements. All tags are stainless steel. 

CALIBRATION Transmitters are factory calibrated 

to customer's specified range. If calibration is not 

specified, transmitters are calibrated at maximum 

range. Calibration is at ambient temperature and 

pressure. 

Rosemount S 



· Ordering Information 

MODEL 
11i1HP ALPHALINE DIFFERENTIAL PRESSURE TRANSMITTER 

CODE RANGES 

4 0-25 to 0-150 inches H20 (0-635 to 0-3810 mm H1O) 

5 0-125 to 0-750 inches H20 (0-3175 to 0-19.050 mm H20) 

6 0-17 to 0-100 psid (0-1.2 to 0-7.0 kg/cm') 

7 0-50 to 0-300 psid (0-3.5 to 0-21 kg/cml) 

CODE OUTPUT 

E 4•20 mAOC w/adjultable damping 

B 10-50 mAOC w/fixed damping 

MATERIALS OF CONSTRUCTION 

CODE FLANGES AND ADAPTERS DRAIN/VENT VALVES ISOLATING DIAPHRAGMS 

12 Cadmium Plated C.S. 318SS 318SS 

22 316SS 316SS 316SS 

CODE OPTIONS 

LM Linear Mealer. 0-100'1. scale 

SM Square Root Meter. 0-10 scale 

MB Optional Mounting Bracket tor Mounting to 2" Pipe 

PB Optional Mounting Bracket tor Panel Mounting 

FB Optional Flat Mounting Bracket tor Mounting to 2" Pipe 

01 Side Vent/Drain. Top 

02 Side Vent/Drain, Bottom 
CE Canadian Standards Association (CSA) Explosion Proof Certitication tor Class I, 

Groups C 11nd 0; Class 11. C:.roups E. F and G; (.;lass Ill; (E1,cl. IV). 

INTRINSIC SAFETY APPROVAL (All Are U11d With Output Code E) 

CLASS I, DIV. 1, 

BARRIER GROUPS 

AGENCY MANUFACTURER BARRIER MODEL B C D 

F1 FM Foxboro 2Al•l2V-FGB. 2Al•l3V-FGB X X X 

F2 FM Taylor 124S1134. 124S11~ X X X 

124S931, 124S932 X X 

124$1254. 124$1264 X X 

F3 FM Westinghouse 75SB01 X X X 

56FC12 X X 

F4 FM Leeds & Northrup 31651)9, 316747 X X X 

F5 FM Fischer & Poner 80SH023U01, 80SH027U01 X X 

80SH027U02 X X X 

F6 FM Fisher Controls AC302 X X 

F7 FM Honeywell 38545-XXXX-0110 
•113·F5BS X X X 
•111/112-FSBS X X 

C1 CSA Any CSA Approved 
< 30V & > 1200 X X 

C2 CSA Foxboro 2Al•13V•CBG. 2Al-12V-CBG X X X· 

C3 CSA Fisher Controls AC302 X X 

I • ' 

1151MP E 22 LM,MB COMPLETED DESIGN SPECIFICATION 

OPTIONAL THREE-VALVE MANIFOLDS (Packaged Separately) 

Part No. 1151-150-1••: 3-Valve Manifold, Carbon Steel 

(Anderson, Greenwood and Co., M4AVC) 

Rosemount Inc. 

Part No. 1151-150-2••: 3-Valve Manifold, 316SS 

(Anderson, Greenwood and Co., M4AVS) 

••Available only for range codes 4 and 5. 

POST OFFICE BOX 35129 MINNEAPOLIS, MINNESOTA 55435 

PHONE: (612) 941-5560 TWX: 910-576-3103 TELEX: 29-0183. CABLE: ROSEMOUNT e 
1.2.23-466 Revised 8n7 
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Bailey Control Systems 
Product Instruction 

P88-7 
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FIGURE 1 - Mounting and External Dimensions of Type AP2 Characterizable Pneumatic Positioner 

INSTALLING THE POSITIONER 

UNPACKING 

I. Check for any obvious damage to shipping 
carton. 

2. Open carton and remove all loose packing. 

3. Carefully remove Positioner from carton 
and inspect for any physical damage which may 
have occurred during shipping. 

4. Remove two cover screws and Positioner 
cover and examine interior for any loose compo
nents, such as nuts, screws, springs, etc. Check 
data on nameplate (located at right side of cam) 
for correct Type, Series and Signal Range. 

CAUTION: Before mounting or installing Posi
tioner, check nameplate data to make certain 
Positioner is suitable for application desired. DO 
NOT AT ANY TIME EXCEED THE RATINGS 
LISTED ON THE NAMEPLATE. 

1.2.23-469 

...__/ 



Characterizable Pneumatic Positioner 

5. If any damage to Positioner is evident, refer 
to inside front cover of this Instruction Book. If 
Positioner appears undamaged, replace cover and 
proceed with installation instructions. 

INSTALLATION 

The Characterizable Pneumatic Positioner, 
Type AP2, can be applied to double-acting 
cylinder applications or single-acting diaphragm 
actuator applications. 

CAUTION: The positioner can be installed in any 
position with proper recalibration. It should be 
noted that certain installation methods will not 
stroke the power operator to a fail-safe condition 
if the controllt:r fails to send a signal. Bailey 
Meter Co. strongly recommends that, for 
increased safety, an installation method be 
selected to provide a fail-safe mode when loss of 

MOTION 
WITH 

INCREASING SIGNAL 

NOTES: 

PISTON 

PISTON ROD 
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controller signal is experienced. Mounting and 
external dimensions of Type AP2 Positioner are 
shown in Figure l. 

Double-Acting Cylinder Applications 

When the Positioner is applied to a 
double-acting cylinder assembly, the piston rod is 
normally connected thru suitable linkage to 
position a valve, damper or other regulating 
device. Position of the power operator is normally 
tied back to the Positioner drive arm thru a drive 
rod (other tie back methods may be used 
depending on application). The drive arm is fixed 
to the positioning cam which is shaped to give a 
desired characteristic of power operator position 
versus input demand control signal. Positioner 
mounting and pneumatic connections must be 
such that an increasing control signal will ~ 
(stretch) the range spring. 

01 

02 

CAM 
(REOSIOEl 
CLOCKWISE 
ROTATION 

DRIVE ROD 

GAGE DESIGNATIONS: 
G I - SIGNAL PRESSURE GAGE 
G2-0UTPUT PRESSURE GAGE 
G3- OUTPUT PRESSURE GAGE 

FOR A DOWNWARD MOTION WITH INCREASING SIGNAL, USE BLACK SIDE 
OF CAM (COUNTER CLOCKWISE ROTATION) ANO REVERSE 01 ANO 02 CONNECTIONS. 

IN ANY INSTALLATION, DIRECTION OF PISTON TRAVEL FOR A GIVEN SIGNAL CHANGE 

CAN BE REVERSED BY USING OPPOSITE SIDE OF CAM ANO SWITCHING 01 ANO 02 CONNECTIONS. 

FIGURE 2 -Typical Positioner Installation Mounted on Double-Acting Cylinder 

1.2.23-470. 
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IJ I J 
II 

INCREASE IN CONTROL SIGNAL PRESSURE 
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TOP LOADED ACTUATOR 

HANDJACK---c __ _,,--.__ __ :-:::J 
··7,·· 

ALTERNATE PIPING FOR /: ·\' 02 
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WITH HANDJACK 

NOTES: •• ·-

I. RED SIDE OF CAM 
FACING OUT. 

2. CLOCKWISE CAM 
ROTATION.* r 

3. 01 PORT PLUGGED. 

4. STEM MOVES DOWN WITH 
SIGNAL FAILURE. 

~· 
5 STEM MOVES UP WITH 

SUPPLY AIR FAILURE. 

MOTION WITH 
INCREASING SIGNAL 

,__ __ ..._~ 

INCREASE IN CONTROL SIGNAL PRESSURE 
MOVES STEM INTO DIAPHRAGM CASE 

TOP LOADED ACTUATOR 

* ROTATION OF CAM AS VIEWED FROM FRONT 
OF POSITIONER WITH COVER REMOVED FOR 
AN INCREASING SIGNAL. 

HANDJACK~ 

' 
I. RED SIDE OF CAM 

FACING OUT. 
7-__ 

2. CLOCKWISE CAM 
ROTATION.* 

3. 02 PORT PLUGGED, 
4. STEM MOVES DOWN WITH 

SIGNAL OR SUPPLY FAILURE. 

MOTION WITH t 
INCREASING SIGNAL I 

INCREASE IN CONTROL SIGNAL PRESSURE 
MOVES STEM INTO DIAPHRAGM CASE 

BOTTOM LOADED ACTUATOR 

HANDJACK~---- :=_=:) 
-~ 

NOTES: 

r~J"L __ 
I. BLACK SIDE OF CAM 

FACING OUT. 

2. COUNTERCLDCKWISE 
CAM ROTATION.* 

3. 01 PORT PLUGGED. 

4. STEM MOVES UP WITH 
SIGNAL FAILURE. 

5. STEM MOVES DOWN WITH 
SUPPLY AIR FAILURE. 

~-

MOTION WITH j 
INCREASING SIGNAL 

(~, 

I ;-.;t-._ \ 
-- ""(f::>- ,,\ 

II I I 
11 I; 

'. 
Ll 

INCREASE IN CONTROL SIGNAL PRESSURE 
MOVES STEM OUT OF DIAPHRAGM CASE 

BOTTOM LOADED ACTUATOR 

GAGE DESIGNATIONS: 
GI - SIGNAL GAGE 
G2-0UTPUT GAGE 
G3-SUPPLY PRESSURE GAGE 

FIGURE 3 - Typical Positioner Installation Mounted on Single-Acting Diaphragm Actuator 
1.2.23-471 
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In any installation, the direction of piston 
travel for a given signal change can be reversed by 

using the opposite side of the cam and reversing 
the OJ and 02 output connections (Figure 2). 

If the Positioner is included with a 
double-acting cylinder assembly, tubing 
connections between the Positioner and the 
power operator would be as illustrated in Figure 
2. Pressure gages are optional and are not 

included unless specified when ordering 
Positioner. 

If it is necessary to complete the pneumatic 

connections to the Positioner, refer to Product 

Instruction G 18-2 for tubing methods and 
precautions. 

Single-Acting Diaphragm or Spring-Loaded 
Actuator Applications 

When the Positioner is applied to a 
single-acting actuator assembly, the valve stem is 
normally connected thru suitable linkage to 
accurately position an inner valve in response to a 

control demand signal. Position of the valve stem 
(or inner valve) is normally tied back to the 

Positioner thru a drive rod which is attached to 
the Positioner drive arm. The drive arm is fixed to 
the positioning cam which is shaped to give a 

desired characteristic of inner valve position 
versus input demand control signal. Positioner 
mounting and pneumatic connections must be 
such that an increasing control signal will extend 
(stretch) the range spring. 

In any installation, the direction of valve stem 
travel for a given signal change can be reversed by 
using the opposite side of the cam, plugging the 

output connection being used and connecting 

1.2.23-472 
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tubing to the remaining output connection 
(Figure 3). 

If the Positioner is included with a control 
valve furnished by Bailey Meter Company, it is 
mounted on the valve yoke and piped to the 
actuator as illustrated in Figure 3. Pressure gages 
are optional and are not included unless specified 
when ordering Positioner. 

If it is necessary to complete the pneumatic 

connections to the Positioner, refer to Product 
Instruction G 18-2 for tubing methods and 
precautions. 

SUPPLY PRESSURE 

Supply pressure range is 18 to 150 psi. 
Because of the minimal effect of supply pressure 
variations on output positions, a regulated supply 
is not normally required for either application. 
However, for single-acting diaphragm actuator 
applications, a minimum supply pressure of 5 psi 
over maximum input signal range (20 psi for 3-15 
psi unit or 32 psi for 3-27 psi unit) must be 
maintained. 

WARNING: TYPE AP2 POSITIONERS ARE 

SUITABLE FOR MAXIMUM AIR SUPPLY 

PRESSURE OF 150 PSIG. ADHERENCE TO 
THIS LIMITATION WILL ENSURE SATIS

FACTORY PERFORMANCE. DO NOT SUPPLY 
PRESSURE TO THE POSITIONER IN EXCESS 
OF THAT WHICH THE RELATED ACTUATOR 
OR CYLINDER CAN SAFELY ACCEPT. 

NOTE: It is recommended that a filter or dripwell 
be installed in the supply line to prevent improper 
operation of the Positioner due to entrained 
moisture or dirt. 

• • 

--

-• 
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PLACING IN SERVICE 

Make the following adjustment checks to 
insure correct operation of the valve actuator or 
cylinder assembly and the Positioner before 
placing in operation. 

I. Make certain connecting linkage, brackets 
and any mounting hardware are secure. 

2. Make certain supply, in put control signal 
and output pressure connections are tight. Check 
for leakage, while under pressure, with soapsuds 
solution. 

3. If optional pressure gages were furnished, 
make certain gages are installed in correct 
location for application {Figure 2 or 3) and all 
connections are tight. Check for leakage, while 
under pressure, with soapsuds solution. 

4. Perform procedures outlined under "Cali
brating the Positioner" to check output pressure 
level adjustment and to set zero dnd range adjust
ments for the required application prior to 
placing the Positioner in service. 

NOTE: It is recommended that a position 
indicator plate be fabricated and installed on 
valve actuator yoke (or cylinder) and a pointer be 

POSITION 
-INDICATOR 

PLATE 

FIGURE 4 - Typical Position Indicator Plate 
Mounted on Valve Actuator Yoke 

installed on valve stem (or piston rod) to indicate 
full OPEN and full CLOSED travel of power 
operator (Figure 4 ). 

ROUTINE SERVICING 

l . Once each year, check all air connections 
for leakage, while under pressure, with a soapsuds 
solution. 

2. Maintain a clean air supply (free of dirt, oil 
or moisture) to assure satisfactory operation of 
Positioncr. If recommended filter is installed 
(ref er to "Supply Pressure") in supply line, 
remove and clean if necessary. 

3. Whenever power operator is out of service 
(or when required), remove Positioner output 
valves as outlined under "Troubleshooting" and 
clean with an aliphatic hydrocarbon solvent (i.e., 
gasoline or kerosene). 

WARNING: USE SOLVENT IN A WELL
VENTILATED AREA. A VOID PROLONGED 
OR REPEATED BREATHING OF VAPORS. 
A VOID PROLONGED OR REPEATED CON
T ACT WITH SKIN. DO NOT USE NEAR OPEN 
FLAME. 

4. Periodically check orifice and nozzle for 
deposits and clean if necessary as outlined under 
"Troubleshooting". 

5. Once each year (or when required), check 
adjustment and calibration of Positioner and 
power operator as outlined under "Cali bra ting the 
Positioner". 

6. Also, if Positioner is equipped with option
al integral shut off and equalizing valve, clean 
valve assembly and cavity each year with aliphatic 
hydrocarbon solvent. Disassemble by removing 
valve handle and valve retainer (Figure 23, items 
16 and 15) and lifting out valve assembly (17). 
Inspect o-rings (13 and I 4) and replace if 
necessary. Re-lubricate with minimum amount of 
o-ring lube (Dow Corning No. 4 or equivalent) 
and reassemble. 

NOTE: Be sure same shims are installed between 
~ssembly ( 17) and valve retainer ( 15). 

1.2.23-473 
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TROUBLESHOOTING 

If trouble occurs which is definitely traced to 
the Positioner, check supply pressure, input and 
output pressure connections and mechanical 
linkage adjustments before removing from service. 
If no obvious defects are noted, refer to "Fault 
Correction Chart". Locate applicable heading for 
type of Positioner failure encountered. Correct 
procedures for checking or replacing various 
components are listed below. 

WARNING: MAKE CERTAIN POSITIONER IS 
DISCONNECTED FROM SUPPLY PRESSURE 
SOURCE OR REMOVED FROM SERVICE 
BEFORE ATTEMPTING ANY REPAIR OR 
REPLACEMENT PROCEDURES. 

CLEANING NOZZLE ORIFICE 
(Refer to Figure 5) 

NOTE: Diameter of hole in orifice is approxi
mately 0.016-inch. Dirt or foreign particles could 
easily be trapped in orifice before reaching noz
zle. 

I . An access hole on top of Positioner cover is 
provided for servicing or cleaning nozzle orifice. 
Remove pipe plug from nozzle chamber section 
of relay assembly using a 5/32-inch alien wrench 
to gain access to orifice. 

2. Use a wire approximately 0.015-inch in 
diameter and remove any dirt or foreign particles 
obstructing orifice hole. 

WARNING: USE EXTREME CARE WHEN 
CLEANING ORIFICE TO PREVENT SCRATCH
ING OR ENLARGING ORIFICE HOLE. EN
LARGING HOLE COULD AFFECT "GAIN" 
CHARACTERISTICS OF POSITIONER. 

3. Reassemble pipe plug in nozzle chamber 
section of relay assembly. 

REPLACING RELAY ASSEMBLY 

NOTE: To remove the Positioner from the case, 
ref er to Figure 22 for identification of item 
numbers listed parenthetically in steps 1 thru 4 
only. 

I. Remove cam (34) from cam shaft (33). 

2. Disconnect range spring (4) from spring re
tainer (15). 

a. Remove two screws (9), lockwashers ( I 0) 
and small washers (11) from base assembly (13). 

b. Disassemble retainer (8) and spring (7). 

4. Remove two screws (30) from rear of base 
assembly (13) and carefully remove Positioner as
sembly (3). 

S. To remove signal nut (40), place a 
9 I 16-inch thin head or tappet, open end wrench 
on hex of signal diaphragm assembly (26) guide 
to secure guide in position and prevent rotation 
(Figure 6). With guide held firmly, place a 
3/4-inch open end wrench on flats of signal nut 
(40). Remove signal nut and spring retainer (39) 
from threaded section of guide. 

NOTE: Spring retainer (39) is loctite sealed into 
signal nut ( 40) and should not have to be sepa
rated. 

CAUTION: Damage could result to signal dia
phragm assembly if guide is not held in position 
when removing signal nut. 

6. Remove tabbed retainer (25) from signal 
diaphragm assembly (26) guide. 

7. Remove screws (46) and lockwashers (47) 
securing base mainfold assembly (36), relay as
sembly (27) and manifold assembly (8) in posi
tion. (Dowel pins in both ends of relay assembly 
prevent rotation of assemblies after cap screws 
have been removed.) 

SIGNAL 
DIAPHRAGM 
ASSEMBLY 

3. If Positioner is equipped with gain· 
suppression accessory kit (items 7 thru 11), 
remove kit as follows: 1.2.23-474 _________________ ....J 

--

--

--
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-- FIGURE 6 - Replacing Relay Assembly . FIGURE 7 - Replacing Output Valves 
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8. Remove base manifold assembly (36). 

9. When removing relay assembly (27), guide 
vane by hand until vane is clear of signal dia
phragm assembly (26) guide. 

I 0. To install new relay assembly, reverse 
steps 3 thru 9 above. Tighten four screws (46) 
uniformly in rotation, 70 • to 75 in. lb. Wait 15 
minutes and retorque screws. 

CA UT ION: To prevent damage to relay assembly, 
make certain exposed diaphragms (at each end of 
relay assembly) are in flat, relaxed position before 
tightening screws (46). Also, be sure that dowel 
pins which protrude from each end of relay, enter 
holes in mating parts before tightening screws. 

11. Make a preliminary setting of sm~ll 
slotted set screw in vane assembly so that set 
screw point lifts vane overtravel hinge end away 
from vane assembly approximately 1/64". 

12. Complete reassembly of relay into Posi
tioner by reversing steps 1 and 2. 

13. Recalibrate Positioner for correct applica
tion as outlined under "Calibrating the Posi
tioner". 

14. Apply mm1mum input signal pressure. 
Using a stop watch or watch with a sweep second 
hand as a timing device, rapidly increase input 
signal pressure from minimum to maximum while 
noting the time necessary for piston or valve to 
stroke from one extreme to the other. 

15. Again noting time necessary for piston or 
valve to stroke from one extreme to the other, 
rapidly decrease input signal from maximum to 
minimum. 

NOTE: Rate of input signal change should be 
approximately the same as in step 14. 

16. Compare two stroke times. If an undesira
ble differential exists, adjust srnall slotted set 
screw in vane assembly approximately 1 /2 turn 
and re-zero calibration. 

I 7. Repeat steps 14, 15 and 16 until stroke 
time differential is reduced to within desired 
limits. At this point supply and exhaust capacities 
of O I and 02 output valves are balanced. Apply a 
drop of Loctite Grade 290 or equivalent to set 
screw threads. 

1.2.23-476 
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1. Using slot in end of valve plug (32), remove 
plug from base manifold assembly (36). (Plug 
assembled at factory with adjustable sealarit on 
threads.) Plug can be removed by unscrewing 
until all the threads are exposed. A 3/4-16 UNF 
hex nut should then be screwed over the plug 
threads and the plug removed by grasping the nut 
with pliers. Remove hex nut. Examine o-ring (31) 
and replace if necessary. 

2. Remove valve (28 ), valve spring (29 ), wash
er (30) and o-ring (2) from base manifold 
assembly (36). Examine o-ring and replace if 
necessary. 

3. Clean valve (28) using an aliphatic hydro
carbon solvent (i.e., gasoline, kerosene, etc.) and 
visually inspect for damage to seating surfaces. 
Remove any sealant remaining on valve plug (32) 
and threads inside base manifold assembly (36). 
Examine valve seats inside of base manifold 
assembly for dirt. Clean if necessary. 

WARNING: USE SOLVENT IN A WELL-VENTI
LATED AREA. AVOID PROLONGED OR RE
PEATED BREATHING OF VAPORS. AVOID 
PROLONGED OR REPEATED CONTACT WITH 
SKIN. DO NOT USE SOLVENT NEAR OPEN 
FLAME. 

4. Apply minimum amount of o-ring lubricant 
(Dow Coming No. 4, or equivalent) too-ring (2). 
Assemble valve spring (29), washer (30) and 
o-ring (2) on valve stem. Install valve (28) 
subassembly in base manifold assembly (36). 

5. Apply small amount of lubricant on o-ring 
(31) and install on valve plug (32). 

6. Apply adjustable seal (Loctite Sealant, 
Grade No. 242, or equivalent) to threads of valve 
plug (32) and install in base manifold assembly 
(36). End of valve plug must be flush with base 
manifold housing when assembled. 

REPLACING OUTPUT VALVE 02 
(Refer to Figure 7) 

I. Remove as a unit, screw retainer ( 1 ), valve 
cover (3) and valve seat assembly (6) from 
manifold assembly (8) by removing screws ( 41) 
and lockwashers (42). 

NOTE: After removing subassembly described in 
step I, visually check (or take a quick measure
ment) of the gap between the bottom side of 

--

--

--
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valve cover (3) and the top of valve seat assembly 
(6). This procedure is necessary in order to obtain 
the same approximate dimension when reassem
bling valve seat assembly and will assist in 
recalibration of the Positioner after final assembly 
is completed. 

2. To disassemble valve seat assembly (6) 
from valve cover (3), back off adjustment screw 
(34) until valve cover can be removed. It is not 
necessary to remove screw retainer (I) to disas
semble valve seat assembly. 

3. Examine o-rings (5) and (33 ). Replace if 
necessary. 

4. If o-ring (2) must be replaced, disassemble 
screw retainer ( l) by removing screws ( 43) and 
lockwashers ( 42 ). Remove adjustment screw (34) 
from valve cover (3) and replace o-ring. 

5. Clean valve using an aliphatic hydrocarbon 
solvent (i.e., gasoline or kerosene) and blow dry 
with air hose. Visually inspect for damage. If 
valve is damaged, valve seat assembly (6) must be 
replaced. 

WARNING: USE SOLVENT IN A WELL-VENTI
LA TED AREA. AVOID PROLONGED OR RE
PEA TED BREA THING OF VAPORS. A VOID 
PROLONGED OR REPEATED CONT ACT WITH 
SKIN. DO NOT USE NEAR OPEN FLAME. 

6. Examine valve chamber in manifold assem
bly for dirt and clean if necessary. 

7. Apply minimum amount of lubricant (Dow 
Corning No. 4, or equivalent) too-rings (2), (5) 
and (33). 

8. Install o-ring (2) on adjustment screw (34), 
o-ring (5) in valve cover (3) and o-ring (33) on 
valve seat assembly (6). 

9. With notch in valve seat assembly (6) in 
alignment with dowel pin (4) in valve cover (3), 
turn in adjustment screw (34) until correct 
distance is obtained between bottom of valve 
cover and top of valve seat assembly (refer to 
NOTE following step 1 ). 

CAUTION: Threads on adjustment screw are very 
fine pitch. Use care to avoid cross threading. 

JO. Install valve subassembly in manifold 
assembly (8 ). Secure in position using screws (41) 
and lockwashers (42). 

11. If screw retainer (I) was removed, install 
retainer on valve cover (3) with screws ( 43) and 

12. Recalibrate as outlined under "Calibrating 
the Positioner". 

REPLACING SIGNAL DIAPHRAGM ASSEMBLY 
(Ref er to Figure 8) 

NOTE: To remove the Positioner from the case, 
refer to Figure 22 for identification of item 
numbers listed parenthetically in steps 1 thru 3 
only. 

1 . Disconnect range spring ( 4) from spring 
retainer (15) using needle nose pliers. 

2. If Positioner is equipped with optional gain 
suppression kit (items 7 thru 11 ), remove kit as 
follows: 

a. Remove two screws (9), lock washers ( I 0) 
and small washers (l l) from base assembly (13 ). 

b. Disassemble retainer (8) and spring (7). 

26 

40 

39 

8 

36 

46 

lockwashers (42). 1.2.23-477 FIGURE 8 -Replacing Signal Diaphragm Assembly 
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GAIN SUPPRESSION KIT 
PART NO. 5327328-1 

GAIN SUPPRESSION KIT 
PART NO. 5327328-2 
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Positioner with Positioner with Positioner with Positioner with 

APPLICATION Standard Gain High Gain Standard Gain High Gain 

(250-300) (300400) (250-300) (300400) 

Cylinders with 5C' in.3 or 
X X 

less displacement. 

Cylinders with 50 in.3 to X Not Required 
200 in.3 displacement. 

Diaphragm actuators with 
X X 

high packing friction. 

TABLE I - Suggested Gain Suppression Kit Guide Lines 

3. Remove two screws (30) from rear of base 
assembly ( 13) and carefully remove Positioner 
assembly (3). 

4. To remove signal nut (40), place a 
9/ 16-inch thin head or tappet.open end wrench on 
hex of signal diaphragm assembly (26) guide to 
secure guide in ·position and prevent rotation. 
With guide held firmly. place a 3/4-inch open end 
wrench on flats of signal nut (40). Remove signal 
nut and spring retainer (39) from threaded sec
t ion of guide. 

CAUTION: Damage could result to signal 
diaphragm assembly if guide is not held in 
position when removing signal nut. 

5. Remove tabbed retainer (25) from signal 
diaphragm assembly (26) guide. 

6. Loosen four hex socket head cap screws 
(46) until base manifold assembly (36) and relay 
assembly (27) can be disassembled from mainfold 
assembly (8). (Dowel pins in both ends of relay 
assembly pre.vent rotation of assemblies after cap 
screws have been removed.) 

CAUTION: To prevent damage to vane of relay 
assembly, carefully guide relay assembly (27) 
vane over signal diaphragm guide when separating 
relay assembly and manifold assembly (8). 

7. Remove three screws (44) and disassemble 
signal cover (24 ). 

8. Remove signal diaphragm assembly (26). 

9. To install new signal diaphragm assembly 
(26). reverse steps I thru 8 above. Tighten three 

INSTALLING OPTIONAL GAIN SUPPRESSION 
KIT (Refer to Figure 22 and Figure 9) 

An optional gain suppression kit is available 
for Type AP2 Positioner (refer to Table 1 ). Instal
ling the gain suppression kit might be necessary to 
control oscillation of the final control element; to 
reduce sensitivity and prevent overshoot where 
high packing friction is evident; where oscillation 
occurs in a rapid rise portion of the cam or to 
adapt the Positioner to a change in application. 
The need for gain suppression will vary according 
to actuator and valve characteristics. If it is neces
sary to add the gain suppression kit, refer to ap
plications listed in Table 1 and procedure out
lined below. 

I . Remove cam (Figure 22, item 34) from 
cam shaft (33). 

2. Disconnect range spring (Figure 9, item 4) 
from spring retainer (15) using needle nose pliers. 

3. Install spring (7) over signal nut (45) until 
spring contacts signal nut flange. 

4. Install "bonnet" portion of retainer (8) 

over spring retainer ( 15) until retainer (8) secures 
spring (7) in position. 

5. Install screws (9), Jock washers ( I 0) and 
small washers ( 11) thru retainer (8) and into Posi
tioner base assembly ( 13). Do not tighten secure
ly. 

6. Reassemble range spring (4) to spring re
tainer (i 5). 

screws ( 44) 25 to 30 in. lb. Tighten four cap 7. Install cam (Figure 22, item 34) on cam 

screws (46) 70 to 75 in. lb.; uniformly, in rota- shaft (33). 
tion. Wait 15 minutes and retorque screws. 1.2.23478 
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FAULT CORRECTION CHART 

FAULT 

1. Final drive element at 
one end of stroke and does 
not respond to input 
change. 

2. Excessive air consump-
tion (exhaust loud). 

3. Oscillation of final drive 
element. 

4. Slow response. 

5. Final drive element at 
minimum travel stop 
and wi 11 not respond to 
input change. 

6. Uprange zero shift that 
cannot be adjusted. 

7. Full range cannot be 
obtained with adjustment. 

PROBABLE CAUSE 

a. Obstruction in orifice 
leading to nozzle. 

b. Relay (amplifier! section 
leaking internally. 

a. Leakage at joints of manifold 
assembly, relay assembly or 
base manifold assembly. 

b. Improper seating of output 
valves. 

a. Output pressure level 
too low. 

b. Gain too high. 

c. Drive arm not securely 
attached to final drive 
element. 

a. Output pressure level 
too high or too low. 

b. Output valves blocked. 

C. Relay (pneumatic amplifier) 
assembly not operating 
correctly. 

a. Signal diaphragm leakage. 

a. Signal diaphragm leakage. 

a. Incorrect range spring. 

b. Signal diaphragm leakage. 

1.2.23-479 

CORRECTIVE ACTION 

a. Check orifice as outlined 
under "Cleaning Nozzle Orifice". 

b. Replace as outlined under 
"Replacing Relay Assembly". 

a. Tighten four .250-28 x 4 hex socket 
head stainless steel cap screws 70 to 
75 in. lb. 

b. Remove valves as outlined 
under "Replacing Output 
Valve 01" or "Replacing Output 
Valve 02". Clean valves and seats. 
Replace valves if necessary. 

a. Reset output pressure level adjust-
ment as outlined under "Calibrating 
the Positioner". 

b. Install optional spring kit as out-
lined under "Installing Gain 
Suppression Kit". 

c. Tighten or correct linkage as 
necessary. 

a. Reset output pressure level ad· 
justment as outlined under 
"Calibrating the Positioner". 

b. Remove valves as outlined under 
"Replacing Output Valve 01" 
or "Replacing Output Valve 02". 
Clean valves and ports. 

c. Replace as outlined under 
"Replacing Relay Assembly". 

a. Tighten three .190-32x1 .OD pan 
head screws to 25-30 in. lb. or 
replace as outlined under "Re-
placing Signal Diaphragm Assembly". 

a. Tighten three .190-32x1 .00 pan 
head screws to 25-30 in. lb. or 
replace as outlined under "Re-
placing Signal Diaphragm Assembly". 

a. Remove range spring and install 
correct spring for range required. 

b. Tighten three .190-32x1 .OD pan 
head screws to 25-30 in. lb. or 
replace as outlined under "Re-
placing Signal Diaphragm Assembly". 
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FIGURE 9 - Installing Optional Gain 

Suppression Kit 

1'5 

8. Position retainer (Figure 9, item 8) on its 
slotted holes so it is in position to exert a slight, 

even compression load on spring (7) when cam 

and signal pressure are at 0%. Tighten screws (9) 

in this position. 

9. Readjust range and zero adjustments as 

outlined under "Calibrating the Positioner". If 

Range Spring No. of 

Part No. Coils 

5327330·1 15 

5327330-2 14 

5327330-3 11 
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unit is unstable or sluggish, retainer (8) can be 

repositioned in its slotted holes. 

10. Check to verify that there is a slight load 

on spring (7) when unit is pressurized and in a 

static position. 

INSTALLING OPTIONAL HIGH GAIN RANGE 

SPRING 

Two optional high gain range springs are avail

able for Type AP2 Positioner (refer to Table '.!). 

Installation of the high gain range spring is recom

mended for increasing accuracy on large displace

ment cylinders or actuators only, where high gain 

should not affect stability of the final control ele

ment. To install high gain range spring, follow 

procedures outlined below. 

l . Remove cam from cam shaft. 

2. Disconnect standard gain range spring from 

threaded adjuster and spring retainer using needle 

nose pliers. Install new high gain range spring. 

3. Install cam on cam shaft. 

4. Readjust range and zero adjustments as 

outlined under "Calibrating the Positioner". 

Input Signal 
(psi) Application 

3-15 Optional high gain 
range spring 

3-27 Optional high gain 
range spring 

3-15 •standard gain range 
spring 

3-27 •standard gain range 
spring 

•Standard gain (250-300) range springs are assembled in place and 

shipped with Positioner. 

TABLE 2 -Optional High Gain Range Spring 

1.2.23-480 
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RANGE ADJUSTMENT 
·(ROLLER HOLD 

DOWN SCREW) 

INTERNAL 
SET SCREW 

THREAD ADJUSTER 
(ALWAYS PARALLEL 
TO SPRING BEAM) 

OPTIONAL PRESSURE 
GAGES 

INTEGRAL SHUTOFF 
ANO EQUALIZING VALVE 

FIGURE 10 - Positioner Adjustments 

CALIBRATING THE POSITIONER 

Calibration of Type AP2 Characterizable 
Pneumatic Positioner consists of adjusting the 
linkage from the power operator so that the 
positioning cam rotates thru full range for full 
travel of the piston or valve stem and to adjust (or 
balance) the output pressure level. 

The following adjustments are performed 
with Positioner mounted on the power operator. 
These adjustments are specifically for checking 
operation of the two units prior to adapting the 
Positioner to a particular application. Once these 
adjustments have been completed, proceed to 
"Calibration Adjustments for Particular 
Applications". 

OUTPUT PRESSURE LEVEL ADJUSTMENT 

Double-Acting Cylinder Applications 

If necessary to change or correct output 
pressure level of Positioner, follow the procedure 
outlined below and refer to Figure l 0. 

l. Use B (straight line) positioning cam which 
is shipped in place in Positioner assembly. 

CAUTION: Make certain correct side of cam (red 
or black) is facing outward for application desired 
(Figure 2). 

1.2.23-481 

2. Make supply air connections (l 8 to 150 
psig) designated "S" on manifold. Maintain this 
pressure during adjustments and after Positioner 
has been placed into service. 

WARNING: TYPE AP2 POSITIONERS ARE 
sun ABLE FOR A MAXIMUM AIR SUPPLY 
PRESSURE OF 150 PSIG. ADHERENCE TO 
THIS LIMITATION WILL ENSURE SATISFAC
TORY PERFORMANCE. DO NOT EXCEED 
MAXIMUM RECOMMENDED CYLINDER 
OPERATING PRESSURE. 

3. If optional pressure gages are not included, 
connect customer supplied pressure gages to 
Positioner output ports O 1 and 02 or to l /8-inch 
NPT gage ports (Figure 2). 

4. Apply midrange signal (9 psi for 3-15 unit 
or 15 psi for 3-27 unit) with no load on cylinder. 

CAUTION: Make certain midrange signal is ap
plied. Output pressure level cannot be adjusted if 
piston is against travel stop. 

5. Turn integral shutoff and equalizing valve 
(AP2•• ID) to AUTO position. 

6. Each output pressure gage should stabilize 
at approximately 2/3 of supply pressure (0 I gage 
reading plus 02 gage reading should equal 4/3 of 
supply pressure). 
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7. If reading is not correct, tum adjustable 
valve screw counterclockwise to increase pressure 
or clockwise to decrease pressure until correct 
reading is obtained. 

NOTE: If oscillation occurs, gain suppression 
spring kit (available option from Bailey Meter 
Co., Pt. No. 5327328-0) must be installed. Refer 
to "Installing Gain Suppression Spring" for table 
of spring applications and installation procedure. 

Single-Acting Diaphragm Actuator Applications 

If necessary to change or correct output 
pressure level of Position er, follow procedure 
outlined below and refer to Figure 10. 

l. Use B (straight line) positioning cam which 
is shipped in place in Positioner assembly. 

CAUTION: Make certain correct side of cam (red 
or black) is facing outward for application desired 
(Figures 2 and 3). 

2. Make supply air connections (18 to 150 
psig) designated ••s" on manifold. Maintain this 
pressure during adjustments and after Positioner 
has been placed in service. 

NOTE: For single-acting diaphragm actuator ap
plications, a minimum supply pressure of 5 psi 
over maximum input signal range (20 psi for 3-15 
psi unit or 32 psi for 3-27 psi unit) must be 
maintained. 

WARNING: TYPE AP2 POSITIONERS ARE 
SUIT ABLE FOR A MAXIMUM AIR SUPPLY 
PRESSURE OF 150 PSIG. ADHERENCE TO 
THIS LIMITATION WILL ENSURE SATISFAC
TORY PERFORMANCE. DO NOT EXCEED 
MAXIMUM DESIGN OPERA TING PRESSURE 
OF ACTUATOR. 

NOTE: For single acting diaphragm actuators, a 
minimum supply pressure of 5 psi over maximum 
input signal range (20 psi for 3-15 psi unit or 32 
psi for 3-27 psi unit) must be maintained. 

3. If optional pressure gages are not included, 
connect customer supplied gages to I /8-inch NPT 
gage ports in location shown in Figure 3 for 
application desired. 

4. Apply midrange signal (9 psi for 3-15 psi 
unit or 15 psi for 3-27 psi unit) with no load on 
actuator. 

1.2.23-482 
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CAUTION: Make certain midrange signal is ap
plied. Output pressure level cannot be adjusted if 
valve is against travel stops. 

5. If reading on supply gage G3 (Figure 3) 
does not equal supply pressure being applied, turn 
adjustable valve screw counterclockwise until sup
ply pressure is obtained. If reading is at supply 
pressure, turn screw clockwise to decrease pres
sure; then counterclockwise until full supply pres
sure is obtained. 

NOTE: Supply gage may momentarily drop if 
large step change is applied. 

6. Once supply pressure is obtained, turn 
adjustable valve screw one (I) full turn 
counterclockwise. 

ZERO AND RANGE ADJUSTMENTS 
(Refer to Figure 10) 

The range spring assembly applies a propor
tional feedback force to the input signal dia
phragm assembly. A threaded adjuster applies 
initial tension on the spring and provides a zero 
adjustment. 

Range adjustment of the Positioner is 
obtained by repositioning a pivot assembly along 
the cam follower arm. Moving the pivot assembly 
towards the cam results in a shorter final control 
element stroke for a given signal change. The 
opposite holds true for moving the pivot assembly 
away from the cam. 

Double-Acting Cylinder Applications 

The adjustment procedure below is based on a 
direct-acting application as shown in Figure 2. If 
power operator is being used for a reverse-acting 
application, note that the movements and 
positions will be opposite those listed below. 
Normally, the regulating device (valve, damper, 
etc.) used in direct-acting applications will be in 
the CLOSED position when piston is at bottom 
of cylinder; and the OPEN position when piston 
is at top of cylinder. Therefore, the words OPEN 
and CLOSED used below ref er to these positions. 

Single-Acting Diaphragm Actuator Applications 

The adjustment procedure below is based on a 
direct-acting, top-connected diaphragm actuator 
as shown in Figure 3. If the power opera tor is 
being used for a reverse-acting application, note 

--

--

--
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that the movements and positions will be oppo
site those listed below. Normally, a control valve 
used in direct-acting applications will be in the 
CLOSED position when the valve stem has 
traveled out of the valve body to its fullest 
extent; and in the OPEN position when the stem 
has traveled into the valve body to its fullest 
extent. Therefore, the words OPEN and CLOSED 
used below ref er to these positions. 

NOTE: It is recommended that a position indica
tion plate be installed on the valve actuator yoke 
(or cylinder) and a pointer be installed on valve 
stem (or piston rod) to indicate full stroke travel 
in both directions. 

l. Position piston (or valve) to CLOSED 
position. If cam follower is not at zero mark on 
positioning cam, disconnect and adjust Positioner 
drive rod (or other connecting linkage used to tie 
back to power operator) until Positioner drive 
arm assumes position which places follower on 
zero mark. Reconnect drive rod. 

2. Set input signal at minimum range value (3 
psi for 3-J 5 psi unit or 3-27 psi unit). Piston (or 
·valve) should remain in CLOSED position. 

3. If piston ( or valve) begins to move from its 
CLOSED position, loosen set screw located in 
recessed hole of knurled adjustment nut and turn 
zero adjustment (Figure !OJ clockwise to increase 
range spring tension until piston (or valve) returns 
to a CLOSED position. 

4. Increase input signal above minimum range 
value (3.5 psi for 3-15 unit or 3-27 psi unit). If 
piston (or valve) does not begin to leave CLOSED 
position immediately, turn zero adjustment nut 
(Figure 10) counterclockwise until such niove=' 
ment is obtained. Once zero adjustment is com
pleted, retighten set screw to lock zero adjust
ment in place. 

5. Return to minimum input signal (3 psi). 
Piston (or valve) should go to CLOSED position. 

6. Set input signal at maximum range value 
(15 psi for 3-15 psi unit or 27 psi for 3-27 psi 
unit). If piston (or valve) does not move to full 
OPEN position, loosen roller hold down screw 
(Figure I 0) and slide roller along beam until 
piston (or valve) reaches full OPEN position. 
After adjustment, tighten hold down screw firmly 
fo place. 

1.2.23-483 

7. Decrease input signal below maximum sig
nal range value (14.5 psi for 3-15 psi unit or 26.5 
psi for 3-27 psi unit). If piston (or valve) does not 
begin to leave full OPEN position immediately, 
change range adjustment as outlined in step 6 
until such movement is obtained. 

8. If range adjustment (step 6) was necessary, 
recheck zero adjustment as outlined m steps 2 
thru 5. 

CALIBRATION ADJUSTMENTS FOR 
PARTICULAR APPLICATIONS 

The Positioner adjustments described below 
may be used to improve the operation of the 
power operator system either by itself or in 
relation to other systems or parts of a multiple 
system. 

Zero or Suppression Adjustment 

By using the zero adjustment (Figure l 0) an 
intitial tension may be imposed upon the range 
spring so that the piston (or valve) will not begin 
to move from its minimum position until input 
signal has increased from 3 psi to any value up to 
9 psi (3-15 psi unit) or 15 psi (3-27 psi unit). This 
adjustment is of value when two or more power 
operators are to be operated in sequence; where 
the power operator is equipped with a minimum 
stop; or where the characteristics of the device 
which the operator is moving must be matched 
with that of another regulated device. 

FIGURE 11 - Characterized Cam 
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FIGURE 12 - Cam A, Square Root Relation 

Split Range Adjustment 

The range adjustment affords a variation of 
power operator motion for a given range of con

trol signal pressure. In combination with the zero 

adjustment described above, full piston (or valve) 
travel may be obtained for a signal pressure 

change as small as 6.0 psi (3-15 psi unit). Range 

adjustments available for each of the three cam 

variations furnished are shown in Figures 12, 13 
and 14. This adjustment is of value when the de
vice being regulated by the power operator is 

oversized, since the adjustment allows operation 

of the power operator thru its useful motion for 

the desired full change in control signal pressure. 

It is also useful in matching the signal versus posi

tion characteristic of the power operator with 

those of related power devices in the same control 

system. 

Cam Characteristic Adjustment 

This adjustment involves selecting or shaping 

the proper positioning cam in order to obtain that 
characteristic of piston (or valve)position versus 

control signal pressure which will afford the 

desired characteristic of controlled medium versus 

control signal pressure. The definition of "con

trolled medium" as applied to this section is the 

rate of action of that medium (water, air, etc.) 

being controlled. 

1.2.23-484 
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CONTROL SIGNAL PRESSURE 

Signal Value (psig) 

Percent Value Control System Ranges 

3-15 3-27 

0 3.0 3.0 
10 4.2 5.4 
20 5.4 7.8 
30 6.6 10.2 
40 7.8 12.6 
50 9.0 15.0 
60 10.2 17.4 
70 l l.4 19.8 
80 12.6 22.2 
90 13.8 24.6 

100 15.0 27.0 

TABLE 3 - Conversion Table for Control System 
Ranges 

Positioning cams A, B and C (Figure 11) are 
furnished with each Positioner (the B cam is 
shipped assembled in place and the A and C cam 
are included on the same part, but are inactive). 
The characteristics for which the cams are shaped 
are listed in Table 4 and are shown in Figures 12, 
13 and 14. The figures show a family of curves 
for each cam, each curve re pre sen ting a range 
adjustment when used with that specific cam. 
Table 3 shows control signal pressure values of 
the two control system ranges equivalent to the 
signal range percent values in Figures 12, 13 and 
14. 

If the system involves a single power operator, 
it is probable that the B (straight line) cam will be 
satisfactory. However, one of the other cams may 
provide a more uniform controlled medium versus 
signal pressure characteristic, providing stable 
control over a wide range of operation with a 
given proportional band adjustment on the con
troller. For a power operator which is an integral 
part in a complex control system, the cams 
provide a selection of characteristics which, when 
used in conjunction with the range adjustment, 
should allow close paralleling of the controlled 
medium versus signal pressure characteristic. 

Refer to "Characterized Cams" for selecting 
or shaping the proper positioning cam for a power 
operator which is to be part of a complex control 
system. 

Cam Selection 

cams. The following table is a comparison of pos
sible stroke lengths vs. feedback drive arm hole 
locations for the Full Stroke - 90° cam and the 
Half Stroke - 45° cam. 

Feedback Arm Length of Stroke • Inches 

Hole Position from Full Stroke - Half Stroke -
Cam Shaft 90° Cam 45° Cam 

1 1 .5 
2 1.5 .75 
3 2 1 
4 2.5 1.25 
5 3 1.5 
6 3.5 1.75 
7 4 2 

CHARACTERIZED CAMS 

In order to match the inherent characteristics 
of the power operator to the final control device, 
it may be practical to reduce the controlled 
medium versus piston (or valve) position 
characteristic of each device in the system to a 
straight line relationship with regard to control 
signal pressure. This straight line relationship is 
established by calibrating the Positioner with 
respect to the correct positioning cam by the 
following method. 

l. Use B (straight line) cam to determine 
actual controlled medium versus piston (or valve) 
characteristic (Figure J 5). 

2. Determine exact controlled medium versus 
control signal pressure characteristic desired (Fig
ure 16). 

3. Using values determined in steps 1 and 2, 
plot a curve to determine exact control signal 
pressure versus piston ( or valve) position charac
teristic (Figure 17). 

Positioning Piston or Valve Position (P) 
Figure 

Cam, vs. 
Any Stroke Control Signal (I) No. 

A Square Root (I = ~) 12 

B Straight Line (I = P) 13 

C Square (I = p2) 14 

Depending upon nomenclature, the Positioner TAB LE 4 · Positioning Cam Characteristics 
will be provided with one of two standard 3 lobe 

1.2.23-485 
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FIGURE 15 - Regulated Device Characteristic 

4. Compare curve plotted in step 3 with 
curves shown in Figures 1 2, 13 and 14. Select 
positioning cam whose characteristic most close]y 
matches control signal pressure versus piston (or 
valve) characteristic plotted in step 3. 

5. If necessary, set range and zero adjustments 
to match control signal pressure versus piston (or 
valve) characteristic more accurately as outlined 
under "Zero and Range Adjustments". 

6. If required characteristic cannot be ob
tained using the above procedure, or if a more 
exact characteristic is required, alter shape of cam 
as outlined under "Cam Shaping Method". 

Cam Shaping Method 

To assist in the alteration process, cams are 
marked with radial lines (index of % piston or 
valve travel) and concentric Jines (index of con
trol signal pressure). The ten concentric lines on 
the cam correspond to actual control signal 
pressure values shown in Table 3 for the specific 
control system signal range being used. 

1.2.23-486 
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CAUTION: Before cutting any cam, make certain 
cutting will involve REMOVAL OF CAM MA
TERIAL, rather than building up of material. For 
example, if the characteristic plotted lies between 
the A and B cam (Figure 12 and 13 ), the A cam 
should be cut. 

l . Use cam selected in step 4 under "Char
acterized Cams". For each increment of control 
signal pressure (concentric lines), locate the pis
ton (or valve) position (radial lines) required for 
specific control signal pressure. Refer to Figure 
18 for method of locating these points. 

CA UTlON: 1 f a cam shape has too steep a rise, 
there is danger of cam follower becoming Jocked. 
Line printed on cam (part no. 5327322-1) 
indicates the maximum rise which should be cut 
into the cam. When a cam shape is required that 
includes such a rise, it is necessary to introduce 
sufficient angularity in the power operator device 
drive rod linkage to allow a less radical cam shape. 

2. A curve drawn thru points located on cam 
in step l above will be desired cam shape. Either 
alter cam or cut new cam to this shape. 

NOTE: An optional blank cam, Pt. No. 
5327322-1 is available from Bailey Meter Com
pany if alteration of the original cam is not 
desired. 

Speed Adjustment 

When the system involves only a single power 
operator, a high positioning speed is usually an 
advantage. In a complex control system, however, 
it is generally desirable to operate all power 
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FIGURE 18 - Locating Points for Shaping 
Positioner Cam for 3-15 psi Unit 

devices at the same speed to avoid interaction 
between units or undesirable process conditions 
during control pressure changes. If it is necessary 
to reduce the speed of operation, speed control 
orifices (0.040") are available as an option from 
Bailey Meter Company (Pt. No. 5327327-1 ). 
These orifices are installed directly into the 
output ports ( 0 I and 02) and have I /4-inch NPT 
ports for connecting plumbing from the power 
operator. If orifices are too small, they may be 
drilled out to obtain desired speed control. Blank 
orifices (Pt. No. 5327327-2) are also available. 

HOW THE POSITIONER OPERATES 

The Type AP2 Characterizable Pneumatic 
Positioner is a two-stage amplification, "push
pull" action, force-balance type control instru
ment, normally located in the control loop 
(Figure 19) between the controller and the final 
control element (valve actuator or cylinder assem
bly). A pneumatic input (3-15 psig or 3-27 psig) is 
applied to the Positioner to produce a power 
operator position which can be characterized for 
a particular application thru the use of a position
ing cam. A mechanical linkage connection to the 
piston (or valve) stem serves to feed back the 
actual stem position movement. When the con
troller calls for the piston ( or valve) to change 
positio"n, the Positioner acts as a pneumatic relay, 
thru an independent air supply, and changes the 
piston (or valve) to its new required position. 

1.2.23487 

The Type AP2 Positioner can be applied to 
double-acting cylinder assemblies where a load is 
applied to one side of the cylinder while simulta
neously unloading the opposite side of the cylind
er for a change in controller output. By plugging 
one of the output connections (unused connec
tion depends on application, Figure 3), the Type 
AP2 Positioner can also be used with single-acting 
diaphragm actuators where a load is applied to 
top or bottom of the acutator for a change in 
controller output. 

PNEUMATIC AMPLIFIER RELAY ASSEMBLY 
(Refer to Figure 20 and 21) 

The Positioner's pneumatic amplifier is con
structed in a "stack" design. Several pneumatic 
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SET POINT CONTROLLER POSITIONER PROCESS 

j 

FIGURE 19 - Block Diagram of Type AP2 Positioner Application. 

chambers are fanned by alternating fabric-re
inforced, elastomer diaphragms and aluminum 

spacers. The outer spacers are secured by stainless 

steel bolts while the movable center sections are 

clamped together by flaring the ends of the 

aluminum guide tubes. 

When a change in control signal pressure is 

applied to· the signal diaphragm assembly the 

distance between the vane and nozzle changes. As 

the vane moves, the nozzle backpressure will 
increase or decrease (depending on direction of 

the signal applied) and the entire relay assembly 

center structure will displace. Movement of this 
center structure will open (or close) output valves 

01 and 02. 

CAM AND LINKAGE 
(Refer to Figure 20) 

Power operator position is fed back to the 

Positioner for comparision with the input control 

signal pressure. The feedback mechanism consists 

of I) a drive rod which follows the motion of the 

power operator; 2) an adjustable, swivel-ended 

drive arm which is driven by the drive rod; 

and 3) a cam and shaft which are driven by the 

adjustable drive arm. The prime function of the 

cam is to permit characterization of the power 

operator position versus input control signal 

pressure. 

A series of alternate drive link attachment 

holes in the Positioner drive arm provides for 
nominal strokes of 0.50 to 4.00 inches. The drive 

arm may be repositioned in 45 degree increments 

with respect to the case (i.e., at midstroke the 
arm can be at any of eight positions which are 
parallel to or displaced 45° relative to the sides of 
the Positioner). One of two cam configurations 
(45° or 90° rotation) are used, depending upon 

actuator stroke. 

1.2.23-488 

Since the cam, shaft and drive arm move as an 

assembly, cam motion is 45 or 90 degrees. The 

cam base circle radius is I .30 inches and maxi

mum rise is 0.90 inches. In each case a square 

root cam A, straight line cam Band square cam C 

are stamped on one blank. Tl1e Positioner is 

shipped with the straight line cam B in position 

(red side facing out). By flipping the cam over 

and reversing output connections 01 and 02. a 

reverse-acting application can be obtained. 

SEQUENCE OF OPERATION 

NOTE: Because of the variety of applications 
available with the Type AP2 Positioner, the 

description below will apply to a double-acting 

cylinder assembly used in a direct-acting applica

tion. The input control signal pressure being 

applied will be of an increasing nature. Refer to 

ACCESS HOLE FOR 

PIPE PLUG 
CLEANING~-_,,,,-~-,--: 

FIGURE 20 - Type AP2 Positioner Components 
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RANGE 

POSITIONING CAM 

EXHAUST ORIFICE 

7 

5 

0 0 

FIGURE 21 - Cutaway View of Type AP2 Positioner 

Figure 21 for identification of item numbers 

listed in parentheses below and as a gwde for 

steps listing direction of movement (clockwise, 

counterclockwise, right, left, etc.) of various 

cornponen ts. 

l. The controller sends out an increasing 

signal to change position of power operator 

piston. 

2. Increase in pressure applied displaces signal 

diaphragm assembly (] ), carrying vane assembly 

(2) away from nozzle (3). 

3. Movement of vane away from nozzle de

creases pressure in nozzle backpressure chamber, 

allowing supply pressure in opposing chamber to 

exert force on relay diaphragm assembly and 

move entire center structure (4) to the right. 

4. Displacement of relay assembly center 

structure creates the following reactions: 

b. Opens output valve 02 to atmosphere, 

causing opposite side of piston to exhaust. 

c. Amplifier vane begins to move to the right, 

initiating a negative internal feedback which 

decreases tension on range spring and allows vane 

to move towards nozzle. 

5. Piston displaces because of differential 

pressure across 01 and 02 output ports. Move

ment of piston is fed back to Positioner by a drive 

rod which is connected to Positioner drive arm 

and positioning cam. 

6. Cam rotates clockwise and pushes follower 

assembly (5). Pivot assembly (6), connected to 

cam follower, then pushes on spring arm (7) 

which extends (stretches) range spring. 

7. As range spring extends, vane assembly is 

pulled toward nozzle until force exerted by range 

spring and force exerted on signal diaphragm 

assembly are equal. When a "balanced" condition 

a. Opens output valve OJ to supply pressure, is obtained, relay assembly center structure will 

increasing pressure applied to one side of piston. return to a neutral position closing valves O 1 and 

1.2.23-489 
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02; nozzle back pressure will again return to 2/3 
of supply pressure; and piston position will be in 
equilibrium with input control signal pressure. 

A decreasing input control signal pressure 
from the controller reverses the sequence above, 
causing the piston to move in the opposite 
direction. 

For single-acting diaphragm actuators, thl! 
sequence of operation is identical to the above 
example except that one output valve is made in
operative thru a valve adjustment procedure as 
outlined under "Output Pressure Level Adjust
ment" for single-acting diaphragm actuators. 

INTEGRAL SHUTOFF AND EQUALIZING 
VALVE. TYPE AP2DDID 
(Double-Acting Cylinder Applications) 

If Positioner is equipped with the integral 
shutoff and equalizing valve, the cylinder assem
bly may be manually or automatically operated as 
outlined below. By turning the valve handle to 
HAND, supply pressure to the cylinder is cut off 
and 02 and O I are equalized allowing manual 
repositioning of the piston. 

Transfer from Manual to Automatic Operation 

I. Valve handle should be in HAND position. 

2. If manual operator does not lock drive 
cylinder in position: 

a. The piston must be positioned from prior 
knowledge of piston position versus signal or 
piston may "jump" when transferred to auto
matic. 

b. Turn valve handle to AUTO position. 

3. If manual operator locks drive cylinder in 
position: 

a. Switch valve to AUTO position. Drive 
cylinder will oppose manual operator if drive 
position and input signal do not correspond. 

b. Manually operate drive until load on man
ual operator decreases. If output pressure gages 
are installed on Positioner, readings should equal
ize. 

NOTE: If in step 3b it is desired that drive stay in 
initial position, input signal must be adjusted to 
correspond with drive position as indicated by the 

1.2.23-490 
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load on manual operator, output pressures or 
prior knowledge of position versus signal. 

Transfer from Automatic to Manual Operation 

l. Valve handle should be in AUTO position. 

2. If manual operator does not Jock drive 
cylinder in position, press safety latch and switch 
valve to HAND position. Drive cylinder will move 
as determined by load if not restrained by hand 
lever. 

3. If manual operator locks drive cylinder in 
position, transfer mechanism to manual. Press 
safety latch and turn valve handle to HAND 
position. 

OPTIONAL BYPASS VALVE 
(Single-Acting Diaphragm Actuator Applications) 

If Positioner is equipped with an optional 
bypass valve assembly (Figure 25), the actuator 
may be manually or automatically operated as 
outlined below. Depending on application, the 
Positioner may be adjusted for either direct or 
reverse-acting operation. When applied for direct
acting applications, an increase in control signal 
pressure will cause an increase in control pressure 
to the actuator. When applied for reverse-acting 
applications an increase in control signal pressure 
will cause a decrease in control pressure to the 
actuator. Determine the application to which the 
Positioner is being applied and follow the correct 
procedure. 

NOTE: Supply valve stated in the following pro
cedures is not supplied by Bailey Meter Co. 

Direct-Acting Applications 

To change from remote control to local 
manual control: 

l. Turn bypass valve to "BYPASS" position. 

2. If the Positioner is to be serviced, close 
supply valve (supply valve not supplied by Bailey 
Meter Co.). 

To change from local manual control to 
remote control: 

1. Open supply valve. 

2. Turn bypass valve to "POSITIONER" posi
tion. 

--

--

--
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- Operate valves in this sequence to avoid a 
momentary pressure loss to the diaphragm actua

tor. 

When the valves are set for manual operation, 

control signal pressure goes to the signal dia

phragm assembly and also thru the bypass valve 

to the actuator. The actuator is supplied with 

signal pressure directly from the control system. 

The final control valve may be positioned 

either by signal pressure from the control system 

or preferably, by manual operation of the Selec

tor Station (if used) connected by the control 

pressure line to the Positioner. 

The Positioner cannot normally be transferred 

from automatic to manual or vice versa without 

disturbing the control system because the Posi

tioner is usually calibrated to deliver control 

pressure to the diaphragm actuator which differs 

from control signal pressure received from the 

-control system. 

To manually operate the control valve by 

ehandjack. 

I. Pick up valve position with handjack. 

2. Close supply valve. 

3. Position valve using handjack. 

Reverse-Acting Applications 

WARNING: WHEN ARRANGED FOR RE

VERSE-ACTING APPLICATIONS, SERIOUS 

DAMAGE COULD RESULT IF A "BYPASS" 

VALVE POSITION WERE USED AND CON

TROL SIGNAL PRESSURE WERE INTRO

DUCED DIRECTLY TO THE DIAPHRAGM 

ACTUATOR. THE CONTROL PRESSURE TO 

THE ACTUATOR DURING AUTOMATIC OP
ERATION JS THE OPPOSITE OF CONTROL 

SIGNAL PRESSURE FROM THE CONTROL 

SYSTEM TO THE POSITIONER. TO EFFECT A 
BYPASS ARRANGEMENT, IT IS NECESSARY 

TO REVERSE THE CONTROL SIGNAL PRES

SURE DURING MANUAL OPERATION OF 

-THE POSITIONER. THIS IS NOT PRACTICAL 

FOR THE SMALL AMOUNT OF TIME THAT 

A THE POSITIONER WOULD BE ON MANUAL 

WDURING NORMAL OPERATION. 

To change from remote control to local 

manual control: 
1.2.23-491 

I. Pick up control valve position with hand

jack. 

2. Close supply valve 

3. Position valve using handjack. 

Position Transmitter Application 

The AP2 Positioner may be used as a position 

transmitter, by generating a pneumatic signal 

which is a function of an input position. The 

same combinations of signal ranges and stroke 

spans are available as are offered in the Positioner 

application (i.e., 3 to 15 psig and 3 to 27 psig 

outputs for strokes from 0.5 to 4 inches). 

The output signal may be made a square root, 

linear or square function of the input position 

thru use of the A, B or C portion of the cam, 

respectively. Other functions may be created thru 

special shaping of the cam. 

The AP2 may be made to function as a 

position transmitter by interconnecting the "E" 

input signal port with the "02" output port and 

tapping into this interconnection for the output 

signal (Figure 26). A plug is placed in the "O l" 

output port. Position transmitter kit number 

5327252-1 (Figure 26) provides the necessary 

hardware. 

A change in input (cam shaft position) causes 

a deflection of the range spring via the cam and 

linkage. The resulting unbalance of forces 

between the signal capsule and the range spring 

causes a change in the "02" output which is fed 

back to the signal capsule. 

The signal capsule now acts as a feedback 

element by opposing the input force from the 

range spring. When the force from the "02" 

pressure in the signal capsule equals the new range 

spring force the output will stabilize and will 

represent the desired function of the input 

position. 

Installation 

Installation is similar to Positioner instal

lation. The device whose position is to be 
transmitted should be coupled to the position 

transmitter's cam shaft so as to cause a 90° 
rotation of the shaft for full travel of the device 

(45° for AP20 ID •). 
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For a linear-motion device (e.g. diaphragm 

actuators) the cam shaft is driven by the drive 

arm (figure 2:!. item 38) and a connecting link 

(Figure 24, item 7) as in the Positioner 

application. For a 90° rotation device it may be 

desirable to couple the cam shaft directly to the 

device. 

The "zero" position·of the cam shaft can be 

adjusted in 45 ° increments by repositioning the 

cam on the shaft. 

The direction of the transmitted signal can be 

reversed by reversing the cam. For example, with 

the red side of the cam facing out, clockwise 

rotation of the cam. viewed from the front of the 

unit. will ca use an increasing signal. Reversing the 

cam so that the black side faces out will result in 

a signal that decreases with clockwise rotation. 

Supply Pressure 

Maintain a supply pressure, at the "S" 

connec:tion, 5 psig above the maximum output 

pressure but not higher than 50 psig. 

Output and supply pressure gages may be 

installed in the positions labeled "G l" and "G2". 

respectively (Figure 2). 

NOTE: The device to which the position 

transmitter is applied must supply power to 

operate the transmitter mechanism. Maximum 

torque to operate a 3 to 15 psi unit with a linear 

output is approximately 4-l /2 in. lb. Torque may 

be as high as 25 in. lb. for a square root 

characteristic and a 3 to 27 psi output with SOo/c 

suppression. 

Calibrating the Position Transmitter 

Output Pressure Level Adjustment 

Adjustable valve is set as follows: 

I. Connect a pressure gage to "O l" output 

port or to I /8 in. NPT port in "G2" position 

(Figure 2). 

2. Position drive at mid-stroke position. 

3. Turn adjustable valve screw (Figure 6, item 

34) clock wise unt ii "O l " pressure drops below. 

supply pressure. Now turn screw counter

clockwise until supply pressure is reached on 

gage. 
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4. Turn adjustable valve screw an additional 

one full turn counterclockwise. 

Zero and Span Adjustments 

The following description is based upon a 3 to 

1 5 psig output for "0" to l 00% travel of the 

moving device. 

1. Install accurate pressure gage at output 

connection or at connection labeled "G l" (Figure 

2). 

2. Turn-on air supply. 

3. Slowly stroke drive to its "zero" position. 

Adjust linkage between transmitter and drive such 

that Transmitter's cam follower is at zero on cam. 

CAUTION: In stroking the drive, be certain that 

the linkage is not overstrained due to maladjust

ment. 

4. Slowly stroke drive to its 100% of travel 

position, taking care that linkage is free to move 

at all times, and is not strained due to 

maladjustment. Adjust pivot position in drive arm 

(Figure 22, item 38) or other external linkage 

such that cam follower is at I 00% of cam rotation 

(radial line marked "100" on cam). 

5. Repeat steps 3 and 4 until cam follower is 

at 0% cam when drive is at 0% stroke and 100% 

cam when drive is at 100% stroke. 

6. Move drive to its 0% of stroke position. If 

output is not 3 psig, loosen set screw located in 

recessed hole of knurled adjustment nut. Turn 

nut (while keeping eye-bolt from rotating) until a 

3 psig output is achieved. Tighten set screw. 

7. Move drive to its 100% of stroke position. 

If output is not at 15 psig loosen range 

adjustment hold-down screw (Figure I 0). With 

hold-down screw retightened, slide pivot assembly 

along follower assembly until a IS psig output is 

obtained. 

8. Recheck steps 6 and 7 until desired outputs 

are obtained. 

Large adjustments are provided in the zero 

and range adjustments so large deviations from 

the above calibration can be obtained. 

1.2.23-492 

--

--
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-GENERAL SPECIFICATIONS 

--

--

Standard Input 
3-15 and 3-27 p,ig. 

Ranges 

Standard Stroke 0.5 ,n. to 4.0 in. 

Range Rotary input 45 and 90 . 

250 to 300 with 50 psig supply pressure 

Gain* using standard gain .range spring. Gain of 
400 obtainable using opt1onal high gain 
range spring. Refer to Table 111. 

Resolution• 0.1% of output span. 

Dead Band* 0 .2% of input span 

Hysteresis• 0.3% of output span. 

18to 150psig. 
M1n1mum supply pressure should be 

Supply Pressure ma,ntained 5.0 psi above ma,c:imum re-
Quired by actuator. 

Diaphragm Actuators 
Average effect on actuaror pos1!1on 0.05% 
per 1 .0 psi s\Jpply variation, wrth 50 ! 10 

Supply Pressure psi supply. 

Effect Cylinders 
Negl1g1ble 

Capacity Greater than 25 scfm at 75 ps1g supply 
{delivery and exhaust) 

Diaphragm Actuators 
0.12 scfm at balance with 20 ps1g supply 
pressure, typical. 0.25 scfm, maximum. 

0.175 scfm a~ balance with 30 ps1g supply 
pressure. typical. 0.35 scfm, ma:w:imum. 

Air Consumption 
Cylinders 
0.5 scfm at balance with 50 ps1g supply 
pressure, typical. 1.0 scfm, maximum 

1 .5 scfm a1 balance with 150 ps1g supply 

pressure, typical. 3.0 scfm, maximum. 

-40F 10 +180F IAP2 • DOOi. 
Temperature Limits 0 to +250F IAP2 00011 

(Determ,ned by material l1mttat1on) 

Mounting Position Can be mounted in any position with 

Effect recal ibrat1on. 

PRESSURE GAGES TABLE 6 
Gage 

Temperature Range Gage 
Range (psigl Legend* Part No. 

-40F 0-30 Instrument 5326605-1 

to 0-160 Supply 5326605-2 

+160F 0-160 Output 5326605 3 

-40F 0-30 Instrument 5326605-4 

to 0-160 Supply 5326605-5 

+250F 0-160 Output 5326605-6 

• 1nstrumer,t, Supply and Output gage used on single-acting devices. 

lnstrumen1 and two Output gages used on double-acttng devices. 

There are no provisions for mounting a Supply gage on double-acting 

devices 

SPEED CONTROL ORIFICE TABLE 8 
Orifice Size Orifice 

(in.I Part No. 

.040" 5327327-1 

Blank 

(drill to suit) 5327327-2 

TABLE 5 

Tested in accordance with MIL STD 167B 
Vihration lships) 

Pneumatic 1/4" NPT on supply. signal and output 
connections. 

Connections 1 /8" NPT on optional pressure gages. t-----
10.250" X 9.0625'" X 4.125", 

Size 1260.4mm x 230.2mm x 104.8mm). 

Weight 9.5 lb l4.J kg.I. 

PRESSURE GAGES for reading input 
signal. supply and output pressures. Refer 
ro Table II for part numbers and usage. 

HIGH GAIN RANGE SPRING available 
for obtaining a gain factor of 400. Refer 
to Table Ill for part numbers. 

SPEED CONTROL ORIFICES - regulates 
time constant of Positioner and final 
control element. Orifices are installed 
directly into Positioner output ports. 
Refer to Table IV for part numbers and 
usage. 

GAIN SUPPRESSION SPRING for el,mi• 
0 ptional naung excessive ove,shoot oi final control 

Accessories element. Refer to Table V for part num
bers and usage. 

POSITIONER MOUNTING KIT for 
mounting Pos1tioner to direct-or reverse
acting diaphragm actuators only. Refer to 
Table VI for part numbers. 

BYPASS VALVE (Pt No. 5326945-11 for 
single-acting diaphragm actuator applica
tions. Enables Operator to use controller 
output s1gnat to position actuator directly 
when servicing Pos1t1oner, etc. 

BLANK CAM (Pt No. 5327322-1) is 
available for adapting the Poslt1oner to a 

particular application if cutting of original 
cam is not desirable, 

•Typical performance characteristics o1 Pos1tmner mounted on 

diaphragm actuator (range spring 1n horizontal position when viewed 

with cover removed). Actual performance may vary with application. 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT 
NOTICE. 

HIGH GAi N RANGE SPRING TABLE 7 

Range Spri ng No. of Input Signal 
Application 

Part No. Coils (psi) 

5327330-1 15 3-15 Optional high gain 

3-27 Optional high gain 

5327330-2 14 
3-15 •standard gain 

5327330-3 11 3-27 *Standard gain 

•Standard ga ,n (250-3001 range springs are assembled in place and 
shipped wit h Positioner. 

GAIN SUPPRESSION KIT TABLE 9 

Gain Suppression Kit Part No. 

Std. Gain High Gain 
Ap plication (250-300) (300-4001 

Cylinders w ith 50 in.3 or 5327328-1 5327328-2 
less displac ement. 

Cylinders w ith 50 in.3 to Not Reqd. 5327328-1 
200 in.3 d isplacement. 

Diaphragm ;,duators with 
5327328-1 5327328-2 

high packi ng friction. 

1.2.23-493 

_, 
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EXPLANATION OF NOMENCLATURE 

Type AP2 

Characterizable Positioner 
Pneumatic Input 

1 
2 

Input Signal 
Range 

3-15 psig 
3-27 psig 

• For double-acting cylinder applications only. 1 
2 

0 
1 

Temperature Range 

-40F to +180F 
0 to +250F 

Valving 

0 None - To be done externally 
1 l_!lt~!:.a!_· Shutoff and Equalizi~g• 

Stroke Span (in.) 

Min. Max. 

.50 
1.00 

2.00 
4.00 

An "X" as a suffix to TYPE indicates that the Transmitter includes some special feature not covered 
by the standard Nomenclature. 

REPLACEMENT PARTS 

Figure 22 is a parts drawing of the Type AP2 
Characterizable Pneumatic Positioner. Figure 23 
is a parts drawing of the Positioner Assembly. 

These figures will normally apply to the unit 
furnished. However, there may be individual 
differences in specific assemblies due to: 

a. Design changes made since the printing of 
this instruction section. 

b. Special design of equipment furnished to 
make it suitable for special application. 

Therefore, when ordering individual parts, 
assure correct replacement by specifying on the 
order: 

I. Complete nomenclature, code number, part 
number, series label number and S.O. number of 
equipment for which parts are desired. 

2. The Parts Drawing Number on which each 
part is illustrated. 

1.2.23-494 
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ITEM PART NO. NAME 

1 SEE NOTE NAMEPLATE 

2 SEE NOTE STYLE PLATE 

3 53266000 POSITIONER RELAY ASSY, 

OR SEE PARTS OWG. 

5328139-0 PSS 31 

4 SEE TABLE A RANGE SPRING 

5 SEE TABLE B PRESSURE GAGES 
(OPTIONAL) 

6 SEE TABLE C GAIN SUPPRESSION KIT 

!OPTIONAL) INCLUDES 

ITEMS 7 THAU 11 

7 SEE TABLED SPRING 

8 5327329-1 RETAINER 

9 250 20x.500 HE)( SOC HD STN STL 

CAP SCR, 2 REQD 

10 .250 STN STL REG SPRING LKWASH, 

2 RECD 

11 19734-16 SMALL WASHER, 2 RE.OD 

12 SEE TABLE E SPEED CONTROL ORIFICES 

(OPTIONAL) 

13 5327405-2 BASE ASSY 

14 5327406-1 COVER 

ITEM PART NO. NAME 

15 197421-1 SPRING RETAINER 

16 197164-37 RETAINING RING, 2 REQD 

17 197552·1 COVERSCREW,2REQD 

18 5311428-3 0-RING, 2 RECD 

19 198173-16 RETAINING RING, 2 REQD 

20 5327419-1 WIRE MESH FILTER 

21 1942339-4 CAPLUG 

22 19981-12 BUTTON PLUG 

23 5327408-1 FOLLOWER ASSY 

24 5327440-1 PIVOT ASSY 

25 19734-44 SMALL WASHER 

26 197423-1 ADJUSTABLE NUT 

27 197422-1 EYE BOLT 

28 5327332-1 ADJUSTABLE PIVOT 

29 5327409-2 SPRING ARM 

30 197591-2 PAN HD LONG LOK MACHINE 

SCR, 2 RECD 

Jl 197164-50 RETAINING RING, 2 REQD 

32 19734-45 SMALL WASHER. 2 REOD 

33 5326766-1 CAM SHAFT 

34 5327239-1 CAM, HALF STROKE (TYPE 

AP2 • 1OO0NLYI 

NOTE. SPECIFY All INFORMATION ON NAMEPLATE AND STYLE PLATE WHEN ORDERING 

REPLACEMENT PARTS. 

1.2.23-495 

ITEM PART NO. 

5327240-1 

5327322-1 

35 250-20x.375 

NOTE OOVER ASSY AVAIL
ABLE.PART NO 532Bi58AI 
INCLUDES ITEMS 2, 17, 18, 

is.a 39 

14 

----

NAME 

CAM.FULLSTROKE(TYPE 

AP2O2D• ONLYI 
BLANK CAM (OPTIONAL) 

HEX HD STN STL CAP SCA 

36 4814-1401-4102 STN STL SHKPRF LKWASH 

37 197227-1 SPECIAL HEX HD SEMS SCA 

38 5327445-1 DRIVE ARM 

39 SEE TABLE F SEALING CORD (32" RE0D) 

40 SEE TABLE F SEALING STRIP (18" REODI 

41 19628B3-1 WARNING LABEL 

42 .190 STN STL REG SPRING LKWASH 

43 .190-32x.B75 HEX SOC HD STN STL CAP SCR 

44 .190-32x.187 HEX SOC HEADLESS STN STL OVAL 

POINT SET SCR 

45 5327331-1 SIGNAL NUT 

46 668460·1 SPECIAL NUT 

47 5311459B1 HANDLE 

48 ,164-32x.312 LG PAN HD STN STL MACH SCREW 

49 ,164-32x.312 STN STL TYPE A PLAIN WASHER 

50 4808-09-4102 STN STL SHAKEPROOF WASHER 

FIGURE 22 - Parts Drawing PBB-30, 
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TABLE A - ITEM 4 

RANGE SPRING NO.OF INPUT SIGNAL 

P'ARTNO. COILS IPSII APPLICATION 

5377330 1 15 3-15 OPTIONAL HIGH GAIN 
RANGE SPRING 

3-27 OPTIONAL HIGH GAIN 
RANGE SPRING 

5327330 2 14 
3-15 STANDARD GAIN RANGE 

SPRING" 

5327330 3 11 3-27 STANDARD GAIN RANGE 
SPRING" 

·sr ANDARD GAIN 1250 3001 RANGE SPRINGS ARE ASSEMBLED 

IN PLACE AND SHIPPED WITH POSITIONER. 

TABLE C - ITEM I 

GAIN SUPPRESSION KIT 
PART NO. 5327328-1 

TABLE B - ITEM 6 

GAGE 
RANGE · 

TEMPERATURE 
IPSIGI 

RANGE 

-10F 0-30 
TO 0-160 

+160F 0-160 

-10F 0-30 
TO 0-160 

+250F 0-160 

LEGEND• 

INSTRUMENT 
SUPPLY 
OUTPUT 

INSTRUMENT 
SUPPLY 
OUTPUT 

P88-7 
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GAGE 
PART NO. 

5328605-\ 
5326605·2 
5326605-3 

5326605-4 
5326605-5 
5326605-6 

"INSTRUMENT, SUPPLY AND OUTPUT GAGE USED ON 

SINGLE-ACTING DEVICES. INSTRUMENT AND TWO OUT

PUT GAGES USED ON DOUBLE-ACTING DEVICES. THERE 

ARE NO PROVISIONS FOR MOUNTING A SUPPLY GAGE 

ON DOUBLE-ACTING DEVICES. 

GAIN SUPPRESSION KIT 
PART NO. 5327328-2 

APPLICATION POSITIONER WITH POSITIONER WITH POSITIONER WITH POSITIONER WITH 

STANDARD GAIN HIGH GAIN 
1250-300) 1300-400) 

CYLINDERS WITH 50 ,n.3 OR X 
LESS DISPLACEMENT; 

CY LINDE RS WITH 50 on.3 TO X 
200 ,n 3 DISPLACEMENT. 

DIAPHRAGM ACTUATORS WITH X 
HIGH PACKING FRICTION. 

TABLED - ITEM 7 

SPRING 
PART NO. 

5326594-1 

5326594-2 

USAGE 

INCLUDED IN GAIN SUPPRESSION KIT 
(ITEM 61 PART NO. 532732B·l 

INCLUDED IN GAIN SUPPRESSION KIT 
(ITf!.' 61 PART NO. 532732B-2 

TABLE F 

TYPE ITEM 39 ITEM40 

AP2CIIll 66:4522-lH 6327724-lH 
AP2CIIJ1 6614522-2H 5327724·2H 

Characterizable Pneumatic Positioner, Type AP2 

.1.2.23-496 

STANDARD GAIN HIGH GAIN 
(250-300) 1300-400) 

X 

NOT REQUIRED 

)( 

TABLE E - ITEM 12 

OPTIONAL SPEED 
CONTROL ORIFICE ORIFICE 

PART NO. SIZE ON.I 

5327327-1 .040" 

5327327-2 BLANK 
(DRILL TO SUIT) 

MATERIAL 

NEOPRENE 
SILICONE 

--

--

--
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B 

TYPE AP20010 
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r---
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-38 

36 

46 

FIGURE 23 p - arts Drawing P88-31 
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Characterizable Pneumatic Positioner 

ITEM PART NO. NAME ITEM PART NO. NAME 

1 5326582-1 SCREW RETAINER 17 5326792-1 VALVE ASSY 
2 SEE TABLE 0-RING. 2 REOD 20 .1110,32x.500 PAN HD STN STL MACH SCR. 
3 5326783-1 VALVE COVER 3 REOD 
4 197553-1 DOWEL PIN 21 . 190 STN STL SPRG LKWASH • 
5 SEE TABLE 0-RING 3 REOD 
6 SEE TABLE VALVE SEAT ASSY 23 197562-1 .015 .. SHIM, AS REOD AT ASSY 
7 1951041-2 SOCKET HD PIPE PLUG, .020 .. SHIM, AS REOD AT ASSY 

3 REOD .025 .. SHIM. AS REOD AT ASSY 
8 5326775-1 MANIFOLD ASSY FOR 24 5326593-1 SIGNAL COVER 

TYPE AP2C1JO 0 25 6326778-1 RETAINER 
5326775-2 MANIFOLD ASSY FOR 26 SEE TABLE SIGNAL DIAPHRAGM ASSY 

TYPE AP200100NLY 27 SEE TABLE RELAY ASSEMBLY' 
(INCLUDESITEMS13 28 5326580-1 VALVE 
THRU 23, 7,351 29 5326599-1 VALVE SPRING 

5326775-3 MANIFOLD ASSY FOR TYPE 30 19734-20 SMALL WASHER 
AP2D011 ONLY (INCLUDES 31 SEE TABLE 0-RING 
ITEMS 13 THRU 23, 7,351 32 5326781-1 VALVE PLUG 

13 SEE TABLE 0-RING, 2 AEOD 33 SEE TABLE 0-RING 
14 SEE TABLE 0-RING, 2 REOD 34 5326575-1 ADJUSTMENT SCREW 
15 5326773-1 VALVE RETAINER ASSY 35 1945750-1 PULL PLUG, 4 REOD 

'INCLUDES ITEM 38. 

TYPE 
RELAY ASSY ITEM ITEM ITEM ITEM ITEM 

PART NO. 2 5 8 13 14 

AP20000 53266005 1951398 1 1951398-5 5326785-1 OMIT OMIT 
AP200D1 53266006 1951398-6 1961398-10 6326785-2 OMIT OMIT 
AP2C010 5328139-1 1951398-1 1951398-5 5326785-1 1951398-2 1951398·3 
AP20011 5328139-2 1951398-6 1951398-10 5326785-2 1951398-7 1951398-8 

SPARE PARTS KITS 

TYPE 
ITEM ITEM ITEM ITEM ITEM ITEM 

2 5 6 13 26 28 

KIT NO. 258033-5 

AP20001 1951398-6 1951398-10 5326785-2 5326788-2 5326580-1 

KIT NO. 258033-6 

AP20011 1951398-6 1951398-10 5326785-2 1951398-7 6326788-2 6326580-1 

KIT NO. 258033-7 

AP2• Doo 1951398-1 1951398-5 5326785-1 5326788-1 5326580-1 

KIT NO. 258033-8 

AP20010 1951398-1 1951398-5 5326785-1 1951398-2 5326788-1 6328580-1 

Positioner Relay Assembly, Pt. No. 5326600-0 and 5328139-0 

1.2.23-498 

ITEM PART NO. NAME 

P88-7 
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36 5326603-1 BASE MANIFOLD ASSY 
(INCLUDES ITEM 371 

37 1951041-2 SOCKET HD PIPE PLUG. 
2 REOD 

38 1951041-3 SOCKET HD PIPE PLUG 
39 197421-1 SPRING RETAINER 
40 5327331-1 SIGNAL NUT 
41 .112-40..500 FILLISTER HEAD STN STL 

MACH SCR. 3 REOD 
42 .112 STN STL REG SPRING 

LKWASH, 5 REOD 
43 .112-40x.312 PAN HD STN STL MACH SCA, 

2REOD 
44 .190-32x1.00 PAN HD MACH SCR, 3 REOD 
45 .190 STN STL REG SPRING LKWASH, 

3REOD 
46 .250-28•4.00 HEX SOC HEAD STN STL CAP 

SCR,4 REOD 
47 .260 STN STL REG SPRING LKWASH, 

4 AEOD 

ITEM ITEM ITEM ITEM 
26 71 31 33 

5326788,1 5326790-1 1961398-3 1951398-4 
6326788-2 5326790-2 1951398-8 1951398-9 
5326788-1 6326790-1 1951398-3 11151398-4 
5326788-2 5326790-2 1951398-8 1951398-9 

ITEM ITEM ITEMS ITEM 
29 30 14 & 31 33 

5326599-1 19734-20 1951398-8 1951398-9 

5326599-1 19734-20 1951398-8 1951398-9 

6326599-1 19734-20 11151398·3 1951398-4 

5326599·1 19734-20 1951398-3 1951398-4 

--

--

--
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~ 01:a ~~ · 
--------------- ~ OJ 

7 ----
~ NOTE 

9~~~~2 
~17 :::::::.....:.."'--~ 1-------13 _ __..------- --------16 19 

10 II 15~~-----I ::-::----- _,....-14 15 
14----- 13 

16 
18 

20 

NOTE: SEE TABLE FOR MOUNTING KIT PARTS REQUIRED. 

CAP SCREWS. NUTS AND 
WASHERS INCLUDED WITH 
fTEM 6. 

ITEM PART NO. NAME ITEM PART NO. NAME ITEM PART NO. NAME 

I 5327569-1 POSIT/ONER MTG BRKT 9 !97120A5 STOP NUT. 2 REOD 
2 .312-lBx.625 HEX SOC HO CAP SCR, 10 5311690-1 ADJUSTABLE STUD 

2 REOD 12.687" LGI 
3 .312 SPRING LKWASH, 2 REOD 11 5311690-2 ADJUSTABLE STUD 
4 .250-20x1.0 HEX SOC HD CAP SCR, 13.437" LG) 

4 REOO 12 5319500-1 ADJUSTABLE STUD 

5 .250 SPRING U<WASH,4 REOO 13.406" LG) 

6 SEE NOTE MTG BRKT (FOR VALVE 13 .125x.750 GROOV PIN 
YOKE WITHOUT MTG BOSS) 14 .375 SPRING LKWASH, 3 REOO 

7 5312449-4 CONNECTING LINK (CUT 15 .375-16 HEX JAM NUT, 3 REOD 

TO FIT) 
8 .190-32x.188 PAN HO MACH SCA 

NOTE: BRACKET ANO ATTACHING HARDWARE NOT INCLUDED IN MOUNTING KIT. IF 
NECESSARY TO MOUNT POSITIONER ON VALVE YOKE WITHOUT MOUNTING BOSSES, 
ORDER OPTIONAL MOUNTING BRACKET PT. NO. 5313138-1. 

MTG. KIT VALVE STEM ITEM 

16 

17 

18 

19 

20 

PART NO. USAGE DIAMETER 1 2 3 4 Ii 7 a 9 10 11 12 13 14 16 16 

5327321-1 BAILEY .750"-lD" X X X X X X X X X X X X X 
5327321-2 BAILEY .375"-.750" X X X X X X X X X X X X X 
5327321-3 BAILEY .760"-1 D" X X X X X X X X X X X X X 
5327321 -1 BAILEY .376"-.750" X X X X X X X X X X X X X 
5327321-5 FISHER .750"'·1 D"' X X X X X X X X X 
5327321-6 FISHER .375"-.750" X ,i: X X X X X X X 

"FOR DIRECT OR REVERSE-ACTING DIAPHRAGM ACTUATOR APPLICATIONS ONLY. 

.375-1 Sx 1.50 HEX SOC HO CAP SCR, 
2 REOO 

5311687-2 STEM CLAMP 1.375"-
.750" DIAi 

5312483-1 STEM CLAMP 1-750"-
1.0"DIA) 

5311691-1 CLAMP PLATE l.375"-
.750" DIAi 

5312471-1 CLAMP PLATE L750"-
1.0"DIA) 

17 18 19 20 

X X 
X X 

·x X 
X X 

FIGURE 24 - Parts Drawing P88-28, Optional Mounting Kit, Pt. No. 5327321-0 

1.2.23-499 



Characterizable Pneumatic Positioner 
P88-7 

Page 35 

ITEM 

1 
2 
3 
4 

I 

I 
I 

I I 
I 

~ 
I 

I 
.MJJ 

PART NO. NAME ITEM PART NO. NAME ITEM PART NO. NAME 

5327226-1 3-WAY VALVE 5 195171-3 WEATHERHEAD TEE 8 NO.10 REG SPRING LKWASH, 

53269461 AIRLINE CONNECTION ASSY 6 1962833-1 DESIGNATION PLATE 2 REOD 

195159-3 ELBOW CONNECTOR 7 .190-32x.375 PAN HD MACH SCR, 9 .190-32 HEXNUT,2REOD 

195727-2 BRASS NIPPLE 2 REOD 

FIGURE 25 - Parts Drawing PBB-24, Optional Bypass Valve Assembly for Single
Acting Diaphragm Actuators, Pt. No. 5326945-1. 

1.2.23-500 
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I 

I 

I 

I 
I 

&-
-----4 

KIT NO. 5327252-1 
ITEM PART NO. NAME 

1 1951421-2 PIPE PLUG 

2 1951187-3 ELBOW CONNECTOR 

3 5327236-1 AIRLINE ASSY 

4 195171-6 WEATHERHEAD TEE 

Figure 26- Parts Drawing PBB-32, Optional Position Transmitter Conversion Kit, 

Pt. No. 5327252-1 1.2.23-501 
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SECTION 1 - INTRODUCTION 

GENERAL 

The Model 2620 Controller, shown in figure 1 - 1, is a primary control instrument, design• 

ed with solid state circuits, to provide extended troublefree operation within the working 

range of a closed-loop control application. Control applications include temperature, pres

sure, speed, force, position or any process control parameter that can be measured or con• 

trolled electrically. 

Three operational control modes are provided: 

Setpoint Closed-loop process level is confined to preset level of setpoint control 

on the Model 2620 

Remote program Closed-loop process level is controlled by a remote variable controlled 

by a remote variable control 

Manual Open-loop process level is a direct function of the MANUAL control 

dial setting 

In the set point control mode, a sensor generates a feedback signal which is compared with 

the setpoint level corresponding to the dial setting of the SETPOINT control. The resulting 

difference signal is applied to the final control circuits as a command level to provide a 

corresponding process adjustment to bring the process within the setpoint range setting 

(zero differential). 

In the remote program mode of operation a remote potentiometer is used in place of the 

local setpoint control to provide a variable control level. 

In the manual mode a MANUAL control dial on the controller is adjusted to provide a con

stant control signal to provide a constant output command level. The process level is a 

direct function of the MANUAL control setting (0 to 100%). 

CHARACTERISTICS AND SPECIFICATIONS 

The characteristics and specifications of the 2620 Controller are listed in Table 1-1. 

,USHBUTTON SWITCHES 

AUTO/MANUAL ------1r-1. 
0U1l'UTIDEVIATION -----jl,..,# 

LOCALIAEIIOTI! ------.L.111 

• 

OUTPUT fDE VIA TION 
METER 

AATl 0111,0FF 
IWITCH 

DIGITAL 1000 'ART 
10 TUAN IE T,OIIIT OIAl 

:':iS"'Jlt'..__ _____ loPTIOIIIALI ALARM 

LIOt-lT 

FIGURE 1-1 MODEL 2620 TEMPERATURE CONTROLLER 

1 
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TABLE 1 · 1 2620 SPECIFICATIONS 

INPUT TYPES 

• Thermocouple - Accepts directly; has In
ternal cold junction .compensation and burn
out protection that is selectable for upscale, 

downscale or none. 
• Resistance Bulb Thermometers - RTD in
puts for 3 wire platinum wound elements ac
cepted directly. 
• Millivolt, Voltage or Current - Selected 
ranges available to accept industry standards 
from process transmitters. 

INPUT IMPEDANCES 

• Thermocouples - 100 ohms. 
• Voltages - <100mv: 100K. 

>100mv: 10K. 
• Currents - 2500/High end of span in ma. 

MINIMUM PRACTICAL SPANS 

• Thermocouples and Millivolts - At least 10 
mv change over process span. 
• Currents -At least 0.1ma change over pro
cess span. 
• RTD's - 600 minimum R, with L R the 
greater of 10n or 10% of minimum R. 

MAXIMUM ZERO SUPPRESSION 

• 50% of high end value. 

COMMONMODER~ECTION 

• Better than 120 db at 60 Hz (1,000.000:1 ). 
• Common mode not to exceed 120 VAC or 
150 voe. 

NORMAL MODE REJECTION 

• Better than 40 db at 60 Hz (100:1). Normal 
mode not lo exceed 2 times input span. 

LOCAL SETPOINT 

• 3 Digit Setpoint, 10-turn, dial, 1000 parts. 
• Accuracy: 

Calibrated to::!:½% span. 
Linearity ¼ % of span. 
Repeatability½ digit or 0.05% of span. 

STANDARD OUTPUTS 

• Current output 4-20 ma into 500 ohms max
imum. 
• Voltage output 0-5 volts into 500 ohms min
imum. 

OPTIONAL OUTPUT 

• Internal Distributed Zero Cross Fired solid 
state relay power controller rated 120 volts at 
10 amps. 

OUTPUT LIMITING 

• In Auto mode only, adjustable output limiting 
settable 10-100% not functional in Manual 
mode. 

CONTROL MOOE SETTINGS 

• Proportioning Bandwidth 5- 400% of span. 

• Reset in 1 O steps - off and 0.05-20 repeats/ 
minute. 
• Rate adjustable 0.1-1.5 minutes with on/off 
switch. 

DEVIATION/OUTPUT METER 

• Displays deviation from setpoint :!:10% in
put span, or percent controller output . 

DEVIATION ALARM (OPTIONAL) 

• Red alarm light and 1A, 120 VAC selectable 
NC or NO contact. 
• High only, low only or high and low. 
• Adjustable 1 to 10% input span. 

CONTROL SENSITIVITY 

• A 1 microvolt change at input will provide a 
measurable output change. 

RESPONSE TIME 

• Less than 30 milliseconds to reach 63% of 
final. 

ENVIRONMENTAL LIMITS 

• Operating 40 to 140"F at 90% RH (noncon
densing). 
• Storage -40 to +160"F at 90% RH (non
condensing). 
• Vibration 1G maximum. 

STABILITY 

• Ambient Temperature - A change in am
bient from 80 degrees F, ± 40 degrees will 

result in a control point change less than 

::!:.02% of span per 1 degree F ambient change, 
or: 

Thermocouple and Voltage Input: ±3 micro
volts/degree F, whichever is larger. 
100 Ohm RTD Input: ± .075 ohm/ degree 
F, whichever is larger. 

• Line Voltage-A change in line voltage from 
120V, +10-15%, will result in a control point 
change less than ±.1 % of span or: 

Thermocouple and Voltage Input: 
:!:20 microvolts, whichever is larger. 
100 Ohm RTD Input: ±.2 ohm, whichever is 
larger. 

• Long Term - With line and ambient being 
constant, control point drift over 25-hour 
period to be less than ::!:.1 % of span or: 

Thermocouple and Voltage Input: 
30 microvolts, whichever is larger. 
100 Ohm RTD Input: :!:.2 ohm, whichever 

is larger. 

POWER 

• 120/240 VAC, 50/60 Hz. 
• Controller only 10 VA and unfused. 

WEIGHT 

• 2620 3 Lbs. 1.36 kg 
• Single Case 3 Lbs. 1.36kg 
• 6 Unit frame 16 Lbs. 7.26kg 

2 1.2.23-505 



2.1 

SECTION 2 - INSTALLATION 

GENERAL 

Model 2620 Controllers are supplied in either single-unit or multi-unit housings. The 

single-unit housings can be mounted on any sheet metal panel; the multi-unit 

housing, which can hold up to six of the pluggable controller assemblies, is de

signed to bolt directly into a standard 19-inch electronics rack. Preparations for 

mounting the controllers, and the electrical connections required, are described in 

the following paragraphs. 

2.2 SINGLE-UNIT PANEL MOUNTING 

Mounting one or more single-unit housings in a sheet metal panel requires pre

paration of a cut-out for separate mounting of each unit in the panel, as shown in 

Figure 2-1. The pluggable controller assembly can be withdrawn from the housing to 

facilitate installation. The assembly can then be reinserted into the housing by 

aligning the edges of the printed-circuit card in the slotted nylon guides at the top 

and bottom of the housing. 

2.3 MULTI-UNIT RACK MOUNTING 

2.4 

The multi-unit housing, shown in Figures 2·2 and 2-3, has four holes in its front 

mounting flange matching the spacing of mounting holes in the frame of standard 

19-inch electronics racks (5-3/4 inches, center-to-center). Insert the housing at the 

desired level in the rack and secure it in position with mounting hardware. Control

lers can then be plugged into the housing to complete the mechanical installation. 

STANDARD ELECTRICAL CONNECTIONS 

All standard electrical connections to each 2620 Controller are made to its individual 

printed circuit board connector mounted at the rear of its housing, whether it is in a 

single-unit or a multi-unit configuration. The connector screw terminals accept 

between 30 and 12 gauge wire stripped to expose 3/8" of lead. After insertion into a 

terminal, each wire is secured in position by tightening the associated set-screw, as 

indicated in Figure 2-4. Figure 2-5 shows the system connections. 

FIGURE 2-1 

SINGLE CASE 

2.3"" 

FIGURE 2-2 

MULTI-UNIT PANEL 
6 UNIT RACK MOUNTING FRAME 

(5.8cm) 2.5"" 

--j I- fl.4 cm) 
18.1" I 11.8" 

r-144.7cml 

15"" 
118.5 cml 11

1 -Jor7 --r 
10.1"" 

125.7cm) 

E:~~..:: 11 

-·- --=l 
1.11/ ! 6 UNIT PANEL I 1.5"" 

_J 
SINGLE UNIT 

PANEL CUTOUT 

1.0·· 
(2.5cm) 

--, 

10.1· _ 
(25.7cm) · 

11U cm) j CUTO:JT 111.1 cml 

_j_i _ i.:J 
-,_:a._-_-_-_-:_-_-_-:_-

1
_
8
-.o::: .. ::::::_:-=_=::_~==-:...:-=,co.r 112.7 mml 

141.3 cml 1.0•· 

0.3 • DIA. ll.4" 12.1 cml l0. 1 •• 

t7.&mml ___ l41.7cml-----1 I (2S.7cml-, 

.,...__--: 

' 1.4" 
111.3cm) 

----~_L 
:a.a· 

17.1 cml 
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FIGURE 2-3 2620 MUL Tl-UNIT CONFIGURATION 

2.4.1 Line Connections 

The 2620 Controller can operate on either 120 or 240 VAC 60 Hz input power. 

However, operation on 240 VAC requires that the dual primary windings on the in

ternal power transformer be wired in series rather than in parallel, as is normal for 

120 VAC operation. To accomplish this change, two printed wiring paths must 

be cut open and a jumper must be installed as shown on schematic drawing D47081. 

Also, if an internal solid-state relay (SSR) rated at 120 VAC is installed in the con

troller, it must be replaced with a unit rated for 240 VAC operation. 

When an internal SSR is not installed, AC high connects to either terminal 18 or ter

minal 19; AC common connects either to terminal 15 or 16. (See figure 2-5) 

When an internal SSR is installed, AC high and common connect as described above, 

but terminal 18 must be jumpered to terminal 19, and terminal 15 must be jumpered 

to terminal 16 with 16-gauge stranded wire so that the 5 ampere current handling 

capability of each terminal is not exceeded when full current is applied to a load. 

Also, line wire in this case should be 16-gauge stranded, minimum, to handle the 10-

ampere input current. 

Note that line voltage to the controller should come from the same source that 

supplies the external solid-state relay so that the controller can properly compensate 

for variations in line voltage applied to the load. 

2.4.2 load Connections 

No load connections are made to the controller unless an internal SSR is installed, in 

which case the high side of the load connects to either terminal 21 or terminal 22, 

which must be jumpered together. The low side of the load connects to either 

terminal 15 or 16, whichever is not occupied by the AC common input line; be sure 

15 or 16, whichever is not occupied by the AC common input line; be sure 15 is 

jumpered to 16. All load wiring must also be 16-gauge stranded, minimum. 

2.4.3 Sensor Connections 

Sensor leads connect to terminals 1 and 4 on the PCB connector. The negative lead 

connects to terminal 1; the positive lead connects to terminal 4. 

NOTE 

An up/down burnout protection resistor is provided to protect thermocouple, 

voltage on current inputs. The resistor is supplied from the factory in the up (UP) 

position. If downscale protection is required move to the down (DN) position. In 

RTD applications resistor R-1 in the down (DN) position is used for lead resistance 

compensation. 

4 
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Thermocouple extension wire should be twisted tightly together and kept 

isolated from the line and load wiring to prevent noise pickup or undesirable 

coupling. Also note that calibration of the controller is based on a 10-ohm 

thermocouple lead-wire resistance. 

2.4.4 Remote Setpoint Connections 

The three leads from a remote 1 K ohm setpoint potentiometer, or from the ouput 

potentiometer of an external programming device, such as a Research, Inc. DATA

TRAK programmer, connect to the controller as follows: 

Clockwi~e lead - terminal 7 

Wiper lead terminal 5 

Counterclockwise lead terminal 6 

2.4.5 External Solid State Relay Drive Connections 

The control signal lead to an external solid state relay connect to terminal 12; the 

signal return lead connects to terminal 8 (common). 

2.4.6 Auxiliary Output Control Signal Connections 

2.4.7 

Two auxiliary output signals are available from the 2620 for controlling devices that 

require either a O to 5 volt or a 4 to 20 milliampere control signal. The O to 5 volt 

connections are made to terminals 8 (ground) and 9 (+out). Note that when this con

trol signal is used, terminals 10 and 11 must be jumpered together to activate the in

ternal amplifier circuit. 

The 4 to 20 milliampere signal connections are made to terminals 10 (-) and 11 (+). 

Note the terminals are factory-supplied with a jumper which must be removed prior 

to use of this output. 

Alarm Relay Connections 

External connections to the alarm relay contacts are made to terminals 13 and 14. 

Depending on the requirements of any given application, an internal jumper can be 

· installed to provide conne~tion to either the normally-closed or normally-open con

tacts of the relay. Note that the contacts of this relay are rated at 1 ampere, 120 

VAC' resistive. 

2.4.8 Alarm Indicator Diodes 

The alarm indicator is provided with removable diodes for hi. low or hi/lo opera

tion. These diodes are located on the 2620 circuit board and are removed to pro

vide the following indications: 

Hi/Lo - Both diodes in place 

Hi Remove diode CR13 

Lo Remove diode CR 12 

SECTION 3 - OPERATION 

3.0 GENERAL 

This section includes a functional description of the controls and indicators used 

during normal operation of the controller and provides general instructions for 

their use. Controls used only for adjustment and calibration are described in Sec· 

tion 4. 

6 
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3.1 OPERATING CONTROLS AND INDICATORS 

Operating controls and indicators are listed in Table 3-1 and shown in Figure 3-1. 
Note that the controls and indicators on the right-hand half of the front panel 
are permanently exposed; the remaining controls are accessed by pivoting out the 
hinged handle on the left half of the panel. 

3.2 OPERATING PROCEDURES 

Operating procedures for the 2620 Controller in manual and automatic modes are 
presented in the following paragraphs. It is assumed that the controller is installed 
in a process control system as described in Section 2 and that power is applied to 
the controller. 

3.3 MANUAL OPERATING MODE 

Place the 2620 in manual mode by pressing the A/M pushbutton until it locks in 
the "in" postion. 

The MAN control pot adjusts the magnitude of the control signal sent to the 
external solid state switch, irrespective of sensor signal or LIM IT control setting. 
Rotation of this control from fully counterclockwise to fully clockwise causes from 
zero to maximum power to be applied to the load. 

Although the sensor feedback signal has no influence over load power in manual 
mode, it can be used to provide an accurate measurement of process parameter in 
the following manner: 

1. Press the 0/0 switch to its D (in) position. 
2. Rotate the setpoint control until panel meter nulls. 
3. Read setpoint dial. 

@ 

ALARM CONTROL 0 
RA TE CONTROL 

RESET CONTROL 

P.B. ~ONTROL 

LIMIT CONTROL 

AIM SWITCH 

O/DSWITCH 

L/R SWITCH 

D 
§] 
0 

+--- OUTPUT/DEVIATION 

SET POINT 
CONTROL 

0 
_. ___ ALARM INDICATOR 

MAN. CONTROL 

_.i---- POWER INDICATOR 

FIGURE 3-1 OPERATING CONTROLS AND INDICATORS 
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TABLE 3-1 OPERATING CONTROLS AND INDICATORS 

NAME 

ALARM 

SET POINT 

OUTPUT/DEVIATION 
METER 

ALARM 

RATE 

RESET 

P.B. 
(Proportional 
Band) 

LIMIT 

MAN (Manual) 

A/M 
(Automatic/ 
Manual) 

O/D 
(Output/ 
Deviation I 

L/R 
(Local/ 
Remote) 

TYPE 

lndic:ator 

Potentiometer 
with 10-turn 
logging diel 

Null indic:ating 

Potentiometer 

Potentiometer 

10-position 
rotary switch 

Potentiometer 

Potentiometer 

Potentiometer 

Pushbutton 
Switch 
(Maintained) 

Pushbutton 
Switch 
(Maintained I 

Pushbutton 
Switch 
(Maintained) 

8 
1.2.23-511 

FUNCTION 

When lighted, indic:et• that the 

c:ontrolled proc:ess peremeter is 
not within the selec:ted upper 

end lower alarm limits within 

the proportional band of c:ontrol. 

Selac:ts the desired setpoint 
level. 

lndic:at• aither the magnitude of 

the c:ontrol signal sent to the solid 

state relay, or eny deviation of the 

c:ontrolled process parameter ebove 

or below the setpoint level (Alec:tabla 

with O/D pushbutton!. 

Adjusts the alarm limits to any 

desired level from 1 to 10% of 
input signal span. 

Adjuns the amount of rate 

ac:tion from .1 to 1.5 minutes 

added to proponional c:ontrol 

to aid control stability. 

Adjusts r85at ac:tion from .05 

to 20 repeats per minute in 9 

discrete steps. In 0 position 
reset action is off. 

Adjusts the width of the pro· 

ponional control band from 5 
to 200% of the span of the in-

put signal. 

Adjusts the limit of the output 

power applied to the load. 

Adjusts output command level 

from Oto 100% of span in manual 

operating mode. 

Selec:ts either automatic or 
manual operating modes. (A-out; 

M=in.l. 

Selects between the output control 

signal and process parameter de-

viation for magnitude display on 

the panel meter. (0=out; D=in.) 

Selects between the internal 
(local) setpoint control or re-

mote setpoint control for establish-

ing setpoint levels.(L"<>ut; R-in.) 



3.4 AUTOMATIC OPERATING MODE 

Automatic operating mode is entered when the AIM pushbutton on the front panel is 

pressed and released to its A (out) position. 

Closed-loop process control is accomplished in the automatic mode through compar

ison between a sensor feedback signal and a setpoint level. Any difference between 

these signals is amplified and used to control the level of the control signal in a man

ner that tends to reduce the difference to zero. 

The command signal is generated either by the setpoint control on the front panel, or 

by an external setpoint control, depending on the selected setting of the L/R (local/ 

remote) switch. Ther procedures that are performed in adjusting a system to a 

closed-loop control process in the automatic mode are described in the following 

paragraphs in the order they are normally performed. 

3.4.1 LIMIT Adjustment 

The setting of the LIMIT c9ntrol determines the upper limit to the output signal 

from the controller. 

The rate of change of a sensor output is a basic parameter that influences adjust

ment of other controls that provide responsive, stable system operation. Therefore, 

if limiting action is desired, the following procedure should be performed before 

other adjustments are made: 

1. Turn the LIMIT control fully counterclockwise to limit load power to 20% of its 

maximum value. Ensure that the RATE control is fully counterclockwise, and 

that the RESET switch is in off position (0). 

2. Turn the P.B. control fully counterclockwise to establish the narrowest possible 

proportional band of control. 

3. Set the 0/D switch to its O position to display the magnitude of the output signal 

on the panel meter. 

4. Adjust the setpoint control to a temperature output command level sufficiently 

higher than its current setting such that the process control parameter can not 

rise to within the proportional band during the limit adjustment. This is to pre

vent normal automatic reduction of load power within the proportional band 

from interacting with the limit adjustment which would introduce an adjustment 

error. 

5. The magnitude of the output signal displayed on the panel meter has a linear re

lationship with applied load power, which at this time indicates 20% of maxi

mum. Adjust the LIMIT control clockwise until the panel meter displays a 

value corresponding to an output. 

After the initial limit adjustment has been made, shift the setpoint upward and 

monitor the panel meter. The output indication should go no higher than the 

selected limiting level. 

Widen the proportional band by turning the P.B. control to approximately its cen

ter setting. Switch the panel meter to display deviation, and adjust the setpoint con

trol to the normal process level. 

After the process has stabilized somewhat lower than the setpoint level (indicated 

by stable negative deviation on the panel meter), the P.B., RATE, and RESET con

trols are adjusted for optimum system operation. 

9 
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Note that the optimum settings of the P.B., RATE, and RESET controls depend on 

the electrical and physical characteristics of all components in the system as a group. 

In view of the numerous variables involved, a general rather than a specific adjust
ment procedure for each of these controls is provided in the following paragraphs. 

3.4.2 Proportional Band Adjustment 

The P.B. control setting establishes the amount of proportional output control signal 
for a given difference between setpoint and input signal. Clockwise rotation of the 

control increases the output signal for a given difference, thus narrowing the band 

of proportional control, which provides tighter control of process parameter. 

The P.B. control should be set to a point where system oscillations occur in response 

to small shifts in setpoint level, and then turned down until the oscillations stop. 

3.4.3 Reset Action Adjustment 

3.4.4 

Reset action is used to cancel out the proportional droop of the process parameter 

below the setpoint level caused by system losses. Introduce reset action by switching 

the RESET control from Oto the highest position that produces just a slight amount 
of system overshoot with repeated changes of the setpoint level. Begin trial adjust

ment at midrange (position 5). Note that the panel meter is zero. 

Rate Action Adjustment 

Rate action improves system response and prevents transient overshoot. Turn the 

RATE control slightly clockwise from its zero position to introduce rate action. Rate 
adjustment always causes some system perturbation; therefore, changes in setting 

should be small, and the operator must wait for the system to settle before making 
additional adjustments. Excessive rate action is characterized by system oscillations 

of a higher frequency than those produced by an excessively narrow proportional 

band. Proper rate action results in better damped system response. 

Rate action can be increased as long as overshoot decrease with small shifts in the 

setpoint level. 

3.4.5 Alarm Control Adjustment 

The alarm control setting establishes the deviation limits at which the ALARM indi

cator is on the the alarm control relay is energized. The ALARM adjust control is ad
justable to provide a maximum of 10% of the span. 

Keeping the process control feedback level constant, either by disconnecting the 
output signal or removing the final control element, turn the setpoint dial until the 

DEVIATION meter nulls. Note the setpoint level, increase (or decrease) the setpoint 
control to the desired deviation limit (maximum of 10% of span). Adjust the A

LARM control counterclockwise until the ALARM indicator is on. 

NOTE: 

External connection to the alarm relay contacts, terminals 13 and 14, can be nor

mally open or normally closed when the ALARM indicator is on. Install a jumper 

on RATE/ALARM PCB Assembly to provide the required contact operation. 

10 
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4.0 

SECTION 4 - MAINTENANCE AND CALIBRATION 

GENERAL 

The 2620 temperature controller is engineered to provide extended trouble-tree ser

vice with minimum maintenance. Normal maintenance consists of keeping the unit 

free of dust or other contamintants. However, due to normal component aging or 

failure, it might be necessary to make re-adjustments or locate and replace faulty 

components. The physical location or;i the 2620 printed circuit board of test points 

and adjustment and calibration procedures are called out on Figure 4-1. The equip

ment required for the checking and calibration procedures includes a digital volt

meter with 10 microvolt resolution, a precision millivolt source, an AC voltmeter, 

and card extender. 

4.1 CHECKOUT AND ADJUSTING PROCEDURES 

The following checks can be used to determine if specific areas in the controller cir

cuits are in need of adjustment or repair. All checks and adjustments made in auto

matic mode must be made with the internal setpoint control selected ( L/R switch in 

L (local) position). 

4.1.1 Power Supply Voltage Checks 

1) Measure voltage across capacitor C11; should read between -23 and -28 VOC. 

2) Measure voltage across capacitor C12; should read between +23 and +28 VOC. 

3) Measure voltage across capacitor C9; should read +15 ±. .5VOC. 

4) Measure voltage across capacitor C1 O; should read -15 ±. .5 VOC. 

4.1.2 Panel Meter Check 

1) Check mechanical zero of meter with power off. Adjust balance spring if neces

sary after removing tape from access hole in side of meter. Replace tape to 

prevent dust from entering the meter movement after completing adjustment. 

2) Connect a current source to the input terminals (1 (-) and 4 (+). Switch the 

panel meter to display deviation (0/0 switch in O position), and apply power 

to the 2620. 

3) Turn the setpoint dial to midrange (500 dial divisions). and raise the input 

signal until the meter nulls. 

4) Increase the setpoint setting to 600; with this 10% (±.1%) difference between 

the input signal the setpoint level, the meter should read full scale. 

4.1.3 Proportional, Integral, Derivative (PIO) Amplifier Check 

The following checks are made in automatic operating mode with a voltmeter 

scaled for Oto 10 VOC connected across diode CR1. 

4.1.3.1 Reset Check 

1) Turn the RESET switch to zero, and center the setpoint dial at 500. 

2) Adjust input signal for a reading of -1 volt across diode CR 1. 
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4.1.3.3. 

4.1.3.4 

--
4.1.4 

4.1.4.1 

4.1.4.2 

--

3) Turn the RESET switch to 9; the voltage across CR 1 should go more negative at 
a rate of 1 volt every 3 seconds. 

4) Turn the RESET switch back to O and then to 1; the voltage across CR 1 should 
go more negative very slowly - at a rate of 50 millivolts per minute. 

Reset Lockout Check 

1) Turn the LIMIT control fully clockwise and switch RESET to position 9. 

2) Monitor voltage across diode CR 1; voltage should slowly move toward -6 volts, 
but just before reaching this level, it should jump back to approximately -5 volts. 
The cycle should then repeat. 

Limit Check 

1) Turn reset off and turn the proportional band (P.B.) control fully counterclock-
wise. 

2) Adjust input signal for -5 volts across diode CR 1. 

3) Turn LIMIT control from fully clockwise to fully counterclockwise; the voltage 
across diode CR 1 should go from -5 volts to about -1 volt (80% limiting). 

Rate Check 

1) Turn LIMIT control fully clockwise, switch RESET off, and turn RATE and P.B. 
controls fully counterclockwise. 

2) Adjust input signal for -1 volt across diode CR1. 

3) Turn RATE control fully clockwise and jumper pin 4 and pin 6 on RATE/ 
ALARM board; voltage across CR 1 should go to zero. 

4) Release jumper; voltage across CRl should drop to about -8 volts and then settle 
back to -1 volt. 

Manual Control And Auxiliary Output Control Signal Check 

The following checks are made in manual operating mode (A/M switch in M posi-
tion). 

Manual Control Check 

1) Turn MANual control fully counterclockwise; voltage across diode CR 1 should 
be less than +1 volt. 

2) Turn MANual control fully clockwise; voltage across CR 1 should be between -5 
and -6 volts. 

Auxiliary Output Control Signal Check 

1) Connect a milliammeter, capable of measuring 20MA, between terminals 10 (-) 
and 11 (+) on the printed circuit board (PCB) connector after removing jumper. 

2) Adjust the MANual control for -5 volts across diode CR 1; the milliammeter 
should read 20 MA !. 1 MA. 

3) Read the voltage between terminals 8 and 9 on the PCB connector; the voltage 
should measure 5 volts ±. .25 volts. 
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4) Adjust the MANual control for zero volts across diode CR 1. The output should 

measure zero volts between terminals 8 (output common) and 9 (+), and the 

milliammeter should read 4 MA ±. 1 MA. 

4.2 AMPLIFIER BALANCE AND INPUT CALIBRATION 

4.2.1 Amplifier Null Balances Adjustment 

1) Connect a voltmeter between the wiper of the ZERO trimpot (PS) and common, 

and adjust P4 for a O ±. .1 volt on the wiper. 

2) Turn the GAIN trimpot fully clockwise, remove the voltmeter lead from the 

wiper of P4, and jumper the wiper to common. Also, jumper the junction of 

resistors R30 and R31 to common. 

3) Turn setpoint control to 000. 

4) Connect a voltmeter between pin 4 and common on the RATE/ALARM board, 

and adjust the A 1 NULL trimpot for a O volt ±. 10 millivolt reading on the me

ter. 
5) Remove jumpers. 

6) Jumper pin 6 on the RATE/ALARM board to common. 

7) Turn the P.B. control fully counterclockwise. 

8) Connect a voltmeter between the LIM IT control (PB /resistor R2) junction and 

common. 

9) Adjust A2 NULL trimpot (P7) for a O volt .±10 millivolt reading on the meter. 

10) Remove jumper. 

4.2.2 Input Calibration 

Calibration of the input consists of compensator trimpot (P2) adjustment, offset 

calibration, zero adjustment, span adjustment and gain adjustment. These proce

dures vary somewhat depending on the type of sensor to be used. The following 

procedures for compensator trimpot adjustments and offset calibration are pro

vided for thermocouple (temperature sensing) inputs. For pressure, force, time 

etc. the setpoint values will be made according to compensator and offset voltage 

range chart supplied in place of table 4-1. 

4.2.2.1 Compensator Trimpot (P2) Adjustment (Temperature Sensors) 

1) Measure the temperature at the input terminals with a thermometer. (Tape 

thermometer to PCB connector and allow reading to stabilize). 

2) Look up in Table 4-1 the compensator voltage required for the sensor type at 

the measured temperature. 

3) Connect a voltmeter between terminals 1 and 6 on th PCB connector, and adjust 

P2 for the proper millivoltage. 

4.2.2.2 Offset Calculation Procedure (Temperature Sanson) 

1) Measure the temperature at the input terminals with a therometer (Tape thermo

meter to PCB connector and allow reading to stablize). 

2) Look up in Table 4-1 the offset voltage for the measured ambient temperature 

required for the thermocouple type, and subtract this value from the table values 

for the range specified. Use the new values for the following calibration proce

dures. 
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Zero Adjustment 

1) Turn the setpoint control to 000. 

21 Connect a millivoltage source to the input terminals (1 (-) and 4 (+). 

3) Adjust millivoltage input to the low calibration value calculated in 4.3.2.2. 

4) Connect a voltmeter between pin 4 on the RATE/ALARM board and common, 

and adjust the ZERO trimpot (P4) for a 0-volt :!:. 10 millivolt reading on the 

meter. 

5) Leave meter connected for span adjustment. 

Span Adjustment 

1) Turn the setpoint control to 999. 

2) Increase millivoltage input to the high calibration value calculated in 4.3.2.2. 

31 Adjust the SPAN trimpot (PSI for a 0 volt :!:. 10 millivolt reading on the meter. 

4) Repeat 4.3.2.3 and 4.3.2.4. 

5) Leave meter connected for gain adjustment. 

Gain Adjustment 

1) Set millivoltage input to high calibration value calculated in 4.3.2.2. 

2) Turn setpoint to 000. 

3) Adjust the GAIN trimpot (P6) for an 8 volt.:!:. 1- millivolt reading on the meter. 

Alarm Check 

1) Turn setpoint to 500 and adjust input signal until meter nulls. 

2) Connect a voltmeter between pins 4 (+I and 1 (-) on the RATE/ALARM board 

and adjust Pl 2 ALARM trimpot fully counterclockwise. 

3) Turn the setpoint control clockwise until ALARM indicator is on. The voltmeter 
should read +.08 volts. 

4) Turn the setpoint control counterclockwise, past 500, until the ALARM indica-

tor is on. The voltmeter should read less than -.08 volts. 

5) Turn the setpoint control back to 500. 

6) Adjust P12 ALARM trimpot fully clockwise. 

7) Turn the setpoint clockwise until the ALARM indicator is on. The voltmeter 
should read .8 :!:. .1 volt. 

8) Turn the setpoint control counterclockwise, past 500, until the ALARM indica

tor is on. The voltmeter should read between -.7 to -1.2 volts. 
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j,.1 

~'" O'I ... 
CD 

CALIBRATION TEMP. F 

THERMOCOUPLE 
TYPE 

J Comp 

offset 

K Comp 
I 

offset 

R Comp 

offset 

s Comp 

offset 

T Comp 

offset 

E Comp 

offset 

MV Comp 

offset 

W,B Comp 

offset 

W3 Comp 

offset 

W5 Comp 

offset 

Platinel II Comp 

offset 

--

69 70 

12.9 12.9 

1.048 1.076 

10.2 10.2 

.821 .843 

1.67 1.68 

.114 .118 

1.67 1.68 

.116 .119 

10.1 10.1 

.812 .834 

13.70 13. 73 

1.225 1.259 

.. .. 

.. .. 

.. .. 

.. .. 

2.59 2.60 

.203 .209 

3.34 3.35 

.243 .250 

7.74 7.75 

.626 .643 

71 72 73 74 75 76 

MILLIVOLT AGE 

12.9 13.0 13.0 13.0 13.0 13.1 

1.105 1.134 1.162 1.191 1.220 1.248 

10.3 10.3 10.3 10.3 10.4 10.4 

.865 .888 .910 .933 .955 .978 

1.68 1.68 1.69 1.69 1.69 1.70 

.121 .124 .127 .131 .134 .137 

1.68 1.69 1.69 1.69 1.69 1.70 

.123 .126 .129 .129 .136 .139 

10.2 10.2 10.2 10.2 10.3 10.3 

.857 .879 .902 .924 .947 .969 

13.77 13.80 13.84 13.87 13.90 13.94 

1.292 1.326 1.360 1.394 1.427 1.461 

.. .. .. 10mv -- . . 

.. .. .. Omv .. -· 

.. .. .. 10 mv . . . .. 

- .. .. Omv .. . . 

2.60 2.61 2.61 2.62 2.62 2.63 

.215 .221 .227 .233 .239 .244 

3.36 3.37 3.37 3.38 3.39 3.39 

.258 .265 .272 .280 .287 .294 

7.11 7.79 7.81 7.82 7.84 7.86 

.661 .678 .696 .713 .730 .748 

TABLE 4-1 COMPENSATION ANO OFFSET MILLIVOLTAGES 

--

77 78 79 80 81 

13.1 13.1 13.2 13.2 13.2 

1.277 1.306 1.335 1.363 1.392 

10.4 10.4 10.4 10.5 10.5 

1.000 1.023 1.045 1.068 1.090 

1.70 1.70 1.71 1.71 1.71 

.141 .144 .147 .150 .154 

1.70 1.70 1.71 1.71 1.71 

.142 .146 .149 .152 .156 

10.3 10.3 10.3 10.4 10.4 

.992 1.014 1.037 1.060 1.082 

13.97 14.00 14.04 14.07 14.11 

1.495 1.529 1.563 1.597 1.631 ) 

.. ... ... . . .. 

.. .. .. . . -

.. .. - .. -

.. .. .. . . -

2.63 2.64 2.64 2.65 2.65 

.250 .256 .262 .268 .274 

3.40 3.41 3.42 3.42 3.43 

.302 .309 .316 .323 .331 

7.88 7.89 7.91 7.93 7.95 

.765 .783 .800 .818 .835 

--
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Electronic 
Temperature/Pressure 
And Power Controller 

Multi-Loop 
Series 2620 

DESCRIPTION 

The basic 2620 instrument is a two-mode con
troller featuring a proportional band and reset (with 

1 anti-reset wind-up). The optional plug-in module 
adds a third control mode -(rate) and deviation 
alarm. Selected spans are available and dedicate 
the unit to use with thermo-couple, RTD, voltage or 
milliamp input. The setpoint is direct-set by using 
the appropriate portion of a 10-turn 1000 point dial. 

The combination meter reads ±10% of the input 
span deviation, or by switch selection, 0-100% of 
the controller output to the final control device. 

All secondary controls are under a closed access 
door and include: Proportioning Bandwidth, Reset, 
Rate, Alarm and Output Limiting. 

FEATURES 

• Compact high density design using 
latest state-of-the-art electronics and 
controller technology 

• Versatile Inputs: 
Thermocouple 
RTD 

• Versatile Outputs: 

Millivolts 
Milliamps 

the 

Direct solid state 10A power (optional) 
Proportioning control (current or voltage) 

• Plug-in chassis for rapid replacement 
• Full front panel controls: 

Digital 1000-part setpoint dial 
Secondary controls under a 
closed access door 
Deviation/output metering 
Auto/Manual transfer 

• Multiple 6-channel 19" rack mounting frame 
• Optional single or dual channel mounting case 

J. ~ , ··- -- - 1.2.23-620 

[PW@[ID[ill@lf 
OAT P~ 26/3.1.2,R 

The alternate action pushbutton switches allow 
selection of Auto / Manual Control and the 
Output/Deviation Meter. 

The basic controller provides two outputs: 0-5 
voe and 4-20 milliamp proportioning. 120 /240 
VAC positioning for direct control of electric 

actuators is available with drive module. 

Power Controller options available provide in
ternally mpunted 120/240 volt 10 amp capacities.· 
High density packaging is in 6-unit multiples in a 
19" rack mounting frame or optional single- or 
dual-unit panel mounting case. For local mounting, 
rear terminal covers are available. 

All input/output terminations are provided 
through a barrier strip-terminated edge connector, 
providing plug-in serviceability. 

~~L~I .__ _E_L_E_c_-ri_R_o_N_ic_s_ 

LESLIE CO., PARSIPPANY, N. J. 07054 
Awarded A.S.M.E. 8 and® Stamp 

Approval tor Cla11n 1, 2 and 3 Nuclear Vatvea. 
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IECONOAA'Y CONTROLS 

2620 SPECIFICATIONS 

INPUT TYPES 

• Thermocouple - Accepts directly; has in

ternal cold junction compensation and burn

out protection that is selectable for upscale, 

downscale or none. 
• Resistance Bulb Thermometers - RTD in

puts for 3 wire platinum wound elements ac

cepted directly. 
• Millivolt, Voltage or Current - Selected 

ranges available to accept industry standards 

from process transmitters. 

INPUT IMPEDANCES 

• Thermocouples - 100 ohms. 
• Voltages - <100mv: 100K. 

>100mv: 10K. 
• Currents - 2500/High end of span in ma. 

MINIMUM PRACTICAL SPANS 

• Thermocouples and Millivolts - At least 10 

mv change over process span. 
• Currents - At least 0.1 ma change over pro

cess span. 
• RTD's - son minimum R, with 6 R the 

greater of 10n or 10% of minimum R. 

MAXIMUM ZERO SUPPRESSION 

• 50% of high end value. 

COMMON MODE REJECTION 

• Better than 120 db at 60 Hz (1,000,0Q0:1 ). 

• Common mode not to exceed 120 VAC or 

150 voe. 

OUTPUT/DfVIATION 
METER 

IIATl ON/OFF 
IWITCH 

DIGIT AL 1000 PARl 
10 TURN SETPOINT DIAL 

~NI-"'------ IOl'TIONALI ALARM 
LIGHT 

NORMAL MODE REJECTION 

• Better than 40 db at 60 Hz (100:1). Normal 

mode not to exceed 2 times input span. 

LOCAL SETPOINT 

• 3 Digit Setpoint, 10-turn, dial, 1000 parts. 

• Accuracy: 
Calibrated to :t:½ % span. 
Linearity¼% of span. 
Repeatability½ digit or 0.05% of span. 

STANDARD OUTPUTS 

• Current output 4-20 ma into 500 ohms max

imum. 
• Voltage output 0-5 volts into 500 ohms min

imum. 

OPTIONAL OUTPUT 

• Internal Distributed Zero Cross Fired solid 

state relay power controller rated 120 volts at 

10 amps. 

OUTPUT LIMITING 

• In Auto mode only, adjustable output limiting 

settable 10-100% not functional in Manual 

mode. 

CONTROL MODE SETTINGS 

• Proportioning Bandwidth 5- 400% of span. 

• Reset in 10 steps - off and 0.05-20 repeats/ 

minute. 
-optional. 

• Rate adjustable 0.1-1.5 minutes with on/off 

switch. 

1.2.23-621 
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2620 SPECIFICATIONS continued 

DEVIATION/OUTPUT METER 

• Displays deviation from setpoint ±10% In

put span, or percent controller output. 

DEVIATION ALARM (OPTIONAL) 

• Red alarm light and 1A, 120 VAC selectable 

NC or NO contact. 
• High only, low only or high and low. 

• Adjustable 1 to 10% input span. 

CONTROL SENSITIVITY 

• A 1 microvolt change at input will provide a 

measurable output change. 

RESPONSE TIME 

• Less than 30 milliseconds to reach 63% of 

final. 

ENVIRONMENTAL LIMITS 

• Operating 40 to 140°F at 90% RH (noncon

densing). 
• Storage -40 to +160°F at 90% RH (non

condensing). 
• Vibration 1G maximum. 

STABILITY 

• Ambient Temperature - A change in am

bient from 80 degrees F, ::!: 40 degrees will 

result in a control point change less than 

::!:.02% of span per 1 degree F ambient change, 

Available Option 
Series 2620 

Motor Actuator Drive Module 

DESCRIPTION 

The Motor Actuator Drive Module is used to inter

face with electric valve operators. The Module ac

cepts a position feedback signal from a potentiom

eter in the actuator. This signal is compared with the 

process controller output. If an error exists, the cir

cuitry provides dual relay contacts (drive-open or 

drive-closed) which are selectively closed, depend

ing on the direction of the error. This causes the 

drive motor to move the valve stem. When properly 

positioned, the potentiometer feedback matches 

the input signal and the relay contacts open. Thus, 

the valve opening is proportional to the output of 

the process controller. Any change of input will 

produce a change in valve position as needed to 

or: 
Thermocouple and Voltage Input: ±3 micro

volts/ degree F, whichever Is larger. 

100 Ohm RTD Input: ± .075 ohm/ degree 

F, whichever is larger. 

• Line Voltage-A change In line voltage from 

120V, +10-15%, will result In a control point 

change less than ::!:,1 % of span or: 
Thermocouple and Voltage Input: 
±20 microvolts, whichever Is larger. 
100 Ohm RTD Input: ±.2 ohm, whichever is 

larger. 

• Long Term - With line and ambient being 

constant, control point drift over 25-hour 

period to be less than ±.1% of span or: 

Thermocouple and Voltage Input: 
30 microvolts, whichever is larger. 
100 Ohm RTD Input: ±.2 ohm, whichever 

Is larger. 

POWER 

• 120/240 VAC, 50/60 Hz. 
• Controller only 10 VA and unfused. 

WEIGHT 

• 2620 3 Lbs. 1.36 kg 

• Single Case 3 Lbs. 1.36 kg 
• 6 Unit frame 16 Lbs. 7.26kg 

DIMENSIONS 

• See back page. 

FEATURES 

• Heavy-Duty Contacts 
• Long Life 
• Electrically Trimmed Zero and Span 

• 1/z to 5% Adjustable Deadband 

maintain control of the process. , 1.2.23_522 t 
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-26/3.1.2 -SPECIFICATIONS 

POWER 

• 120 VAC (jumper selectable 240 VAC). 
+10/-15%; 50/60 Hz; 5 VA. 

INPUTS 

• Command signals 0-5 voe Into 47K ohm 
(jumper selectable 4-20 ma Into 250 ohm). 
• Accepts position feedback from retransmit 
potentiometer, any value 100-10,000 ohms 
(0-1,000 ohms standard). 

OUTPUTS 

• Dual motor contacts (CW & CCW drive). 
• Brake release contact. 
• Rated 120 VAC at SA, surge-suppressed 28 
voe at SA. 

- DIMENSIONS 

- SINGLE CASE 

ADJUSTMENTS 

• Deadband 1/2 to 5% input span. 
Zero trim: ±10%. 
Span trim: ±10%. 

ENVIRONMENTAL 

• Storage temperature: -40/ 160" F. 
• Operating temperature: -40/125°F. 
• RH to 90% non-condensing. 

DIMENSIONAL 

• See outlines 2620 series. 
• The Motor Actuator Drive Module re
quires an additional slot in the mounting 
case. 

WEIGHT 

• 21bs.(.91kg)2½ lbs.shipping(1.13kg) 

MULTI-UNIT PANEL 
6 UNIT RACK MOUNTING FRAME 

2.3" 
(5.8 cm) 

~ r I 11.6" ·I 18.1" 

--

. --1 r 
0 0-)5 .. 

:rem) 
SINGLE UNIT 

~~- PANEL CUTOUT 

7.roo (17.8 cm) • 

j -- • 

1.0" 
12.5 cm) 

! 

----J2.8 .. r 
(7.1 cm) 

10. 1" 
(25.7cm)1 

-t 
6.4" 

(16.3 cm) 

_J_ 

(Double case is approximately double 
the width of the single case.) 

':>eiSi Prn11ea ,ri the U 5 A 578 6M •R 

r-(44.7cm) I (46.0cm13 

-l 
10.1" 

(25.7 cm) 

1.2.23-523 

19.0" 
148.3cm) 

2.8" 
(7.1 cm) 

--- 17,8" ---j I I• 145.2 cm) I 

-·- -·=i 
5.7/ I 6 UNIT PANEL I 6.5" 

114.6 cmll CUTOUT (16.5 cm) 

_Li_ cJ 

10.1 " 
(25.7cml-1 

T 
6.4" 

116.3 cm) 

_l_ 

~[~l~, L.-_E_L_E_C_T._'R_O_N_1c_s_ 

LESLIE CO., PARSIPPANY, N. J. 07054 
Awuded A.S.M.E. G and@ Stamp 

Approval for Classes 1. 2 and 3 Nuclear Valves. 
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instructions for Small Flow AIRMATE 

PRESSURE REDUCING VALVES 

and Air Loaders 
CLASSES A-2, AG-2, AF-2, AFG-2, ETC. 

INSTALLATION 

INSTALLATION 

OPERATION - MAINTENANCE 

SECTION I 

Install as shown in Fig. 1. Use non
corrosive fittings and piping throughout. 
Use fine wire mesh or poromet filter 
screen. 

1/4" air supply 
1.ine 

~" 
Stop val.~ 

A-2 Regulator 

FIG. 1 - INSTALLATION DETAIL 

NOTE: Strainer, shown for Class A-2 Types, 
is not necessary for Filter Type 
Classes, AF-2. 

* When used with air motors or pulsating 
equipment, 1.ine "A" should be of a 
sufficient length and diameter to 
provide a reservoir. On close coupled 
instal.1.ations install. small. reservoir. 

SECTION II - OPERATION 

l. Op~n inlet supply valve to regulator. 

Note: Supply pressure should be at 
least 5 PSIG above maximum 
controlled pressure desired. 

2. Open outlet stop valve partially. 

3. Turn handwheel (1) clockwise to start 
flow through regulator. Adjust for 
desired controlled pressure.** 
Tighten locknut (2). Open outlet stop 
valve fully. 

** Turn handwheel clockwise to increase 
controlled pressure; counterclock-. 
wise to decrease. 

1.2.23-624 

SECTION Ill - MAINTENANCE 
Dismanthng 

1. Shut-off air supply. Loosen locknut 
(2). Relieve all adjusting spring 
compression. 

2. Disassemble adjusting spring case lB), 
top spring seat (4), adjusting spring 
(s) (6) and nozzle-diaphragm assembly 
from main body. 

3. Grasp internal rib of aspir.ator plate 
(14) (Marked •Lift Here") and lift out 
of main body. Remove gasket (12). 

4. Unscrew valve seat (16) with •o• Ring 
(17) from main body. Lift out main 
valve (18), with •o• Ring (19), and 
main valve spring (20). 

2 

6 

8--·,, ,--.r,,1 
10 

11 
12 

"""-....---..,......iwia Coat adjusting 
screw threads with 

--- #?4 MolyduoZubs. 

FIG. 2 -
CLASS A-2 

REGULATOR 

17 

15-,"""""'.__. 
16 ...... 11::S:.~~~rli=icTI "'~___,~.., 
18 

Cleaning or replacing parts 

Examin•e and clean all parts. Use an approved 
detergent (non-injurious to synthetic 
materials) for cleaning. Blow out all 
ports and main body with air. Replace any 
badly worn or damaged part. 

-------PLAY SAFE! USE ONLY GENUINE LESLIE REPLACEMENT PARTS .. ------

LESLIE CO., PARSIPPANY, NEW JERSEY 0705~ 
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- 30/1.5.1 - Page 2 

- Diaphragm replacement disc (10) upward. Place adjusting 
spring(s) (6) and top spring seat (4) 
on diaphragm disc. Position spring 
case (8) with handwheel (l) on main 
body. Insert screws (9) and tighten. 

--

--

Disassemble nozzle disc assembly consisting 
of diaphragm disc (10),•diaphragm (11) and 
nozzle (13). Nozzle snaps out of diaphragm 
disc by finger pressure on diaphragm disc 
side. Reassemble parts (with curve of disc 
away from diaphragm). Snap nozzle into 
place in diaphragm disc. 

Integral Filter Types - Cla11 AF-2, etc. 

In integral filter types remove filter 
case (26) from main body. Remove filter 
(23) and filter support disc (25). 

20 

22 

23 
24 

25 

26 

FIG. 3 - PARTIAL ASSEMBLY OF AF-2 TYPE SHOWING 
ADDITIONAL PARTS IN FILTER ASSEMBLY. 

All other parts (except main body) are the same as in A-2 Classes 

NOTE: Removal of valve spring retainer (24) 
in inregral Filter Types is unnecessary 
unless it is to be replaced. To remove, 
squeeze sidewalls together to clear groove 
in main body, then pull. To insert new part, 
squeeze sidewalls together sufficiently 
fo~ shoulders to pass through body opening 
and into groove. 

Reassembling 
1. Place main valve spring (20) in main 

body (15). Place •o• Ring (17) in 
recess of body. Assemble main valve 
(18), with "O" Ring (19), in valve seat 
(16). Screw valve seat into main body 
threads until seating face contacts main 
body and tighten. 

2. Place gasket (12) in recess of main 
body (15). Insert aspirator plate (14) 
with aspirator tube in outlet orifice. 
Snap aspirator plate in place with 
finger pressure. Place nozzle-diaphragm 
assembly in main body with diaphragm 

lat19ral Fiher Types - Cius Af-2, etc. 

In integral filter types place filter 
support disc (25) and filter (23) in 
filter case (26). Assemble gasket (12) 
and filter case to main body. Insert screws 
(22) and tighten. 

3. Readjust regulator as described under 
•oPERATION". 

Maintenance of loading Panels 
Classes P-2, PF-2, etc. 

Disconnect tubing at "A", Remove hand
wheel "B". Take off locknut "C". Remove 
valve from panel. Follow maintenance 
Instructions Section III. 

FIG. 4 - CLASS P-2 PANEL LOADER 

1.2.23-525 
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SECTION Ill (Cont'd)· MAINTENANCE OF VALVE BODY SUB-ASSEMBLIES 

FOR ADDITIONAL CONTROL VALVE DATA CONSULT 
PROPER INSTRUCTION SECTION BELOW: 

INSTALLATION ••••••••••••••••••• SECTION I 
OPERATION ••••••••••••••••••••• SECTION II 
MAINTENANCE •••••••••••••••••• SECTION III 
ACTUATOR MAINTENANCE •••••••••• SECTION IV 

DISMANTLING (Continued) 
Prior to dismantling control valve body 
assembly remove actuator (as described 
in Steps 1-3) and positioner if one is in 
use. To remove positioner loosen nut {17) 
and remove cap screws holding positioner 
to yoke (11). Slide positioner extension 
arm away from valve stem. 

4. Remove nut (17) from valve plug stem. 
Loosen stuffing box nuts (22). Remove 
bonnet nuts (40). Lift bonnet (27), and 
valve plug (21) off body as a unit. Re
move valve plug complete and other parts 
from bonnet. 

5. Take gasket (32) and seat retaining 
guide (37) from body. Then remove seat 
ring in the following manner; Insert 
wooden dowel into seat ring (38). Preas 
sufficiently for dowel to grip seat ring 
so that it can be lifted out of body. 
Gasket (39) will follow with seat ring. 

Clean main body thoroughly including 
gasket faces. Inspect seat ring (38), 
valve plug complete (21) and seat re
taining guide (37). Replace any badly 
worn or damaged part. Clean all parts 
to be re-used thoroughly, using suit
able solvent and crocus cloth to remove 
any encrusted material. 

6. lapping in Valve Plug and Seat Ring 
A. In Main Body - Return seat ring 
gasket (39), seat ring (38), to their 
proper places in valve body (33) making 
sure that valve seating face of seat 
ring (38) faces toward bonnet end of 
body. 

Note: For lapping Mark "P" Trim 
Type instructions see Page~ and 6. 

Place a small amount of superfine 
grinding compound, properly mixed with 
oil, on seating face of valve plug at 
several points. Insert valve plug 
assembly into valve body (33) and in 
contact with seat ring (38). Place bon
net (27) over valve plug complete and 
on valve body, using bonnet as guide 
when lapping inner valve. Lap valve 

1.2.23-626 

Fig. I - DOS. Cage Trim. Socket Weld End 
Type. May also be butt weld end. Flanged 
End or 90° Angle Type. 

plug complete (21) and seat ring (38) 
together very lightly and carefully. 
Just a few turns are sufficient. As 
lapping progresses, occasionally lift 
valve plug complete (21) a small distance 
away from seat ring (38) and rotate to• 
to keep lapping compound evenly 
distributed. 

------PLI.Y SI.FE! USE ONLY GENUINE LESLIE REPLACEMENT PI.RTS.-------
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- instructions for - CONTROL VALVES 
SINGLE PORTED CONTROL VALVES-15OO PSIG AND OVER SERIES 

B. Alternate Method - Using holding 
Device. 

Assemble components as shown in Fig. 4 
and follow lapping procedur~ described 
under "A". 

Valve 
plug 
stem __ • Seat retaining 9uide bushing 

Valve plug 

Seat Rir19 

Holder 

Fig. 4 - Plaae seat ring in a suitable 
holding deoiae (that wi!Z not distort 
seat ring). Position seat retaining guide 
on seat ring. ( In the aase of "I" Trim -

A Classes DIS, eta. - be sure to assemble 
9 the valve plug guide and throttling seator 

in their respeative positions before Zap-
- ping, regardless of proaedure foZZowed). 

--

NOTE: Very ZittZe Zapping is required 
with aage type trim; a few turns 
should be suffiaient. When Zapping 
is aompleted remove aZZ traaes of 
Zapping aompound. 

REASSEMBLY 

1. Install internal components in valve 
body before asse~bling bonnet to body. 
Place rod in valve body and down through 
body bridge to prevent seat ring or gas
ket from falling into body throat when 
assembling. 

Place new gasket {39) in recess in Valve 
body. Follow with seat ring (38), with 
valve plug seating face toward bonnet 
end of body. Position seat retaining 
guide (37) on seat ring. Insert Valve 
plug in valve body. 

NOTE: With "I" type trim assemble throttling 
eeator (35) and valve plug guide (36) 
on shoulder of valve plug disa and 
pass threaded end of valve plug stem 
through seat retaining guide before 
inserting parts in valve body. 

Direat window throttling end or seat 
retaining guide toward valve plug disa 
and engage keyways of valve plug guide 
and seat retaining guide with their 
respeative keys. 

2. Place new body gasket (32) in valve body 
recess. Place bonnet (27) in position on 
valve body (33) moving it carefully 
down over valve plug stem. Insert bolts 
through bonnet and valve body flanges. 
Attach nuts (40). Tighten nuts evenly 
and firmly on alternating sides, making 
sure that bonnet pulls down evenly into 
contact with valve body flange face. 
Assemble actuator to bonnet (27).* Insert 
cap screws (25) and tighten. Place locknut 
(17) on stem threads and turn down on 
threads a little more than one half way. 
Position travel indicator (18). Screw stem 
no less than one diameter on valve stem nor 
more than one half way into upper stem (9). 

~Reassemble positioner to aatuator, if 
positioner is in use. 

HOW TO MAKE PRELOAD ADJUSTMENT 

3. Adiusting Actuator Spring Preload 
(Starting Pressure} 

• Connect controlled air line to diaphragm 
case. 

• Supply 3 psig air pressure to actuator 
diaphragm. 

• Compress actuator spring until travel indi
cator begins to move when air pressure is 
raised above 3 psig. 

• TO COMPRESS ACTUATOR SPRING SCREW SPRING 
ADJUSTOR UPWARD 

NOTE: Alternately add aompression and aheak 
starting pressure by raising air pres
sure slightly above 3 psig until aorreat 
adjustment is attained, After eaah aheak 
return air pressure to 3 psig. 

4 • Single Ported Unbalanced Control Valves 
With Direct Acting Actuators (DOS Etc.) 
Actuator spring preload adjustment can be 
made either with or with0ut pressure in 
valve body. Once correct compression is made 
no further adjustment is necessary. 

s. Single Ported Unbalanced Control Valves With 
Reverse Acting Actuators- Spring Closing Classes. 

In a single ported unbalanced control 
valve (reverse acting actuator), the 
valve plug is closed against upward 
fluid thrust by actuator spring force. 
Total compression placed on actuator 
spring must be sufficient to provide 
the 3 psig preload plus force required 
to close the valve. 

1.2.23-527 
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instructions for 
CONTROL VALVES 

SINGLE PORTED CONTROL VAL YES - 1500 PSIG AND OVER SERIES 

If preload adjustment is made with no 
pressure in valve body, then, when the 
control valve is placed in operation, 
additional compression must be placed 
on the actuator spring to provide valve 
closure force. With proper adjustment 
valve will close tightly and will not 
begin to open until the 3 psig opera
tion pressure is exceeded. 

NOTE A - A control vaZve which has been 
adjusted to provide 3 psig start-· 
ing pressure plus valve closure 
force (with pressure in body) will 
have a considerably higher starting 
pressure than 3 psig, when tested 
at O body pressure. 

NOTE B - Air pressures quoted are relative. 
Actual pressures required in opera
tion may vary with pressure drop 
conditions ezisting and/or actu
ator springs used. 

ADJUSTING CONTROL VALVE 
FOR RA TED TRAVEL 

(Indicator scale shows rated travel of 
valve) 

6. Single Ported Unbalanced Control Valves 
With Direct Acting Actuators 
With valve plug and actuator stem threads 
engaged as described in "Reassembly 0

, 

supply 20 psig operating pressure to 
actuator diaphragm. Valve will move to 
closed position. Observe travel obtained 
as shown by travel indicator and indi
cator scale. Readjust as follows: 

• OVERTRAVEL - If travel is too great, 
loosen stem locknut and turn valve plug 
stem out of actuator stem the amount 
necessary to obtain correct travel. 

• UNDERTRAVEL - If travel is too short, 
loosen stem locknut and turn valve 
plug stem further into actuator stem 
the amount necessary to obtain correct 
travel. 

1. Positive Compression Force 
When correct travel has been obtained 
reduce operating pressure sufficiently 
to move valve plug away from ·seat ring(s). 
Then turn valve plug stem one full turn 
out of actuator stem threads. 

s. Single Ported Unbalanced Control Valves 
With Reverse 'Acting Actuators 
Loosen st~" locknut. Apply air to diaphragm. 
Turn valve plug stem into actuator stem 
threads until valve plug is out of contact 
with seat ring, with air removed from dia
phragm. Then turn valve plug stem out of 
actuator stem threads until valve plug 
just contacts seat ring again. 

Supply sufficient operating pressure to 
actuator diaphragm to move valve plug away 
from seat ring. Then turn valve plug stem 
one full turn out of actuator stem threads. 
Diaphragm plate determines travel. With 
proper diaphragm plate correct travel will 
result from adjustment. For under- or over
travel proceed as described above. 

9. Positive Closing Force 
The one full turn toward the seat ring, 
made after obtaining travel, provides the 
positive closing force required to obtain 
tight valve closure in single ported 
valves. In all cases be sure to make this 
final adjustment. 

10. All Actuators 
Tighten stem locknut and travel indicator 
against actuator stem. Reconnect operating 
medium tubing from the sensing element or 
manual loading device to the diaphragm 
case. 

REPLACING OR LAPPING IN MARK "P" TRIM 
(Screw Stsm Looknut Down to Bottom of 
Stem Threads) 

To remove Mark "P" Trim from main body 
dismantle actuator from bonnet,remove bonnet 
nuts then carefully lift bonnet,valve plug 
and seat retainer out of valve body. CAUTION: 
Move bonnet directly upward or outward from 
body (relative to installation) to prevent 
damage to valve plug. Take out bonnet gasket, 
throttling orifice chamber, and gasket. Clean 
all parts. Replace any worn or damaged part. 

lapping in Mark "P" Trim 
To lap in Mark "P" trim use a very 

small amount of superfine lapping com
pound (no rougher than 20,000 grit) evenly 
distributed over valve plug seating sur-

1.2.23-628 
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instructions for 
CONTROL VALVES 

SINGLE PORTED_ CONTROL VAL YES - 1500 PSIG AND OVER SERIES 

face. Insert valve plug in throttling 

orifice chamber and place seat retaining 

guide in position on orifice chamber as 

shown in 4A) • 

Lap only enough to remove any en
crusted material from seating surfaces. 

A few turns should be sufficient. Lift 

and rotate valve plug 90° occasionally 

to keep compound evenly distributed. Re
move all traces of lapping compound from 

parts before reassembling valve. 

If either of the seating surfaces is 

found to be damaged parts should be re

turned to Leslie Co. for refurbishing. 

NOTE: Aithough valve plugs and chambers 
are not essentially matched sets 
it is always good practice to con
sider them as such after use. and 
to replace them in service as units. 

REASSEMBLY 
Follow general procedure outlined under 

"Reassembly" Page 4 making sure that throt

tling orifice cl,a.mber and gasket are pro

perly positioned in body and that seat 

retaining guide is passed carefully over 

valve plug stem into position on throttling 

orifice chamber. 

PROTECTED BY 
PA TENTS PENDING 

ASA 2500# 
RA TEO BODIES; 

SPECIAL PROVISION ---<,-----"77~ 

FDR 3S00 MAX. 

"PROTECTED SEAT" SHUT-OFF 

SEAT ROAINER 

MARK liP VALVE PLUG 

ONE PIECE 

SHUT-OFF THROTTLING 
ORIFICE CHAMBER 

V Al VE PLUG SHOWN IN 
SHUT-OFF POSITION ... 

INLET 

~,• ~ I ~ir 11 ...... 
r_. lll 

I w 
Fig. 4A -

Lapping Valve. 

•, THROTTLING 
ORIFICES 

BOTTOM GUIDE 

Fig. 4 - Nark "P" Valve Body Assembly. 

1.2.23-Fi?~ 
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instructions for 

trSift 
® ·.··. CONTROL VALVES 

'· . ., , 

• INSTALLATION, OPERATION and MAINTENANCE 

FOR ADDITIONAL CONTROL VALVE DATA CON
SULT PROPER INSTRUCTION SECTION BELOW: 

INSTALLATION ............................... SECTION I 
OPERATION ................................... SECTION II 
MAINTENANCE ............................... SECTION Ill 
ACTUATOR MAINTENANCE ............... SECTION IV 

• Where noise is a factor follow recom
mendations for piping and fittings 
per 5/0.3.1. 

SECTION I - INSTALLATION• 
1. Valve Position 

Install control valve in the highest horizontal 
line of piping, in an accessible location and with 
arrow on side of valve body in direction of fluid 
flow. Control valve may be placed in any position, 
but upright is preferable for ease of maintenance. 

• Figure 1 - Typical Installation 
*Expand as required for fluid flow. 

2. Problem Preventing Procedures 

• Provide removal space above, below and around 
control valve for easy removal of parts during 
maintenance. See proper Dwg. for dimensions. 

• Blow or flush out pipe Jines thoroughly before 
installing control valve. 

• Protect control valve and following equipment 
with a LESLIE SELF-CLEANING STRAINER. 

• Install stop valves and gauges in inlet and out
let lines to provide means for checking adjust
ment and operation of equipment. 

• Provide proper inlet and outlet drainage in steam 
serv.ice to prevent water hammer or possible 
erosion in equipment. 

• Adhere to good piping practice. Install a bypass 
around the control valve. 

3. Connect operating medium tubing from control 
pilot, instrument or loading device to diaphragm 
chamber connection of control valve or to valve 
positioner, if one is in use. 

4'. Important: 

If control valve is fitted with a Thermo-Isolating 
bonnet, do not laQ or insulate bonnet or paint it 
other than dull black, otherwise its heat emitting 
efficiency will be impaired and packing will be 
submitted to excessive temperature. 

5. Recommended Piping for Control of Compressible 
Fluids at Values of 25" or Leu of Inlet Pressure. 

• Expand outlet pipe to twice cxmtrol valve inlet 
pipe size. Use tapered expander. 

• Connect control pipe for control pilot ahead of 
outlet stop valve and at least 2' to 3' down
stream from end of expander. 

• Make control pipe connection at least 18" to 2' 
from outlet stop valve, any elbow or othet flow 
direction changing fitting. 

• Fig. 2 - Typical Control Valve Station For Control of 
Compr~ulble Fluids at 25" or Leu of Inlet Pressure. 

*Expand as required for fluid flow. 

NOTE: Where sensing im~ulse is taken 2' to 3' 
downstream from control valve ( expander), 
dimension "A" minimum of 6' to 10' will 
provide lowest noise and velocity factor~, 
accurate pressure sensing and reasonable 
bypass length. 

SECTIOM II - OPERATIOM 

l. Close inlet and ouilet stop valves. 

2. Check that control valve responds properly through 
rated travel in relation to changes in operating 
pressure on the diaphragm. Rated travel is shown 
by position of travel indicator on valve stem 
relative to travel indicator scale on yoke. 

3. Manually operate control valves fitted with manual 
operating devices through rated travel to check 
freedom of movement. 

1.2.23-530 
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instructions for 

CONTROL VALVES 

4. Place control valve in operation in accordance 

with instructions furnished with control pilot or 

other operating device. 

SECTION Ill - MAINTENANCE 

To reduce maintenance time refer to proper draw. 

Ing and follow steps shown below for applicable 

maintenance operation. 

PROPOSED MAINTENANCE FOLLOW STEPS 

TO RENEW VAL VE PLUG SECTION III 
STEM PACKING 

TO DISMANTLE CONTROL SECTION III 
VALVE-INSPECT PARTS-

DISMANTLING 
REPLACE OR REGRIND 
VAL VE PLUG/SEAT RING(S) 

TO REASSEMBLE' CONTROL 
SECTION III 

VALVE 
REASSEMBLY 

TO PRELOAD ADJUSTING 
SECTION III 

REASSEMBLY 
SPRING: SET RATED TRAVEL 3 THRU 10 

TO REPLACE DIAPHRAGM SECTION IV 
AND/OR STEM SEAL 

TO CHANGE VALVE ACTION 

NORMALLY OPEN TO NORMAL- SECTION IV 

LY CLOSED OR VICE-VERSA 

REMEWING VALVE PLUG STEM PACKING 

Renew valve plug stem packing if control valve has 

been in service beyond normal maintenance and pack

ing shows signs of wear. Wear will be indicated by 

1-eakage which cannot be corrected by minor tighten

ing of pocking flange. 

1.2.23-531 

Where LESLIE "LUBRISOFT" packing is in use, 

additional packing rings can be installed to overcome 

minor leakage without dismantling the control valve 

or breaking valve plug connection. 

TO INSTALL A COMPLETE SET OF PACKING 

1. Disassemble control valve as far as necessary for 

the work required (See "DISMANTLING"). Re

move old packing. Clean valve plug stem and 

packing box thoroughly. Polish valve plug stem 

wHh crocus cloth. Use approved, non-residue 

forming solvent for cleaning. Wipe dry with clean 

cloth. 

2. Insert a new set of packing in packing box in the 

order shown on the packing wrapper Packing 

wrapper contains complete installation instruc

tions and a photograph of an installed set of 

packing. Each wrapper shows the order in which 

the various pieces of packing are to be inserted 

in the particular valve in which they are to be 

used. 

3. After packing is installed, assemble packing 

follower, packing box flange and bolts to bonnet. 

Tighten bolts as shown in instruction on wrapper. 

DISMANTLING 

1. Close inlet and outlet stop valves. Operate system 

on bypass, if necessary. 

2. Shut off operating medium and relieve pressure 

from diaphragm by disconnecting tubing at dia

phragm case. 

3. Remove Actuator From Valve Body Assembly 

Loosen valve plug stem nut. Use wrench on flats 

of valve plug stem and tum valve plug stem out of 

actuator ~te:n threads until it is disengaged. (In 

large control valves support valve plug stem to 

prevent valve plug from suddenly falling down

ward as valve plug stem clears actuator stem). 

Take travel indicator off valve plug stem. 

Remove cap screws holding actuator to bonr :o>t and 

I ift actuator off bonnet. 

------PLAY SA.FE! USE ONLY GENUINE LESLIE REPLACEMENT PARTS.-------
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instructions for 

CONTROL VALVES 

SECTION IV - ACTUATOR MAINTENANCE, 

REPLACING DIAPHRAGMS,STEM SEALS, ETC. 

FOR ADDITIONAL CONTROL VALVE DATA CON

SULT PROPER INSTRUCTION SECTION BELOW: 

INSTALLATION .. . .. ...• •. .. •. . •• ..• •.• •••.••. SECTION I 

OPERATION ........••...•..•.•••..•••••...••... SECTION 11 

MAINTENANCE ............•...••...•..•.••... SECTION III 

ACTUATOR MAINTENANCE .•.•.••••...•.• SECTION IV 

GENERAL 

1. Remove compression on actuator spring by screw

ing spring adjustor counterclockwise until actu

ator spring is free. 

SIZES 35, 55, 85, 135-DISMANTLING- (See Fig. 3) 

Remove bolts/nuts (23/22), upper diaphragm case 

(20) and old diaphragm (21). 

To examine, clean or replace other internal com

ponents lift out diaphragm plate (24) assembled 

with actuator stem (31), actuator spring (28), 

washer (34) and unscrew spring adjustor from 

adjustor sleeve (36). 

REASSEMBLY 

Replace internal parts. Install new diaphragm. In 

sizes 35, 55 and 85 line up holes with those in 

lower diaphragm case. In size 135 place bead on 

diaphragm in recess in lower diaphragm case. Re

place upper diaphragm case on diaphragm. 

Assemble four bolts and nuts through parts (90° 

apart). Fingertighten. Assemble balance of bolts/ 

nuts to actuator. Tignten evenly and alternately 

across diaphragm case. (Before tightening bolts 

in 35 actuators or where flat stock diaphragm ma

terial is used in other sizes as an emergency 

measure) consult note relating to preform;ng 

diaphragms. 

SIZES 3SR, 55R, 85R & 135R.- DISMANTLING-
(S.e fig. 4) 

Remove bolts/nuts (19/18) and upper diaphragm 

case (15). Insert rod through holes in yoke (34) 

and actu11tor stem (35) to prevent twisting of stem 

seal (29) when removing self-locking nut (16). 

(In size 35R use wrench on flats on actuator stem) 

Remove self-locking nut (16), diaphragm plate 

(17), diaphragm (20), collar (22) and stern seal 

(29). Remove stem seal as follows; - In 35R and 

135R Actuators, remove stud nuts (24) in 135R; 

cap screws (23) in 35R and ,disassemble lower dia

phragm base (21) from yoke (34). Lift out stem 

seal. Jn 55R and 85R DO NOT r~ove lower dia

phragm base unless gasket (26) is to be replaced. 

Stem seal (29) is held in place by seal ring (27) 

and screws (28). Take out these parts and lift out 

stem seal. 

NOTE: To check actuator spring and other com• 

ponents in size l35R disassemble spacer 

(33) and lift out parts. In 35R, 55R and 

85R parts are talten out from the under• 

side . ., 
n 

Fig. 3-Direct 
Acting Diaphragm 
Actuatar 

1.2.23·632 

F lg. 4-Reverse 
Acting Diaphragm 
Actuator 

------PLAY SAFE! USE ONLY GENUINE LESLIE REPLACEMENT PARTS.-------
10/0• 5 • 1 - Page 3 

771 I • 

--

--

--



------ --- . --- - -----•- --·- ·•-· ---
e -~ _i_n_s_t_r1.1_'~_-t_io_n_s_f_o_r _________ _ 

e CONTROL VALVES 

--

--

REASSEMBLY 
Reassemble spring adiustor (40), washer (33), 

actuator spring (36), top spring seat (30) to actu

ator stem (35) (If they have been removed). Re

place assembled parts in yoke (34). Place stem 

seal collar (31) on actuator stem (35). Reassemble 

spacer (33) to yoke in 135R. Position stem seal 

(29) on stem seal collar (22). In sizes 55R, 85R 

and 135R place bead of stem seal in recess of 

stem seal collar. 

In 35R and 135R actuators reassemble lower dia

phragm base (21) to yoke (34). Assemble nuts 

(24) to spacer studs (32) in 135R. Tighten. In 

35 R insert cap screws (23) through holes in lower 

diaphragm case and diaphragm and into threads in 

yoke. Tighten after presetting stem seal as 

discribed below. 

In 5 5 R and 85 R actuators replace sealing ring 

(27) and screws (28). Tighten. 

Pre-setting Stem Seal - (55R, 85R, & 135R) 

Place collar (22) on stem seal (29) making sure 

that bead on stem seal enters recess in collar. 

Reassemble diaphragm (Xl) over actuator stem 

(35). Fit center hole in diaphragm around raised 

face of collar (22). Replace diaphragm plate ( 17). 

and self- locking nut (16). Hold actuator stem 

steady with rod through yoke and stem (55R, 85R, 

l35R) or with wrench on flats on actuator stem 

(35 R) then tighten self-locking nut. Replace upper 

diaphragm case (15) and bolts/ nuts. Tighten as 

described previously. See Instruction Sheet 

10/0.5.8 - for precautions to observe when re

placing seals. 

Pre-setting Stem Seal - (J5R) 

Place collar (22) on stem seal (29), assemble self

locking nut ( 16) to actuator stem (35) and tighten 

down against parts. Then press actuator stem 

downward to make stem seal move to taut position. 

Tighten caps crews and remove self-locking nut ( 16). 

ALL ACTUATORS 

Set preload on actuator spring, reassemble actu

ator to valve body assembly, if it has been re-

moved, adjust valve for rated travel and reconnect 

operatinc;i medium tubino. 

SOME IMPORTANT MOTES 

FLAT SHEET RUBBER MATERIAL 

Flat sheet rubber material may be used in SS(R), 

85(R) and 135(R) actuators as emergency replacement 

material but for guaranteed results it s'hould be re

placed at the earliest opportunity with the LESLIE 

ROLLING ACTION DIAPHRAGM d;signed specifi

cally for these actuators. When flat material is used 

in emergency preform as described below. 

PREFORMING 35(R) ACTUATOR DIAPHRAGMS 

Flat stock material is used for diaphragms in 35(R) 

actuators. When assembling first fingertighten all 

diaphragm case bolts. Then compress actuator spring 

sufficient! y to move diaphragm through full travel to 

the upper or lower diaphragm case (depending_ on 

whether actuator is direct or reverse acting). This 

preforms diaphragm +md permits full movement through 

rated travel without resistance from a taut diaphragm. 

TO CHANGE VALVE ACTION FROM NORMALLY 

OPEN TO NORMALLY CLOSED OR VICE-VERSA. 

To reverse the action of a single ported diaphragm 

control valve it is only necessary to replace the 

actuator in use with one having the opposite action. 

A single "D" in the control valve class indicates 

actuator is "DIRECT ACTING" - Air moves dia

phragm downward. A double D ( "DD") indicates 

actuator is "REVERSE ACTING" - Air moves dia

phragm upward. Note: Final valve action in response 

to air signal on diaphragm depends on whether valve 

plug is positioned above or below the seat ring. 

PROCEDURE 
To change actuator, loosen valve plug stem locknut 

under travel indicator and tum valve plug stem ,.all 

the way out of the actuator stem. Remove capscrews 

securing actuator to bonnet. Replace actuator with 

one having desired action. Re-insert and tighten cap

screws. Reconnect valve plug stem to actuator stem. 

Adjust actuator spring pre load and set valve for rated 

travel. For more detailed instruction consult general 

instruction pertaining to the particular type of control 

valve. 

1.2.23-533 
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4156 & 4166 Series 

Instruction Manual 

4156 and 4166 Series Wizartfl> 11 Temperature Controlfers 
Form 5115, October 1978 

INTRODUCTION 

Scope of Manual 

This instruction manual provides installation, operating, 

maintenance, and parts information for the 4156 and 4166 

Series Wizard'• 11 temperature controllers. Refer to separate 

instruction manuals for information regarding the control 

valve, actuator, and accessories. 

Description 
The 41 56 and 4166 Series instruments are pneumatic 

temperature controllers that use a temperature bulb 

immersed in the process fluid to increase or decrease 

pressure in a Bourdon tube as the temperature of the 

process fluid increases or decreases. The controller output 

is a pneumatic signal that operates a final control element 

to reduce deviation between the process temperature and 

an operator-adjusted set point. 

Specifications 

Specifications for the 4156 and 4166 Series are listed in 

table 1. 

INSTALLATION 

Controller Mounting 

The controllers are normally mounted with the case cover 

vertical as shown in figure 1. If the controller is to be 

installed in any other position. be sure that the opening in 

• 

Figure 1. Controller Yoke-mounted on Actuator 

of Control Valve 

the vent (key 15, figure 12) is facing downward. For panel 

mounting. cut a hole in the panel surface using the 

dimensions shown in figure 2. Remove cap screws (key 

252, figure 2). brackets (key 251, figure 2), and vent (key 15. 

figure 12). Slide the controller into the cutout and re-attach 

the brackets. Tighten the cap screw located in the center of 

each bracket to draw the case snugly and evenly around the 

panel. Re-install the vent unless the vent connection 1s to 

be piped away. 

For wall mounting. drill four holes in the wall using the 

dimensions shown in figure 2. Mounting holes in the 

bracket are 1 1 /32-inch (8. 7 mm) diameter holes. Back out 

the cap screw located in the center of each bracket. If the 

capillary tube is to run through the wall, drill a hole in the 

wall large enough to accept the temperature bulb (see 

figure 3 for bulb dimensions). See figure 2 for the location of 

the capillary tube connection in the back of the case. 

1.2.23-537 
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4156 & 4166 Series 

AVAILABLE 
CONFIGURATIONS 

INPUT SIGNAL 

OUTPUT SIGNAL 

SUPPLY PRESSURE 
REQUIREMENT 

OPERATIVE SUPPLY 
PRESSURE LIMIT 

ALLOWABLE SUPPLY 
OVERPRESSURE 

STEADY-STATE AIR 
CONSUMPTION 

MAXIMUM ALLOWABLE 
PRESSURE IN CLOSED 
VESSEL (FOR TEMP· 
ERATURE BULB) 

PROPORTIONAL BAND* 
FOR PROPORTIONAL OR 
PROPORTIONAL· PLUS· 
RESET CONTROLLERS 

Table 1. Specifications 

See table 2 

Type: Temperature between 0°F 

(-18°C) and 1000°F (538°C). See 

table 4 for available ranges 

Minimum Span*: 1 00F 0 (56C0
) 

Maximum Span*: 1 0O0F 0 (538C0
) 

RECOMMENDED 
Proportional or Proportional-Plus- DIFFERENTIAL GAP 
Reset Ranges: • 3 to 15 psig (0.2 FOR ON-OFF 
to 1 bar) or • 6 to 30 psig (0.4 to 2 CONTROLLERS 
bar) 
On-Off Ranges: • 0 (off) and 20 TEMPERATURE 
(on) psig (0 and 1 .4 bar) or • o (off) SETTING ACTION 
and 35 (on) psig (0 and 2.4 bar) 

Action: Field reversible between • 
Direct (increasing sensed temper-

ature increases output pressure) or 

• Reverse (increasing sensed PERFORMANCE 
temperature decreases output 

pressure)-(an R is suffixed to the 

type number of a construction 

specified for reverse action) 

See table 3 

See table 3 

See table 3 

See table 3 

3/8-inch (9.7 mm) Temperature 

Bulb: 1000 psi (69 bar) 

9/1 6-inch (14.3 mm) Temperature 

Bulb: 500 psig (34.5 bar) 

RESET ADJUSTMENT 
(4166 SERIES ONLY) 

AMBIENT OPERATIVE 
TEMPERATURES 

AMBIENT 
TEMPERATURE 
OPERATING 
INFLUENCE 

Proportional- • 3 to 100% [3 to 

15 psig (0.2 to 1 bar)] or • 6 to 

100% [6 to 30 psig (0.4 to 2 bar)) 

Proportional-Plus-Reset- • 6 to 

20096 [3 to 1 5 psig (0.2 to 1 bar)] or 

• 12 to 20096 [6 to 30 psig (0.4 to 2 

bar)) 

Full output pressure change adjust

able over 15 to 100% of sensing 

element temperature range 

Continuously adjustable to position 

proportional band or differential 

gap of less than 1 00% anywhere 

within sensing element tempera

ture range 

Repeatability*: 0.5% of sensing 

element temperature range 

Dead Band• (Except On-Off 
Controllerst): 0.1% of proportional 

band or span 
Time Constant of Temperature 
Bulb: 9 to 18 seconds (bare bulb in 

agitated liquid) 
Resonant Frequency: Unaffected 

at usual motor and turbine speeds 

Reset* is continuously adjustable 

from 0.01 to over 74 minutes per 

repeat (from 100 to under 0.01 35 

repeats per minute) 

Standard Construction: -40 to 

160°F (-40 to 71 °C) 

High-Temperature Construction: 
0°F to 250°F (-18 to 121°C) 

Controlled pressure varies only 

±1.5% of sensing element rating 

for each 50F0 (28C 0
) change in 

ambient temperature 
Full output pressure change adjust

able over per cent of sensing 

element temperature range as 

follows: APPROXIMATE WEIGHT 18 pounds (8.1 kg) 

"These 1f"rms Are ciel1neci in ISA Standarrl S51 1-1976 

t A<11ustahlf' d1fferent111I gap ol on-oH controllers Is eQu1valenI to an ad1ustable dead band. 

Table 2. Available Configurations and Type Numbers 

CONTROL MODE TYPE NUMBER 

Propon,ona I• Plus-Reset Standard 4166 

Control With anti-reset windup 4166F 

Propon,onal Only Available with or without 
4156 

Control remote set point 

On-Off Control 4156S 

2 

Provide four suitable bolts or screws to attach the bracket to 

the wall. Mount the controller to the bracket using four cap 

screws (key 252, figure 2). 

For pipestand mounting, attach spacer spools and 

mounting plate (keys 228 and 213, figure 2) to the 

controller with cap screws, lock washers, and nuts (keys 

1.2.23-638. 
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Errata Sheet 
for 

4156 & 4166 Series 

March 1979 

4156 and 4166 Series Wizard II Temperature 

Controllers 
Instruction Manual 

Form 5115 October 1978 

J 

This errata sheet adds to the instruction manual information on a washer that is 
a new part of the reset restriction valve and is shown as key 258 on figure 1 of 
this errata. If this washer is not used, damage to the reset restriction valve 
m;iy r<.:•sul t. 

1. Page 15 -- Change step 5 to read: Remove the washer (key 258), the scratch 
valve (key 253), plate (key 252), and 0-rings (key 171). 

2. Page 16 -- Change step 2 to read: Replace the plate and scratch valve (key 
253) and washer (key 258) in the body (key 251). 

'3. Page 21 -- Add trie following information to the Reset Restriction Valve 
Assemhly parts list: 

258 Washer 16Al 77 5 X012 

Figure 1. Reset Restriction Valve Assembly 

(!•m'!] , WORLOW/OE MANUFACTURING, SALES SERVICE, 

Fisher Controls Company 

1.2.23-539 



I 4156 & 4166 Series 

Table 3. Supply Pressure Data 

OUTPUT SIGNAL RANGE 
NORMAL OPERATING OPERATIVE SUPPLY ALLOWABLE SUPPLY STEADY-STATE AIR CONSUMPTION 

SUPPLY PRESSURE1 PRESSURE LIMIT2 OVER·PRESSURE2 ·3 SCFH OF AIR 8 

Psig Bar Peig Bar Peig 

3 to 15 or 0.2 to 1.0 or 
20 14 45 

0 & 20 (On-Off) 0 & 14 (On·Off) 

6 to 30 or 0.4 to 2.0 or 
35 2.4 45 

0 & 35 (On-Off) 0 & 24 (On-Off) 

1 II th,~ p•PSSurf' ,!'. e._ceefterl cnmrol stah1l1ty m;i~ Ile ,mp,11re<1 

2 If 1h•s p•P!>SuH:' ,s e._ceedPd con1roller output may ,ncrease to a pressure equal 10 supply presslJre 

3 

c1nrl rPm;i,,, There u"t1I Supply pressure 1s rec1uced The high ou1pu1 1Hessure may overpressure 

equ1pmen: tw,ng ope'ateri bv the conrroller 

ti tt,,s :,rPssure ,s e~ceer1ed <iarnagP TO the con,roller may result 

7.12 
1111) 

1/4-18NPT TAPPING 
FOR REMOTE 
SET CONSTRUCTION 

i---f-4---12 38 
1901 
DIA 

IIBMT IIDE VIEW IHDWIII 
PIPESTAND IDUNTIN& 

FLUSH PANEL MOUNTING SURFACE MOUNTING 

LEFT SIDE VIEW 

Bar Paig Bar Min4 Max6 

3.1 100 7 4.2 27 

3.1 100 7 7 42 

4 At propornonal bef'lc1 setting of O or 10 

5 
6 

At proport,ona! banc1 semng of 5 
At 60~F, 14 7 ps1a. Multiply by O 0268 10 convert to normal cubic me1ers per hour (0°C 1.01325 

bar at>solute) 

BACK VIEW 

2.72 
1111 

DETAIL OF 
RESET RELIEF VALVE 

-,--H-,.-----;-~_: · i I 
0 ot 

l,12 ,.oo 

1l_j2111 0 o.&s • J~r 
11•1 

~-----_,, 
• HOLES 
FOR WALL 
MOUNTING 

DIMENSIONS FOR 
PANEL MOUNTING 

INCH 
(mm) 

Figure 2. Panel, Wall, and Pipestand Mounting 

Table 4. Available Temperature Ranges 
of Thermal Element• Assembly 

RANGE 

OF oc OF oc 
0 to 100 -18 to 38 200 to 400 93 to 204 
50 to150 10 to 66 0 to 300 -18 to 149 
100 to 200 38 to 93 0 to 400 -18 to 204 

0 to 200 -18 to 93 0 to 600 -18 to 316 
50 to 200 10 to 93 0 to 800 -18 to 427 
50 to 250 10 to 121 0 to 1000 -18 to 538 
100 to 300 38 to 149 

•c1ass Ill B per SAMA Standard RC 6•10-1963 

21 5, 22 l, and 216, figure 2). Attach the controller to a 2-

inch (nominal) pipe with pipe clamps (key 250, figure 2). 

Controllers specified for mounting on a control valve 

actuator will be mounted at the factory. If the controller is 

ordered separately for installation on a control valve 

actuator, mount the unit per the following instructions. 

Mounting parts for various actuator types and sizes vary. 

Two typical actuator-mounted installations are shown in 

figure 4; see the "Parts List" section for parts required for 

the specific actuator type and size involved. Attach spacer 

spools and mounting plate (keys 228 and 213, figure 4) to 

the controller with cap screws, lock washers, and nuts (keys 

215, 221, and 216; figure 4). Attach the mounting bracket 

to the actuator yoke with cap screws (key 222, figure 4) and, 

if needed, spacer spools. On some designs, the mounting 

bracket is to be attached to the actuator diaphragm casing 

rather than the yoke. 

1.2.23-540 3 
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4156 & 4166 Series 

SAMA 
STYLE 

Ad1ustable Un,on 

Fixed Union 

Plain Un,on 

228· 

222 

221 

213• 

TEMPERATURE RANGES 
DIMENSION 

•F 

0 to 1 00 through 200 to 400 
0 to 400 through 0 to 1000 

0 to 100 through 200 to 400 
0 to 400 through 0 to 1000 

0 10 100 through 200 to 400 
0 to 400 through 0 to 1000 

AS 

/--SPECIFIED<:-BfM4 
Y0,25ARMOR 

~ »,(6.41 

•c 

-1 8 to 38 through 93 to 204 
-1 8 to 204 through -1 8 to 538 

-18 to 38 through 93 to 204 
-1 8 to 204 through -1 8 to 538 

-1 8 to 38 through 93 to 204 
-1 8 to 204 through -1 8 to 538 

\ 
\ 

A or J 

In. mm In. 

17.50 445 5.70 
23.00 584 7.00 

7.90 200 5.70 
11.25 286 7.00 

23.25 590 5.70 
30.00 762 7 00 

• 0.2& ARMOR 
41 

. 

\ %~': 
\> 

\ '\-., 
\ \ 

·\\ \\ ,;,/ 
/ 

\\\";. / 
, V 

/ 
ADJUSTABLE UNION <I] 

FIXED UNION (TI 

NOTES 

[!) AVAILABLE IN tS•fOOl (1 5 METER). 10-FOOT (J METER). AND 

15-FOOT (4.5 METER) LENGTHS MINIMUM BENDING RADIUS IS 

1 !NCH (25 mm) 

0 USED WITH EITHER A BUSHING OR THERP.40WELL CONNEC· 

TION PARTS PER SAMA RC&-10-1963 

Figure 3. Temperature Bulb Dimensions 

TYPf 67f" 
Fil TEA-REGULATOR 

216 

-.223 

·238 

221 

•,240 

PLAIN UNION 

INCH 
(mm) 

TYPE 1051 ACTUATOR TYPE 657 ACTUATOR 

Figure 4. Actuator Mounting 

.'.1.2.23-541 

X 

mm 

145 
178 

145 
178 

145 
178 

y 

In. mm 

0.38 10 
0.56 14 

0.38 10 
0.56 14 

0.38 10 
0.56 14 



NOTES 

17" 
I 

l 
C 

1 
A 3/4•1• NPT 

m 1 ·1/1 INCH HEX FOR 3/11-INCH TEMPERATURE BULB: 

f:lt4 INCH HEX FOA 9/11-INCH TIMPUIATURE IUL8 

4156 & 4166 Series 

TEMPERATURE DIMENSION 

BULB DIA 
A" 

B C 

In. mm In. mm In. mm 

3/8 10 1/2-14 N PSM 0.44 11 0.44 11 

9/16 14 1-20 UNE F 0.75 19 063 16 

•sea1 arH per SAMA S1and1rd RC 17-10-1963 
___________ __. 

11111111 WITIIUT LAI 

TEMPERATURE 
DIMENSION 

BULB DIA B C D E 

A" 
In. mm In mm In. mm In. mm In. 

3/8 10 1/2-14 NPSM 0. 44 11 0.47 12 4.44 113 0.44 

9/16 14 1-20 UNEF 0. 75 19 066 17 4.75 121 0.63 

·s .. , (UH per SAMA RC-17-10-1963 

IUIHIIII WITH l·IICH 171 ••I LAIIIH 

mm 

11 

16 

INCH 
(mm) 

Figure 5. Bushing Dimensions 

Dimension 

Temperature u 
Bulb 

Diameter 
B (Insertion 

A C Length) 

In. mm In. mm In. mm 

1/2-14 NPT 0.63 16 
7.6 191 

3/8 10 
3/4-14 NPT 0.71 20 

1/2-14 NPSM-28" 10.5 267 
16 406 

7.5t 191t 

9/16 14 3/4-14 NPT 0.88 22 1 -20 UNEF-28° 
10.6 267 
16 406 
24 669 

•seat area per SAMA Standard RC 17-10-1963 

t Lagged only 

1.715 

~----<TI ---1.. . u G-----... 

. I : ~~: 

-~ ~c:::-:-'-:::Bt· 
-c~ 

THEIIOWELLI WITHOUT LAI 

THUIDWELLI WITH 3-IICH 171 ••l LAIIIH 

NOTES 

Q) TOLERANCES FOR THII DIMENSION ARE AS FOLLOWS 

%0.01 IN, (1,1 mm) WHEN LENGTH IS 12 IN. (301 mm) OR LESS 

:t0.125 IN, 13.2 mm) WHEN LENGTH IS GREATER THAN 12 IN. 130I mm) 

_,,.,. (!) 1 ·1/1 INCH HEX FOR 3/l·INCH TEMPERATURE BULB; 

:;;.,-• 1·1/4 INCH HEX FOR ll11•1NCH TEMPERATURE BUIJ 

Figure 6. Thermowe/1 Dimensions 

INCH 
(mm) 

Piping 

All pressure connections on 41 56 and 4166 Series 

instruments are 1 /4-inch 18 NPT female. Use 1 /4-inch or 

3/8-inch pipe or tubing for supply, output, and remote set 

point piping. Use 1 /2-inch pipe for the remote vent pipe, if 

one is required. Locations of pressure connections are 

shown in figure 2. 

Process Temperature 

Process temperature is sensed by a temperature bulb 

immersed in the process fluid. When the temperature bulb 

is to be used within a closed vessel, bushings are available 

to fit the bulb to the vessel. The bushing (dimensions are 

shown in figure 5) penetrates the vessel and the tempera

ture bulb screws into the bushing. Or. if the process 

pressure exceeds the limitations of the temperature bulb, or 

if the process fluid is corrosive. a thermowell (dimensions 

are shown in figure 6) penetrates the vessel and the 

temperature bulb screws into the thermowell. Table 5 lists 

process pressure ratings for thermowells. Table 6 lists 

velocity ratings for thermowells for process fluid velocities 

such as encountered if the thermowell is mounted in a pipe. 

With the controller case mounted so that the temperature 

bulb will reach the process, screw the temperature bulb into 

the bushing or thermowell. 

1,il.23-542 
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Table 5. Maximum Process Pressures for Thermowe/1s 

BULB 
TEMPERATURE °F ("C) 

THERMOWELL SIZE MATERIAL 70 (21) 200 (93) 400 (204) eoo (316) 800 (427) 1000 (538) 

SIZE 
In. mm Psig Bar Psig Bar Psig Bar Psig Bar Psig Bar Psig Bar 

Brass 2810 193.9 2530 174.6 440 30.4 ''' 

Carbon Steel 3160 218.0 3040 209.8 2900 200.1 2770 191.1 2110 145.6 

1 /2 NPT 0.38 9.7 304 SST 4120 284.3 3740 258.1 3400 234.6 3280 226.3 3180 219.4 2750 189.8 

316SST 4120 284 3 4120 284.3 3850 265.7 3760 259.4 3680 253 9 3080 212.5 

Monel 3820 263 6 3530 243.6 3250 224.3 3210 221.5 3130 215.9 

Brass 5000 345 0 4200 289.8 1000 69.0 

Carbon Steel 5200 358 8 5000 345.0 4800 331.2 4600 31 7.4 3500 241.5 

3/4 NPT 038 9.7 304 SST 7000 483.0 6200 427.8 5600 386.4 5400 372.6 5200 358 8 4500 310.5 

316 SST 7000 483.0 7000 483.0 6400 441.6 6200 427.8 6100 441 .6 5100 351.9 

Mone I 6500 448 5 6000 414.0 5400 372.6 5300 365.7 5200 358.8 

Carbon Steel 2310 159.4 2030 140.1 1900 131.1 1820 125.6 1430 98.7 

3/4 NPT 0.56 14.3 
304 SST 3470 2394 3080 212.5 2520 173,9 2430 167,7 1850 127.7 1630 112.5 

316SST 3470 239.4 3470 239.4 3240 223.6 3150 217.4 3100 213.9 2600 179.4 

Mone I 3070 211.8 2510 173.2 2460 169.7 2410 166 3 2150 148.4 

Table 6. Maximum Process Fluid Velocities• for Thermowel/s 

TEMPERATURE 
THERMOWELL 

SIZE 
BULB SIZE MATERIAL 

In. mm 

Brass 

1 /2 NPT 0.38 9.2 
Carbon Steel 
304 SST /31 6 SST 

Mone I 

Brass 

3/4 NPT 0.38 9.2 
Carbon Steel 
304 SST/316 SST 
Monel 

Carbon Steel 

3/4 NPT 0.56 14.3 304 SST/316 SST 
Mone I 

• For Qil'> a,, or s:earci Value!>,,..,.,~ OP low Pr for l1riu,cis 

t "h,5 ,s 1ne u ci1mens,on ,r, 1,gu,p 6 

WARNING; 

Thermowell must be able to withstand the 

effects of process velocity, and pressure (see 

tables 5 and 6). Failure to the thermowe/1 may 

result in personal inJury or equipment damage 

due to escaping process fluid. 

If the temperature bulb is to be installed in pipe, process 

velocity is an important consideration. Install the bulb 

where the process temperature is to be measured, keeping 

in mind the velocity limitations as described in table 6. 

Tapered thermowells, built to withstand even greater 

process velocities are also available. 

Vent 

6 

WARNING 

If a hazardous gas is being used as the supply 

pressure medium, provide adequate ventilation 

INSERTION LENGTHt IN. (mm) 

7.5 (191) 10.5 (267) 16 (406) 24 (610) 

Ft/s 

38 
48 
50 
48 

54 
69 
72 
68 

97 
100 

95 

m/s Ft/s m/s Ft/s m/s Ft/s m/s 

11.6 19 5.8 8 24 

14.6 25 7.6 11 3.4 

15 2 26 7.9 11 3 4 

14.6 24 7 3 11 3.4 

16.5 27 8.2 12 3.7 

21.0 35 10.7 15 4.6 

21.9 37 11.3 16 49 

20.7 35 10.7 15 46 

29 6 49 14.9 21 6.4 10 3.0 

30 5 51 15 5 22 6 7 10 3.0 

28 9 49 14.9 21 64 9 2.7 

to prevent a hazardous accumulation of the gas. 

Remove vent (key 15, figure 1'2) and install a 

vent pipe to a remote location where the vented 

gas can be safely exhausted. 

The vent (key 15, figure 12) or the end of a remote vent pipe 

must be protected against the entrance of all foreign matter 

that could plug the vent. Check the vent periodically to be 

certain ,t has not become plugged. 

Remote Set Point 

If the controller is equipped with remote set point 

adJustment capab11lty, connect the remote set point panel 

loader or regulator to the connection on the same side of 

the controller as the cover latch (see figure 2 for location). 

The panel loader or regulator used for remote set point 

adjustment must have an adjustable output of 3 to 1 5 psig 

(0.2 to 1 .0 bar) for a controller output signal range of 3 to 1 5 

psig (0.2 to 1.0 bar) and 6 to 30 psig (0.4 to 2.0 bar) for a 

controller output signal range of 6 to 30 psig (0.4 to 2 .0 bar). 

1.2.23-643 
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Supply Pressure 
Supply pressure must be clean, dry air or non-corrosive gas. 

Use a suitable supply pressure regulator to reduce the 

supply pressure source to 20 psig (1 .4 bar) for an output 

signal range of 3 to 1 5 psig (0.2 to 1 .0 bar) and to 35 psig 

(2.4 bar) for an output signal range of 6 to 30 psig (0.4 to 2.0 

bar). 

WARNING 

If the normal operating supply pressure (see 
table 3) is exceeded, control and stability may 

be impaired. If the operative supply pressure is 

exceeded, controller output may increase to a 

pressure equal to supply pressure; the 
increased output pressure will remain equal to 

supply pressure until supply pressure is 

reduced. The high output pressure may over

pressure equipment being operated by the 

controller. 

If the allowable supply overpressure is ex
ceeded. damage to the controller may result. 

Overpressuring any of the system components 

could cause personal injury, equipment 

damage. and fire or explosion hazard due to 

venting of hazardous supply pressure medium. 

To avoid such injury or damage, provide 

suitable overpressure protection devices to 

protect all system components from 

overpressure. 

CALIBRATION 

Initial Steps 
Before calibrating, complete these three initial steps; then, 

continue with the calibration steps given below for the 

specific type of instrument. 

1. Connect supply pressure source to the supply pressure 

regulator and be sure that the regulator is delivering the 

proper supply pressure to the controller. 

2. Connect the output connection to a suitable pressure 

gauge. 

3. Provide a means of varying the temperature surrounding 

the temperature bulb, through the range of the bulb to 

simulate the process temperature. Or. if the process 

temperature can be varied through all or part of the bulb 

range (or through the two desired switching points for on-

4156 & 4166 Series 

off controllers). monitor the process temperature and use it 

for calibration. 

Proportional Controllers
Local Set Point 

1. After completing t11e initial steps above. rotate the 

proportional band knob to 1 .5 (15 percent proportional 

band). 

2. Rotate the temperature setting knob to the lower limit. 

3. With the temperature bulb at the low temperature of its 

range. loosen set screw (key 58, figure 16) and carefully 

rotate nozzle (key 59, figure 16) until controller output is 

between 8 and 10 psig (0.5 and 0.7 bar) for a 3 to 15 psig 

(0.2 to 1 .0 bar) output signal range. and between 16 and 20 

psig ( 1 .0 and 1 .4 bar) for a 6 to 30 psig (0.4 to 2.0 bar) 

output signal range. Carefully tighten set screw. 

4. Bring the temperature bulb to the upper limit of its 

range. Rotate the temperature setting dial to maximum. 

Controller output should now be the same value as noted in 

step 3. 

Note 

If it is not possible to provide a temperature 

equal to the upper range limit of the temp

erature bulb use any temperature that is avail

able within the range. Then, rotate the temp
erature setting knob to the setting that 

corresponds to the temperature of the temp

erature bulb. Controller output pressure should 

now be the same value as noted in step 3. 

If the output signal pressure is not within the limits noted in 

step 3, loosen two screws (key 70, figure 16) and carefully 

move the calibration adjuster (key 55, figure 16) to the right 

to decrease output pressure for direct-acting controllers 

(increase for reverse-acting) or to the left to increase output 

pressure for direct-acting controllers (decrease for reverse

acting). Tighten the screws. Then, repeat steps 3 and 4. 

5. Proceed to the "Startup" section. 

Proportional Controllers
Remote Set Point 

1. After completing the initial steps above, connect an 

adjustable pressure source to the remote set point 

connection on the controller (see figure 2). The source must 

be adjustable from 3 to 1 5 psig (0.2 to 1 .0 bar) for a 3 to 15 

psig (0.2 to 1 .0 bar) output signal range, and from 6 to 30 

(0.4 to 2.0 bar) for a 6 to 30 psig (0.4 to 2.0 bar) output 

signal range. 

1.2.23-644 
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4156 & 4166 Series 

2. Rotate the propon,onal band knob to 1.5 (15 percent 

proportional band). 

3. Rotate the temperature setting knob to maximum for 

direct-acting controllers and to minimum for reverse-acting 

controllers. Adjust the remote set point signal pressure as 

follows. 

3 to 15 psig (0.2 to 1.0 bar) output signal: 15 psig (1.0 bar) 

for direct-acting controllers and 3 psig (0.2 bar) for reverse

acting controllers. 

6 to 30 psig (0.4 to 2.0 bar) output signal: 30 psig (2.0 bar) 

for direct-acting controllers and 6 psig (0.4 bar) for reverse

acting controllers. 

4. With the temperature bulb at the low temperature of its 

range, loosen set screw (key 58, figure 16) and carefully 

rotate nozzle (key 59, figure 16) until controller output is 

between 8 and 10 psig (0.5 and 0. 7 bar) for a 3 to 1 5 psig 

(0.2 to 1 .0 bar) output signal range and between 1 5 and 20 

psig (1.0 and 1.4 bar) for a 6 to 30 psig (0.4 to 2.0 bar) 

output signal range. Tighten set screw. 

5. Bring the temperature bulb to the upper limit of its 

range. Change the remote set point pressure to the 

opposite end of the 3 to 15 psig (0.2 to 1.0 bar) or 6 to 30 

psig (0.4 to 2.0 bar) range. Controller output should now be 

the same value as noted in step 4. 

Note 

If it 1s not possible to provide a temperature 

equal to the upper range limit of the temp

erature bulb, use any temperature that is 

available within the range. Then, adJust the 

remote set point pressure to the value that 

corresponds to the temperature applied to the 

temperature bulb (e.g., mid-range of the remote 

set point pressure range corresponds to mid

range of the temperature bulb range). Keep in 

mind that the remote set point pressure 

decreases the set point of direct-acting 

controllers and increases the set point of 

reverse-acting controllers. 

Controller output pressure should now be the 

same value as noted in step 4. 

If the output signal pressure is not within the limits noted in 

step 4. loosen two screws (key 70, figure 16) and carefully 

move the cal1brat1on adiustor (key 55, figure 16) to the right 

to decrease output pressure for direct-acting controllers 

(increase for reverse-acting), or to the left to increase output 

pressure for direct-acting controllers (decrease for reverse

acting). Tighten the screws. Then, repeat steps 4 and 5. 

6. Proceed to the "Startup" section. 

Proportional-Reset Controllers 

1. After completing the initial steps above. rotate the 

reset knob to 0.01 minutes per repeat. 

2. Rotate the proportional band knob to zero. 

3. Bring the temperature bulb to the low temperature of its 

range. 

4. Rotate the temperature setting knob until controller 

output pressure is between 8 and 10 psig (0.5 to 0.7 bar) for 

a 3 to 1 5 psig (0.2 to 1 .0 bar) output signal range and 

between 1 6 and 20 psig (1.0 and 1 .4 bar) for a 6 to 30 psig 

(0.4 to 2.0 bar) output signal. The temperature setting knob 

should be at or near the lowest temperature. 

5. If it is not possible to rotate the temperature setting 

knob to minimum without controller output pressure 

exceeding the limits stated ·in step 4, loosen set screw (key 

58, figure 16) and carefully rotate the nozzle (key 59, figure 

16) until controller output pressure is within the limits in 

step 4 while the pressure setting knob is at minimum. 

Carefully tighten the set screw. 

6. Bring the temperature bulb to the upper limit of its 

range. Rotate temperature setting knob until controller 

output pressure is within the limits noted in step 4. The 

temperature setting knob should be at or near the maximum 

setting. 

Note 

If it is not possible to provide a temperature 

equal to the upper range limit of the sensing 

element, use any temperature that is available 

within the temperature bulb range. Then, rotate 

the temperature setting knob u~til controller 

output pressure Is within the limits noted in 

step 4. The temperature setting knob should be 

at or near a setting equal to the process 

temperature. 

If it is not possible to rotate the temperature setting knob to 

a setting that equals the temperature of the temperature 

bulb without exceeding the limits noted in step 4, loosen 

two screws (key 70, figure 16) and carefully move the 

calibration adjuster {key 55, figure 16) to the right to 

decrease output pressure with direct-acting controllers 

(increase with reverse-acting) or to the left to increase 

output pressure with direct-acting controllers (decrease 

with reverse-acting). Tighten the screws. Then, repeat 

steps 3 through 6. 
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7. Rotate the proportional band knob to 10 (200 percent 

proportional band); then proceed to the "Startup" section. 

On-Off Controllers 
1. Convert the on-off controller to a proportional con

troller by disconnecting the proportional tubing (key 36, 

figure 16) from the bellows frame (key 49, figure 16) and re

installing the tubing into the other connection in the 

bellows frame (refer to figure 10 for assistance). Do not 

invert the reversing block. 

2. Calibrate the controller by following the "Initial Steps" 

and "Proportional Controllers-Local Set Point" portions of 

this section. 

3. Return the proportional tubing to the original location. 

4. Set the on-off controller switching points per the 

following section. 

Setting On-Off Controller 
Switching Points 
If difficulty is encountered in setting the switching points, 

calibrate by following the "On-Off Controllers" section 

before proceeding. 

1. After completing the "Initial Steps" portion of this 

section, refer to figure 7 to determine the proportional band 

dial setting required for the differential gap desired. 

As an example, assume that a O to 100°F (-18 to 38°C) 

temperature bulb is being used and the controller is to 

switch from zero to full supply pressure at a process 

temperature of 80°F (27 °C) with rising process temperature 

and from full supply pressure to zero at 20°F (-7°C) with 

falling process temperature. (This is a direct-acting con

troller.) The differential gap is: 

80°F- 20°F 
1000F X 100 = 60% 

( 270\~t70C) X 100 = 60%) 

From figure 7, the proportional band dial setting should be 

approximately 4.5; rotate the proportional band knob to 4.5. 

2. Move the temperature setting knob to the temperature 

at which controller output is to switch from zero to full 

supply pressure with rising process temperature for direct

acting controllers or with falling process temperature for 

reverse-acting controllers. In the above example, this 

temperature would be 80°F (27°C). If the example were for a 

reverse-acting controller, this switching temperature would 

be 20°F (-7°C). 
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3. Increase temperature at the temperature bulb while 

monitoring the output pressure gauge. Controller output 

pressure should switch from zero to full supply pressure as 

the upper switching point is reached with rising temp

erature for direct-acting controllers and as the lower 

switching point is reached with falling temperature for 

reverse-acting controllers. Loosen set screw (key 58, figure 

16) and carefully rotate the nozzle (key 59, figure 16) until 

the above conditions are met. Then carefully tighten set 

screw. 

4. Vary the process temperature to the lower switching 

point on direct-acting controllers or to the upper switching 

point on reverse-acting controllers. 

Controller output pressure should switch from full supply 

pressure back to zero as the lower switching point is 

reached with falling temperature for direct-acting controllers 

and as the upper switching point is reached with rising 

temperature for reverse-acting controllers. It may be 

necessary to rotate the proportional band knob to broaden 

or narrow the differential gap. Repeat steps 3 and 4 after 

changing the position of the proportional band knob. 

5. Proceed to the "Startup" section. 

OPERATING INFORMATION 

This section includes descriptions of adjustments, and 

instructions for starting the controller. 

Adjustments 

Set Point 
For proportional and proportional-reset controllers, the set 

point (temperature setting) is the temperature at which it is 
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desired to maintain the process. The temperature setting 

dial (key 139, figure 16) is graduated in temperature units. 

The graduations on the dial are approximate indications of 

the controller set point. When making adjustments, do not 

rely solely on the dial setting; monitor the process 

temperature to be sure the desired set point is attained. 

With proportional-reset controllers, the temperature 

setting dial will reflect the controller set point if the 

controller is accurately calibrated. 

For on-off controllers, the temperature setting adjustment 

determines the upper switching point for direct-acting 

controllers and the lower switching point for reverse-acting 

controllers. This is the process temperature at which 

controller output will switch from zero to full supply 

pressure with rising process temperature for direct-acting 

controllers and with falling process temperature for 

reverse-acting controllers. 

To adjust the set point on controllers without remote set 

point capability, open controller cover and locate the 

temperature setting assembly (see figure 16). Move the 

pointer clockwise to increase and counterclockwise to 

decrease the set point. 

Remote Set Point 
On controllers with remote set point adjustment capability, 

the set point 1s adjusted by varying the pressure to the 

remote set point connection (key 147, figure 14). 

Increasing the remote set point signal pressure will 

decrease controller set point for direct-acting controllers 

and wiil increase controller set point for reverse-acting 

controllers. 

Proportional Band 
For proportional and proportional-reset controllers, the 

proportional band adiustment determines the amount of 

change 1n the process temperature required to change the 

controller output signal from one limit of the output signal 

range to the other limit (without the effect of reset action). 

Proportional band is expressed as a percent of the temp

erature bulb range. That is, with a proportional band of 100 
percent, a process temperature change equal to the 

temperature bulb span would change controller output from 

one limit to the other. With a proportional band of 50 

percent, a process temperature change equal to half the 

temperature bulb range would change controller output 

from one limit to the other. 

For on-off controllers, the proportional band adjustment 

determines the width of the differential gap (the difference 

between the process temperature at which controller 

output will switch from zero to full supply pressure and from 

full supply pressure to zero). The relationship between the 

proportional band dial setting and the differential gap is 

shown in figure 7. 

On the proportional-only controllers, the proportional band 

dial is graduated from O to 10 with a setting of "1 O" 

representing 100 percent. On proportional-plus-reset 

controllers, the dial is graduated from O to 200 percent. 

To adjust the proportional band, open controller cover and 

locate the proportional band adjustment (see figure 12), 
Rotate the knob counterclockwise to broaden or clockwise 

to narrow the proportional band. 

Reset 
On proportional-reset controllers, the reset adjustment 

determines the time in minutes required for reset action to 

produce a change in output pressure equal to a change that 

has occurred due to proportional action. 

To adjust reset action, open the controller cover and locate 

the reset restriction valve (see figure 15), Rotate the knob 

clockwise to increase or counterclockwise to decrease the 

minutes per repeat. Increasing the minutes per repeat 

provides a slower reset action 

Anti-Reset Windup (Optional} 
The valve is located outside the controller case as shown 1n 

figure 1 3, and is set at the factory to relieve at a 5 psi (0.35 

bar differential) difference between reset bellows pressure 

and proportional bellows pressure. The valve can be 

adjusted to relieve from 2 to 7 psi (0.14 to 0.48 bar, 

differential). 

The relief valve can be reversed to relieve on either rising 

controller output pressure or falling controller output 

pressure. If the arrow on the relief valve points toward the 

bottom of the controller case as shown in figure 1 3, the 

valve will relieve on falling output pressure. If the arrow 

points in the opposite direction, the valve will relieve on 

rising output pressure. If desired, the valve can be removed 

and re-installed with the arrow pointing in the opposite 

direction to change the relief action. 

Pre-Startup 
Be sure that the controller has been calibrated as described 

in the "Calibration" section before performing the startup 

procedures. 

Startup 

Proportional Controllers 
This procedure applies to controllers with either local or 

remote set point except where indicated. 
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1. Be sure that the supply pressure regulator is delivering 
the proper supply pressure to the controller. 

2. For controllers with local set point, move the temp
erature setting knob to the desired set point. 

For controllers with remote set point: 

a. Rotate the temperature setting knob to the maximum 

setting for direct-acting controllers and to minimum for 

reverse-acting controllers. 

b. Connect an adjustable pressure source to the 
remote set point connection on the controller (see figure 2). 
The remote set point mechanism operates on a pressure 
range of 3 to 15 psig (0.2 to 1 .0 bar) for a 3 to 15 psig (0.2 to 
1 .0 bar) output signal range and 6 to 30 psig (0.4 to 2.0 bar) 
for a 6 to 30 psig (0.4 to 2.0 bar) signal range. 

c. Adjust the remote set point pressure to the value 

that is to produce the desired set point. For a set point equal 
to the mid-point of the temperature bulb range, the remote 

set point pressure must be equal to the mid-point of the 
remote set point signal range. If the remote set point 

mechanism was calibrated using a remote set point signal 
range of 3 to 1 5 psig (0.2 to 1 .0 bar), a remote set point 

pressure of 9 psig (0.6 bar) would produce a set point equal 
to the mid-point of the temperature bulb range. Keep in 
mind that the remote set point mechanism is reverse
acting. That is. increasing remote set point pressure 
decreases the set point of direct-acting controllers and 

increases the set point of reverse-acting controllers. 

3. Rotate the proportional band knob to 1.5 (15 percent 

proportional band). 

4. With the controller adjusted to the desired set point, 

broaden the proportional band, if necessary, until stable 
control is obtained. In general, the narrowest proportional 
band setting that does not produce cycling will provide the 

best control. 

Note 

Proportional band adjustment will affect the set 
point. After adjusting the proportional band, re
zero as follows. For units with local set point, 
loosen the set screw (key 58, figure 1 6) and 
carefully rotate the nozzle (key ·59, figure 16) 
until the steady-state process pressure equals 
the temperature setting knob reading. Then, 
carefully tighten the set screw. For units with 
remote set point, rotate the temperature setting 
knob until the steady-state process pressure 
corresponds to the remote set point pressure. 
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5. To ensure that the optimum proportional band setting 

has been obtained, create a load upset by momentarily 
changing the set point. If cycling reoccurs, broaden the 
proportional band until stability is attained. 

Proportional-Reset Controllers 
1. Be sure that the supply pressure regulator is delivering 

the proper supply pressure to the controller. 

2. Rotate the temperature setting knob to the desired set 

point. 

3. Rotate the proportional band dial knob to 200 percent 
proportional band. 

4. Rotate the reset dial until it is near the maximum 
setting (approximately 74 minutes per repeat). 

5. With the controller set near the desired control point, 

narrow ,the proportional band until a cycling condition 

exists. Then broaden the proportional band slightly until 

stable control is obtained. For controllers with reset, 
adjustment of the proportional band does not affect the set 
point if the controller is accurately calibrated. 

6. Rotate the reset knob to obtain the fastest reset time 
without introducing cycling control. 

7. To ensure that the optimum proportional band and 
reset rate settings have been obta·ined, create a load upset 
by momentarily changing the set point adjustment. If 

cycling reoccurs, broaden the proportional band slightly 
and repeat the load upset until stability is attained. 

In general, the narrowest proportional band and fastest 
reset rate settings that will not produce cycling will provide 
the best control. 

PRINCIPLE OF OPERATION 

Thermal Element Assembly 
All the Wizard II temperature controllers accept, as an 
input, the process temperature that is sensed by a temp
erature bulb immersed in the process fluid. The temperature 
bulb, a capillary tube, a Bourdon tube, and a temperature 
gauge calibrated for the appropriate temperature range, 
form a closed system referred to as the thermal element 

assembly. The capillary tube connects the temperature bulb 
to the Bourdon tube and the temperature gauge (both are 

inside the controller case). 
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The operation of gas-filled temperature bulbs is based on 
Charles· Law which says that if the volume of a given weight 
of gas is kept constant, the pressure of the gas will vary 
directly with the absolute temperature. Temperature bulbs 
used with the Wizard II controllers contain gas-filled 

• charcoal that emits gas as the process temperature 
increases and absorbs gas as the process cools. Thus an 
increased process temperature_ builds pressure within the 
Bourdon tube. and decreasing temperature diminishes it. 

Because the volume of the temperature bulb is much larger 
than the volume of the capillary tube, temperature errors 
caused by the ambient temperature of the capillary tube are 
negligible. 

Proportional-Only Controllers 
Supply pressure is connected to the pressure-balanced 
relay (with its double diaphragm assembly) and bleeds 
through the fixed or1f1ce before escaping through the 
nozzle. The nozzle pressure registers on the large relay 
diaphragm and the loading pressure (controller output 
pressure) registers on the small relay diaphragm (see 
figures 8 and 9). 

A pressure change within the Bourdon tube (reflecting a 
change in process temperature) changes its radius of arc 
slightly and moves the flapper (part of the beam) toward or 
away from the nozzle. An increased process temperature 
with direct action, or a decreased temperature with reverse 
action. restricts flow through the nozzle enough to increase 
the loading in the large diaphragm and open the inlet end of 
the relay valve. 

With the inlet end of the relay valve open, more supply 
pressure is directed toward increasing the loading pressure 
on the control device. A decreased process temperature 
with direct action, or increased temperature with reverse 
action increases the flow through the nozzle enough to 
bleed off pressure on the large relay diaphragm. The 
decreased pressure on the large diaphragm opens the 
exhaust portion of the relay valve and allows loading 
pressure to be bled away from the control device. 

Moving the set point control moves the bar holding the 
nozzle (notice how the bar rides on a cam that rotates with 
the control knob) and changes the proximity of the nozzle to 
the flapper. When the process temperature changed, the 
flapper moved with respect to the nozzle. Now, changing 
the set point moves the nozzle with·respect to the flapper. 
With a direct-acting controller, moving the set point control 
clockwise to increase the set point temperature moves the 
nozzle away from the flapper, and counterclockwise 
movement moves the nozzle nearer the flapper. 

Notice that a portion of the output pressure is fed back to 
the proportional bellows. If an increase in process 

12 

CONSTANT SUPPLY 
PRESSURE ---

INLET END OF RELAY VALVE 

EXHAUST END OF RELAY VALVE 

PIVOTING 
PRESSURE TO CROSS 

SET POINT 
CONTROL 

CONTROL ,_ I'- PRESSURE PROPORTIONAL SPRINGS 
DEVICE 'I ~ TO SENSED TEMPERATURE VENT, OR REMOTE 

Ii TEMPERATURE BULB PNEUMATIC , .. -~, cJ IMMERSED IN THE PROCESS LOADING PRESSURE • SENSED I\WILOADING [:':,:!NOZZLE f'.'.'."JPROPOATIONAL • RESET 
PRESSURE rl'!'fiPRESSURE ~PRESSURE t::;;:'SPRESSURE . . PRESSURE 

Figure 8. Operational Schematic of Direct-acting 
4156 Series Controller 

CONSTANT SUPPLY 
PRESSURE~ 

PRESSURE 
TO CONTROL 
DEVICE 

DIAPHRAGM 

PRESSURE PROPORTIONAL -- PROPORTIONAL VALVE r TO SENSED TEMPERATURE 

:"', ~ T.EMPERATURE BULB 
! V"""" IMMERSED IN Tt-ff PROCESS 

w • SENSED r?VY1LOAOING F.7NOZZLE • PROPORTIONAL f;7~ESET 
PRESSURE (OO)PRESSURE L;jPRESSURE PRESSURE LJPRESSURE 

Figure 9. Operational Schematic of Reverse-acting 4166 
Series Controller With Anti-Reset Windup 

temperature occurs, flow through nozzle is restricted and 
the loading pressure increases. Part of the loading pressure 
is fed to the bellows, backing the flapper away from the 
nozzle and decreasing the effect the change in temperature 
has on the system. 

More specifically, pressure on the proportional bellows 
equalizes the relay diaphragm pressure differential. The 
relay valve maintains a new loading pressure according to 
the change in sensed temperature. The amount of output 
pressure fed to the proportional bellows can be adjusted 
with the proportional band control and is part of the 
controller tuning procedure to provide optimum control. 
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Proportional-Reset Controllers 
The basic action of the proportional reset controllers (see 
figure 9) Is the same as described for the proportional-only 

controller, except that loading pressure is fed back to the 

reset bellows as well as to the proportional bellows as 

shown in the right of figure 9. As long as the process 
temperature is at set point, pressure in both bellows is 

equal. When a process change occurs, proportional action 

moves the flapper away from the nozzle to minimize the 

controller response to the change (as described in the 

"Proportional-Only Controller" section). This is because 

even though the feedback pressure is applied to both 

bellows, pressure to the reset bellows must first pass 

through a time delay-the reset valve. Once pressure 
reaches the reset bellows, it opposes the proportional 

pressure and moves the flapper back closer to the nozzle, 

starting another pressure buildup throughout the system. 

The buildup continues until the process temperature is 

returned to set point, and the pressures in the two bellows 

are once again equal. The reset control introduces variable 

time delay and is calibrated in minutes per repeat, which is 

the number of times the effect of proportional action is 

repeated per unit time by the reset action. Like proportional 

action, reset is adjusted during tuning as required by the 

particular process. 

Now that both proportional action and reset action are 

working together, how does the controller respond to a 

process temperature change? First, proportional action 

reduces the controller gain to avoid instability. Then, reset 

action takes over and gradually increases the gain to return 

the process temperature to the set point. 

Controllers With Anti-Reset Windup 

Proportional-reset controllers are available with an optional 

anti-reset windup valve (see figure 9). With this valve, 

proportional pressure registers rapidly on the spring side of 

the relief valve diaphragm as well as in the proportional 

bellows, and reset pressure registers on the opposite side 

of the relief valve diaphragm. As long as temperature 

changes are slow enough for normal proportional and reset 
action, the relief valve spring will keep the relief valve 

diaphragm from opening. However. a large or rapid increase 

in process temperature will causft thft relay to exhaust 

loading pressure from the control device rapidly, and also 
from the proportional system and spring side of the relief 

diaphragm. If this decrease on the spring side of this 

diaphragm is greater that the relief valve spring setting, the 

diaphragm will move off the relief valve orifice and permit 

the reset pressure on the opposite side of the relief valve 

diaphragm to bleed rapidly into the proportional system. 

The action can be reversed to relieve on decreasing 
pressure. 

4156 & 4166 Series 

On-Off Controllers 
With on-off controllers (the Type 4156S ), feedback 

pressure does not counteract the change in flapper position, 

as it does in proportional controllers., but rather reinforces 
the change. The feedback pressure is piped through the 

proportional valve to the bellows below the beam and 

flapper (as shown in figure 8 for direct action). As the 

loading pressure increases, the feedback moves the flapper 

even closer to the nozzle, rapidly increasing the loading 

pressure to the upper range limit. With falling loading 

pressure, the bellows pressure is reduced, moving the 

flapper away from the nozzle, rapidly decreasing the 

loading pressure to zero. The difference between the 

process temperature at which the controller output is zero 

and the temperature at which the output is maximum is the 

differential gap. The width of the gap is adjustable with the 
proportional control; the mid-point of the gap is adjustable 

with the set point control. 

MAINTENANCE 

If the installation includes a Type 67FR filter-regulator, 

periodically open the drain on the filter-regulator to drain 

accumulated moisture. Also, push the cleaner wire (key 89, 

figures 17 and 18) on the relay to clean the relay orifice. 

Check the opening of the vent (key 1 5, figure 12) or the 

opening of the remote vent pipe, if one is used. In either 

case, the vent must not become plugged. Clean if 
necessary. 

Instructions are given below for changing controller action, 

changing output signal range, replacing the thermal 

element, and relay and reset valve repair. If it is necessary to 

replace the controller sub-assembly, use the appropriate 

steps of the "Changing Output Signal Range" instructions. 

After performing any of the maintenance operations in this 

section, calibrate the controller per the "Calibration" 

section. 

WARNING 

The following maintenance procedures require 
taking the controller out of service. To avoid 

personal injury and damage to the process 

system, provide some temporary means of 

control to the process before taking the 

instrument out of service. 

Replacing the Thermal Element 
Unless noted otherwise, key numbers refer to figure 16. 
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Removal 

1. Shut off supply pressure to the controller and remove 

the temperature bulb from the process. 

2. Open the cover. Remove machine screws (key 73 and 

74, figure 16; key 31, figure 15). Remove machine screw 

(key 77) that holds link (key 42) in place; take care not to 

lose the bearing. 

3. Lift the Bourdon tube and process temperature gauge 

(these are part of the thermal element assembly) away from 

the case, withdrawing the capillary tube and temperature 

bulb through the opening in the rear of the case. 

Installation 
1. Install the thermal element assembly by feeding the 

temperature bulb and capillary tube through the opening at 

the rear of the case. Position the Bourdon tube and process 

temperature gauge and install and tighten machine screws 

(key 73 and 74, figure 16; key 31, figure 15). Install the 

connecting link (key 42) with machine screw (key 77). 

2. Proceed to the "Calibration" section. 

Changing Action 

Use the numbered steps below to change from direct action 

(increasing temperature produces increasing output 

pressure) to reverse action (increasing temperature 

produces decreasing output pressure) or vice versa. 

Changing action is accomplished by reversing the positions 

of the bellows tubing and nozzle. 

It is also possible to change from proportional-only action 

to on-off action or vice versa by changing the position of 

proportional tubing. Use the numbered steps below but do 

not change the position of the nozzle (omit step 6). 

1. Shut off supply pressure to the controller. 

2, Open cover and locate the two bellows (key 41, figure 

16) and reversing block assembly (key 56, figure 16). 

3. Refer to figure 10 and locate the appropriate view for 

the controller in question. Note the new tubing and 

reversing block positions for action desired. 

4. Disconnect the proportional tubing (key 36, figure 12) 

from bellows frame (key 49, figure 16). For proportional

reset controllers or controllers with remote set point 
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capability, also disconnect reset tubing (key 166, figure 15) 
or remote set tubing (key 152, figure 14) from the bellows 
frame. 

5. Re-connect the tubing to the opposite bellows frame 
connection from which the tubing was removed (refer to 
figure 10 to be sure the tubing is properly installed). 

6. Unscrew reversing block screw and sealing screw 
(keys 7 2 and 71, figure 16), invert the assembly, and re
install it so that the nozzle is on the opposite side of the 
beam (key 60, figure 16) from which it was removed (refer to 
figure 10 to be sure the reversing block is properly 
installed). Re-install sealing screw in the hole from which 
the reversing block screw was removed. 

7. Proceed to the "Calibration" section. 

Changing Output Signal Range 
Use the following steps to convert from a 3 to 1 5 psig (0.2 
to 1 .0 bar) to a 6 to 30 psig (0.4 to 2.0 bar) output signal 
range or vice versa. When changing output signal, also be 
sure to change supply pressure. Supply pressure should be 
20 psig (1.4 bar) for a 3 to 15 psig (0.2 to 1.0 bar) output 
signal range and 35 psig (2.4 bar) for a 6 to 30 psig (0.4 to 
2.0 bar) output signal range. 

Key numbers used in this procedure are shown in figure 16 
except where indicated. 

Note 

If the controller sub-assembly is to be replaced, 
perform steps 1 through 3 and 7, 8, and 10. 

1 . Shut off supply pressure to the controller and remove 
the temperature bulb from the process. 

2. Open the cover. Remove machine screws (key 73 and 
74, figure 16; key 31, figure 15). Remove machine screw 
(key 77) that holds link (key 42) in place; take care not to 
lose the bearing. Lift the Bourdon tube and process 
temperature gauge (these are part of the thermal element 
assembly) away from the case, withdrawing the capillary 
tube and temperature bulb through the opening in the rear 
of the case. 

3. Disconnect tubing from bellows frame (key 49) and 
calibration adjuster (key 55). Remove machine screws (key 
28, figure 12) and remove the sub-assembly from the case. 

4. Unscrew machine screws (key 50) from each end of the 
bellows frame (key 49). 

I 4156 & 4166 Series 

5. Compress the bellows so that the end of the bellows 
and beam can be removed from the end of the bellows 
frame and unscrewed from the stud that connects the 
bellows. 

6. With the stud that connects the two bellows in place in 
the spacer (key 52), screw the new bellows onto the stud. 
Install new gaskets (key 38) on each bellows. Compress the 
bellows and install the end of the bellows into the recesses 
in the bellows frame. With the beam parallel with the 
mounting plate (key 32), secure bellows frame with 
machine screws (key 50). 

7. Replace sub-assembly in the case and secure with 
machine screws (key 28, figure 12). Re-connect all tubing. 
Refer to figure 10 for proper tubing connections. 

8. Install the thermal element by feeding the temperature 
bulb and capillary tube through the opening at the rear of 
the case so that the bulb and tube protrude from the rear of 
the case. Position the Bourdon tube and process temp
erature gauge and install and tighten machine screws (key 
73 and 74, figure 16; key 31, figure 1 5). Install the 
connecting link (key 42) with machine screw (key 77). lfthe 
beam is not horizontal or the link in tension, adjust by 
bending the cross springs (key 53) slightly. 

9. Unscrew output gauge (key 13) and install new gauge 
with correct range. 

10. Proceed to "Calibration" section. 

Reset Restriction Valve Repair 
(Types 4166 or 4166F only) 
Unless otherwise noted, key numbers refer to figure 19. 

Remo,al and Disassembly 
1. Remove the three pieces of tubing (keys 36 and 165, 

figure 15) from the reset restriction valve. 

2. At the back of the case, remove the machine screw that 
is directly behind the reset valve. Lift the valve out of the 
case. 

3. Remove machine screw (key 255) from the valve and 
remove the knob (key 163). 

4. Gently pry up the fingers of the spring retainer (key 
254) that is held between the detent under one of the four 
lugs on the valve body (key 251) and rotate the retainer until 
it clears all four lugs. Then remove the retainer. 

5. Remove the scratch valve (key 253), plate (key 252) 
and 0-rings (key 171 ). 

1.2.,23-652 
15 
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4156 & 4166 Series 

6. Carefully clean the poli!ihed surfaces of the scratch 
valve and plate with a solvent. Inspect the 0-rings and 
replace if necessary. 

CAUTION 

When cleaning the scratch valve and plate, take 
care not to scratch the polished surfaces. 

Assembly and Installation 
1. Replace the 0-rings (key 1 71 ). 

I CAUTION I 
When replacing the plate (key 252) in the 
following step, ensure that the polished side 
faces up. 

2. Replace the plate and the scratch valve (key 253) in the 
body (key 251 ). 

3. Push the spring retainer (key 254) over the body and 
rotate until the retainer is secured on all four lugs. 

4. Replace the knob (key 163) and the machine screw 
(key 255). 

5. Place the reset valve inside the case and align the hole 
in the end of the valve body with the hole in the back of the 
case. Secure the body with the machine screw. 

6. Replace the tubing (keys 36 and 1 65, figure 15) to the 
reset valve. 

Relay Repair 

Relay Replacement 
Key numbers used in this procedure are shown in figure 1 2 
except where indicated. 

1. Shut off supply pressure line to the controller. 

2 Open the cover and disconnect tubing (key 35) from the 
relay. 

3. Unscrew the output gauge (key 13). 

4. To remove the relay assembly, unscrew two machine 
screws located behind the relay on the back of the case. 

5. Remove the relay gasket (key 7). 

CHAM 0.03 (0.8) X 45' 

0.08 
(1.6) 

0) THESE DIAMETERS MUST 8E CONCENTRIC 
WITHIN 0.001 INCHES (0.025 MILLIMETERS). 

Figure 11. Relay Alignment Tool 
(Part Number 15A3519 XO 12) 

1 
1.25 
(31.8) 

INCH 
(mm) 

6. The relay may now be disassembled for cleaning or 
parts replacement, or a new relay may be installed as a 
replacement. Refer to the instructions below for relay 
disassembly. If a new relay is being installed, continue with 
the next step. 

7. Attach the replacement relay and new relay gasket with 
machine screws inserted through the back of the case. Re
install the output gauge. Proceed to the "'Calibration" 
section. 

Relay Disassembly 

Although the alignment tool shown in figure 11 is not 
required for assembly of the relay, use of the tool will 
prevent excessive air consumption and dead band. If low air 
consumption and minimum dead band are required, make 
or purchase the alignment tool before disassembling the 
relay. Key numbers used in the following procedure are 
shown in figure 17 for standard relays and in figure 1 8 for 
high-temperature relays except where indicated. 

1. Remove relay from the controller or transmitter case by 
following steps 1 through 5 of the "Relay Replacement" 
section. 

2. Unscrew the orifice assembly (key 88). Remove the 0-
ring (key 90) from the orifice assembly. 

3. Unscrew and remove machine screws (key 96) and, for 
standard relays, the washers (key 98). 

4. Remove the casing assembly (key 85), diaphragm (key 
91 ), and, for high-temperature relays, the gasket (key 100). 

16 t.2.i3-553 



5. Remove spacer ring, diaphragm assembly, and relay 

spring (keys 84, 86, and 92). For high-temperature relays, 

also remove gasket (key 99). 

6. Unscrew machine screws (key 97) and remove spring 

plate, gasket, spring, and valve plug (keys 95, 94, 93 and 

87). 

7. Use the following steps to assemble the relay. 

Relay Assembly 
Key numbers used in this procedure are shown in figure 17 
for standard relays and in figure 18 for high-temperature 
relays. 

1. Inspect the diaphragms and gaskets; furnish new parts 
as needed. The diaphragm assembly (key 86) must be 
replaced as an assembly. Furnish a new valve plug (key 87) 

and springs (keys 92 and 93) if these parts are corroded. 
Inspect valve seats. One seat is located in the diaphragm 
assembly (key 86), and the other seat is located in the relay 

body (key 83). Replace diaphragm assembly or relay body if 

necessary. 

2. Clean all parts, including the primary restriction (key 
88), thoroughly. 

3. For high-temperature relays, install gasket (key 99) on 
the relay body (key 83). Be sure the hole in the gasket is in 
line with the flow passage in the relay body. 

4. Install spring (key 92) into the relay body. Install 
diaphragm assembly, spacer, and diaphgram (keys 86, 84, 
and 91) onto the relay body. For high-temperature relays, 
also install gasket (key 100). Be certain all flow passages 

line up with the flow passage in the relay body. 

5. Install the relay casing (key 85) such that the flow 

passage into the casing will be in line with the flow passage 

Key Description 

PARTS LIST 6 to 30 psig 
(0.4 to 2 bar) 

SST Bellows: 

4156 and 4166 Series 
3 to 15 psig 
(0.2 to 1 bar) 

Controllers 6 to 30 psig 
(0.4 to 2 bar) 

Key DHcription Part Number 
Caae. aluminum 

Proportional Band and Span AdJustment 4156, 4156S & 

10A9122 X032 4166 

4156 & 4166 Series 

through the diaphragms, spacer ring, and relay body and 

that the lugs on the casing, spacer, and body will be in line. 

6. Install screws (key 96) and, for standard relays, 
washers (key 98) but do not tighten the screws. 

7. If an optional alignment tool (figure 11) is to be used, 
insert the smaller end of the tool into the opening in the 
relay body. If the tool does not engage the hole in the 
diaphragm assembly, move the relay parts slightly to 
reposition the diaphragm assembly so that the alignment 
tool engages the hole in the diaphragm assembly. Do not 
remove the alignment tool until the relay screws have been 
tightened. 

8. Tighten the relay screws (key 96) evenly. Remove 
alignment tool if one was used. 

9. Install valve _plug, spring, gasket. and cover plate (keys 

87, 93, 94, and 95). Secure.with machine screws (key 97). 

10. Install 0-ring (key 90) on the restriction assembly (key 

88). Install restriction assembly into the relay casing. 

11. Attach the relay assembly and a new relay gasket (key 

7, figure 12) with machine screws inserted through the back 
of the controller or transmitter case. Re-install the output or 
supply gauge. 

12. Proceed to the "Calibration" section. 

PARTS ORDERING 

Whenever corresponding with the sales representative 
about this equipment, mention the serial number of the unit. 

The serial number can be found on the nameplate (key 22, 

figure 12). When ordering replacement parts, also state the 

complete eleven-character part number of each part 

required as found in the following parts list. 

Part Number Key Description Part Number 

4 Relay Base, zinc 3H2885 44012 

25A5660 XOB2 5• Relay Base Gasket. 
neoprene 1 H2887 0301 2 

25A5660 XOC2 7• Relay Gasket. 
neoprene 1 C8974 03012 

25A5660 X0D2 10• Gasket, neoprene 1 C3286 03012 

13 Output Gauge 
0-30 psig 12A5447 X012 

0-60 psig 12A5449 X01 2 

4H2699 08012 0-2 kg/cm 2 12A5452 X012 
Assemblyt 

Controller Sub-Assembly 41 56 w/remote set 1 H3802 08012 0-4 kg/cm 2 12A5453 X012 

Brass Bellows: 4166 F 1 U5774 08012 0-200 kPa 12A4791 X012 

3 to 15 psig 2 Cover, aluminum 4H2684 08012 0-400 kPa 12A4797 X012 

(0.2 to 1 bar) 25A5660 XOA2 

• Recommended spare part 1.2.23-654 
t4v11lable as an assembly only; included parts not available separately. 17 
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4156 & 4166 Series 

20 18 22 33 

19 27 

Key Description 

Dual scale 

0-30 ps,g & 0-200 
kPa 

0-60 ps,g & 0-400 
kPa 

15 VentAssy 

16 Roll P,n SST 
(2 req d) 

17 Groove Pm. steel 
Zn pl 

18 Groove Pin, steel 

Zn pl 
19 Spring \/\/a~her 

20 

steel pl 

Cover Latch steel 

Cd pi 

31 

Part Number 

13A6016 X01 2 

1 3A6018 X01 2 
EMY602X1 -Al 2 

1 H2888 28992 

1 H2890 28992 

1 H2891 28992 

1 H2889 28982 

1 H2886 28982 
21' 
22 

Cove, Gasket. n1tr,le 1 J4075 06432 
Instruction Plate aluminum 

For ps,g 15A5683 X01 2 
For k Pa 1 5A5686 X01 2 
For kg/cm' 1 5A5685 X012 

23 Gauge Glass (2 req'd) OT019206042 

24 Gasket, noeprene 
(2 req'd) OT0191 04082 

25 Reta,n,ng R,ng. steel 
Cd pl (2 req di 1 A4658 28992 

26 Machine Screw. steel 

pl (8 req d) 1 A5120 28982 
27 Self Tapping Screw, 

steel pl (2 req'd) 1 C9419 28982 

28 Machine Screw. steel pl 
(6 req d) 1 A3321 28982 

18 

Pl LOT RELAY-- r PROPORTIONAL 
BAND 
ADJUSTMENT 

16 28 35 

"5''__.,' , ____ _., ii 

r~\ Ji 
i 2 ._/' 
\ ' I: 

15 

~--" ~7,..t=,:~·lC=· =~=' 

CONTROLLER 
SUB-ASSEMBLY 

PARTS NOT SHOWN: 
30. 146 

Figure 12. Proportional Controller Assembly 

Kev 

29 

30 

31 

32 

33 

35 

36 

37• 

38" 

41 

Description Part Number 

Machine Screw. steel pl 
(17 req d) 1 H5269 28982 

Machine Screw, steel pl (2 req d) 

(not shown) 1 H5271 28982 
Machine Screw. steel pl 

(4 req d) 1 A6849 28992 

Mounting Plate, steel 
[not shown) 2H2651 25012 

Lockwasher. steel pl 
[4 req d) 1 C2256 28982 

Relay Tubing Assy 
Copper 1 H2759 OOOA2 
SST 1 H6861 000A2 

Compensator Tubing Ass y 
Type4156 

Copper 
SST 

Type 4166 
Copper 
SST 

1 H2753 000A2 
1 H6864 000A2 

1 H2757 000A2 
1 H6870 000A2 

Mounting Plate Gasket. neoprene 
[not shown) 1 H2654 03012 

Gasket, neoprene 
(2 req'd) 1 03970 03012 

Bellows Ass·y 
Types 41 56 & 41 56S 

Brass 
3-15 pSlg (0.2-

1.0 bar) 14A5726 XOl 2 
6-30 ps,g (0.4-

2.0 bar) 14A5726 X032 
SST 

3-1 5 ps1g (0 2-
1 .0 bar) 14A5726 X022 

1.2.23-555 

Kev 

42 

43 

44• 
45 

46 

47 

48 

49 

50 

51 

52 

Description Part Number 

6-30 ps,g (0.4-
2.0 bar) 14A5726 X042 

Types 4166 & 4166F 
Brass 

3-15 ps1g (0.2-
1.0 bar) 14A5 725 X01 2 

6-30 ps,g (0.4-
2.0 bar) 14A5726 X052 

SST 
3-15 ps,g [0.2-

1.0 bar 14A5725 X022 
6-30 ps,g (0.4-

2.0 bar) 14A5726 X062 
Connecting Link, 

SST 15A5688 XOl 2 

Machine Screw, 

steel pl (4 req'd) 1 C8969 28982 
0-R,ng, n,trile 1 E2226 06992 
L,nk Bearing. 440 SST HT 

(2 req'd) 1 L3795 46202 
Mounting Bracket, 
aluminum 25A5695 X01 2 

Pressure Adjustment Spacer. aluminum 

(2 req d) [not shown) 1H265224092 
Rotary Shaft Spring, SST 

(not shown) 1 J4234 37022 
Bellows Frame. 
aluminum 2H2653 08012 

Bellows Screw, steel Cd pl 
(2 req d) 1 039 76 14022 

Bellows Stud, brass 
[not shown) 

Spacer, zinc 

1 H2658 14012 
1 H2659 4401 2 

.... 



Key 

53 

54 

55 

56 

57' 

58 

59 
60 
61 
62 

63 

64 

65 

66 

4156 & 4166 Series 

RESET 
RESTRICTION 
VALVE-"' 

/21 ·· 16 
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191\ 
'---,-/ 

_/ 
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,_ .____,-,/ 

' ·' 
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RESET RELIEF VALVE. RESET
RELIEVES ON FALLING OUTPUT 
( ARROW POINTS DOWN) 

PARTS NOT SHOWN: 146 

Description 

Cross Spring, SST 
(2 req·d) 

Pressure Set Arm, steel 
Cd pl 

Calibration Ad1ustor, 
zinc 

Reversing Block Assy, 

alum/SST 
0-R1ng, n,tr,le 

(3 req'd) 
Set Screw, steel pl 

Nozzle, 416 SST 
Beam, steel Cd pl 
Flapper, lnvar t 
Flexure Strip Base, 
steel Cd pl 

Flexure Strip, 302 SST 
spring temp 

Flexure Strip Nut, steel 
Cd pl (2 req'd) 

Washer, steel 
(2 req'd) 

Washer, steel pl 

Figure 13. Proportional-Plus-Reset Controller 

With Differential Relief Valve 

Part Number Key Description Part Number 

68 Machine Screw, 

1 H2660 37032 steel pl 1 B2751 28992 

69 Machine Screw, steel pl 

1 H2661 25072 (4 req'd) 1 C8990 28982 

70 Machine Screw, steel pl 
(8 req'd) 1A5733 28982 

2H2662 44012 
71 • Sealing Screw, 

14A5 743 X0l 2 416 SST 14A5721 X012 

72 Reversing Block Screw, 

1 D6875 06992 416 SST 24A5 720 X012 

1 H2666 28982 74 Machine Screw, steel pl 
(4 req'd) 1 H2676 28982 

1 U6391 35132 75 Machine Screw, steel pl 

1 H2668 25072 (4 req'd) 1 H2678 28982 

1 H2669 411 32 
76 Machine Screw, steel pl 

1 C8977 25082 (4 req'd) 1 82776 28992 
77 Machine Screw, steel pl 

(2 req'd) 1 A3319 28982 

1 C8978 36012 78 Adjustment Frame, zinc 

(not shown) 2C8957 44012 

1 C8975 25082 79 Ad1ustment Shalt Ass'y 
(not shown) 1 H2681 000A2 

1 E8730 28992 

80 

~-/ 

_, 151 

.J 148, 
.----~ 

150 

-147 

---, 
·- 149 . _ _____,,. 

@ 
Searing Pin, brass (2 req'd) 

(4 req'd) 1 H2671 28982 (not shown) 1C9131 14012 Figure 14. Parts Required for Remote 

81 Machine Screw. steel pl Setpoint Adjustment 
67 Washer, steel pl (2 req'd) (not shown) 1A5120 28982 

(4 req d) 1 H2672 28982 

•Rerommt'nne·c1 spa,e pan 1.2.23-656 
1 Tre(1em;uk of Carpen1e1 Technology Corp 19 
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Pl LOT RELA Y-7 

:247, 

33 

31 

PARTS NOT SHOWN: 

37, 47. 48 8 51 

16 28 
--'--~, 

166 

·RESET 
RESTRICTION 
VALVE 

Figure 15. Proportional-Reset Controller 

- TEMPERATURE 

ADJUSTMENT 

ASSEMBLY 

SECTION A-A 

~ 

r 
·@) 

Figure 16. Controller Sub-assembly 

20 

1.2.23-667 

Key Description Part Number 

82 Set Screw. steel (2 req'd) 
(not shown) 1 84556 28992 

139 Dia!. alum1r1um 

0-100°F 15A5670 X012 
50-150°F 15A5677 X01 2 
0-200·F 15A5671 X012 
50-200°F 1 5A5678 X012 
100-200°F 1 SA5680 X012 
50-250°F 15A5679 X012 
0-300" F 15A5672 X012 
100-300°F 15A5681 X012 
0-400°F 15A5673 X012 
200-400°F 1 5A5682 X012 
0-600°F 1 5A5674 X012 
0-800°F 15A5675 X012 
0-1000°F 15A5676 X012 

146 P,pe Plug. steel pl 
(not shown) 1 E8231 28982 

147 Connection, brass (Type 41 56 w/remote 
set only) 1 H3803 1401 2 

149• Gasket, neoprene (Type 4 1 56 w/remote 
set only) 1 H3804 03012 

149 Nut, steel pl (2 req'd) (Type 4156 
w/remote set only) 1 A8396 28982 

150 Screw, steel pl (2 req'd) Type 4156 
w/remote set only) 1 A6370 28982 



Key Description Part Number 

151 Lockwasher, steel pl 12 req'd) !Type 4156 
w/remote set only) 1 H2672 28982 

152 Remote Tubing Ass·y 
Copper 1 HJ805 000A2 
SST 1 H6872 XOOA2 

165 Reset Tubing Ass 'y !Types 4166 & 
4166F) 

Copper 1 H2966 000A2 
SST 1 H6866 OOOA2 

166 Compensator Tubing Ass'y !Types 4166 
& 4166F) 

Copper 1 H2755 000A2 
SST 1 H6868 000A2 

Note 

Key Nos. 1 87 thru 200 are for Type 
4166F only 

187 Connection, brass 
12 req'd) 1 HJBOJ 1401 2 

1 as· Gasket, neoprene 
12 req'd) 1 HJ804 0301 2 

189 Machine Screw. steel pl 
14 req'd) 1 A6370 28982 

190 Hex Nut, steel pl 
14 req'd) 1 A8396 28982 

191 Lockwasher, steel pl 
14 req'd) 1 H2672 28982 

192 Pipe Nipple, brass 1 B6782 1 8992 
193 Elbow, brass 1 J3936 1 8992 

194 Connector, brass 
13 req'd) 1 J2309 18992 

195 Tee, brass 1 us 780 18992 
196 Tubing Ass'y 1 U5779 XOOA2 
197 Connector Tubing, 

copper 1U5782 17012 

198 Tubing Ass'y, copper 1U5776XOOA2 
199 Reset Tubing, copper 1U578117012 
200 Equalizer Tubing, 

copper 1 U5783 1 7012 
247 Diaphragm Button Plug, 

steel pl 1K1631 24152 

248 Temperature 
Element See following table 

Relay Assembly 
Relay Assembly !for included parts, see 

83 

84 
85 

following list) 
Standard 
SST trim 

Relay Body 
Zinc/brass !std) 
Zinc/SST 

Spacer Ring, zinc 
Diaphragm Casing Ass·y 

1 OA9095 XOA2 
1 OA9095 X022 

2H2693 OOOB2 
2H2693 X0012 
2K4404 44012 

Zinc/steel 1 C9369 OOOA2 
86" Diaphragm Ass'y 

Std 
SST trim 

•Recommended spare part 

1 C9370 OOOA2 
1 C9370 XOOJ2 

Key 

87 

as· 

89 
90 

91° 

92 

93 
94• 

95 

96 

97 

98 

4156 & 4166 Series 

Figure 1 7. Standard Relay Assembly 

Figure 18. High-Temperature Relay Assembly 

Description Part Number 

Valve plug 
Brass OY061 7 14012 
SST OY061 7 X002 2 

Orifice Ass·y. alum/ 
sapphire 1 H8264 OOOA2 

Core Ass'y 1 E2303 OOOA2 
0-Ring. nitrile 1 D6875 06992 

Top Diaphragm, 
nitrile 1 L5556 02042 

Relay Spring, steel 
Cd pl 1C8961 27012 

Valve Spring, SST OX0836 37022 
Plate Gasket, 

neoprene 1 H2696 0301 2 

Spring Plate. steel 
Cd pl 1 H2697 25072 

Machine Screw, steel pl 
16 req'd) 1 H3294 28992 

Machine Screw, steel pl 
14 req'd) 1AJJ19 28982 

Washer. steel pl 
16 req'd) 

1.2.23.558 

1 P8261 28982 

Key Description Part Number 

Reset Restriction 
Valve Assembly 

Assembly !for included parts available 
see following list) 

Standard 14166) 15A8138 X012 
Standard (4166F) 15A8140 X012 
High Temperature 
14166) 1 5A81 38 X022 

High Temperature 
I4166F) 15A8140 X012 

162 Machine Screw 1 H5270 28982 
163 Knob 35A81 JO X012 
1 71 • 0-Ring 15A81 JJ X012 
251 Body 

Type 4166 25A8125 X012 
Type 4166F 25A8126 X012 

252 Valve Plate 15A8127 X012 

253 Scratch Valve 35A8128 X012 
254 Retainer Spring JSAB 1 29 X012 

255 Machine Screw 15A8131 X012 

21 
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- 4156 & 4166 Series 

- Key Description Pert Number 

Pipestand Mounting Parts 

213 Mounting Plate. 
steel 3N9757 25092 

215 Machine Screw. steel pl 
(2 req'd) 1 C6392 28982 

216 Hex Nut, steel 
(2 req'd) 1 C3328 28982 

221 Lockwasher. steel 
(2 req'd) 1 C2257 28982 

228 Spacer Spool. steel 
(2 req'd) 1 CS590 24092 

250 Clamp, steel 
(2 req'd) 1 P4270 28982 

251 Bracket Ass·y. steel 
(2 req'd) 1 H2892 000A2 

--

--
22 

Key Description Part Number 

252 Cap Screws. steel pl 
(4 req'd) 1 B8480 24052 

249 Bushing, 
No lag extension 
3/B•ln. (10 mm) bulb diameter 

Brass ENC 25A5707 X022 
316 SST 25AS 707 X01 2 

9/16-ln. (14 mm) bulb diameter 
316 SST 25A5705 X012 

3-ln. (76 mm) lag extension 
3/8-ln. (10 mm) bulb diameter 

Brass ENC 25A5708 X022 
316 SST 25A5708 X012 

9/16-ln. (14 mm) bulb diameter 
316 SST 25A5706 X012 

250 Thermowells See following tables 

1.2.23-559 

D APPLY LUBRICANT 

Figure 19. Reset Restriction 
Valve Assembly 



4156 & 4166 Series 

Key 250, Therm owe II for 3/8-,nch 110 mm) Temperature Bulb 

NO LAG EXTENSION 3 IN. (76,2 mm) LAG EXTENSION 
MATERIAL 

7-1/2 In. (191 mm) 10-1/2 In, (267 mm) 16 In. (406 mm) 7-1/2 In. (191 mm) 

1/2 In, NPT 

Brass 25A7358 X022 25A735B X042 25A7358 X062 25A7359 X022 

316 SST 25A 7358 X012 25A7358 X032 25A7358 X052 25A7359 X012 

C-1018 Stl. 25A7358 X072 25A7358 X102 25A7358 X132 25A7359 X072 

304 SST 25A7358 XOB2 25A7358 X112 25A7358 X142 25A7359 XOB2 

R-Monel 25A735B X092 25A7358 X122 25A7358 X152 25A7359 X092 

3/4 In, NPT 

Brass 25A7356 X022 25A7356 X042 25A7356 X062 25A7357 X022 

316 SST 25A7356 X012 25A7356 X032 25A7356 X052 25A7357 X012 

C-1018 Stl, 25A7356 X072 25A7356 X102 25A7356 X132 25A7357 X072 

304 SST 25A7356 XOB2 25A7356X112 25A7356 X142 25A7357 XOB2 

R-Monel 25A7356 X092 25A7356 X 122 25A7356 X152 25A7357 X092 

Key 250, Thermowell for 9/16-lnch 114 mm) Temperature Bulb 

3/4 IN, NPT 
MATERIAL 

7-1/2 In. (191 mm) 10-1/2 In. (267 mm) 16 In, (406 mm) 

No Lag Extension 

316 SST 25A7354 X012 25A7354 X022 

C-1018 Stl. 25A7354 X042 25A7354 X072 

304 SST 25A7354 X052 25A7354 XOB2 

R-Monel 25A7354 X062 25A7354 X092 

3 In. (76.2 mm) Lag Extension 

316 SST 25A7355 X012 25A7355 X022 25A7355 X032 

C-1018 Stl. 25A7355 X052 25A7355 XOB2 25A7355 X112 

304 SST 25A7357 X062 25A7355 X092 25A7355 X122 

R-Monel 25A7355 X072 25A7355 X102 25A 7355 X 1 32 

t:·~'!l l WORLOW/OE MANUFACTURING SALES SERVICE I 
Fisher Controls Company 

1.2.23-660 

J11hf'r Controls Comp1nr. M1rsll1lllo• n, Iowa, 

10-1/2 In, (267 mm) 16 In, (406 mm) 

25A7359 X042 25A7359 X062 

25A7359 X032 25A7359 X052 

25A7359 X102 25A7359 X132 

25A7359 X112 25A7359 X142 

25A7359 X122 25A7359 X152 

25A7357 X042 25A7357 X062 

25A7357 X032 25A7357 X052 

25A7357 X102 25A7357 X1 32 

25A7357 X112 25A7357 X142 

25A7357 X122 25A7357 Xl 52 

24 In. (559 mm) 

25A7354 X032 

25A7354 X102 

25A7354X112 

25A7354 X122 

25A7355 X042 

25A7355 X142 

25A7355 X1 52 

25A7355 X162 

Specifications are 1ubject to change. 
Metric equivalents of English units 
are 1hown in p• renth•••• and ere in 
mlllimetera unle11 otherwi•e noted. 

--
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- 4156 & 4166 Series 

- Key 248, Temperature Element 

CAPILLARY LENGTH 
TEMP RANGE 

15 Ft. Of (OC) 5 Ft. 10 Ft. 
(1.5 M) (3M) (4.5 M) 

Plain Bulb 

0-100 1-18 to 44) 35A5692 X012 35A5692 X022 35A5692 X032 
0-200 (-18 to 93) 35A5692 X042 35A5692 X052 35A5692 X062 
0-300 1-18 to 149) 35A5692 X252 35A5692 X262 35A5692 X272 
0-400 (-18 to 204) 35A5689 X012 35A5689 X022 35A5689 X032 

0-600 1-18 to 316) 35A5689 X042 35A5689 X052 35A5689 X062 

0-800 (-18 to 427) 35A5689 X072 35A5689 X082 35A5689 X092 
0-1000 (-18 to 538) 35A5689 X012 36A5689 Xl 12 35A5689 X122 
50-150 (10 to 66) 35A5692 X072 35A5692 X082 35A5692 X092 
50-200 110 to 93) 35A5_692 X102 35A5692 Xl 12 35A5692 X122 

50-250110 to 121) 35A5692 X132 36A5692 X142 35A5692 X1 52 

100-200 138 to 93) 35A5692 X162 36A5692 X172 35A5692 X182 
100-300 (38 to 149) 35A5692 X192 35A5692 X202 35A5692 X21 2 
200-400 (93 to 204) 35A5692 X222 35AS692 X232 35A5692 X242 

Fixed Union Bulb 

0-100 (-18 to 43) 35A5693 X012 35A5693 X022 35A5693 X032 
0-200 (-18 to 93) 35A5693 X042 35A5693 X052 35A5693 X062 
0-300 (-18 to 149) 35A5693 X252 35A5693 X262 35A5693 X272 
0-400 (-18 to 204) 35A5690 X012 35A5690 X022 35A5690 X032 
0-600 (-18 to 316) 35A5690 X042 35A5690 X052 35A5690 X062 

- 0-800 (-18 to 427) 35A5690 X072 35A5690 X082 35A5690 X092 
0-1000 (-18 to 538) 35A5690 X102 35A5690 Xl 12 35A5690 X122 
50-150 (10 to 66) 35A5693 X072 35A5693 X082 35A5693 X092 
50-200 110 to 93) 35A5693 X012 35A5693 X112 35A5693 Xl 22 - 50-250 110 to 1 21) 35A5693 X1 32 35A5693 X142 35A5693 X152 

100-200 (38 to 93) 35A5693 X1 62 35A5693 X1 72 35A5693 X182 
100-300 (38 to 149) 35A5693 X 1 92 35A5693 X202 35A5693 X21 2 
200-400 (93 to 204) 35A5693 X222 35A5693 X232 35A5693 X242 

Adjustable Union Bulb 

0-100 (-18 to 44) 35A5694 X012 35A5694 X022 35A5694 X032 
0-200 {-18 to 93) 35A5694 X042 35A5694 X052 35A5694 X062 
0-300 {-18 to 149) 35A5694 X252 35A5694 X262 35A5694 X272 
0-400 (-18 to 204) 35A5691 X012 35A5691 X022 35A5691 X032 
0-600 (-18 to 316) 35A5691 X042 35A5691 X052 35A5.691 X062 

0-800 (-18 to 427) 35A5691 X072 35A5691 X082 35A5691 X092 
0-1 000 (-18 to 538) 35A5691 X102 35A5691 X112 35A5691 X122 
50-150 (10 to 66) 35A5694 X072 35A5694 X082 35A5694 X092 
50-200 (10 to 93) 35A5694 X102 35A5694 X112 35A5694 X 1 22 
50-250 (10 to 121) 35A5694 X1 32 35A5694 X142 35A5694 X1 52 

100-200 138 to 93) 35A5694 X162 35A5694 X172 35A5694 X1 82 
100-300 (38 to 149) 35A5694 X1 92 35A5694 X202 35A5694 X212 
200-400 (93 to 204) 35A5694 X222 35A5694 X232 35A5694 X242 

--
23 
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1.2.36 BCS Fluid Receiver Pump 

1.2.36.1 Identification 

Tag Number 

P-201 

1.2.36.2 Description 

Pump 201 

Manufacturer: 

Part Number: 

Motor 

Manufacturer: 

Part Number: 

Heat Exchanger 

Manuf actu.rer: 

Part Number: 

1. 2. 36. 3 Vendor 

Description 

BSC Fluid Receiver Pump with 
Tag No.s E-201 & 202 Heat Exchangers 
Included 

Aurora Pump 
Aurora, Illinois 60542 

Model 134, 04 Series 

Marathon Electric 
Wausau, WI 54401 

1/2 H.P. Induction Motor, Frame 56 

Young Radiator Co. 
Racine, Wisconsin 53404 

OCH-41 

DECO Engineering Products, Inc. 
Des Moines, IA 

1.2.36.4 Procurement Specification 
DOE Spec 40M700-6S, CP 9 

1.2.36.5 Piping Connection 
DOE Dwg No. 40P2005131901, CP 9 

1.2.36.6 Operation/Maintenance 
See Aurora Pump Manual, Section 6 
and Young Type "OCH" Oil Coolers 
Installation and Maintenance Instruction (following) 

1.2.36-1 



so1orrPower l"IOf>r 
SECTION 6 ITEM 134/5 
DATED JUNE 1968 Daqqete, CA-

. 
Wald,nqer C:Orp. c,n. 0100. oS9 

INSTRUCTION MANUAL 
REPAIR 

MODEL 134-135 (04-05 SERIES) 

SERVICE 

Your Aurora pump requires no maintenance other 
than periodic inspection and occasional cleaning. The 
intent of inspection is to prevent breakdown, thus 
obtaining optimum service life. The pump is lubri
cated by the liquid being pumped and therefore does 
not require periodic lubrication. The motor, how
ever may require lubrication, in which case, the 
motor manufacturer's recommendation should be 
followed. 

REPAIRS 

The pump may be disassembled using the illustra
tions and text provided. Although complete disas
sembly is covered, it will seldom be necessary to 
completely disassemble your Aurora pump. 

The illustrations accompanying the disassembly in
structions show the pump at various stages of dis
assembly. The illustrations are intended to aid in 
the correct identification of the parts mentioned in 
the text. 

Inspect removed parts at disassembly to determine 
their reusability. Cracked castings should never be 
reused. All packing and gaskets should be replaced 

Pump casing and outer ring removed. 

Impeller screw and washer removed. 

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. 

Impeller and key removed. 

e 1968 AURORA PUMP 

AURORA• ILL.INOIS 

1.2.36-2 
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MODEL 134-135 

Disassembly. Disassemble only what is needed to 
make repairs or accomplish inspection. 

Disassembling the Model 134 and 135 pumps (See 
Figure 3). 

1. Remove the four screws (2) and separate the 
casing (6) from the motor bracket (19, 20). 

2. Remove the two plugs (3), screws (4), and 
nameplate (5) only if replacement is necessary. Re
move pin (15). 

3. Remove outer ring (7). 

cileeve and key removed from shaft. 

Mechanical seal and spring removed. 

2 

4. Remove screw (8) and washer (9) and remove 
impeller (10) with key (13) from impeller sleeve. 

5. Remove impeller sleeve (12) with key (11) from 
shaft. 

6. Carefully remove the mechanical seal (14). 
The stationary portion of the seal may be removed 
in Step 9. 

The mechanical seal (see Figure 1) is a pre
cision product and must be treated as such. 
During removal great care must be taken to 
avoid dropping any part of the seal. Take 
particular care not to scratch the lapped 
faces on the washer or the sealing seat. Do 
not put a seal back into service until the seal
ing faces of the washer and seat have been 
relapped or replaced. 

FLEXIBLE 
CUP 

STATIONARY 
SEAT 

WASHER FLEX/ BLE 
BELLOWS 

Figure 1. Mechanical Seal 

7. Remove inner ring (16). 

SPRING 

8. Gasket (17) may be removed from bracket if 
replacement is necessary. 

9. Remove the four screws (18) (Model 135, 1-1/8 
inch shaft only). Motor bracket with stationary por
tion of seal may now be removed by applying a steady 
force separating bracket and motor. 

Reassembly. Clean and inspect all parts thoroughly 
prior to reassembly. Replace gasket. Check that 
all mating surfaces are free of nicks and burrs. 

1.2.36-3 
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MODEL 134-135 

Bracket removed. 

Inspect the impeller hub carefully for signs of ex
cessive wear. Proceed to reassemble the pump as 
follows: (See Figure 3) 

1. Position the motor bracket (19, 20) on the mo
tor and secure with screws (18). Tighten screws 
evenly. (Screws used on 135 Series, 1-1/8 inch 
shaft only). 

2. Attach nameplate (5) with screws (4), and re
place plugs (3) if these were removed. 

NOTE 

The mechanical seal (14) cannot be installed 
as an assembly; the seal seat must be prop
erly in place before the balance of parts can 
be added. 

3. Thoroughly inspect the seal cavity in the motor 
bracket, checking for burrs or nicks which could 
damage the seat of the mechanical seal (14). Apply 
a film of liquid dishwashing detergent to the seal 
seat and install, taking care to seat it evenly and 
squarely. 

NOTE 

If it is not possible to insert seat with fingers, 
place 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 the diameter of the shaft. Remove card
board ring after the seat has been firmly 
seated. 

·1.2.36-4 

4. Apply a film of liquid dishwashing detergent to 
allow remaining seal parts to be pushed onto shaft. 
Check the proper sequence of assembly as shown in 
Figure 1. 

5. Position gasket (17) on the motor bracket (19, 
20) and gradually slip into its groove. 

6. Install inner ring (16). 

7. Replace shaft key (11) and impeller sleeve (12). 
Be sure spring of mechanical seal is properly posi
tioned on back side of impeller sleeve. 

8. Slip on impeller (10). Line up impeller key
way with key (13) so that key is not pushed out of 
keyway when the impeller is replaced. Secure im
peller with washer (9) and screw (8). 

9. Place the pin (15) and outer ring (7) in casing 
(6); slide casing into position over motor bracket 
(19, 20) being careful not to damage gasket (17). 

PIN (15) CASING 

OUT 

IIAII 

KEYWAY ON RING 

BMiMH 
THESE TWO 

CUTWATER WEBS 
MUST BE POSITIONED 

AS SHOWN. 

~'1l.l'RllJJFWfCASING SUCTION 
CUTWATER 

IN 

VIEW "A-A" 

CHANNEL RING 
SUCTION CUTWATER 

Figure 2. Model 134-135 Installing Inner and Outer 
Rings in Casing 

Attach casing with screws (2). (See Figure 2 for 
proper posi4oning of inner and outer rings in cas
ing.) 

10. Replace pipe plug (3), and install nameplate 
(5) and attach with screws (4), if these were re
moved. 

3 
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Figure 3. 1 

MODEL 134-135 

r---
1 --
1 --
1 

15 

34 and 135 . Series Pu mp Exploded v· iew 

List of Parts F or Model 134-135 

2. Capscrew 
3· Pipe Plug 
4• Drives 
5 

crew 
. Nameplate 

6• Casing 
7· Outer R' 8 mg 
9. Capscrew 

1 
· Washer 

0. Impeller 

t.:Z.36-5 

ll. Key 
12. Sleeve 
13. Key 
14· Seal 
l5. Pin 
16· Inner R" 
1 7. Gasket mg 
18. c 19 apscrew 

. Bracket 
20. Bracket 

____ __,,/ 

' I 
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TYPICAL CUTAWAY VIEW 
OF A MARATHON DESIGNED, DRIPPROOF, HORIZONTAL 
INTEGRAL HORSEPOWER MOTOR & PARTS DESCRIPTION 

364 THRU 445 FRAME SIZE 

13 16 

ITEM DESCRIPTION ITEM DESCRIPTION ITEM DESCRIPTION 
• * 

1. Frame Vent Screen 11. Bracket O.P.E. 21. Bracket Holding Bolt 

2. Conduit Box Bottom 12. Baffle Plate O.P.E. 22. Inner Bearing Cap P.E. 

3. Conduit Box Top-Holding Screw 13. Rotor Core 23. Inner Bearing Cap Bo!t 

4. Conduit Box Top 14. Lifting Eye Bolt 24. Grease Plug 

5. Conduit Box Bottom-Holding Bolt 15. Stator Core 25. *Ball Bearing P.E. 

6. *Ball Bearing O.P.E. 16. Frame 26. Shaft Extention Key 

7. Pre-loading Spring 17. Stator Winding 27. Shaft 

8. Inner Bearing Cap O.P.E. 18. Saffel Plate Holding Screw 28. Drain Plug (grease) 

9. Grease Plug 19. Baffle Plate P.E. 29. * * Bracket Screen 

10. Inner Bearing Cap Bolt 20. Bracket P.E. 

P. E. = Pulley End 

O.P.E. = Opposite Pulley End 

* = Bearing Numbers are shown on motor nameplate when requesting information or parts always give complete motor description, 

model and serial numbers. 1.2:36-7, 
**=Bracket and frame screens are optional. 



WARNING 

These instructions must be followed to ensure safe and 
proper installation, operation and maintenance of the 
motor. Thay should be brought to the attention of all 
persons who install, operate or maintain this equipment. 

GENERAL INFORMATION 
Marathon Electric motors are all fully factory tested and 

inspected before shipment. Frequently the most likely cause 

of troubles may occur in either (1) shipment, (2) improperly 

matched power supply, or (3) failure to follow the installation 

precautions. These instructions are intended as a guide to 

eliminate these causes before they are overlooked. 

ACCEPTANCE 
Check carefully for any damage that may have occurred in 

transit. If any damage or shortage is discovered, do not accept 

until an appropriate notation on the freight bill is made. Any 

damage discovered after receipt of equipment should be 

immediately reported to the carrier. 

WARNING 

Failure to follow instructions and safe electrical pro
cedures could result in serious injury or fatality. Dis
connect all power before servicing. Install and ground 
per local and national codes. Consult qualified personnel 
with any questions or services required. 

INSTALLATION 
UNCRATING 

After uncrating, check further that no apparent damage has 

been incurred in handling. See that the motor shaft and 

armature turn freely. 

EXPOSURE 
Check to determine that the motor has not been exposed to 

dirt, grit, or excessive moisture in either shipment (without 
protection) or storage before installation. Motors in storage 

should have shafts turned over once each month to redis

tribute grease in bearings. 
Never start a motor which has been wet without having it 

thoroughly dried. 
The measure of insulation resistance (see operation) is a 

good dampness test. Clean the motor of any dirt or grit. 

SAFETY 
Eyebolts or lifting lugs are intended only for lifting the 

motor and factory motor-mounted standard accessories. These 
lifting provisions should never be used when lifting or handling 

the motor and other equipment (i.e.) pumps, gear boxes, fans 
(or other d iven equipment) as a single unit. 

Eyebolt lifting capacity rating is based on a lifting 
alignment coincident with the eyebolt centerline. Eyebolt 

capacity reduces as deviation from this alignment increases. 
Motors should be installed, protected and fused in accor

dance with latest issue of National Electrical Code, NEMA 

Standard Publication No. MG 2 and local requirements. 
Frames and accessories of motors should be grounded in 

accordance with National Electrical Code (NEC) Article 430. 

For general information on grounding refer to NEC Article 

250. 
Rotating parts such as pulleys, couplings, external fans, 

unusual shaft extensions should be permanently guarded 
against accidental contact with clothing or body extremities. 

WARNING 

Disconnect power before working on motor driven equip
ment. Motors with automatic thermal protectors will auto
matically restart when the protector cools. Do not use 
motors with automatic thermal protectors in applications 
where automatic restart will be hazardous to personnel or 
equipment. 

WARNING 

Motors with manual thermal protectors may start unex
pectedly after protector trips. If manual protector trips, 
disconnect motor from power line. After protector cools 
(five minutes or morel it can be reset and power may be 
applied to motor. 

THERMAL PROTECTOR INFORMATION 
A space on nameplate will be stamped or not he stamped to 

indicate: 
1. Motor is thermally protected 
2. Motor is not thermally protected 
3. Motor is with overheat protective device 

For examples, refer to paragraphs below: 
1. Motors equipped with built-in thermal protection have 

"THERMALLY PROTECTED" stamped on the nameplate. 

Thermal protectors open the motor circuit electrically 

when the motor overheats or is overloaded. 
The protector cannot be reset until the motor cools. If the 

protector is automatic, it will reset itself. If the protector is 
manual, press the red button to reset. 

2. Motors without thermal protection have nothing stamped 
on nameplate about thermal protection. 

3. Motors that are provided with overheat protective device 

that does not open the motor circuit directly, nameplate 

will be stamped "WITH OVERHEAT PROTECTIVE 
DEVICE". 
A. Motors with this type of "Overheat Protective Device" 

have protector leads brought out in the motor conduit 
box marked "P1" and "P2". These leads are intended 

for connection in series with the stop button of a 3-wire 

pilot circuit of a magnetic controller connected to a 
motor, as in Figure 1. 

8. The load controlled by the above "Overheat Protective 

Device" cannot exceed the values shown in the chart 
below. 

AC VOLT-AMP AC VOLT-AMP 
VOLTS RATINGS VOLTS RATINGS 

120 360 208 360 
240 360 480 360 
600 360 

~---To CONTROL VOLTAGE------.... 
HOLD 

I 
I '---1~--vi---~_____, I M 
L ________ I 

(NCI MOTOR THERMOSTATS FIGURE 1 

1.2.38-8' 1 
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~~] 
N/O MOTOR 
THERMOSTATS 

LOCATION 

Normally Open (N/0) Motor 

Thermostats are used in conjunc
tion with controls installed by 
Original Equipment Manufacturers. 

FIGURE 1A 

In selecting a location for the unit, first consideration 
should be given to ventilation. It should be far enough from 
walls or other objects to permit a free passage of air. 

The motor should never be placed in a room with a 
hazardous process, or where flammable gasses or combustible 
material may be present unless it is specifically designed for 
this type of service. 
1. Dripproof motors are intended for use where atmosphere is 

relatively clean, dry and non-corrosive. 
a. When atmosphere is worse than above request approval 

of motor for use intended. 
2. Totally enclosed motors may be installed where dirt, 

moisture and corrosion are present, or in outdoor locations. 
3. Explosion proof motors are built for use in hazardous 

locations as indicated by Underwriters' label on motor. 
Consult your local governmental inspection agency for 
guidance. 
The ambient temperature of the air surrounding the motor 

should not exceed 40° C or 104 ° F unless the motor has been 
especially designed for high ambient temper·ature applications. 
The free flow of air around the motor should not be 
obstructed. 

FLOOR MOUNTING 
Motors should be provided with a firm, rigid foundation, 

with the plane of four mounting stud pads flat within .010" 
for 56 to 210 frame; .015" from 250 through 680 frame. This 
may be accomplished by shims under the motor feet. For 
special isolation mounting, contact a Marathon Electric sales 
representative. 

Before connecting motor to the load by belt drive or direct 
coupling, verify manually that the rotor turns freely and does 
not rub. 

V-BEL T DRIVE 
1. Align slwiiv,,s ca1dully to avoid axial tlirust on motor 

heM,11q. Tlw tl11v,, sh,1c1vc on the rnoto, should be centered 
Oil lilt' sluft t'Xlt'llSl(lll. 

2. When adjusting belt tension by pulling on the feet make sure 
the motor is secured by all mounting bolts before tightening 
belts. 

3. Adjust belt tension to belt manufacturers recommendations. 
4. Sheaves should be in accordance to NEMA Spec. MG-1 or as 

approved by the manufacturer for a specific application. 

DIRECT CONNECTED DRIVE 
Flexible or solid shaft couplings must be properly aligned 

for satisfactory operation. On flexible couplings, the clearance 
berwee11 the ends of the shafts should Ile in accordance with 
the coupling ma11ufacturer's recommendations or NEMA 
standards for end play and limited travel in coupling. 

ANGULAR MISALIGNMENT and RUNOUT between 
direct connected shafts will cause increased bearing loads and 
vibration eve11 when the connection is made hy means of a 
flex11lle courli11(J 

To check for /\NGUL.AR MISALIGNMENT, clc1mp the dial 
1,1dicatu1 to orw coupli11q hull and place the finger or button 
of tlw 111d1cc1tor d(Jdi11St the finished Lice of the other hub as 

2 l.2."38-9 

shown in diagram 1. Set the dial at zero. 
Rotate one shaft, keeping the indicator button at the 

reference mark on the coupling hub, and note the reading on 
the indicator dial at each revolution. 

ANGULAR MISALIGNMENT OF THE SHAFTS MUST 
NOT EXCEED A TOTAL INDICATOR READING OF .002 
INCH FOR EACH INCH OF DIAMETER OF THE 
COUPLING HUB. 

After the shafts have been checked for angular misalign· 
ment and are parallel within the limits specified in the 
preceding paragraph, check the shaft for RUN-OUT to assure 
concentricity of the shafts. Clamp the indicator button on the 
machined diameter of the other hub as shown in diagram II. 
Set the dial at zero. 

Rotate one shaft, keeping the indicator button at the 
reference mark on the hub and note the reading on the 
indicator dial at each revolution. 

TOTAL RUN-OUT BETWEEN THE HUBS SHOULD NOT 
EXCEED .002 INCH. 

COUPLING HUBS 

DIAGRAM 1 
COUPLING HUBS 

DIAGRAM 2 

Rotating parts such as couplings, external fans, unusual 
shaft extensions should be permanently guarded against 
accidental contact with clothing or body extremities. 

ELECTRICAL CONNECTIONS 
1. All wiring, fusing, and grounding must comply with 

National Elect1-ical Codes and local requirements. 
2. To determine proper wiring, rotation and voltage connec

tions, refer to tf1e infonnation and diagram on the 
nameplate, separate connection plate or decal. If the plate 
or decal has been removed, make inquires of the manu
facturer. 

3. Use the proper size of line current protection and motor 
controls as required by the National Electrical Code and 
loc,il codes. Recommended use is 125% of full load amps as 
shown on the narnepli.lte for motors with 40° C ambient 
and a service factor over 1.0. Recommended use is 115% of 
full load amps as shown on the nameplate for all other 
motors. Do not use protection with larger capacities than 
recommended. All three phase motors must have all three 
phases protected. 

CHANGING ROTATION 
1 _ The key must be removed from the motor shaft before 

starting. Keep hands and clothing away from rotating parts. 
2. Before the motor is used as a power source for equipment, 

determine the proper rotation of the driven unit. 
3. Before applying a load to the motor, determine that the 

motor and driven unit are in the same rotation sequence. 
4. Checking rotation can be done by jogging or bumping by 

applying power to the motor leads for a short period of 
time, enough to just get motor shaft to rotate a slight 
amount to observe sh,1ft rotating direction. 

5. Three phase - i11terch,111ge any two (2) of the line leads with 
the motor lead connections shown on the nameplate, 
separate connectio11 plate or decal. 



PART WINDING STARTING 
On those motors used for part winding starting, the elapsed 

ti me on the first step should be kept as short as possible and 
should not exceed 5 seconds. It is recommended that this time 
be limited to 2 seconds. 

OPERATION 
BEFORE INITIAL STARTING 
1. If a motor has become damp in shipment or in storage, it is 

advisable to measure insulation resistance of the stator 
winding. 

Minimum Insulation Valve in Megohms= Rat,~ciffltag~ +1 

2. If insulation resistance is low, dry out the moisture in one 
of the following ways: 
d. Bake in oven at temperature not more than 90' C 

(194·· F) until insulation resistance is practically con
stant. 

b. Enclose motor with canvas or similar covering, leaving a 
hole at the top for moisture to escape, and insert heating 
units or lamps. 

c. Pass a current at low voltage (rotor locked) through the 
stator winding. Increase the current gradually until the 
winding temperature, measured with a thermometer, 
reaches 90' C (194' F). Do not exceed this temperature. 

3. See that voltage and frequency stamped on motor and 
control nameplates correspond with that of the power line. 

4. Check all connections to the motor and control with the 
wiring diagram. 

5. Be sure rotor turns freely and does not rub when 
disconnected from the load. Any foreign matter in the air 
gap should be removed. 

6. Leave the motor disconnected from the load for the initial 
start; it is desirable to operate the motor without load for 
about one hour to test for any localized heating in bearings 
and windings. Check for proper rotation. 

COLLECTOR RINGS (Wound Rotor Motors Only) 
The collector rings are sometimes slushed at the factory to 

protect them while in stock and during shipment. The brushes 
have been fastened in a raised position. Before putting the 
motor into service, the slushing should be removed with 
carbon tetrachloride or some other cleaning fluid that will not 
attack insulation; the rings polished with fine sandpaper; and 
the brushes should be set down on the collector surface. Keep 
the rings clean and maintain their polished surfaces. Ordi
narily, the rings will require only occasional wiping with a 
piece of canvas or non-linting cloth. Do not let dust or dirt 
accumulate between the collector rings. 

BRUSHES (Wound Rotor Motors Only) 
See that the brushes move freely in the holders and at the 

same time make firm, even contact with the collector rings. 
The pressure should be between 2 and 3 pounds per square 
inch of brush surface. 

When installing new brushes, fit them carefully to the 
collector rings. Be sure that the copper pigtail conductors are 
securely fastened to, and make good contact with, the 
brushholders. 

ALLOWABLE VOLTAGE AND FREQUENCY RANGE 
If voltage and frequency are within the following range, 

motors will operate, but with somewhat different character-

1.2.. .. JO 

istics than obtained with correct nameplate values. 
1. Voltage: Within 10% above or below the value stamped on 

the nameplate. 
2. Frequency: Within 5% above or below the value stamped 

on the nameplate. 
3. Voltage and Frequency together: Within 10% (providing 

frequency above is less than 5%) above or below values 
stamped on the nameplate. 

CLEANLINESS 
Keep both the interior and exterior of the motor free from 

dirt, water, oil and grease. Motors operating in dirty places 
should be periodically disassembled and thoroughly cleaned. 

CONDENSATION DRAIN PLUGS 
If motor is totally enclosed fan cooled or non ventilated 

and is equipped with automatic drain plugs, they should be 
free of oil, grease, paint, grit and dirt so they don't clog up. 

LUBRICATION 
This motor has been properly lubricated at the time of 

manufacture and is not necessary to lubricate at time of 
installation. If the motor has been in storage for a period of six 
months or greater, relubricate before starting. 

To lubricate: 
1. Stop motor 
2. Wipe clean all grease fittings. (Filler and drain.) 
3. Remove fi lier and drain plugs. A and B (See figure 2.) 
4. Free drain hole of any hard grease (use piece of wire if 

necessary). 
5. Add Grease* using a low pressure grease gun. 
6. Start motor and let run for approximately 30 minutes. 
7. Stop motor, wipe off any drained grease, and replace filler 

and drain plugs. 
8. Motor is ready for operation. 

* The amount of grease added is very important. Only 
enough grease should be added to replace the grease used 
by the bearing. Too much grease can be as harmful as 
insufficient grease. Every four years (every year in the case 
of severe duty) motors with open bearings should be 
thoroughly cleaned, washed and repacked with grease. The 
quantity of grease is important. The grease cavity should be 
filled 1/3 to 1/2 full. Too much grease is as detrimental 
as insufficient grease. (See figures 3, 4, 5.) 

NOTE 

If lubrication instructions are shown on motor, 
they will supersede this general instruction. 

FIGURE 2 
END BELL BEARING HUB 

B 

TOP OF MOTOR 
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FIGURE 3 

RECOMMENDED GREASES 

INSULATION CLASS 
SHOWN ON GREASE GREASE 

NAMEPLATE DESIGNATION SUPPLIER 

B Alvania #2 Shell Oil Company 
or equivalent 

F Chevron SRI-2 Standard Oil of 
California or 
equivalent 

FIGURE 4 

RELUBRICA TION PERIOD 

Relub. Period@ 
Std. Conditions 

Frame Size@ (8 hr./day, normal 
900, 1200 & to light loading Severe Extreme 
Var. Speed 100° F max. amb.) Conditions Conditions 

140-180 4.5 Years 18 Months 9 Months 
210-280 4 Years 16 Months 8 Months 
320-400 3.5 Years 14 Months 7 Months 
440-508 3.0 Years 12 Months 6 Months 

510 2.5 Years 111/, Months 6 Months 

Frame Size@ Severe Extreme 
1800 RPM Std. Condit ions Conditions Conditions 

140-180 3 Years 1 Year 6 Months 
210-280 2.5 Years 10½ Months 5½ Months 
320-400 2.0 Years 9 Months 41/, Months 
440-508 1.5 Years 8 Months 4 Months 

510 1 Years 6 Months 3½ Months 

All Motors 
over 1800 RPM 6 Months 3 Months 3 Months 

For roller bearings: Divide above times by 3. 

STANDARD CONDITIONS: Eight hours per day, normal or 
light loading, clean 100° F maximum ambient. 

SEVERE CONDITIONS: Twenty-four hours per day opera
tion, or shock loadings, vibration, or in dirt or dust at 100° to 
150° F ambient. 

EXTREME CONDITIONS: Heavy shock or vibration, dirt or 
dust at 100° to 150° F ambient. 

FIGURE 5 

WARNING 

Disconnect power before working on motor 
driven equipment. Motors with automatic 
thermal protectors will automatically restart 
when the protector temperature drops 
sufficiently. Do not use motors with automatic 
thermal protectors in applications where 
automatic restart will be hazardous to personnel 
or equipment. 

TROUBLES 
If trouble is experienced in the operation of the motor, 

make sure that: 
1. The bearings are in good condition and operating properly. 
2. There is no mechanical obstruction to prevent rotation in 

the motor or in the driven load. 
3. The air gap is uniform. 
4. All bolts and nuts are tightened securely. 
5. Proper connection to drive machine or load has been made. 

In checking for electrical troubles, be sure that: 
1. The I ine voltage and frequency correspond to the voltage 

and frequency stamped on the nameplate of the motor. 
2. The voltage is actually available at motor terminals. 
3. The fuses and other protective devices are in proper 

condition. 

4. Al{ connections and contacts are properly made in the 
circuits between the control apparatus and motor. 
Never attempt to measure the temperature rise of a motor 
by hand. Temperature rise must be measured by thermo
meter, resistance, or by imbedded detector or thermo
couple. 

CAUTION 

1. Do not perform any maintenance or service 
on this motor before disconnecting the power 
source. 

2. Discharge all capacitors before servicing 
motor. 

3. Always keep hands and clothing away from 
moving parts. 

4. Electrical repairs should be performed by 
trained and qualified personnel only. 

5. Failure to follow instructions and safe 
electrical procedures could result in serious 
injury. 

6. If safety guards are 
guards are in use. 

required, be sure the 

AMOUNT OF GREASE REQUIRED WHEN REGREASING 

BEARING AMOUNT APPROX. EQUIV. BEARING AMOUNT APPROX. EQUIV. 
NUMBER (IN.3) TEASPOONS NUMBER (IN.3) TEASPOONS 

203 .15 . 5 Tsp. 222 3.0 10.0 Tsp . 
205 .27 . 9 Tsp. 307 .53 1.8 Tsp . 
206 .34 1.1 Tsp. 308 .66 2.2 Tsp. 
207 .43 1.4 Tsp. 309 .81 2.7 Tsp . 
208 .52 1.7 Tsp. 310 .97 3.2 Tsp. 
209 .61 2.0 Tsp. 311 1.14 3.8 Tsp. 
210 .72 2.4 Tsp. 312 1.33 4.4 Tsp. 
212 .95 3.1 Tsp. 313 1.54 5.1 Tsp. 
213 1.07 3.6 Tsp. 314 1.76 5.9 Tsp. 
216 1.49 4.9 Tsp. 316 2.24 7.4Tsp. 
219 2.8 7 .2 Tsp. 318 2.78 9.2 Tsp. 

4 1.2.36-11 



These instructions do not cover all details or variations in equipment nor provide for every possible condition to be met in connection with 
installation, operation or maintenance. Should additional information be desired for the purchaser's purposes, the matter should be referred 
to the nearest Marathon Electric Manufacturing Corp. sales office listed on the back page. 

MOTOR TROUBLE SHOOTING CHART 
Your motor service and any trouble shooting must be handled by qualified persons who have proper tools and equipment. 

TROUBLE CAUSE WHAT TO DO 

Motor fail& to start Blown fuses Replace fuses with proper type and rating. 
Overload trips Check and reset overload in starter. 
Improper power supply Check to see that power supplied agrees with motor nameplate 

and load factor. 
Improper line connections Check connections with diagram supplied with motor. 
Open circuit in winding or control switch Indicated by humming sound when switch is closed. Check for loose 

wiring connections. Also see that all control contacts are closing. 
Mechanical failure Check to see if motor and drive turn freely. Check bearings and 

lubrication 
Short circuited stator Indicated by blown fuses. Motor must be rewound. 
Poor stator coil connection Remove end bells, locate with test lamp. 
Rotor defective Look for broken bars or end rings. 
Motor may be overloaded Reduce load. 

Motor stalls One phase may be open Check lines for open phase. 
Wrong application Change type or size. Consult manufacturer. 
Overload motor Reduce load. 
Low motor voltage See that ',nameplate voltage is maintained. Check connection. 
Qpen Circuit Fuses blown, check overload relay stator and pushbuttons. 

Motor runs and then Power failure Check for loose connections to line, to fuses and to control. 
dies down 
Motor does not come Not applied properly Consult supplier for proper type. 
up to speed Voltage too low at motor terminals because Use higher voltage on transformer terminals or reduce load. 

of line drop. Check connections. Check conductors for proper size. 
Starting load too high Check that load motor is supposed to carry at start. 
Broken rotor bars or loose rotor Look for cracks near the rings. A new rotor may be required as 

repairs are usually temporary. 
Open primary circuit Locate fault with testing device and repair. 

Motor takes too long Excess loading Reduce load. 
to accelerate Poor circuit Check for high resistance 

Defective squirrel cage rotor Replace with new rotor. 
Applied voltage too low Get power company to increase power tap. 

Wron11 rotation Wrong sequence of phases Reverse connections at motor or at switchboard. 
Motor overheats Overloaded Reduce load. 
while running under Frame or bracket vents may be clogged with Open vent holes and check for a continuous stream of air from 
load dirt and prevent proper ventilation of motor. the motor. 

Motor may have one phase open Check to make sure that all leads are well connected. 
Grounded coil Locate and repair 
Unbalanced terminal voltaae Check for faulty leads, connections and transformers. 

Motor vibrates after Motor misaligned Realign. 
corrections have been Weak support Strengthen base 
made. Coupling out of balance Balance coupling. 

Driven equipment unbalanced Rebalance driven equipment. 
Defective ball bearing Replace bearing. 
Bearings not in line Line up properly. 
Balancing weights shifted Rebalance motor. 
Polyphase motor running single phase Check for open circuit. 
Excessive end play Adjust bearina or add washer. 

Unbalanced line Unequal terminal volts Check leads and connections. 
current on polyphase Single phase operation Check for open contacts. 
motors during normal 
operation. 
Scraping noise Fan rubbing air shield Remove interference. 

Fan striking insulation Clear fan. 
Loose on bedplate Tiahten holdina bolts. 

Noisy operation Airgap not uniform Check and correct bracket fits or bearing. 
Rotor unbalance Rebalance. 

Hot bearings general Bent or sprung shaft Straighten or replace shaft. 
Excessive belt pull Decrease belt tension. 
Pulleys too far away Move pulley closer to motor bearing. 
Pulley diameter too small Use larger pulleys. 
Misalignment Correct bv realianment of drive. 

Hot bearings ball Insufficient grease Maintain proper quantity of grease in bearing. 
Deterioration of grease or lubricant Remove old grease, wash bearings thoroughly in kerosene and 
contaminated replace with new grease. 
Excess lubricant Reduce auantitv of arease bearina should not be more than ½ filled. 
Overloaded bearing Check alignment side and end thrust. 
Broken ball or rough races Replace bearing, first clean housing thoroughly. 

1.2.36-12 
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FOR RENEWAL PARTS 

When ordering parts for repair or spares, give 
description and state quantity of parts desired, 
together with the complete nameplate data: rating, 
model and serial number of the motor and all data. 

Sales and Service Assistance 
California 

ANAHEIM 
625 South Euclid Suite 15 
Anaheim, CA 92802 
Phone (714) 956-7111 

SAN LEANDRO 
14441 Griffith Street 
San Leandro. CA 94577 
Phone (415) 357-7620 

Connecticut 
HARTFORD 
49 North Gate 
Sunsbury CT 06070 
Phone (203) 658-9835 

Illinois 
CHICAGO 
680 Greenleaf Avenue 
Elk Grove Village. IL 60007 
Phone (312) 593-6500 

Indiana 
INDIANAPOLIS 
4518 North H1lls1de 
lnri1nnapol1s IN 46205 
f'l1011,• 1311) ?:i:l 64W:1 

'.''.,3 5354 

Louisiana 
NEW ORLEANS 
33G N Jefferson 

Davrs Pcirkwily 
New Orleans. LA 70119 
Pr,01:c• !504) 482-2089 

Minnesota 
MINNEAPOLIS 
8700 Wrest 36th Street 
M,nnr>;;pol1s MN 55426 
Phone 1612) 935-8424 

L1tho In U.S.A. 

Missouri 
ST. LOUIS 
1887 Cedar Mill Drive 
Chesterfield, MO 63017 
Phone: (312) 593-6500 

New York 
SYRACUSE 

Ohio 

Room 173 Pickard Building 
5858 East Molloy Road 
Syracuse, NY 13211 
Phone (315) 454-0994 

454-3130 

CINCINNATI 
9319 Cincinnati-Columbus Rd. 
West Chester, OH 45069 
Phone (513) 777-7990 

CLEVELAND 
20800 Center Ridge Rd-Suite 400 
Cleveland. OH 44116 
Phone: (216) 331-2910 

331-1081 

Pennsylvania 
ALLENTOWN 
PO Box 2206 
Allentown, PA 18001 
Phone (215) 837-1866 

South Carolina 
GREENVILLE 
100 Executive Center Drive 
Greenville. SC 29615 
Phone (803) 288-8991 

288-8990 

1.2.38-13 

Tennesse 
NASHVILLE 
1040 Murfreesboro Road 
Suite 207 
Nashville, TN 37217 
Phone: (615) 242-3321 

242-3322 
255-8281 

Texas 
DALLAS 
1366 Exchange Drive 
Richardson, TX 75080 
Phone: (214) 699-0251 

HOUSTON 
4502 Mossygate Rd. 
Spring, TX 77373 
Phone: (713) 350-3277 

Washington 
SPOKANE 
Electro-Power Corp. 
North 104 Madelia 
PO Box 2983 
Spokane, WA 99220 
Phone: (509) 535-2931 

100 E Randolph Street 
Wausau, WI 54401 
Phone (715) 675-3311 

SB 181 3/80 
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I 1;sTALLATIOr; /.Jill MAINTrnAHCE INSTRUCT I OJ~/ . \~ 0;, '-~ . . ~ , YOUHG TYPE "OCH" OIL COOLERS \) \ ,.. '2, '2, \'3'o\) ', .: 

. \' \)t.C ~ ,,r /· ~ ··\\\h \,,u GENERAL ~ t ~~ \ \ '. 
A. IMMEDIATELY AFTER REMOVING FROM SHIPPING CONTAil~~\\BEFORE 

INSTALLING OIL COOLER, INSPECT CAREFULLY FOR CONCEALED DAMAGE 
FROM SHIPPING. IF ANY DAMAGE IS FOUND, FILE CLAIM WITH THE 
CARRIER. 

B. TYPE "OCH" OIL COOLERS ARE DESIGNED AND MANUFACTURED FOR MAXIMUM 
EFFICIENCY AT OPERATING PRESSURES UP TO 300 PSI MAXIMUM AT 400 F 
MAXIMUM IN AN AMBIENT TEMPERATURE OF 104 F MAXIMUM WITH STANDARD MOTORS. 

II. INSTALLATION 

A. AVOID LOCATING COOLER IN A CORROSIVE ATMOSPHERE AS RAPID DEI'ERI
ORATION OF CASING, COOLING ELEMENT, FAN AND MOTOR MAY TAKE PLACE 
RESULTING IN SHORTENED LIFE AND UNNECESSARY REPLACEMENT EXPENSE. 

B. IF COOLER IS TO UTILIZE WASTE HEAT FOR SPACE HEATING, IT SHOULD 
BE MOUNTED 7 TO 14 FEET ABOVE THE FLOOR FOR PROPER HEAT DISTRI
BUTION. 

C. COOLER MAY BE SUSPENDED FROM 1/2-13 UNC TAPPED HOLES IN TOP BY 
THREADED RODS, OR MAY BE BASE-MOUNTED FROM 1/2-13 UNC TAPPED 
HOLES IN BOTTOM. IN EITHER CASE, MOUNT FOR HORIZONTAL AIR FLOW TO MAINTAIN PROPER COOLING OF FAN MOTOR AND VENTING OF INTERNAL 
PASSAGES. 

D. PIPING SHOULD BE SIZED BASED ON DESIGN FLOW AND PRESSURE DROP 
REQUIREMENTS AND NOT ON OIL COOLER SUPPLY AND REI'URN CONNECTION 
SIZES. 

A STRAINER OR FILTER LOCATED AHEAD OF THE COOLER OR THE HEAT 
SOURCE, DEPENDING ON THE TYPE OF SERVICE, SHOULD BE INSTALLED 
TO TRAP SCALE, DIRT OR SLUDGE THAT MAY BE PRESENT IN PIPING 
AND EQUIPMENT, OR THAT MAY ACCUMULATE FROM OIL BREAKDOWN. A 
THERMOSTATIC OR SPRING LOADED BY-PASS RELIEF VALVE INSTALLED 
AHEAD OF THE COOLER WILL BE FOUND HELPFUL TO HASTEN WARM-UP 
AND RELIEVE THE SYSTEM OF EXCESSIVE PRESSURES, AS WELL AS TO 
CONTROL THE OIL TEMPERATURE IN CERTAIN INSTALLATIONS. THESE 
ACCESSORIES SHOULD BE CONSIDERED IN THE ORIGINAL HEAT REJEC
TION Alill PIPING COMPUTATIONS. 

FIGURE 1, PAGE 3 SHOWS TYPICAL ONE PASS COOLER CONNECTIONS FOR 
HIGH OIL FLOWS. FIGURE 2, SHOWS TYPICAL TWO PASS COOLER CONNEC
TIONS FOR LOW OIL FLOWS. 

E. CONNECT MOTOR TO POWER SUPPLY FOR VOLTAGE AND FREQUENCY {HERTZ) 
ON MOTOR NAMEPLATE ONLY, AND ACCORDING TO DIAGRAM FURNISHED WITH 
MOTOR. CONNECT TWO-SPEED SWITCH WHEN FURNISHED, ACCORDING TO 
DIAGRAM INCLUDED WITH TWO-SPEED SWITCH. BEFORE TURNING ON ELEC
TRIC POWER, ROTATE FAN BY HAND, MAKING SURE IT HAS PROPER CLEAR
ANCE AND HAS NOT BEEN DAMAGED. TURN ON ELECTRIC POWER. MAKE 

7-2-71 
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SURE FAl; IS ROTATIHG COilliTERCLOCKWISE (LOOKING DOWN THE AIR STREAM) AND DRAWING AIR OVER THE MOTOR, THROUGH THE HEATING ELEMENT AND OUT THE LOUVERS OR DISCHARGE OPENING. 

IF MOTOR IS TO BE PROTECTED AGAINST OVERCURRENT THROUGH MOTOR STARTER OR OTHER OVERCURRENT DEVICE, SELECT OVERCURRENT RELAYS OR HEATERS BASED ON ACTUAL MEASURED CURRENT DRAW OF MOTOR ON COMPLETED INSTALLATION. DO NOT USE NAMEPLATE AMPERES. (MOTOR LOAD ON THIS COOLER IS BASED ONACTUAL SAFE TEMPERATURE TEST OF MOTOR). 

III. MAINTENANCE 

A. LUBRICATION: LUBRICATE MOTOR ACCORDING TO INSTRUCTIONS FURNISHED WITH MOTOR. 

B. EXTERNAL CLEANING: DIRT ON COOLING ELEMENT FINS REDUCES AIR FLOW AND COOLING CAPACITY. DIRT ON FAN BLADES REDUCES AIR OUTPUT AND MAY THROW FAN OUT OF BALANCE AND OVERLOAD MOTOR. DIRT ON MOTOR REDUCES MOTOR VENTILATION AND COOLING, CAUSING OVERHEATING AND POSSIBLE BURN-OUT. 

AT LEAST ONCE EACH YEAR, REMOVE DUST AND GREASY DEPOSITS FROM COOLING ELEMENT FINS, MOTOR, FAN BLADES AND FAN SHROUD. USE A STIFF BRUSH OR AIR NOZZLE FOR LOOSE DIRT AND NONINFLAMMABLE SOLVENT WITH BRUSH FOR SOLID DEPOSITS. DO NOT BEND OR DAMAGE COOLING ELEMENT FINS. CARE MUST BE TAKEN NOT TO DAMAGE FAN BLADES AS A RESULTING OUT-OF-BALANCE CONDITION MAY CAUSE VIBRATION, DAMAGE TO MOTOR BEARINGS, AND POSSIBLE MOTOR BURN-OUT DUE TO OVERHEATING. 

C. INTERNAL CLEANING: ONCE A YEAR, PIPING SHOULD BE DISCONNECTED AND A DEGREASING AGENT OR FLUSHING OIL CIRCULATED THROUGH THE UNIT TO REMOVE SLUDGE FROM TURBULATORS Al1D INTERNAL TUBE SURFACES TO RETURN THE UNIT TO FULL CAPACITY. A THOROUGH CLEANING OF THE ENTIRE SYSTEM IN THE SAME MANiiER IS PREFERABLE TO AVOID CARRY OVER FROM UNCLEANED PIPING, PUMP AND ACCESSORIES. IF THIS IS DONE, FILTER OR STRAINER SHOULD BE REMOVED AND NECESSARY ADJUST.MENTOR REMOVAL OF BY-PASS VALVE EFFECTED. REGULAR CLEANING OR REPLACEMENT OF FILTER OR STRAINER WILL HELP MAINTAIN A CLEAN AND EFFICIENTLY OPERATING SYSTEM. 

D. SERVICE: wrlEN ORDERING REPLACEMENT PARTS OR MAKING INQUIRY REGARDING SERVICE, ALWAYS M~NTION MODEL NUMBER, SERIAL NUMBER, AND "YOUNG" ORDER NUMBER ON WHICH COOLER WAS ORIGINALLY FURNISHED. ANY REFERENCE TO THE MOTOR MUST CARRY FULL MOTOR NAMEPLATE DATA. 

7-2-71 
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TYPICAL TWO PASS CONNECTIONS 
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YOUNG RADIATOR COMPANY 
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SPECIFICATIONS 

TUBES:STEEL 

ONE AND TWO PASS OIL FLOW 

FINS: ALUMINUM 

TURBULATORS:STEEL 

MANIFOLDS: TUBULAR STEEL 

HOUSING: HEAVY GAGE STEEL 

HOUSING FINISH: GRAY GLOSS 
ENAMEL 

HARDWARE FINISH: ZINC PLATED 

WORK PRESS: 300 PSI 2100 kPa @ 
400 F 205C 

TEST PRESS: 450 PSI 3100 kPa 

l ALL DIMENSIONS ARE INCHES MILLIMETRES ... I . 
oir.~~~~Ni-----------.---o-c~• -·'-4_1 ___ --r-_____ .----------.-----~------,~----~---------·----1.,=o"'c=H==·c.=2=="==;==c.=c==·"==~======1======c1=====~=====~=====.===== 

MODEL 
OCH-55 OCH-91 OCH-130 OCH-174 OCH-257 I OCH-360 

A 14.81 31s.2 1 19.00 482.6 20.31 517.5 23.81 604.8 26.11 681.0 31.62 8:J3.3 33.81 858.8 I 41.62 1057.3 -------I-·-·-·~ 
I B 11.81 300.0 I 13.12 333.4 

>----
I 14.44 C 13.94 354.0 356.7 

15.75 400.0 18.31 466.7 j 23.62 600.1 27.56 700.1 30.19 766.8 I 36.75 933.4 
22.00 558.8 22.00 55B.B / 22.00 558.8 22.00 558.8 23.50 596.9 I 23.50 596.9 -----~-

' 266.7 D 9.19 233.4 ' 10.50 13.12 333.4 15.75 400.0 21.00 533.4 24.94 633.4 27.56 700.1 ! 34.12 865.8 
E S.31 211.1 12.50 317.5 13.88 352.4 17.19 436.6 : 20.19 512.8 25.12 638.2 27.31 693.7 35.12 e92.2 -

--
17.12 .C35.0 F 12.94 328.6 18.50 469.9 21.11 554.o I 24.11 630.2 29.75 755.6 31.94 811.2 I 39.75 10096 

G 2.12 54.0 2.12 54.0 2.12 54.0 2.19 5!.6 2.19 55.6 2.19 55.6 I 2.19 556 I 2.19 55.6 H 9,81 249.2 11.00 279 . .C 13.62 346.1 16.19 411.2 21.44 5-44.5 25.31 644.5 28.00 711.2 ; ~.56 877.9 ----~--
K 1.00 25.4 1.00 25.4 1.00 25.4 1.25 31.8 1.25 31.8 1.25 31.8 1.25 31.8 l 1.25 31.8 

) ~ 
SCHEDULE OF UNITS 

L HEM I QTY I MODH 

CJ>.PACITY MOTOR 

l!tuh 
gpm ENT Oil AMI AIR 
Oil TEMP F TEMP F HP RPM PHASE HERTZ VOLTS 

01 2 locH-41 >-----t- 1/8 1725 3 60 230/460 
iTotc=l1v F.nc- ,n~Pr-1 Air fvPr 

42" Dia. FrJme 
___ ___. ___ t_. ------+------r----,----+---+--------+-----+-cc~-fC-.'--~ +-+;..--··;~,___r'-. ::i-½. _,,.. __ • _r::i_r--,___.--------< ' \':· - -

\ ' \. i-:. ':, ::,. :... 'J"'oU -·-~·------------------------------------~---;ry--r>'r7'---------

.... ······Dl~ENSl~N. DR::~:~ON ....... ••·····\IJ~~~f_@'r~ui ,c" u:~ JOB ...... . 

ARCH. ENGR ....................................................................... ······························•···············-·························· ................. . 
cusroMER ... Th ~ .. ¥.~.1dtng~.i:- .. Ge:>_ :r-p.~ .. , ................. ADDRESS .... ~.,.O.,.B..CJ,,c ... .1-§l?..,.P.~.~:1'9 i.n~.!>.~ ... I ow; 
CUSTOMER ORDER.9'1::-.0_1.QQ-Q)4 ......... ..................... YOUNG ORDER ...... B.::.1903.43 ................................ . ----------.---------------,-------------~----------~-------TITLE YOUNG RADIATOR co. 01A2TE/12/80 BY I02RA7W51N9G4Nl'O. OCH OIL COOLERS RACINE, WISCONSIN 53404 DJL ------------------------------------'----------------------------L----------------------L--------------1[}-31-74 
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Equipment Maintenance P&ID Dwg. 

Number Description Sect ion Number 

FA-901 Cooling tower fan 1.3. 2 5163154 

FA-902 Cooling tower fan 1.3. 2 5163154 

FA-903 Cooling tower fan 1.3. 2 5163154 

FA-906&907 Air Compressor after Cooling Fan 1.3.3 5133309 

-<t> -
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1.4 AIR COMPRESSOR 
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Equipment 

Number 

CP-901 

CP-902 

--
Description 

Service & inst. air compressor 

Service & inst. air compressor 

Ma in tenance 
Section 

1. 4.1 

1.4.1 

P&ID Dwg. 
Number 

5163162 

5163162 

--
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Equipment Maintenance P&ID Dwg. 
Number Description Section Number 

FA-301 UMU Vapor Blower 1. 5.1 5163147 
5132196 

FA-302 UMU Air Blower 1. 5. 2 5163147 
5132196 

FA-904 Turbine Lagging Blower 1.1.1* 

FA-905(A,B,C&D) Turbine Lagging Blower 1.1.1* 

.... 
Y1 .... 

*Furnished W/Turbine Generator 



-- ]. 5 

I. 5. 1 

1. 5. 1. 1 

I· 5. I. 2 

-- I· 5· l • 3 

1. 5. J. 4 

l. 5. l. 5 

l. 5- l. 6 

l · 5. 1. 7 

5. 1. 8 

1. 5. l. 9 

l. 5. l. 1 0 

--

BLOWERS 

UMU VAPOR BLOWER 

Identification 
Tag Number 

FA-301 

Des c r i pt ion 

Manufacturer 

Part Number 

Specification No. 

Material 

Weight 

Prescribed Service 

Description 

UMU VAPOR BLOWER 

Eel ipse Inc., Rockford, 111 inois 61103 

HB-3314-1/2 

Hydrocarbon Vapors, Ullage Tank Fumes 

Vendor 
Hirt Combustion Engineers, 931 So. Maple Ave., Montebello, CA 90640 

Special Cautions 

See Eel ipse Information Guide K-74 (following) 

Periodic Service 

None 

Parts List 

None 

Spec_ial Tools 

None 

Maintenance lnst,·uctions 

See Eel ipse Information Guide K-74 (following) 
Acceptance Tests 

None 

1.5.1-1 
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ECLIPSE INFORMATION GUIDE 
HERMETIC GAS BOOSTERS 

SERIES HB 

K-74 
Information 
Guide 
Rev. 1 80 

Eclipse Hermetic Gas Boosters are used for pumping any 
gas or gas/air mixture, which is not corrosive to aluminum 
or steel, when an increase in pressure is required. They 
deliver gas at any volume, within the capacity range of the 
booster, with a relatively constant pressure. The dis
charge pressure is the total of the booster pressure plus 
incoming gas pressure. 
The design of Hermetic Boosters permits the motor and 
rotor to be enclosed in an airtight, steel housing. No shaft 
seal is required, thus eliminating any possibility of shaft 
seal leakage, a problem experienced on many gas booster 
designs. Motor and rotor are easily accessible by unbolt
ing the cover plate and sliding the entire motor and rotor 
assembly out of the housing. During any disassembly, be 
careful NOT to disturb the wiring conduit or terminal box 
position. This will break the gas seal and result in gas 
leakage. These boosters are UL listed when handling natural 
or manufactured gas. 

1.0 INSTALLATION 

,, ,, . 

,1i~/ 
_,'·~' 

:/ :,;,:'. 

· · 2.0 

1. 1 Install booster in accessible location on a level concrete floor or other substantial mounting pad. 

1. 2 Be sure the top of booster housing is perfectly level to avoid excessive wear of motor bearings. 

1.3 

1.4 

1.5 

Booster should be bolted to mounting pad through mounting boles provided in booster b~. 
desired, vibration pads may be installed under base. 

If mounted rigid to mounting pad, be careful not to spring booster base when bolting down. 
properly before tightening mounting bolts. 

When installing booster, be sure that enough space is left between the Terminal Box and the 
nearest obstruction to allow removal of the internal assembly for maintenance purposes. 
The space required is equal to the distance between the End Plate on the Terminal Box side 
and the Front Housing Cover. 

If 

Shim 

1. 6 DO NOT DISTURB WffiING CONDUIT OR TERMINAL BOX POSITION. This will break the 
gas seal and result in gas leakage. If resealing is necessary, it should be done by Eclipse 
factory authorized personnel only. 

1. 7 As a precautionary measure, Eclipse recommends that a second U. L. listed sealing unilet 
and pipe nipple be installed directly upstream of the junction unilet (see Figure 4). This 
additional installation should be done on the job site by a qualified electrical contractor. 

PIPING FIGURE 1 

2.1 Hermetic boosters are available in various outlet positions so that a minimum number of bends in 
the piping is required. Bottom horizontal discharge and standard rotation (CCW as viewed from 
motor side) is supplied unless otherwise specified by the customer on his order. 

2.2 

2.3 

To prevent leakage of gas, excessive power consumption, and possible hazard, the use of rigid 
piping is recommended. Solid pipe connections (threaded or flanged) should be used at booster 
inlet and outlet. Make sure all fittings are tight. Check lines for leakage. 

DO NOT use the booster to support the piping. Use suitable brackets or hangers. Place booster 
as close as possible to appliance to avoid unnecessary piping pressure losses. 

• 
ECLIPSE COMBUSTION DIVISION 
OF ECLIPSE INC. 
IIOCK .. OIID, ILLINOla 8110:I (81B) 877-:80:11 
IN CANADA: l!CLIPBI! PUl!L l!N11:r.,~r• CO. OP CANADA, LTD, DON MILLI, ONTARIO 

- ...... _ i .••. ~... • .. ...... ..... ,_. -"---•"·' ~- ...... --.... • • ..... ~~. 

-~ / 

• -

--

' -~ • 
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2.4 Use sufficiently large size piping from booster to appliance to avoid excessive pressure 

losses. Avoid sharp bends and pipe constrictions. 

2.5 NOTE: Maximum test or inlet pressure must not exceed 5 p.s.i.g. 

ECLIPSE 
HERMETIC 

GAS 
BO(l)TER 

TYPICAL THREE VALVE BYPASS ARRANGEMENT 

OUTLET VALVE 
NORMALLY OPEN 

..,_DRESSER TYPE 
COUPLINGS 

INLET VALVE 
NORMALLY OPEN 

_.,_-BYPASS VALVE 
NORMALLY CLOOED 

SERVICE 
VALVE 

J 

FIGURE 1 

3. 0 ELECTRICAL CHARACTERISTICS 

3. 1 Before making any electrical connections, check the electrical characteristics of circuit against 

those of the motor to make certain they are the same. See Specifications on booster nameplate. 

(Refer FIGURE 2). 

3.2 

3.3 

3.4 

3.5 

Because of the wide variety of local electrical codes and regulations covering motor starters, 

switches and controls, it is recommended that a reliable electrical contractor be engaged to supply 

the proper starter or switch and to make the necessary electrical connections. 

The motors used on all Eclipse Hermetic Gas Boosters are U. L. Listed Class 1, Group D, 

explosion-proof. When wiring booster motor, it is essential that it be properly protected 

against overload and excessive heat conditions. (Refer to FIGURE 5 for sugge1::1ted wiring.) 

Make sure that heating elements in motor starter are correct for power requirements. 

Check to make sure fan is rotating in the proper direction, i.e., with the blades traveling toward 

the outlet. This can be determined by removing the 1" pipe plug from the booster end plate, 

momentarily starting the motor and observing fan rotation. Replace plug after the fan rotation 

has been determined. (Refer FIG URE 2 ) . 

1.5.1-3 
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4. 0 MAINTENANCE 

4.1 Keep motor properly lubricated per motor manufacturer's recommendations. The life of the 
booster depends largely upon proper care of the motor. 

4.2 The entire internal assembly is easily removed from the booster for inSpection and/or mainten
ance of motor and rotor. (Refer FIGURE 3). 

4. 2.1 Before disassembling, make sure gas, air and electricity have been shut off. 

4. 2. 2 Remove e ,1d plate bolts and carefully slide out entire internal assembly. Be 
careful not to damage or upset balance of rotor. 

4. 2. 3 CAUTION: Anytime the Eclipse Hermetic Gas Booster is disassembled, care 
should be taken when reassembling to be certain it is properly resealed against 
leakage. It is recommended a spare flange gasket be available for use when 
booster is reassembled. 

4.2.4 DO NOT DISTURB WIRING CONDUIT OR TERMINAL BOX POSITION, This 
will break the gas seal and result in gas leakage. 

4. 3 Contact your local Eclipse sales office for any required assistance and for recommended spare 
parts. 

PIPE PLUG 
111 N,P.T. 

FIGURE 2 

OPTIONAL SECOND SEALING 
UNILET & PIPE NIPPLE 
ARRANGEMENT 
(COMPONENTS MUST BE 
U. L. LISTED & ARE TO BE 
CUSTOMER SUPPLIED AND 
INSTALLED BY A QUALIFIED 
ELECTRICAL CONTRACTOR) 

FLANGE GASKET, 
U.L. LISTED 
MATERIAL RETAINING SPRING 

FACTORY SUPPLIED 
SEALING UNILET 
( U. L. LISTED) 

FIGURE 4 
1.6.1-4 

FRONT 
HOUSING 

/COVER 

FIGURE 3 
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--
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LI -L2-L3 

PROPERLY SIZED 
MOTOR STARTER 
,-------7 
I M M-OL 1 LI _. _______ _,__----'~ Tl 

I 
I 

--
FIGURE 5 

GRf:E_N WIR. E fO_ .R. H TO BE FURNISHED 
~ ME~HANIC Al,_ ANO A TT ACHED 
FRAME GROUND BY THE INSTALLER 

~DL.ACK WIRES 
ITI-T2-v1 

v--~- !N£eE.C..I!.QN_HO.l.E 

--

GO TO SUITABLE 
POWER SOURCE 

M-OL : 
L2-+----.,.__----..e-----ofb---+---T2 

TO 800S.TE _ _.R lfT!>BAS~ TI 
MOTOR POWER OR T 2 
(,,~~Q~ ~T3 

TQ_OELERMINE 
l>_R~R ROTA't_l_QN 

1 
2 

3 

M·OL 
L3-+-----+------<lfl~-+---T3 

HIGH 
VOLTAGE 

I I 
L--------i 

I 
I 
I 

illf'_QQ_V'Ji 
TRANSFORMER OR 
CONTROL VOLTAGE 
POWERSUPPL y OF 
ADEQUATE CAPACITY 

I 
I 
I 

I 
I 
I 

XI I 

INTERNAL w
11:;~,.:_~ 

OF "HB" ~rn:R TO BE CON D 
!fl'_ECLIPSE_IQ__MEEJ 
(;l,/$TQr.1ER REQUIREMENTS 

PIP2 

' 
LOW I ,----l r--"-l VOLTAGE I M 

I 
I Pl Pll 

FUSE I c~~ ~ j "°TOR STARTER CC,L TO .. 
- - - --- - ------------ ~ATf.H~ T~ Ei~ ----- --- __ 3>CA P w y 

I STOP I START -,- --, ~....L I I I I 

JI C COLORCOOE 
WHITE -GROUNDED .QRQJlL_CONDUCTOR. 
YELLOW-INTERLOCK CONTROL CIRCUIT 

~q- ~!%§~~~(::-
- WIRES. -----
BLUE -- OiRITT CURRENT CONTROL WIRES. 
GR_E:g.l - SAME AS. FOR N.E.C 

THIS IS "SUGGESTED" WIRING ONLY 1 1 1 

ECLIPSE INC. WILL INTERNALLY WIRE ONLY THE "HB" BOOSTER 
FOR THE SPECIFIED VOLTAGE AND BRING OUT TO A TERMINATION 4 
BOX THE MINIMUM NIJ,IBER OF NECESSARY CONNECTING WIRES. 
SOME MOTOR MANUFACTURERS QQJ!Q.I FURNISH THERMOSTATS IN 
THEIR CLASS I.GROUP O MOTORS. IN WHICH CASE Pl ANO P2 
DO NOT EXIST AND EQIPSE INC. CANNOT WIRE THEM NOR CAN 

JUMPER AS SHOWN -----1' ] IF PI ANO P2 - - -
00 NOT EXIST 

N.E.C. WIRE COLORCOOE 
WHITT C. C is-THE~NAIED."_C.0.NID.!CIOR 
QREEN -fRAAft (GRQ!JNOJ _ IIOffQINJLWJ~ 

ANY INSTALLER. THEREFORE WIRE Pl OR P2 INTO ANY CONTROL 
CIRCUIT AS SHOWN. 
WIRING AND INSTALLATION TO CONFORM WITH NATIONAL ANO 
LOCAL ELECTRICAL CODES. ALL WIRING ANO EQUIPMENT EXTERNAL 
TO EQIPSE HERMETIC BOOSTER TO BE FURNISHED BY OTHERS 
UNLESS OTHERWISE SPECFIEO. 



ECLIPSE HERMETIC GAS BOOSTERS 
K-74 
Bulletin 
Rev. 2/80 

SERIES HB 

,-1 
1_ 

~~.~ 
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Eclipse Hermetic Gas Boosters are used for pumping any 
gas or gas/air mixture, which is not corrosive to aluminum or 
steel, when an increase in pressure is required. They deliver gas 
at any volume, within the capacity range of the booster, with a 
relatively constant pressure. The discharge pressure is the total 
of the booster pressure plus incoming gas pressure. 

DESIGN FEATURES 

sliding the entire motor and rotor assembly out of the housing. 
Sealed electrical connections are made through explosion 

proof conduit, and an explosion proof junction box is provided. 
Standard shaft, Class 1, Group D, explosion proof motors are 
used as standard. These boosters are UL listed when handling 
natural or manufactured gases. 

Hermetic Boosters are available in either standard rotation 
The design of Hermetic Boosters permits the motor and rotor 

to be enclosed in an airtight, steel housing. No shaft seal is re
quired, thus eliminating any possibility of shaft seal leakage, a 
problem experienced on many gas booster designs. Motor and 
rotor are easily accessible by unbolting the cover plate and 

( CCW as viewed from the side opposite the suction inlet) or _ 1 

counter standard rotation. Four different outlet positions are 
available on all Hermetic Boosters (see K-74A Specification 
Sheet) . Rotor rotation can be checked on initial start-up by 
simply removing the pipe plug on the front housing cover. 

RETAINING SPRING 

MOTOR 

TERMINAL 
BOX 

MOTOR HOUSING 

' r-1 
I I 
I I . ., 

I 
I 
I . 

• 

FRONT 

HOUSING COVER 

ECLIPSE COMBUSTION DIVISION 
OF ECLIPSE INC. 
R0CK .. 0RD, ILLIN0IS 81103 (8111) 877•3031 
IN CANADA: ECLIPSE F~~s.1t1NEERING CO. OP CANADA, LTD, DON MILLS, ONTARIO 
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CAPACITIES 

CATALOG MOTOR AIR- 1.0 SP. GR, NAT. GAS - 0. 65 SP. GR. PROPANE/AIR - 1.28 SP. GR. 
NUMBEH H. P. CFH OSI CFH OSI CFH 

HB-3412-1/3 1/3 4,800 6 6,000 3.9 3,700 
HB-3412-1/2 1/2 6,000 6 9,000 3.7 4,600 
HB-4412-1/2 1/2 8,600 6 12,000 3.9 6,700 
HB-4412-3/4 3/4 14,000 6 20,000 3.5 10,000 
HB-4412-1 1 16,000 5.3 ---- --- 14,000 
HB-6812-1 1 20,200 6 30,000 3.9 15,000 
HB-6812-1-1 /2 1-1/2 40,000 6 44,000 3.9 30,000 
HB-3314-1 /3 1/3 ---- --- 3,600 5.2 ----
HB-3314-1/2 1/2 3,600 8 5,400 5.2 2,700 
HB-4414-3/4 3/4 10,700 8 13,000 4.2 7,500 
HB-4414-1 1 ---- --- ---- --- 9,000 
HB-4614-:l/4 3/4 

..,,. ___ --- 12,000 5.2 ----
HB-4614-1 1 12,000 8 18,000 5.2 9,000 
HB-4614-1-1 /2 1-1/2 21 000 8 21 000 5.2 15 000 
HB-4615-3/4 3/4 7,700 10 11,500 6.5 6,000 
HB-4615-1 1 15,300 10 15,300 6.5 11,000 
HB-6615-1-1/2 1-1/2 ---- --- 28,000 6.5 ----
HB-6615-2 2 28,000 10 35,000 6.5 21,000 
HB-4617-1 1 ---- --- 15,000 7.8 ----
HB-4617-1-1/2 1-1/2 15,000 12 18,000 7.3 11,000 
HB-6617-2 2 19,000 12 25,000 7.8 14,000 
HB-6617-3 3 32,000 12 35,000 7.8 24,000 
HB-8817-5 5 55,000 12 80,000 7. 8 40,000 
HB-4619-1-1/2 1-1/2 8,850 16 13,000 10 6,600 
HB-4619-2 2 12,250 16 18,000 10 9,000 
l!B-6619-3 3 21,500 16 27,000 10 16,000 
l!B-GGU• -5 5 41,200 16 49,000 10 30,000 
HB-8819-7-1/2 7-1/2 57,000 16 70,000 10 42,000 
HB-H819-10 10 70,000 16 ---- --- 52,000 
HB-4623-:l 3 8,000 24 11,600 15.6 6,000 
l!B-462:l-5 5 22,600 24 29,500 15.6 16,800 
HB-6623-7-1/2 7-1/2 37,000 24 40,000 15.6 27,000 
HB-6623-10 10 42,000 24 47,000 14. 9 35,000 
HB-SS23-13 15 85,000 24 87,000 15.6 60,000 
IIB-H82.:J-2ll 20 100,000 22 100 000 14. 3 85,000 
HB-4G28-0 5 6,000 32 12,000 20 4,500 
HB-4628-7-1/2 7-1/2 17,700 32 24,000 20 13,000 
HD-4.62f;- 10 10 28,000 32 28,000 20 20,000 
HB-Sb2~-10 10 32,000 32 40,000 20 24,000 
llB-H82b-l 5 15 53,000 32 63,000 20 40,000 
HB-8828-20 20 78,000 32 90,000 20 60,000 

NOTE: Boosters are for use with any gas not corrosive to aluminum or steel. For capacities and 
pressures of gases with specific gravities other than those listed, consult factory. 

For Dimensions & Specifications, see K-74-A Specification Sheet. 

• 
ECLIPSE COMBUSTION DIVISION 
OF ECLIPSE INC. 
ROCKFORD, ILLINOIS 61103 (BUS) B77•3031 
IN CANADA: ECLIPSE FUEL ENGl"lfERING CO. OF CANADA, LTD, DON MILLS, ONTARIO 
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1 . 5. 2 

I · 5. 2. 1 

1. 5, 2.2 

J. 5. 2. 3 

1. 5. 2.4 

l · 5 · 2- 5 

l. 5- 2. 6 

1. 5. 2. 7 

l. 5. 2. 8 

I. 5. 2.9 

1. 5. 2.10 

UMU AIR BLOWER 

Identification 
Tag Number 

FA-302 

Description 

Manufacturer 

Part Number 

Specification No. 

Mater i a 1 

Weight 

Prescribed Service 

Description 

UMU Air Blower 

Aladdin Industries Inc., 703 Murfreesboro Road, 
Nashville, TN 37210 

500 I b. 

Air, 1500 CFM, 4 In. SP, 2050 RPM, l.79 BHP 

Vendor 

Hirt Combustion Engineers, 931 So. Maple Ave., Montebello, CA 90640 

Special Cautions 

None 
Periodic Service 

None 
Parts List 

None 

Special Tools 

None 

Maintenance Instructions 

None 

Acceptance Tests 

None 

1.6.2-1 
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FAN BASIC VALUES 
SIZE RPM CFM SP BHP 

~000 

CHARACTERISTIC CURVF.S 
~ l 082 

12 4000 2 304 
Q.88 l.74 

12.I 4 .!'>!'> 

The characteristic curves are for all fan sizes shown and 
the basic values apply for 100% of the chart scale at RPM 
listed. At actual RPM, determine 100% scale values of 
chart as follows: 

.., 
"' ' -"' I 

• 

~ 

FAN TYPE.MR• INDUSTRIAL 

SERIES 2000 

WIDTH 515W 

SIZES 9 TliRU 2 2 

15 
19 

22 

3000 3 698 11 .3 
2000 4 ~21 7.5~ 
2000 7462 10.6 

6.B2 
5.55 

12.9 

ACTUAL RPM 
IASIC RPM • R 

CFM • IASIC CFM X ~ 
SP • BASIC SP X (II) 
IHP • IASIC BHP x (R)3 

100% VALUU AT ACTUAL C0NDITI0NI 

CFM I SP BHP 
2 ll_ '7 I -s-. 2 ..!,1e, 

C\J 
lO 
~ 

180 
AcT.✓.?.-_ r~.erc.em/9,.,c,...r , s-o c CF:«-' 0 >f .o '' -s. P. 2 o ~ a i< i::, ,-v--. t, l 7 a tt ,--:::. 

t+t-H-fifMi•Ft=M~~~n~ ~ ,.. ~ 
~ 

100 

~ + ~ __ ,._ -t-+-t-1"--t-Hrl-;.-t••- ---,- t-Hrl-t .., -HH-t-t-;.-1--+--t-1H-;.-t--t--,H-+-t--t:4-l-.i-

9Q, - LJll11 ......,......111 11111 901111 
" I I ~ I _J J I ' I I I I I-!.-~- -t-t-l-+·• -t-if-+-t-T"-t-t-1,-t-f ... 

t-f--rr-t-1 t-•--r-1-r--r--r--H-t +-+-t-+·H-+-+-t-¾ •--t-•-rf--1--H-r-1-t-t-++-l-+-t-t-+-t-t--+-i--+'""~-+>-t-+-1,- ·- - - - _1A"'T I JJ.J-L..J-l lJ.L.J.-1...1_1 w_·_ - -- --HH-H·+-t--t-1 3 
1-r- -r-r- -r-t-t--• ---f-_7.-r-t-r...,-:_~~,•-~.-.,._i-1-,._...,,_r_,-f-_7.---t-r...,~---f-t--~1-.,._i-_-,.1_...,,_r-t-f--"!..>-•r~-:--.,.t--1-t,·~• -t-"1"-.. •1-.-.-+- ·,,. ..,.1-"IC - 8r\P a,2, 18 ,< • 8 2.. ·, /. ?C, ,- ~ - ,-,-,-- ->-r,-,-,-,-1- Q 
,_,.... .... •-,-..-- , - " ,~ ,-Fnrn ri-rTrr1-n1T · -,--,-,- ., ........ .-.-'?" ,-,- ... 

8Q <-t· ·r-r-t-1t-t--,....,.;-..,i-r-t-1-• -ir-r-t-f--• --1t-1--t-1--+1r-t-t---t-t-+-t-1-1"--r-t-1--1--1rt-f---t---r--f-1 -" 1.W-J,i-1~-.W..i._f I I I I I I I •-•• -1H-ir-1-t-t-i-+~-t-180 ~ 
• rr r- -t-t-'1"-1r-r-T-1r-t-+· Hr-t--t"-1r-t--t"-1r-t--t"-1r-t-• --f-t--t-+-t-+--f-t-t--f--1r-t-• --t---ir-t--t-l "" I,, ~ t- r,, '"' 'S' • ;:>_ :s .:S"' • G 8 /( , 7 ~e : ~ a· -,- - -r-1-,.;-r-r-r--ir,--1 ;--,--t-t-, DC 

U1 1-r-,-,--r t-HH• • -t-;.++~ T-t--t-rt-t-HH--t-+-t--t-r·t-+-t-1H-t-+-t--t-i-t-t'1H·-r- . -t·-t-·f-1.,,.,...t-HH -+-1·+--t"lt~ . r· --~-~- ,-,- . - -t-r-i--r-rHr-11;--i--t-r 0 
~JO + , ,- +r ·t-t-Hl-t-t-¾-t--t-1-t--t..,HH-t-t+-t-+·1-i-HH-J -r-r-r- _., . .,....,....,_,_ .., I>" ,. ",-,,- ->-•- - - -~ - -,- -- 1 ·- - - ·- - - - · -·- -r1-<M1-t--t--t-T-f7D ::C 

t-it;r11-1--t--t-rrt-HH-tT-r--t--t-1
1

- - r- ~ t"-1H-t-;.-;.-1--i--t-rt-H-t"TT-r--r-rr- -11-t-t--i---f"l,t·- - - -- - -r-;.-1--,.--t- ,- - ~ :- -,..,..,...r.,,- 1- - - - -t--1--t-rt-i-t--t-• --rt 
-t-+-t-·t-+-t--HHH-+-+++1-t-l::.~l:- ,-r-- -- r+-t-t-HH-t-+ i.., -+-t--t-+-t-+-t--Hrl-1-• -+-•1-1 -...,. ·-,-r - - 1-t-- - - r-·r- -- - --r- --t---,- - -,-r-,_~ w 

.., ,-,-•- r--r-ir-1--,.,-r·-t--r--t-t--tll_j :-,• ~Ill IJ ,I _,_,_ '"" ""- · ---- ,-,- - rr - -,.;·--,t-• -r11,r1-;.-t 
~ ~t-H-t·-,.-1-;--t- - ~ ~• ,.. I..- " ~1-t-11-•-t-1--1-+ < 
:::> 60,. I- • H;.- 1 ~' c.."" ,- ,..,•-,- ·r-r-r , r,- i-,-t-t-rr-1- ~r DC 

"" I t·t ~• --t-HH-t-1--1--1·• -f---HHH-;.-1-+ ~ ~.. ~ ,- ... 60 • 
. rr- • I" r·l--t-lr-11-t-+-t--f·-i,- ,- •-~ 

"' ·r-+- r---t- fl" i-,-r- Ii"" r- 1-.. -1- -r -

.... I • ,... .- lJ' r""- " .--.... Ill. 

QC - +-- t- t-++-i-HH-t-J-t-++-H .A'~"f-+-HHH-i-t-+-;,- .A'-r--t-·t-r-11-~- •-r-1-HH-t-t-+-t--t--P .... ~Hrl-t-+-t-+-t- .. -.-...-..-..-,-,- r- -1-,..i--,-. -1-•-1-r-1-r-r- · ~t-t-<t-t•~-t· ... -r-,- • 
~ r·r-t- ,- "" ++-t--H-i-l-+i,,11".:~ ,-.., •-~r,. - .. . - ,- ··-t--i--t-t......-.-1,-,-,-,- U 

SO . 1 ,. i.. - ,. ... 50 
· -t-t· ,- -1- ,- -i--'1--r--,H-t--f·-f--f-- jl~'f-HH-+-f·+r-H~""f-++r-H--f-++i-HH-+++f-1H-t-+++t-f-t-'1--r--,l-t,-t-t-+--Lc - - - -· -f-'1--t-1-t''-I t--1--f-t--t-+-+- r .., ... -t·+-'1--Hrl-f- • - · Z 

,- --t·t--- t-·HH--t-t-t-++·H- r,,, .,.. -.--.-~-,-.-,--- 1-1-t-1r1·---- '"'!!lo-.·-- ·-·-··•-"--1->-r-1.i-,-,.-1,---->~ t-i1,-1·;-·-- 1M 

: l r ~'- -t"-1H--t-t--,--t-t--,-..- ., ' ; t-t-1r-1-+-t-1-+-r--1rt- - r ! j'. c,i.- I e on f ~ I ! E t, IC • ... ... ~ : ~" - ~ - - - ,- r - u 
u«> i.. ... I'\ .w-
~ 1-r' ,__ -•-- _,__ ,. - J:I ,.L IC1-1-.--~ -t-1-fH-+-t·-t-+t- -,-rt-H-1--1- Or -t--r-1--- 1-1-r-t- - -1-,-.--L' ... ,_. - -t-l~"' --- - -.-- ~-,-1-.--r-r- r.... ::: 

.., r _i,,,, • •'• .ir -HH--t--t--t-t-H-t~-H '- ~ 
1

' 

Qi. i ! I- --t---t--.--. t-- f--~-r-t-· +-t-•t-f-t-+-1·-f· -- -~..-------- ---1- \Af----r-r-t---r-1-r-,--1-r-,-r-- 1-1"111"'--1--·~1-r - - -~,- "' 

TI r ,__ - . ,-,-,- - h-r - - ~ ·rt-r- ·-r- ..::r-:: ... - - :·:.:.:..":::':.:-::--=:.:.: -;;- . ,-:=~,.:::.: ... ~ =::::t+ ;:;,;; . ~. r :_:.: . ·_•:.::.: ~ 
30 

-- -t-t-t-r1-r--t-1- 1-+-t• -t-+-iH-t-+-IH·+H++-lH-+-t-+- -t-·rt·-11- -t--1-r--t-1 ..... ~11-t--t-l-+~t-t-t-T-irl --r--1-,c;--1-..,1- " ~ ~-i-4 • - --i.,,-,- ,- - , •-~ "', •r , ,- -~r-, -Pl\. 
1

-
• -4 - 1

- ~t-t-t-r--r--- -r----t- -- -t-r-t--: -+-+--,t--r+-·t-t-rr -r-r-r-r-1-t-t-+-+- -t- - - ,-1·--t- ·· - --,--,--- 1- t-- - t- 1-,- - !"'iii r-i-..:: - -4·t·tt-
. •j - ··1-.--r-r-,- -•-· ··-·-· -r ,- ,~-e-··1,,-r-r-1··~1- -- -··· ·--- • ···,-·-- - ··- ,- -- - ·· · ... ""l'\.,.f .. -

201 ' 1 ~ t--- - . ..:.. - - - - - - - ,-.... -- - - -- •- r- - - - ,_ ~ I- - - -- - - -- ·- 1- - - ; - - - ·- ·- r- -- 1- • t- r-- - - - ·- - - :- ~ __ , '\ 

'I • t T - l1-t-•H1-1-t--r++rHH•1·· ,_ - r ,- ,- -~-,-;-++-r·t-t-r-t--t-+-+-1-i1-i-t-- · ~ - -,- ~ -- - ,_ -t-t--r--t-t,-1·-~r,· · ,- - r- -t-•1--<1-<-1-- ·- - - -~ l'!"- -
t l I J,_ - - -r-t-t--r--ii-+-t-• -t--1- - ~t-+-1-~t-t-~1-+-1-t--t-t-t-t--1-t-+-t-+-t-t-1- - - -,-•--· - c-- - 1-+-1-~•-• - • -~,- .• - _,_,_,_ - . -, - -r"ic,~ 

... 
30z ... 

u 
DC 
u.r 

20 111.. 

.r1 ,~-,---- ,-,-.-,-->--· -·--t-t-HH-t-+++•- • -t-t--r-r,--·->--~ --,- -1-- r>v -··-- -,- ----- --. --.~I':,. 
- •· ')'- - - - • - -,- -~ - f- - - - ·t---,•-t--t-t--t--t-·rt .-- "-1rl-t--t-t- -·>- -,- . - I() - r,-~ •- - ··•- - - - - ... -~~ 

10 , , , ~ •-+·-t-<t-t-·1-i-+-+-t-t-t-++-l-t-+-t-t-t- N •-i·•• -t-1 -'t-t-+-• -+ I JJIO 

~t ~~ -·r-r-r-1--r-t-·I-- -t-f-1-1-1- I r- - - I-• -,---1- , - - 1 r-,- - --1-r- ··1-r-- --t--1- -r-r-r-r---. -1-r- · ~ t-&--1-
- -I- r-- -r-r--,-..------t-1---r---r-r---- _.,._ --P---r-r--1-r-t-1!-t-·--·-- i--- ----- ~ ·,- - -1- -----1- -- -~ --

- -- -r-- t- t--- -- --· - -r-- 1- --- - ---,-,- - t--r- - - - ~ L' -r-~ 

-1· - •- - ~ · t-r• -;.-t-+t-1 -~ · -- -- - - 1- ,- -t--f·-t-+-t-•HI-- - ·r- - - tJ - r ,- -~ 

0 10 20 30 -40 50 60 70 IMl 90 100 

PERCENT VOLUME (C.F.M.) 
Supplement Drawing N'o. ~-----



... 
ijn ... 

·-
Equipment 

Number 

PR-901 

·-
Description 

Turbine lube oil centrifuge 

Maintenance 
Section 

1 .6. 1 

·-
P&ID Dwg. 

Number 

G. E. lube oil 



-- -- --1 

FAN BASIC VALUES 
SIZE RPM CFM SP BHP 

~000 

CHARACTERISTIC CURVF.S 
~ l 082 

12 4000 2 304 
Q.88 l.74 

12.I 4 .!'>!'> 

The characteristic curves are for all fan sizes shown and 
the basic values apply for 100% of the chart scale at RPM 
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The characteristic curves are for all fan sizes shown and 
the basic values apply for 100% of the chart scale at RPM 
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·-
Equipment 

Number 

PR-901 

·-
Description 

Turbine lube oil centrifuge 

Maintenance 
Section 

1 .6. 1 

·-
P&ID Dwg. 

Number 

G. E. lube oil 
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