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INSTRUCTIONS: 

UPDATE FOR 

PLANT MAINTENANCE/TRAINING MANUAL 

(RADL ITEM 2-37) 

SECTION 3 - ELECTRICAL APPARATUS 

1. This update is issued to incorporate corrections and additions to the 

preface, table of contents, and to incorporate additional information 

in paragraphs 3.1 Transformers, 3.2 Motor Control Centers, 3.3 

Substations, 3.4 Junction Boxes, 3.5 Switchgear, and 3.6 Power 

Panels. This section has been printed in two parts for this update. 

Discard the original July 1981 issue as the content has been included 

in this printing. 
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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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TABLE OF CONTENTS 

1.0 Rotating Apparatus 
1.1 Turbine-Generator 
1. 2 Pumps 
1. 3 Fans 
1.4 Air Compressor 
1. 5 Blowers 
1.6 Centrifuges 

2.0 Stationary Apparatus 
2.1 Heat Exchangers 
2.2 Receiver Panels 
2.3 Tanks, Vessels, and Receivers (Air or GN 2) 
2.4 Deaerator 
2.5 Condenser (turbine-generator) 
2.6 Desuperheaters 
2.7 Filters and Strainers 
2.8 Demi nera 1 i zers 
2.9 Heaters 
2.10 Dryers 
2.11 Separators 
2.12 Ullage Gas Supply and Conditioning 
2 .13 Auxiliary Boilers 
2.14 Sewage Treatment Plant 
2.15 Expansion Joints 
2.16 Orifice Plates 

3.0 Electrical Apparatus 
3.1 Transformers 
3.2 Motor Contro enters 
3.3 Substations 
3.4 Junction Boxes 
3.5 Switchgear 
3.6 Power Panels 
3.7 Cables 
3.8 Lighting 

4.0 Valves 

4.1 Modulating Control and Related Solenoid Valves 
4.2 Air Operated Stop and Related Solenoid Valves 
4.3 Motor Operated Valves (MOV) 
4.4 Other Solenoid Valves 
4.5 Safety-Relief Valves 
4.6 Check and Stop Check Valves 
4.7 Manual Valves 
4.8 Pressure Regulator 
4.9 Rupture Discs 
4. 10 Traps 
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6.0 

Process Instrumentation 
5.1 (T) Temperature 
5.2 (P) Pressure and Differential Pressure 
5.3 (F) Flowrate 
5.4 (L) Level 
5.5 (W) Weight/Force 
5.6 (A) Analysis 
5.7 (I) Current 
5.8 (E) Voltage 
5.9 (J) Power 
5.10 (Y) Heat 
5.11 (S) Speed/Frequency 
5.12 (C) Conductivity 
5.13 (Z) Position 
5.14 (O) Deflection 
5.15 (X) Vibration 

Control and Data Systems 
6.1 Subsystem Distributed Process Control (SDPC) 
6.2 Control Console (CON) 
6.3 Interlock Logic System (!LS) 
6.4 Signal Conditioning Unit (SCU) 
6.5 Red-Line Unit (RLU) 
6.6 Data Acquisition System (DAS) 
6.7 Data Acquisition Remote Multiplexer System (DARMS) 
6.8 Operational Control System (OCS) 
6.9 Beam Characterization System (BCS) 
6.10 Special Heliostat Instrumentation and Meteorological Measurement 

System (SHIMMS) 
6.11 Solid State Relays 
6.12 T.C. Reference Junctions 
6.13 MCS Timing System 

7.0 Collector System 
7.1 Heliostat Assembly 
7.2 Heliostat Drive System 
7.3 Heliostat Pedestal Assembly 
7.4 Heliostat Controller (HC) 
7.5 Heliostat Field Controller (HFC) 
7.6 Computer Control System 

8.0 Special Heliostat Instrumentation and Meteorological Measurements 
Systems Equipment 

9.0 

8.1 Meteorological Equipment 
8.2 Special Heliostat Instrumentation 

Heating, Ventilating, and Air Conditioning 
9.1 Material Data 
9.2 Thermal Storage Control Buildings Cooling 
9.3 Thermal Storage Electrical Equipment Building Cooling 
9.4 Thermal Storage Control Building Heating 
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10.0 Facilities 
10.1 Fire Protection 
10.2 Elevator 
10.3 Buildings 
10.4 Electronics Enclosures 
10.5 Receiver Tower 
10.6 Pipe Rack 
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Equipment Maintenance P&ID Dwg. 
Number Description ~""'~I Section Number 

.---"("_b 
PSS 0001 TSS Load Center;.( Transformer 3.1.1 
SCE 0003 Main Transformer 3.1.2 
SCE 0004 Auxiliary Transformer 3.1.3 
SCE 0005 Sta. Service Transformer 3.1.4 
SCE 0006 Cooling Tower Transformer 3.1.5 

~ ... ... 
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3. l. l TSS Load Center Transformer 

3.1.1.l Identification 

Tag Number 

PSS 0001 

3. 1.1.2 Description 

Manufacturer: 

Part No: 

3. l. l. 3 Vendor 

Abbott Power Corporation 

3. l. 1.4 Procurement Specification 

Description 

480 Volt load Center A 

Abbott Power Corporation 
7650 Stage Road 
Buena Park, CA 90620 

See attached Abbott Power Corp manual 
Table of contents of contents for 
equipment list. 

Stearns-Roqer Spec F235. l (DOE Spec 40E700-l9S) 

3. l. 1.5 Operation/Maintenance 

See attached Abbott Power Corporation manual 

Note: Instruction for the 480V motor control centers Band C 
are also included. 

3.1.1-1 



TABLE OF CONT8'1TS 
. • INDEX MANUFACTURER. ITEM, & LITERATURE B/M NO. -1. BILL OF MATERIAL 5049 

480 VOLT LOAD CENTER 
NON-SEGREGATED BUS DUCT 

ABBOTT MAGNETICS 
2. C.T. 1600:5A WITH ACCURACY CLASS OF .3AT B-0.1 5-1 

CATALOG ~DEL 350 

3. P.T. 480/120V., 750VA 7-l 
CATALOG ~L 450 

ABBOTT POWER 
4. Al+ETER., 0-1600A WITH SA COIL 10-1 

VOLTMETER, 0-GO0V WITH 0-150V COIL 11-1 
CATALOG PAGES 4&6 

5. TRAVELING TYPE LIFTING DEVICE 90-3 
DRAWINGS 1303-100,1303-101 

ANIXTER ROYAL 
6. FLEXIBLE CONNECTOR 55OA 63-1 

CATALOG PAGE HB-B 

~ BURNDY -7. 2/0 LUGS INCOMING CABLES 60-1 
CATALOG PAGE 12 

BUSSMAN 
8. CPT PRIMARY FUSES, 600V, 15A 50-3 

CATALOG PAGE (6) 

CHRor--ALOX 
9. HEATER., 120V., 250W 73-1 

CATALOG PAGES 6&7 

FPE 
10. 6AMP FUSES., 250V 50-1 

3AMP, FUSES, 600V 50-2 
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CATALOG PAGES 34,36,&37. 

11. THERM)STAT, 22A 72-1 
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RENEWAL PARTS GEF-3897E 
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DESCRIPTIVE SHEETS 3,4,5,6,8,14. 
INSTRUCTIONS GEH-2038C 
RENEWAL PARTS GEF-4167A 

14. 2 POLE PULL APART FUSE HOLDERS, 30A, 600V 53-1 
3 POLE PULL APART FUSE HOLDERS, 30A, 600V 53-2 

CATALOG PAGE 7180 

f'AARATHON 
15. 30A, 2POLE FUSE HOLDERS 53-3 

CATALOG PAGE 

16. 12 POINT T/8 600V WITH COVERS 56-1 
SHORTif'li T/B 4 POINT (STB) WITH COVERS 57-1 

C-ATAL~ PAGES 2&3 

17. 2 POLE POWER BLOCK WITI-1 COVERS 57-1 
BULLETIN 2.1 

Ot-t1ITE 
18. 200 OHM, 250WATT GROUNDING ADJUSTABLE RESISTOR 34-1 

CATALOG PAGES 13'-I& 135. 

WESTINGHOUSE 
19. AIR CIRCUIT BREAKER, TYPE DS, 480V, 1600A FRAME 1-1 

AIR CIRCUIT, BREAKER, TYPE DS, 480V, 800AF/600AT 1-2 
CELL FOR ITEM 1-1 CIRCUIT BREAKER 2-1 
CELL FOR ITEMS 1-2 & 1-3 PLUS 2 AJTURE 2-2 
BREAKER LEVERING-IN CRANK 90-1 
BREAKER LIFTING YOKE 90-2 

DESCRIPTIVE 
INSTRUCTIONS 33-790 
RENEWAL PARTS DATA 33-790-lE 
PWTECTOR 11 CURVE #666600 
DRAWINGS #800A600 PAGES 3 & 11 

20. SKV. LOAD SWITCH, 600A, 30, 3W, 40KA, FAULT 3-1 
CLOSE !'ON-FUSIBLE 

DESCRIPTIVE BULLETIN 36-553 
INSTRUCTION LEAFLET IL15002-A 

21. CQ\JTROL POWER -rnft.NSFORMER, 480V: 120/240V SINGLE 
PHASE, 3 KVA 8-1 

TEQ-t,JICAL DATA 46-830 
CATALOG SHEET 25-000 

22. 5-STAR t'OTOR CONTROL CENTER, 480V, 39, 3W., 60HZ 100-3 
DESCRIPTIVE BULLETIN 12-155 DWEA 
INSTRUCTION LEAFLET 1Bl2-155-1B 
DRAWING 

23. LOAD CENTER TRANSFORMER LIQUID FILLED .lCl0-2 
DRAWING #92133 

24. DRAWINGS 
3.1.1-3 
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BILL OF MATERIAL 

CUSTOMER STEARNS-ROGER, INC. 
P.O. BOX 5888 
DD-IVER, CO 80217 

SOLAR PILOT PIMT 

CUSTOMER ORDER ij 4004621700 

CUSTOMER SPECIFICATION :a C-21700SRF235-1 SECTIQ\J I,11 &. III 

DESIGN ELEC. I .;c -

JOB DESCRIPTION 

480 VOLT LOAD CENTER INCLUDING: 

(1) SKV, 600A LOAD BREAK SWITCH 

(1) 1000 KVA POWER TRANSFORMER 

(1) 480V INDOOR SWITCHGEAR 

(1) 480V 1600 ~ t«JN-SEGREGATED BUS DUCT 

(2) 480V MJTOR CONTROL CENTER 

DESIGN MECH. I DRAWN 9Y • 
AC/W,.. 

DATE CHK. SY • 
£Ju /12/80 

7650 STA<iE ROAO • bUENA PARk • CAUFORNiA 906l0 
A MEMBER OF~ 

U-COLOR REORDER NO. 1207 
U-VEL V•l6 3.1.1-4 

DATE APP'D. BY , 

PRO.,. NO. I 

5049 

DWG. NO. I 5049-lX 

PAGE_l __ OF _ ___, __ 



I BUS 

PLATING 

RATING 

SIZE 

BRACING 

NOTES· 

ALUMINUM WITH TIN . PLATED JOINTS 

AS SHOwN IN SINGLE LINE DIAGRAM 

AS SHO~ IN SECTIO>J VIEW DRAWING 

22KA 

BELLEVILLE TYPE SPRING WASHERS SHO.LL BE USED CN BUS JOINTS WITH STEEL BOLTS. 

& II PAINT ANSI #61 FOR SWITCHGEAR, ANSI #70 FOR LOAD INTERRUPTER SWITCH 
DRAWINGS APPROVAL 

FINAL 

III. MEC!-1,A/\lICAL NOTES 

4 REPRODUCIBLES, 8 PRINTS 

4 REPRODUCIBLES, 8 PRINTS 

1. DESIGN SHALL COMPLY WITH UBC SEISMIC ZO-.,E #3. EQUIPMENT DESIGNED TO WITHSTAND LATERAL SEISMIC FORCES GENERATED BY A GROl.t-D ACCELERATIO-., Of 0.25G • .MLIFORNIA CODE APPLIES. 
2. EQUIPt-'ENT TO HO.VE A SERVICE LIFE OF (30) YEARS. 

3. DOORS AND PANELS SHALL BE fl.J)NGED AND ALL CORNERS SHALL BE WELDED AND GROL.ND OR FORMED ROlW. OOORS AND PANELS SHALL BE HELO IN PLACE BY SLOTTED HEAD SCREWS WITH RETAINERS ~ICH SHALL FIT INTO ADJUSTABLE NUTS 0-., THE FRAME. 
4. PROVIDE SUITABLE MEANS FOR LIFTING THE SWITCHGEAR. 

5. SHIPPING SECTIO-.,S TO BE IN 'WATER TIGHT AND DUST· P~OOF CO'-lTAINERS AS FAR AS Cor+1ERCIAL PRACTICE ALLOWS. 
IV WIRING 

1. REFER TO SPECIFICATIO-., JF16.0l.0l PAGE 5 TO 7 FOR WIRING DIAGRAM INSTRUCTIO>JS. 

2. EACH TERMINAL BLOCK SKA.LL HAVE AT LEAST 20% SPARE TERMINALS 

l OESIGN EL.EC. I 

1AC 
O!SIGN MECH. I CRAWN IY I 

AC/MA. /12/80 
OAT[ CMK. IY, ,, 0-AiE APFC. IY, 

'.~ ---;;;;~~:;::~L.;::;::::===:::::;;=1..::;=::;:;;===;,;;;:==J,.,;;====r,p~Rfoo~.J~. =;;H~O~. ~' =======, -
7~ SiAGE ROAO • bUENA PA,Rk • CALIFORNIA 90620 

A MEMBER OF ~ 
VU-COLOR REORDER NO. 1208 
VU-VEL V-16 3.1.1-5 

5049 
CWG. NO. I 

5049-lx 
PAG( __ 2 __ o~ ___ s __ 



NOTES (CONTINUED) 

IV WIRING (CONTINUED) 

3. SHORTING TYPE TERMINAL BLOCKS REQUIRED FOR CURRENT TRANSFORMER SECONDARIES. 

4. USE RING T~GUE ON WIRING. 

~ 5 • ALL TERMINALS TO HA VE COVERS. 
TEST 

ALL BUSES AND ?OWER CIRCUIT BREAKERS SHALL \J',IDERGO A ONE-MINUTE 60HZ DIELECTRIC WITHSTAND TEST. THE TEST VOLTAGE SHA.LL BE 2200 VOLTS. 

DESIGN tL[C. I 

AC -
O!SIGN MICH. • CRAWN IY I 

AC/~ 
DATE CHK. IY r 

/12/80 

~ ~ eoPpOr-anon 
7~ StA(;E ROAD• IJUE'NA t,ARk • CAUFORNiA 906l0 

A MEMBER o, ~ 
.tU-COLOR REORDER NO. 1208 
.tU-VEL V-16 3.1.1-6 

l~ AP,..D. IY' 

ltfllO.J. NO. • 
5049 

0WG. NO. , 
5049-lX 

PAGt __ 3 __ o~ __ s __ 



REV. 8/M PAGE 

5049-1 3 
f3 5049-1 6 

B 5049-lX 2 

5049-1 1., 2 

5049-1 5 

C 504-9-1 5, 6 
C 5 0 4'3-1 )( 3 

D 5049-lX 2 

E 5049-lX 2 

VU-COLOR REORDER NO. 1209 
VU-VEL V-16 

----------· -

REVISIONS 

OESCRIPTION 8Y OATE 

REVISED VENDOR ITEM 8-1 AC 10/8/80 ADDED ITEM 72-1 and 73-1 ac 
REVISED NOTE FOR PAINT AC 11/5/80 
REVISED DESCRIPTION ITEMS 1-1., 1-2., & 1-3 PER 
CUSTOMER 

ADD ITEM 56-2 11/5/80 
REVISED J)E.SCf•Pr~o,J. ,re,.., s,-,_51,-2 g. 51-1 

II /'2.'{8v ADP AJCTE- tt 5 

REVISED M:OiANICAL NOTE 11, ADDED CALIFORNIA CODE 
~ 12/3/80] APPLIES. 

NOTE I TO ADD STEEL BOLTS TO BELLEVILLE REVISED 
12./8/80 SPRII\G WASHERS. 

3.1.1-7 



1-5049-1-1 

1-5049-1-2 

1-5049-2-1 

2-5049-1-1 

3-5049-1-1 

3-5049-2-1 

3-5049-2-2 

DRAWING LIST 

ELEVATION AND BASE PLAN SWGR. 

SECTION VIEW SWGR. 

ELEVATION AND BASE PLAN MCC 

SINGLE LINE DIAGRAM SWGR. 

THREE LINE DIAGRAM SWGR. 

THREE LINE DIAGRAM M:C-8 

THREE LINE DIAGRAM MCC-C 

DESIGN tL!C. , 
AC 

DESIGN MIC>t. I DRAWN IY I 

AC/MA. 
DATE CHK. IY • 'DATE .APP'D. IY , I_ /12/80 

i1bbott ~ ~,=por-afiot) 
76';C' SiAC:.e ROAC • bUEl'olA J,lARk • CAUFORNiA 90620 

A MEMBER OF~ 
'U-COLOR REORDER NO. 1208 
'U-VEL V·l6 3.1.1·8 

PRO-', NO. I 

5049 
DWG. N0. c 

5049-lX 

~AGl __ s __ o~----5 __ 
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Ml\TERIAL LOCATED IN UNIT t-0. TOTAL - f f,UJLL I rv. - PAGE 1 OF~ 

ITEM~ VEf'IXJR CA TALC<\~ 
rJ\AA.OTT 5· I( 61) DESCRIPTION OF Mi\TERIAL I 2 3 QTY. 

1-1 w DS-416 AIR CIRCUIT BREAKER TYPE OS 480V I I 
1600A FRAME 1600A TRIP, t-W--IUALLY 
OPERATED WITH TYPE L~G TIME, SI-ORT TIMI 
TRIP CHARACTERISTICS, ALSO WITH t-W-lUAL 

RESET BELL ALARM 1 N.O., 1 N.C. M-0 

WITH 2 Nt.O., 2 N.C. AUX. SW. ANO Sf--0\IT ' ! 

TRIP@ 125V D.C. (M-1PTECTOR IIA) 
(W FIG, 3B, llC, llG) 

'W 
i'~ 

.... 
cc 

1-2 w DS-206 AIR CIRCUIT BREAKER, TYPE OS 480V 2. 2 4-800AF/600AT MI\NUALLY OPERATED WITH 

TYPE L<l'JG TIME ANO INSTANTANEOUS TRIP 
CKA.RACTERISTICS. ALSO WITH M6NlJAL 
PESET BELL ALARM 1 N.o., 1 N.c. AND 
2 N.O, 2 N.C. AUX. SWITCH AND St-WT 
TRIP AT 125V D.C. (AMPTECTOR IIA) 
(W FIG. 3B, llC, llG) 

ABBOTT POWEJ,,. ,OR PORAT I ON vc Et--l;INEER _________ _ 
DESIGNER EL. ____ ME. __ _ 



1--'l-<.Wl::.LI NJ. )U4';J- l PAGE 2 Of ---
~TERIAL LOCATED IN UNIT r-.Q. TOTAL ITEM# VEI\OOR 

CATALOG# 
'I\RROTT SJOCK ti) DESCRIPTION OF t-tATERIAL I 2 3 IN( QTY. 

1-3 w DS-206 AIR CIRCUIT BREAKER TYPE DS I I 480V 800AF/600AT t-W-IUALLY OPERATED 
WITH TYPE L~ Tit-£ AND St-ORT TIME 
TRIP Ct-V\RACTERISTICS, ALSO WITH t-\ANUAL 
RESET BELL AlARM 1 N.o., 1 N.c. AND 
2 N.o., 2 N.c. AUX. SWITCH ANO St-WT 
TRIP AT 125V DC (M-1PTECTOR IIA) 
(W FIG. 3B, llC, llG) 

2-1 w CELL FOR ITEM 1~1 CIRCUlt BREAKER I I s,.> ... ... . 
lo 
! , 

2-2 w 804A217G01 CELL FOR ITEM 1-2 AND 1-3 PLUS I 3 ~ 7 
2 FUTURE 

I 

3-1 w 140D719G04 5KV LOAD SWITCH 600A 30 3W, 40KA I ) . -- •- - --
FAULT CLOSE N()-.1-FUSIBLE (89) 

.. 

ABBOTT POWE.RPORATION Et-i;INEER VC 
DESIGNER EL. ____ r-1:. -



- t-t-<Uc.Jt.L I NJ. )\J4';J-l - PAGE 3 Of -

M'\TERIAL LOCATED IN UNIT t'-0. TOTAL CATALOG ij 

I 2 3 QTY. ITEMff VEt-OOR /Af\BOTJ SJOCK ff) DESCRIPTION OF MI\TERIAL 

5-1 ABBOTT 350-162 C.T. 1600:SA WITH ACCURACY CLASS OF 3 3 MA.GNETICS .3 AT B-0.1 (CT) 

7-1 ABBOTT 450-480 P.T. 480/120V, 750VA (PTl, PT2) 4 4 M'\GNETICS 

8-1 w 6F495 C~TROL POWER TRANSFORMER 480V: 120/ I I s,, 240V SINGLE f'Hi\SE, 3 KVA ~ 

~ 

(FOR TRftNSFORMER FAN) ' ~ 
~ 

10-1 ABBOTT 2102-02 N,t,1ETER 0-1600A WITH 5A COIL (AM) I I 
POWER 

11-1 ABBOTT 2102-05 VOLTMETER 0-600V WITH 0-150V COIL (VM) I I POWER 

\BBOTT POWER RPORATION Et---l;INEER. ___ __,_,._ _____ _ 
DESIGNER EL. ___ ~. 



PROJECT f\U. 5049-1 PAGE _4 _0F __ _ 

MATERIAL LOCATED IN UNIT"(). TOTAL I TEMlt VEt-VOR 
CATALGG f 

'""\ROTT S-rflC.I( ti) DESCRIPTION OF Mt\TERIAL I 2 3 QTY. 

24-1 G.E. 12IAV53KlA TYPE IAV lJ-JDERVOLTAGE RELAY, 55 TO I I 140V (27UV) 

24-2 G.E. 12IAV5101A IAV OVERVOLTAGE RELAY, 199V AC l I 
ADJUSTABLE 16-64V (59G) 

34-1 Ot-t-1ITE AS DESCRIBED 200 CH-1 250 WATT GROlN>ING ADJUSTABLE I I 
RESISTOR FOR USE WITH ITEM 24-2 CR) s,, .... . ..... ...., 

41-1 G.E. 10AA009 SBM AM'ETER SWITCH 4 POSITION \ I 
(1-2-3--0FF), ROU\ID t-W-IDLE (AS) 

50-1 FPE EON-6 6 AMP FUSES, 250V 
~ 

50-2 FPE JCL-3 3 AMP 600V FUSES 5 

'\B~TT POWER.PORATION Efl.l;INEER VC 
DESIGNER EL. ME. - -



- t'l{UJLL I IV, ._ '.)049-1 - PAGE _5_of • 

Ml\TERIAL LOCATED IN UNIT fl(). TOTAL ITEM# VEt-OOR 
CATALO; J 

DESCRIPTION ~TERIAL I l 3 QTY. r l\~ROTT STOCK II) OF 

50-3 BUSSMt'V'-J JHC 15 CPT PRir-1ARY FUSES, 600V 15A 
2 

50-4 FPE EON-20 CPT SEC~ARY FUSES, 250V, 20A 
2 

53-1 G.E. 11684078 2 POLE PULL APART FUSE H:>LDERS 30A 
2 

600V 

53-2 G.E. 116B4075 3 POLE PULL APART FUSE H)LDERS 30A 
I ~ 600V ~ 

~ . 
~ 

w 

53-3 MC\RAHW F30A2S 30A 2 POLE FUSE t-OLDERS 
3 

56-1 Wl.RATH:JN 1512. 12 POINT T /B 600V Wlrl--l · CO\IERS Lor 

56-2 Ml\RATHON 2 POLE POWER BLOCK WI TH COVERS l I I 3 

I\BBOTT POWER .JRPORAT ION E~INEER VC 
DESIGNER EL. ____ ME. __ _ 
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MI\TERIAL LOCATED IN UNIT t'-(). TOTAL CATALCG I 

' 2 ~ rr:Nr ~ QTY. 
ITEM# VEf\OOR ,.AJ:\80.IT STOCK II) DESCRIPTION OF Mt\TERIAL 

Wr-. 

57-1 Mi\RATl-00 1504SC St-ORTING T/B 4 POINT (STB) W 1TH CoVE'-5 ' 
60-1 BURNDY YA26. -2N 2/0 LUGS INCOMING CABLES 3 3 

63-1 ANIXTER 7315 FLEXIBLE C~ECTOR 550A ,2. ROYAL 

72-1 FPE PMT-1 THERMOSTAT 22A I I 2-
73-1 · r.HROMA.I .OX OT-1225 HEATER 120V 250W I I 2-90-1 w BREAKER LEVERING-IN CRANK 

7 !,A) .... .... . .... 
~ 

90-2 w BREAKER LIFTING YOKE 
I 

90-3 ABBOTT TRAVELLING TYPE LIFTING DEVICE I POWER 

' ' 
I 

AB~TT. POWEf.. .PORAT ION E"-GINEER vc - ·•-DESIGNER EL. t-1:. 



• f r',U\.JL'-., I l'lv. J .I. - 1-'AGE / vi- -MATERIAL LOCATED IN UNIT f'.O. TOTAL ITEMH VEt-OOR 
CATALOG* 

if ARROTT SIOCK II) DESCRIPTION OF Mt\TERIAL QTY. 

! I 00-1 ABBOTT 600 VOLT 1600 .AMP NCt-1 SEG~GATED PHASE 
Lcl 

! 

BUS DUCT ALLMINLM BUS WITH STEEL 
' 

ENCLOSURE OF 11 USS GAGE SHEET STEEL 

\ 100-2 LOAD CENTER TRANSFORMER LIQUID FILLED 

1000/1150 KVA 4160 TO 480Y/277V ALL 
PER SPECIFICATION S-RF2351. C-21700 

PAGES 11-DS-4, 11B11 11-DS-8,9 11B11
; 

Il-OS-10-11 PAAA 6-A-A; ALL ATTACHED 
p ... ... 
' ... 

U1 

100-3 w 5 STAR 1-'0TOR CO-ITROL CENTER 480V 30 
? 3W 60HZ NEMc\ 12 ENCLOSURE, FRO-IT OP. 

BOARD, CLASS 18 WIRING At-l) PER 

CUSTOMER SPEClflCATION C-21700 S-RF235.1 
SEC I, II AND DWGS. E2-3 AND E2-4 

ABBOTT POWEi<, JRPORA T ION E~INEER VC 
DESIGNER El. ____ ME. __ _ 



LETTER OF CLARIFICATION 

1. CUSTOMER SPECIFICATIONS-RF 235.1 CALLED FOR TIN PLATED AND 
SILVER PLATED BUS JOINTS. ABBOTT POWER WILL FURNISH TIN PLATED 
ALL.MINUM BUS JOINTS FOR SWITCHGEAR, BUS DUCT AND t-'OTOR CONTROL 
CENTER. CUSTOMER APPROVAL REQUESTED. 

2. CUSTOt-1ER Ge-JERAL SPECIFICATIO\I JF16.0240 REQUIRES WELDED 
ALL.MINL.M BUS JOINTS, HOWEVER, ABBOTT POWER'S STANDARD USES 
BOLTED JOINTS. CUSTOMER APPROVAL FOR USING ABBOTT POWER'S 
STANDARD IS REQUESTED. 

3. CUSTOMER SPECIFICATIONS-RF 235-1 II-DS-10 CALLED FOR BREAKER 
LIFTING DEVICE. TRAVELLING TYPE LIFTING DEVICE AS SI-OW\! ON 
DRAWING 1-5049-1-1 WILL BE PROVIDED. 
CUSTOMER IS REQUESTED TO CHECK AND APPROVE. 

4. SWITCHGEAR AND BUS DUCT WILL BE PAINTED ANSI #61 LIGHT GREY AND 
t-'OTOR CONTROL Ce-JTER WILL BE PAINTED WITH MANUFACTURER'S STPI\IOARD 
T\\O TO\IE GREY ANSI #24/70. CUSTOMER APPROVAL IS REQUESTED. 

5. SINGLE LINE DIAGRAM OF THE t-'OTOR CONTROL CENTER IS PART OF 
CUSTOMER'S SPECIFICATION. ABBOTT POWER WILL NOT FURNISH SINGLE 
LINE DIAGRAM FOR Tt-E t-OTOR CONTROL Ce-JTER. CUSTOMER APPROVAL 
IS REQUESTED. 

6. CUSTOMER SPECIFICATION S-R F235.l - III DS-4 SPECIFIED FOR STARTER 
OR CIRCUIT BREAKER DESIGNATION \ttt-llCH IS DIFFERB-JT FROM 
/11A.NUFACTURERS STANDARD. A CROSS REFERB-JCE NL.MBER IS PROVIDED ON 
THE THREE LINE DIAGRAM FOR $USTOMER REFERS\~E. 

7. SIZE OF THE t-'OTOR CONTROL Ce-JTER WILL BE AS SI-OW\! ON DRAWING 
#1-5049-2-1.CUSTOMER IS REQUESTED TO CHECK AND APPROVE. 

8. f'-OTOR CONTROL CENTER WILL BE WIRED ACCORDING TO CUSTOMER WIRING 
DIAGRAM JF30.40.05 (3/14/79), JF30.40.10 (5/1/79), SK-E75 (7/11/80) 
AND SK-E76 (7/11/80) AND SPARE CONTACTS WILL BE FURNISHED AS SHOwN 
ON THESE WIRING DIAGRAMS. CUSTOMER IS REQUESTED TO CHECK AND 
APPROVE • 

. DESIGN IL.EC. I 

AC 
D!SIGN M!CH. • CRAWN IY I 

ACIW4. 
DATE CHK. IY • 

/15/80 

mott ~ @oPpOr-alioo 
7~ STACiE lt0>.0 • !SUEN>. PARk • CALIFORNIA 90620 

A MEMBER OF~ 
.tU-<:OLOR REORDER NO. 1208 
./U·VEL V-16 3.1.1-16 

I::_ AP~D. IY, 

PRO.I. NO. , 5049 

0WG. NO. I 5049-L 

~AGE_=..l __ 0~---=1 __ 



, 

- l~IN E ~ 
LINE I LINE I I iO L.INE' '2.. Cl lo 

LI NE 2 0 LI"' E '3 

NO. QTY LINE I L IN'E' 2 LINE 3 LET'S lSJZE 
1 . 1 LOAD CENTER - A 480V 1600A 7 /16" 5"X3'' --
lA 1 C.P.T. COMPARTMENT 1/8" 3"Xl I' 

1B 1 M~IN BREAKER 1600AF/1600AT 1/8" 3"Xl' 

lC 1 FEEDER 800AF/600AT MCC-8 1/8" 3"X l' 

1D 1 P. T. COMPARTMENT l/8 11 3nx 11 

2A 1 
...... 

2B 1 FEEDER 800AF/600AT P301 1/8" 3"X l' 
' 1 FEEDER 800AF/600AT P302 1/8" 3"X l' 

2D 1 SPACE 1/8" 3"Xl' 

3A 1 

38 1 FEEDER 800AF/600AT P303 1/8" 3"Xl' 

3C 1 FEEDER 800AF/600AT P304 1/8" 3"Xl" 
i!~ ! SPACE 

1/8" 3"X l 11 

s! TITLE: LOAD CENTER A A/ ADDRESS: 10 M vie SOI.A~ PI LO, PLANT REVISION BY DATE nt1r:r:f:'TT rll DR. BY: I DATE )I CHK. BY: DATE APP'D. BY: PROJ. NO.: AC/MA. 11/6/80 
5049 - ~ CUST. NO.: 

'~ 
;'tbboJ-t J)o\wF @c,PpOFatior) 4nn4r?11nn I'/••,;_ . ', . ~• 

DWG. NO.: PAGf_l_OF _l_ ·, .• • f' \! ~ ., ~ 

7650 STAc;E ROAO • IJUENA pARk • CALifORNiA 90620 NM"1EPLATc SCHEDULE ~- .. 

~ A MEMBER 'OF~ 5049-:\P 
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INSTALLATION & MAINTENANCE INSTRUCT:ONS 
FOR 

NONSEGREGATED PHASE BUS SYSTEM 
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INSTALLATION & MAINTENANCE INSTRUCTIONS 
FOR 

NONSEGREGATED PHASE BUS SYSTEM 

The following instructions apply to handling, installation and 
maintenance of the equipment supplied to you under contract 
rr "-I oo At~;,~, 7cc 

Please refer to the drawings located in this manual for further 
reference. 

I. Receiving, Inspection & Handling 

The following steps should be taken when handling and storing 
the equipment. 

1. Configuration and size of bus duct will determine height 
to be stacked not to exceed 8 ft. in height. All standard 
size straight duct will be stacked 4 high. 
All other irregular shaped ducts, I.E. bends, elbows, etc 
will be shipped singly or stacked depending on shape and 
size. 
All duct support beams and hardware will be shipped and stacked 
for convenience of handling. 

2. All bus duct should be wrapped with special seal corrugated 
cardboard and sealed with polyethylene sheeting. Bus duct 
when stacked will be separated by 2 X 4 wood dividers 
wrapped in cardboard to protect painted surfaces. 
One half inch steel banding will be utilized to strap duct 
together. Packaging will last indefinitely if items are 
not stored in direct sunlight or at temperature& below 
32°F. 
Bus duct may be stored outside only in dry environment with 
15% humidty or less. Otherwise all duct should be stored 
indoors along with all assembly hardwar~, bus bar, insulating 
boots, etc. 

3. All other bus system components such as bus duct supports may 
be stored outdoors as long as protection against moisture is 
provided. 

4. Equipment should be stored so that all like items for one 
particular station are stored together bearing in mind that 
items to be installed first should be stored last thus allowing 
easy access to material. If prolcnged storage is necessary, 
periodic inspection should be performed to assure packaging 
remains intact, taking special precautions against entrance of 
water which may cause future failure of equipment. Check 
stability of stacked items to prevent crushing or marring 
of the equipment. 
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II. INSTALLATION 

II. 

A. Weathertight Splice Boots 

The following steps should be used when installing the 
weathertight splice boots. 

l. Open the boot, and apply to the raised flat surfaces 
that will contact the bus bar sleeving and the raised 
flat area provided for the clamping screws, a 1/2" 
minimum wide 1/8 thick layer of Dow Corning.Silicone 
Rubber Sealant Cat. No. 732-CLll 

2. With the boot still open, gently center and lower it 
over the splice area. 

3. Press the boot closed and install clamping screws. 

4. It will not be necessary to wipe off excess sealant 
that may push out. Be certain no holes, or unsealed 
areas remain. 

5. The sealant will set dry to the touch in 30 minutes and 
completely cure in 24 hours. It will not become brittle. 

6. Note: Install boot wherever possible with the nylon 
clamping screw holes down 

MAINTENANCE 

A. Cleaning 

In cleaning the housing we suggest you use plain detergent 
and water, however when cleaning the bus, use only mineral 
spirts, Do not use petroleum base products on the bus 
sleeving. It may cause a drying effect and cause the sleeving 
to crack and become brittle. 

B. Maintenance Schedule 

We recommend that the bus systems be spot checked every two 
years for excessive dirt, moisture and proper torque on 
splices. 

We also recommend a complete cleaning of bus with mineral 
spirits and bus duct with detergent and water every six years. 
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RECEIVIlJG, IlJSPECTION AND HANDLING 

I. Receiving 

All packages, cases or crates leaving the factory are clearly marked 
at convenient places with case number, Abbott job m..unber, customer 
order number and when for size and other reasons it is necessary to 
divide the equipnent for shipnent, with the unit number of the 
portion of equipment enclosed in each shipping section. 

The contents of each package of the shipment are listed on the packing 
slip. This slip is forwarded with the shipment and put on the outside 
of the cases. To avoid the loss of small parts when unpacking, the 
contents of each case should be carefully checked against the packing 
slip before discarding the packing ma.terial. Notify the Abbott Power 
Corporation imnediately if any shortage of material is discovered. 

All elements before leaving the factory are carefully inspected and 
packed by workmen experienced in the proper handling and packaging 
of electrical equipnent. Upon receipt of any apparatus an immediate 
inspection snould be ma.de for any damage sustained while en route. 
If damage is evident or an indication of rough handling is visible, 

-

a claim for damage should be filed imnediately with the transportation 
company and Abbott Power Corporation should be notified pranptly. 
Information as to damaged parts, case number, and Abbott job m.nnber 
should accompany the claim. In cases where there is no external damage -
to the crate, and the damage is not discovered until after crating is 
rerroved, the claim should be ma.de on the basis of concealed damage. 
Concealed damage must be reported within 15 days. In all cases where 
claims for damages IIRlSt be ma.de, action should be taken quickly, as 
lapse of tine may void the claim. 

II. Handling 

Before unpacking, indoor equipment may be moved by a forklift or a 
crane with slings under the skids. If crane facilities are not 
available, rollers under the skids may be used. Methods of handling 
outdoor equipment is the sane as indoor, except the skid (the six 
inch channel base on the bottan of the assembly) will allow some 
sliding or skidding of the switchgear on the foundation surface. 

III. Storage 

If it is necessary to store equipment for any length of time, the 
following precautions should be taken: 

1) Uncrate the equipment • 

2) Store in a clean dry place and cover with canvas or plastic 
to prevent deposit of dirt or other foreign substances on 
movable parts and electrical contact surfaces. 

3.1.1-22 

-



IV. 
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(Page 2) 

3) Batteries should be uncrated and put on trickle charge immediately on receipt. 

4) If dampness or condensation JTBy be encountered in the storage location, heaters should be placed inside the units to prevent condensation. 

Approximately 250 watts of heaters per unit will be required. Remove all cartons and other miscellaneous material packed inside units before energizing any heaters. If the equipment has been subject to moisture it should be tested with a 1000V or 2500V megger. A reading of at least 200 megohms should be obtained. 
5) Breakers should be prepared for storage separately. Refer to appropriate breaker instruction book. 

Description 

Each switchgear unit is made up of a secondary and a primary enclosun3. 

1. 

2. 

Secondary Enclosure 

The secondary enclosure is normally located on the front of the switchgear or breaker withdrawal side, although in certain units it ITE.Y be on the side opposite to the breaker withdrawal area. It consists of a compartment with a hinged door or panel upon which are mounted the required instrulrents, control and protective devices. The terminal blocks, fuse blocks and some control devices are mounted inside the enclosure, normally above the breaker and a wireway is provided to allow the passage of control wires between units. 

Primary Enclosure 

The primary enclosure contains the high voltage equipment and connections arranged in canpa.rt:rrents to confine the effects of faults and to minimize the dam:ige. 

3. Circuit Breaker Removable Element 

The removable element consists of a circuit breaker with a tripfree operating mechanism rrounted directly on the circuit breaker frame, interlock mechanism, the rerrovable portion of the primary and secondary disconnecting devices, the operating mechanism control devices and necessary control wiring. Circuit breakers ffi3.Y be equipped with wheels or slides for easy removal and insertion. 
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The circuit breaker interlock mechanism is designed to obstruct 
the operator from removing the breaker from the connected 
position unless the circuit breaker is in the open position. 
'This interlock is also designed to prevent the circuit breaker 
from being closed in an intermediate position when being rernoved 
or inserted into the cubicle. The secondary disconnecting 
device is used for connecting outside control circuits to the 
circuit breaker, operating ITEchanism trip and closing coils -
this device makes contact automatically when the removable 
element is properly positioned in its enclosure. All removable 
elements furnished on a particular requisition and of like design 
and ratings are completely interchangeable with each other. ihe 
removable elements as well as the stationary elements (cells) are 
built by the particular circuit breaker !Tfillufacturer with factory 
jigs and fixtures thus insuring interchangeability. 

4. Primary Disconnecting Device 

The primary disconnecting devices utilize materials of various 
alloys to insure against reduction of current carrying capacity 
due to oxidation of the contact surfaces. These contacts are 
of the high pressure line contact tube and socket design being 
backed up by heavy duty springs to insure contact pressure. 

5 . Bus Compartment 

The rrain buses are enclosed in a metal compartment with 
re.~ovable covers to provide accessibility. 

The bus is supported by an insulating material which is 
practically impervious to misture and an excellent dielectric. 
The bus insulation can be either mlded on the bars or sleeving 
which slides over the bar except at joints where the insulation 
is completed by either compound filled boxes, mlded boots or 
tape. 

6. Current Transformers and Cable Compartment 

Current transformers, where possible are mounted in the breaker 
compartment over the porcelain insulators behind a barrier or 
in the cable compartment where provision is made for connecting 
the purchaser's primary cable by means of potheads or cable 
clamps. 

7. Potential Transformer Compartment 

Potential transformers are in a separate comparbnent and their 
location is dictated by the particular switchgear layout. In 
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walk-in weatherproof design, the transformers will be accessible 
from the walk-in aisle where possible. 

The transformers are mounted on a movable support equipped with 
pr:im3ry and secondary disconnecting devices. When the potential 
transformers are disconnected, they are at a safe striking 
distance from all live parts of the switchgear. In addition a 
grounding device is provided which contacts the fuses when the 
potential transformers are disconnected. In this position the 
transformer fuses may be safely removed and replaced. A barrier 
mounted at the rear of the carriage prevents access to all live 
parts. 

8. Durmny Removable Element 

9. 

If required, a dummy removable element can be provided and is 
used as a means of isolating circuits or bus sections, where 
operation is infrequent and a circuit breaker cannot be 
economically justified. The device consists of a framework to 
simulate the circuit breaker removable element with a set of six 
studs similar to those on the breaker and may be connected to 
provide a continous current pa.th through the bus. 

Under no circumstances should the durrmy element be connected or 
disconnected when the bus is energized. Key interlocks are 
applied to insure that all sources of power are disconnected 
before the dummy element can be inserted or removed. 

Fuse Disconnecting Device 

Current limiting fuses with high interrupting rating are 
frequently used in metal-clad switchgear to protect transformers 
or circuits where circuit breakers cannot be economically or 
functionally justified. 

The fuses are mounted on a movable support equipped with 
disconnecting devices. 

When fuses are disconnected, they are at a safe striking distance 
from all live parts of the switchgear. In addition a grounding 
device is provided which grounds the fuses after they are 
disconnected. In this pcsition the fuses may safely be removed 
and replaced. The disconnecting devices are capable of 
interrupting transformer magnetizing current but should not be 
used to interrupt load current. Mechanical or key interlocks ar-e 
used to prevent operation while the load is connected. This is 
generally accomplished by interlocking, in which the circuit ~ 
breakers must be locked open before the disconnecting device can 
be opened or closed. 
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10. Grounding and Test Device 

The grounding and test device provides a convenient means of 
grounding the cables or the bus in order to safeguard personnel 
who may be working on the cable or equipment. The device can 
also be used for applying power for high potential tests or for 
fault location, to measure insulation resistance and by using 
potential transformers, it can be used for phasing out cables. 
The three studs of the device ar€ similar to those of the 
circuit breakers. The studs ar€ nounted on a renovable plate 
which can be placed in either of two positions, the bus or line 
side. To indicate the proper placement of the studs on the 
device, each position is marked "Line" or Bus". 

To use, lhe device is rolled or slid into the metal-clad housing 
in place 9f the circuit breaker and racked into position the 
same as the circuit breaker. - I 

I 

I 
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INSTAUATION 

Before any installation work is done, consult and study all drawings furnished by the Abbott Power Corporation for the particular requisition. 

These drawings include arrangement drawings, wiring and scheiratic diagrams and a bill of material. Ma.ts , screens, railings, etc. , which are external to the switchgear-, but which may be required to meet any local codes, unless req~d by the requisition, must be :furnished by the purchaser. 

I. Location 

II. 

The recommended aisle space required at the front and rear of the equipment -is shown on the arrangerent drawing. The space in front must be sufficient to allow the insertion and rerroval of the ciruit 
breaker, and f' heir transfer to other uni ts. 

~e spa~e at e ~ar must be sufficient fo~ cable installation, for lnspection an_ maintenance, and on some equipment to draw out potential traihsformers. 
i 

Preparation of Floor-Anchoring 

Indoor Equipment 

The station floor must be strong enough to prevent sagging due to the weight of the equipment and to withstand the impact stress caused by opening of the circuit breakers under short circuit conditions. The impact loading is approximately l½ times the static load. 

Suitable means must be provided by the purchaser for anchoring the equipment to the floor. It is essential that the floor be level to avoid distortion of the structure, and the equipment be completely aligned prior to final anchoring. 

It is recorrmended that floor channel sills be embedded in the concrete. These sills must be level and straight with respect to each other and flush with the finished floor. Care should be taken to provide a smooth, hard and level floor under and in front of the equipment to facilitate installation and removal of the circuit breaker. If the floor is not level and flush with the floor channels it will be difficult to handle the breaker because it will not be level with respect to the stationary element and may not allow for the opening of hinged panels. Recommended practice is to weld the switchgear structure to the floor channels using a tack weld at the center of each unit, front and rear as well as the ends. See figures 1 and 2. 
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Provision should be in the floor for conduits for pri.m3ry and 
secondary cables, located in the area shown on the base plan. In 
the event pri.m3ry and secondary cables are top entry, provision 
rmist be made to seal the area of entry to prevent foreign objects 
and dirt from entering the compartment. 

III. Outdoor Equipment 

Outdoor equipment can be fu!nished with or without a walk-in 
aisle. Pri.m3ry and secondary conduits should be installed in the 
area shown on the base plan prior to putting the equipment into 
place. 

1. Outdoor Equipment Assembly (Non-Walk-In) 
' 

Mo1..lI)t-ing I sills should be embedded in concrete and level. If 
, the--e~~nt is shipped in more than one section, all sections 
should~ placed on the rrounting sills and the sections bolted 
togetherjwith hardware supplied. Refer to the ''Assembly 
Hardware\' list of material shipped, for the proper size bolt to 
be used fn the indicated assembly. 

I 

Prior to:placing the shipping splits together, cover all outside 

-

ed~es on the top and sides of the assembly that bolt together A 
with the caulking compound supplied with the hardware. W 

Level and plumb the entire assembly. This may necessitate 
placing shims at intervals between each compartment of the 
assembly if the mounting sills are not level. Weld the asse.'Ilbly 
to the mounting sills. If shims are used for leveling and the 
6" channel base does not sit flush on the leveling sills, grout 
around the outside of the base to prevent the entry of dirt, 
snow, rodents , etc .. 

Bolt on the roof caps over the shipping splits. See figure 4. 

Prior to completing the assembly and preserving the integrity of 
the weatherproofing care should be taken to protect the 
instruments and insulation system from the elerrents. 

After completing the assembly of the equipment in position, the 
space heaters should be· energized, from a temporaxy source if 
necessary. 

2. Outdoor Equipment (Walk-In Aisle) 

When specified, outdoor equipment can be furnished with a 
weatherproof operating aisle. This equipment can be furnished 
in one of two ways. The equipment compartments, complete with 
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walk-in aisle can be shipped complete in multiples of 2-3 
compartments. These shipping sections are then assembled as 
described in "Outdoor Equipment Assembly (Non Walk-In) and the 
assembly when complete will include the walk-in section of the 
equipment. 

When otherwise specified this type of equiµnent will be shipped 
in rrn.lltiple sections of 5-6 canpar1Jrents of switchgear sections 
and multiples of walk-in aisle sections separate. The switch
gear sections should be installed and mounted as described in 
OutdOOF Equipment Assembly (Non-Walk-In) . After this has been 
canpleled the walk-in section should be installed and attached 
to the switchgear section. After all sections are installed and 
joined together the roof cap should be installed as described 
in Outdoor Equipment Assembly (Non-Walk-In) with the addition 
of the roof caps between the switchgear and aisle sections. 
See figure 5. 

The above procedure describes installation of a protected aisle 
enclosure with switchgear on one side only. If the aisle is 
cornrron to two lineups of switchgear, the procedure will require 
slight modification. Refer to furnished drawings and 
instructions for specific requirements. 

3. Bus Ducts 

Bus ducts connecting between groups of metal-clad switchgear, or 
between metal-clad switchgear and other apparatus, should be 
installed as shown on the furnished arrangement drawings. 
Supports should be provided as indicated on the assembly drawings. 
Refer also to figure 3. 

All joints in the bus including adjustable joints, should be 
assembled and insulated with tape or boots. Adjustable joints a.re 
provided in long runs of bus duct to allow for variations in 
building construction, etc .. These joints should be loosened 
before installation of the duct, then tightened after being set 
in the position required by the fixed points at the ends of the 
duct. 

For outdoor bus ducts all rerrovable covers should have gasketing 
material installed at the factory. Joints at shipping splits should 
be gasketed, as per furnished drawings. 

If outdoor bus ducts are equipped with strip heaters, connect these 
in accordance with furnished wir:ing diagrams, before energizing 
the bus. 
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4 . Ground Bus 

The ground bus is bolted to the switchgear frame near the bottom. 
It is arranged so that connections to the station ground can be 
made in any unit. Where the equipment is shipped in more than 
one group, the sections of the ground bus JIR.lSt be connected by 
using the splice plates furnished with the equipnent. The switch
gear ground bus Irn.lSt be connected to the station ground bus by 
a conductor having a current carrying capacity equal to that of 
the switchgear ground bus. It is very important that the equip
ment be adequately grounded to protect the operator from injury 
when short circuits or other abnormal occurrences take place, 
and to insure that all parts of the equipnent, other than live 
parts, are at ground potential. 

5 . Lightning Protection 

If not already installed in switchgear, it will be the 
responsibility of the purchaser to provide adequate lightning 
protection to protect the equipment and personnel from darrage 

· due to lightning. 

6. Ground Fault Current Transformers 

-

Through-type current transformers are furnished, where specified, -
for sensitive protection against ground faults. 

Where shielded cables are used, the grounded sheath or jacket 
should not pass through the ground fault transformer. Arrrored 
cable should be terminated and grounded prior to entering the 
transformer. 

Where potheads are used in units provided with ground fault 
current transformers, the pothead mountings must be insulated 
from ground. 

7. Main Bus Assembly 

The rrain bus bars and other connection bars may be either copper 
or alumim.nn. In either case the connection surfaces will be 
silver plated. 

All field assembled joints in conductors, regardless of material 
or method of insulation, should be nade as follows: 

Wipe silver clean. D::, not use abrasive on the silvered 
surface. A sufficient quantity of conductive grease should 
be applied to the joint at each contact area so that the 
complete contact area will be thoroughly sealed with excess 
grease squeezed out of the joint when tightened. -
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Bolt splice plates and bus bars together following enclosed 
installation instructions and the following torque value: 

1/2-13 
3/8-16 

480 in.-lbs. 
219 in.-lbs. 

40 ft.-lbs. 
18.25 ft.-lbs. 

Install the proper insulating boot over the joint. 

8 . Primary Connections : 

9. 

The primary cable c:mnections in most cases are reached through 
the oolted or hinged panels at the rear. Refer to installation 
drawings for specific locations. 

Before any cable connections are rrade, the cables should be 
identified to indicate the phase relationship with the switch
gear connections. There are two corrmon methods of making primary 
cable connections ; clamp type and potheads. 

Control Cables: 

When control conduits are used, entering from either, top, oottom 
or side, the conduit should be securely fastened by locknut and 
should not extend more than 4 inches when entering from the 
oottom. 

Connect the cables to the termination blocks in accordance with 
the wiring diagrams furnished. 

The cables f:run the control power source to the switchgear should 
be large enough to avoid excessive voltage clrDp during operations. 

Where units have been split for shipment, any control or 
secondary leads which must connect across the split will be 
arranged with terminal blocks in the cross trough or convenient 
side sheet so that the wire can be reconnected. The wires will 
be cut to length, ternrinated, and formed before being folded back 
so that a minimum of time will be required for reconnec-ting them. 
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This publication is only a general guideline 
for Installation/Maintenance and does not 
intend to cover all asoects of work or 
specifications. Not ail items in this 
publication are intended to describe your 
equipment and only applicable sections 
should be adhered to. For desired specifi
cations of assembly components, please 
consult applicable manufacture 1 s literature 
and publications. 
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GENERAL GUIDELINES 
FOR 

SWITOfGF.AR 
MAINTENANCE AND TESTING 

The following is a general guide for safe and econanical testing and 
maintenance of switchgear and associated equipnent. It is not intended to cover equiµnent of any particular manufacturer or.problems unique to 
specified conditions. Instead, it is a basic outline applicable to most switchgear and substation maintenance programs. 

For specific maintenance problems or recommendations refer to the required manufacturer's literature found elsewhere in this manual. 

I. Safety 

All maintenance and testing must be done on apparatus de-energized 
from the cC>Jl'Drercial a-c service. Where temporary feed for power is 
required to keep vital circuits in continuous operation, care should 
be taken to isolate these circuits from the equipment being serviced, 
with prior approval of a custaner representative who is familiar 
with the system. Prior to any testing, all incoming :i;x:,wer cables 
must be checked to determine that all electrical power has been 
removed and that temporary leads are not back.feeding into the equip
ment being serviced. 

II. Schedules 

A regular maintenance schedule should be established to obtain the 
best service and reliability from the switchgear. Plant operating 
and local conditions will dictate the frequency of inspection and 
maintenance requirements. 

For specific information regarding the maintenance of devices, such 
as circuit breakers, relays, meters, etc., refer to the separate 
instruction books furnished for each device. 

Under normal condjtions the protective relays do not operate, there
fore, it is important to check the operation of these devices 
regularly. 

III. Records 

A permanent record of all maintenance ~rk should be kept, the degree 
of detail depending on the operating conditions. In any event, it 
will be a valuable reference for subsequent maintenance work and for 
station operation. It is recomnended that the record include reports 
of test made, the condition of equipnEnt and repairs and adjustments 
that were made. 
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Caution 

IV. Switchgear 

1. Enclosures 

BEFORE PNY COVERS ARE REMOVED OR PNY OOORS 
OPENED WHICH PERMIT ACCESS TO THE PRD1ARY 
CIRCUITS, IT IS ESSENTIAL THAT THE CIRCUIT 
BE DE-rnERGIZED. 

The primary circuits of rretalclad switch
gear are insulated in order to reduce the 
size of the equipment. However, this 
insulation, except in one or~ instances, 
re.quires a certain amount of air gap 
between phases and to ground to complete 
the insulation. Inserting any object in 
this air space, when equiprrent is energized, 
whether it be a tool or a part of the body , 
may under certain conditions, in effect, 
short circuit this air gap and may cause 
a breakdown in the primary circuit to ground 
and cause serious damage or injury or both. 

Switchgear enclosures should be inspected for evidence of 
leakage of water, dust, etc., and should be appropriately 
repaired, by caulking or other suitable means. My 
portions of the switchgear that show signs of rust or 
oxidation should be re.surfaced and painted to assure metal 
enclosure integrity. 

2 . Auxiliary Equipment 

Assure that all auxiliary equipment such as interiior lighting, 
exterior lighting, heaters, battery chargers, batteries, fans, 
etc., are fully operational within manufacturer"s specifications. 
Repair or replace appropriate parts as needed. 

3. Electrical Connections 

Whether it be bus bar or cable connections within the switch
gear enclosure. assure that all connections are tight, and 
corrDsion free. All conductors and connections should be 
insulated and protected against corona, tracking, and 
insulation breakdown. 
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All main conductors should be tested for insulation breakdown 
between the conductor and ground, and between other conductors. 

4. Air Circuit Breakers 

4A) Disconnects 

Check disconnects for freedom of movement, galling or 
friction in rrovmg parts. Check for signs of heating on 
current carrying parts, loose or missing hardware and 
broken or missing cotter keys or retainer rings. Replace 
missing or broken parts and lubricate as per manufacturer's 
specifications. 

4B) Main Contacts 

Clean contacts and free from oxide or corrosion. Maintain 
80% or better contact mating on knife or butt type contact 
surface. 

Check contact overtravel and positive stops. 1/16 to 1/32 
inch overtravel is recornnended to permit wiping action 
when contacts close. Set stops so as to limit overtravel 
to a safe anount, usually 1/16 to 1/8 inch. Check for 
proper operation high current disconnects and gangtype 
disconnects having main arcing contacts. 

4C) Operating Mechanisms 

The operating mechanism should be inspected for loose or 
broken parts; missing cotter pins or retaining keepers ; 
missing nuts and bolts and for binding or excessive wear. 
All moving parts are subject to wear. Long-wearing and 
corrosion resistant materials are used by manufacturers 
and some wear can be tolerated before improper operation 
occurs. 

Excessive wear usually results in loss of travel of the 
breaker contacts. It can affect operation of latches; 
they may stick or slip off and prematurely trip the breaker. 
Adjustments for wear are provided in certain parts. In 
others replacement is required. 

The closing and tripping action should be quick and positive. 
Any binding, slow action, delay in operation, or failure 
to trip or latch must be corrected prior to returning to 
service. 
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4D) Circuit Breaker Auxiliaries 

Inspect the closing rotor or solenoid, shunt trip, auxiliary 
switches and bell alarm switch for correct operation, 
insulation condition and tightness of connections. 

Check on-off indicators, spring-charge indicators, mechanical 
and electrical interlocks, key interlocks and padlocking 
fixtures for proper operation and lubricate where required. 
In particular, test the positive interlock feature which 
prevents the insertion and withdrawal of the circuit breaker 
while it is in the closed !X)Sition. 

The protective relay circuits should be checked by closing 
the breaker in the test position and manually closing the 
contacts of each protective relay to trip the circuit breaker. 

Trip devices on low voltage breakers may be the electro
mechanical series overcurrent type with an air or fluid dash 
pot for time delay. These devices should be periodically 
tested for proper calibration and operation with low voltage
high current test devices. Calibration tests should be ma.de 
to verify that the performance of the breaker is within the 
manufacturer's published curves. It is very important that 
the manufacturer's calibration curves for each specific breaker 
rating be used and take into account that current-time curves 
are plotted as a band of values rather than a single line 
curve. It should be realized that short time calibration 
cannot be checked accurately because factory calibration 
equipment has synchronized timing devices to insure 
symmetrical currents whereas field test equipment features 
random closing and may product asymmetrical currents 
resulting in faulty readings. If the trip devices do not 
operate properly, the calibration and timing components 
should be repaired or replaced in line with the manufacturer's 
recommendations. 

If the breakers are equipped with static tripping devices, 
they should be checked for proper operation and timing in line 
with the manufacturer's recormnendations. Some manuf actu..""'er' s 
recommend replacement of electro-magnetic devices with static 
devices in the interest of realizing more precision and a 
higher degree of reliability with the latter devices. 
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5 . Molded. Case Circuit Breakers 

Molded case circuit breakers should be kept clean of external 
contamination so that internal heat can be dissipated no:nna.lly. 
Further, a clean case will reduce potential arcing conditions 
between live conductors and between live conductors and ground. 
The structural strength of the case is important in with
standing the stresses imposed during fault current interruptions. 
Therefore, an inspection should be made for cracks in the case 
and replacements made where required. 

Excessive heat in a circuit breaker can cause a malfunction in 
the form of nuisance tripping and possibly an eventual failure. 
The most conmon cause of excessive heat is loose connections. 
Periodic maintenance checks should involve a routine tightening 
of the circuit breaker terminals and bus bar connections. 
Molded case circuit breakers having noninterchangeable trip 
units are properly adjusted, tightened and sealed at the factory. 
Those having interchangeable trip units installed away from the 
factory could overheat if not tightened properly during 
installation. All connections should be maintained in accordance 
with m:mufacturers' reconmendations. 

-

When testing circuit breaker tripping characteristics , it is -
recommended that the overcurrent tests be performed on individual 
poles at 300 percent of rated current. The reaction of the 
circuit breaker to this overload is indicative of its reaction 
throughout its entire overcurrent tripping range. This load is 
chosen as the test point because it is relatively easy to 
generate the required current in the field and the wattage per 
pole from line to load is large enough, so the dissipation of 
heat in the nonactive pole spaces is minor and does not affect 
the test results appreciably. 

6. Relays 

6A) Protective Relays 

Inspect relay for loose terminals, lock screws and other 
parts; for filings or other foreign material in magnet 
gaps; for burned or dirty contacts; for sticky contact 
back-stops; for dirty, 'WOrn or broken bearings or other 
cause for sluggish operation; for damaged or maladjusted 
indicator targets or holding devices. Perfonnance tests 
of the relays will vary somewhat with the type of relay. 

For a visual inspection, remove cover. Inspect the cover 
gasket, check glass for tightness in the frames, cracks, 
etc .. Clean glass i,nside and out. 
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First open trip circuit. Follow rranufacturer's directions 
carefully since they will differ. Open the latches that 
hold the relay in the case and carefully remove relay from 
case. Remember electrical connections to the cases are 
still ''hot". 

Remove foreign material in the relay, such as dust, filings, 
etc. . Use dry compressed air 2 5 psi or lower. 

Rerrove any rust or filings from disc or magnet poles with a 
magnet cleaner or brush. 

Check clearance between magnet poles to assure that they do 
not rub. 

Inspect relays for presence of moisture. 

Clean or replace pitted or burned contacts if necessary. 

Perform four types of tests for overcurrent relay testing; 
zero set, pick-up, time-current characteristics, and target 
and seal-in operation. 

For overcurrent instantaneous relays, consult manufacturer's 
instruction leaflet to identify current terminals and 
contact terminals. 

For over/under voltage relays, consult manufacturer's 
instruction leaflet to identify potential terminals and 
contact terminals. Then perform the zero set, pick-up, and 
timing tests. 

For directional overcurrent relays, test the unit for pick-up 
and timing as for an overcurrent relay except the directional 
unit contacts IIlllSt be blocked closed for this test or the 
overcurrent unit will not operate. 

For percentage differential relays, again consult manufacturer's instruction book for proper connections and infonnation on 
characteristics. 

After completion of the electrical test, replace relays in 
their drawout compartIDents and mechanically operate the relay to check the wiring continuity to assl.IT'e it will trip the 
proper equipment. 

Auxiliary Relays 

Inspect auxiliary relays for dirt, dust, burned contacts, and 
proper operation. If applicable clean relay of dirt and dust. Burnish contacts for proper contact surface connection. Test 
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relay for proper operation. Repair or replace as needed. 

7. Transformers 

Visually inspect for chipped petticoats, fractured porcelain, 
etc. , and replace any damaged parts. Clean all bushings as well 
as check gaskets for positioning, resilience and leaks. In 
general, clean insulators by.polishing with a soft cloth dipped 
in sol vent or utilizing a bushing cleaner. Never use water or 
caustic solutions to r'eJI!Ove oxide and dirt deposits on porcelain 
glaze or resort to abrasives, steel wool or wire brushing. When 
the surface is clean, polish with a soft, dry cloth. 

Rerrove rust on bushing caps and flanges by sanding, then primer 
and paint for application to metal surfaces. 

"Ratio" test the transformer using a turns ratio counter to assure 
proper output voltage. Rerrove and analyze samples of the 
insulating liquid to establish the dielectric strength, acidity 
content, color, and specific gravity. 

Inspect pressure relief diaphragms to assure that they are 
properly seated and seal the unit. 

Check tap changer mechanism for proper operation. 

For dry type transformers, in addition to the above, inspect and 
clean bushings; check and tighten connections as required. 
Clean the windings by vacuum or compressed air. 

These tests should be performed on a two to three year schedule. 

8. Meters 

All meters due to their construction are delicate and IInlSt be 
handled and operated in the appropriate manner. Inspect each 
meter for abuse that could cause internal damage. Inspect the 
meter glass, the meter face, case and connection. Check for 
free moverrent of the needle. Apply the appropriate electrical 
component (ie .. AC/OC volts, or AC/OC current) to give half scale 
reading. Apply the component to obtain a full scale reading. 
Check meter reading for accuracy. Nonral tolerance is lOgo , 
unless specific meters require more stringent requirements. 

9. Switches 

Safety, disconnect, transfer and pressure contact switches have 
a tendency to build up high resistance across the contacts if not 
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operated frequently. Several manufacturers have designed this 
apparatus in such a manner as to nake it difficult to actually 
see the contacts and.moving parts. Where possible, clean the 
main contact of the switch, adjust and place a thin film of 
lubricant on them. Check fuse clips, connections to the bus or 
cable, and switchboards mounting and handles for tightness and 
proper alignment. When applicable, check the tension on the 
contacts when signs of discoloration caused by heating are 
noticed. 

Due to the design of switch equipnent, it is not necessary to 
perform electrical tests as in the case of a circuit breaker. 
However, there is one test that will indicate if the operating 
mechanism of the switch has deteriorated to the extent that the 

· probability of failure in the near future is great. This test 
is called the ductor test and measures in millivolts the contact 
resistance drop. After exercising the switch several times, 
cleaning and making any adjustments necessary, with a ductor 
test set the resistance drop across each phase to be measured. 
If the drop exceeds 50 millivolts or has greater than+ 20% 
variation betvJeen phases, part replacement is recorrmended. 

10. Auxiliary Equipment 

lOA) Motors 

When applicable inspect motors for loose hardware, fittings, 
connections, and brushes. Inspect motor shaft for binding 
shaft rotation or excessive shaft end travel. Test motor 
windings with D.C. megohm meter for insulation breakdown. 

10B) Lightning Arrestors 

Lightning arrestors are generally sealed components, free of 
maintenance except for an occasional cleaning and mechanical 
inspection. Clean the arrestor thoroughly when inspecting 
the transformer. Check tightness of all bolted connections 
to ground and retighten as necessary. Megger (lOOOv.) test 
value should read infinity unless internal resistors are 
used in the manufacture of the lightning arrestor. Replace 
low reading or grounded arrestors. 

3.1.1-47 



( 

( 

fibbott 

• CASE: 
• APPLICATION: 

• INSULATION CLASS: 
• FREQUENCY: 
• IMPULSE LEVEL: 
• CONTINUOUS THERMAL 

CURRENT RATING FACTOR: 

CURRENT TRANSFORMER 
Model 350 

Molded Reinforced Plastic. 
Metering. Designed to fit over bus behind 
Westinghouse OS breaker. 
600 Volts 
25-60 Hz 
10 KV 

1.33 @ 30°C Ambient;1.0 at 55°C Amb. 

I _ @C-- 1 ,\bbott A\agr,etics ~rporatioo [I\BVIA) 
MEMBER 3. 1, 1-48 
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,\bbott 
POTENTIAL TRANSFORMER 

Model 450 

The Abbott Magnetics Model 450 is designed for use with all types of electrical indicating, 
metering, recording instruments and protective relays in electrical power systems. The 
magnetic core and coils are mounted in a reinforced plastic case with a metal mounting 
base. The unit is epoxy filled to insure insulation qualities. 

Secondary and primary windings are fully insulated and terminated at threaded studs. The 
units are supplied with terminal covers. 

Winding ratios are indicated on the nameplate as well as on the side of each unit as shown 
in the outlined drawing above. 

• FREQUENCY: 
• STANDARD SECONDARY VOLTAGE: 
• INSULATION CLASS: 
• ACCURACY CLASS: 
• CONTINUOUS THERMAL 

CURRENT RATING FACTOR: 
• WEIGHT: 

60Hz 
120V 
600V, 10Kv, Full Wave BIL 
0.3 class at W, X, M, Y: 1.2 at Z 

750 VA at 30°C Amb., 500VA at 55°C Amb. 
22 lb. 

~her ratios and burden capacities available upon request. 
:l 1 11ed on reverse side. 

-

-

~.~~§§§~§§~~~~§§§§~~§§§§§~~-

"bbott ~agnettcs eoPpOFation 
~ ST~ JO!b. bueNA JW{k·CAl.ifORNIA 90621· (7J4)52J-887J· TWX 9J0-596-J.420 
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PHASE ANGLE IN MINUTES 
,) 

3, 1.1-51 



!YEW] 
medallion series 

Model 2101 
DC Ampe 

Model 2101 
DC Volte 

GENERAL SPECIFICATIONS 

Model 2102 
ACAmpe 

Principle of Operation: See descriptions below. 
Accuracy: See accuracy specifications below. 
Position of use: Vertical (Scale) 
Full Scale Deflection Angle: 250° (except 

Synchroscopes: 360°) 
Full Scale Length: Approx. 7¼" (183 mm) 
Pointer: Sword type, black 
Scale Plate: Platform type, white 

l .t: ABS, black. Meets UL94/ ASTM 635-68 

MOdel 2102 
AC Volte 

Model 2105 
AC Power (eingle phaee) 

Terminal Plate: Phenol resin, black. Meets UL94/ ASTM 635-68 
Mounting Screw: 5 mm in diameter 
Measuring Terminal: 5mm in diameter (nut type) 
Dimensions: See page 12 

Weight: Model 2101 ...... Approx. 0.91 lbs. (0.4 kg) 
· Model 2102 Ammeter .... Approx. 1.3 lbs. (0.6 kg) 

Model 2102 Voltmeter .... Approx. 1.1 lbs. (0.5 kg) 
Models 2105 & 2106 ....... Approx. 2.2 lbs. (1 kg) 
Models 2107 & 2108 . . . Approx. 1.3 lbs. (0.6 kg) 
Model 2109 . . . . . . . . . . . Approx. 3. 7 lbs. (1. 7 kg) 

Cover: Methacrylic acid resin with anit-static 1,.;rocess-ing on both sides Dielectric Test Voltage: 2,600V AC for one minute be-Standard Color: Black (Munsell N 1.5/0) tween the electrical circuit and the case. 

4 
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IYIWJ 
medallion series 

.- . .. 

- .· 
..... •.· :-· "J . ·:· .. :\:,··~.;-~-

MOOEL210t DC AMMETER (M i ovng Co"I Tl I ype ) 
.,,.... ........ .....L ....... ......... II i i I ,.. ..... ......._ c--.-. v.... Or¥ .......... ... C....Ne. v ... 0,Vo .... Ono 

2.101-41 500,aA l70D S88.00 2.101-Tt 1A ) 2101~ tmA 11QQ 88.00 2.101-12 t.5A 2101.Q3 2mA 170 88.00 2.101'-13 2A 
2101-Q4 SmA 

} 
1.211 88.00 2101-14 3A 1 VOitage 2101-0S 10mA 88.00 2101-15 SA I •0rop-

2101-0S 20mA 88.00 2101-18 10A I samv 2101-Q7 50mA Vottage 88.00 2101-17 15A 

) 2101-oa 100mA Drop 88.00 2101-18 20A 
2101-0S 200mA 50mV 88.00 2101-19 30A 
2101-10 500mA 88.00 2101-20 •50mv 2mA 

..... '"1. For l'!ltlW ,.._ than 30A, - &totnal Sllum wUh a 5DmV DC ~- (Seo P•oe 13) Z..A 111U cd_apeclal 51'" (11.IIIQd) ieod• - -lied with •• ch 50mV DC Ammotor. For industrial transmitters, 4-20 mA with a 0-100% scale is available for-

MODEL 2102 AC AMMETER (RMS Sensing Transducer Type) 

I 2102~1 
2102~ 
2102-oa 
2102-04 

1A 
5A 

FUILSCALE 
YALU£ 

Two fold-.xtended (5 to 10A) 
Three fold-.xtended (5 to 1 SA) 

0.4VA 

. ~. - . · '.'" 

Note: 1, For higher r•ng•- tfl•n SA. uao Eld•mal Current Tr•naformer <- peg• 15! with • 5A AC Amn.ter. 

3. 1.1-53 
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MIXIEl :~: ,:~/.:_2.. 
ROYAL ELECTRIC MANUFACTURING CO. INC 

·-- 1111/111 

FLEXIBLE CONNECTORS 

EfiiBQI 
( : i : !:a! 

Ca&ales Affl .. H Namber aad Diln••lou i11 lDclMa 

No. ...... SI•• of Bnicl ,. B C D 

7312 2C'() 1. 7&- l"U I 1/B 12 • 
,JIJ 3'!'0 2 • 76 .... I 11' 12 3 ,, .. - .1 • 71 ~ I l;,/15 \7 ' 
731• I •!o I • 302ol0() o, 1 1/2 ~, 16 12 3 

731! !~ I • '"""" ~ 

1. 302- o, 1 1/2 3/8 12 3 

158'2 "'° 
z • ·- CM 1 1/2 13/32 12 3 
1 • 302000 ru 

•159,13 7'0 
1 • ,....., CM I 1/2 7111 12 3 
1.302-~ 

,3t. """ Z • 302000 O< I 1/2 1/2 IZ 3 

I! ... 900 
'. ,._ CM I 1/2 5/8 12 3 
2 • 302- ~ 

•:-,• I...,.; 3 302400 "' I 1/2 13/16 12 ] 

,,....,. l.w • • 302.00 o, I 112 I IZ 3 

Eu.mpl• ,_ OrclehJ!J' - ,nu ao:,al Type C Flemlll• Bnacl c-

n.eccor1 =e Dim••••o• l ft•. 

T 

• Caaaloa fl"49 c-••• .. 
of Ill f7Jl4 - Ill fTJll. 

• Cataloos tl5M6 c-••*• 
of CZI tnn. 

Type C FleDltle C0RDKtora. wdl carry rated capacity iadoore. Wire i• tiaaN before 1traaclta1, Ferrule• 

are completely eUverpla&N- co prOVlde lowe• t concact re• 11unc:a. Standard le111th i • 1z• overall. Spec:ify 

len•m r114Wred it loq•r Of' •bOner chan H&nd,ard. Ferrule• can be funu.ahed to any leftldl 1peci!ied. 

TYPE CM 
9/16° 

!C.WOl!AfflpeHJ 
No. \ Raun1 i 

: 

I 

i 
1e l€-8 1~,,.~ r 
11170 I 

18171 

11113 

111 4 

111-:'~ 

111,: 

i 
I 

2cc 
~c 

AOO 
•!O I 

!<(I ! 
~!C 

Nurnlter and I 

Si••· of Braid : 
I • 76 ,.., 
Z • 76 ~ ' 
3 • . f "' I • 3C l c~ 11 
I . , . .., °' i I I 302!22 !.!'. 
2 • - 1, 

Dirnen110111 in Inch•• 

A I B C I D 

I I 1/8 12 I 3 1,• 
I 1 :4 12 ·• I '4 

I I ;: u:. IZ ! J 1/J 

I/< !-;I • 12 f,'4 I 

112 ; 3/8 ! 12 13 1/4 \ 

i 
1 /2 12 !3 114 I 

I'• ! 
I, 4 

114 I 

114 
1/4 

Cxunoie for Orcl•nn1: - flllTZ_ Royal TY9-e CM Fle,nble Braul 

eo....CIOl"I jJQ Ampel'e• 1 •c• l>itlJeD• iOII to•. 

Type CM Fleaible Conn~tora w1U carry rated capacity uadoors. Wire 11 llnfted be(ore •tranding. Ferrv.le, 

are campJ•t•ly 11lverpi.ated to provide lowe• t contact re1i11anc1". Stand&rd len9th ,a lZ. overaU Specify 

lenam. reqwred i.f lon&er or aborter than 1tandard. F..nul•• can be !umuhed to any len1th •pe-c1iied. 

CopPript Cl 1975 bJ Am&ur ..__ Inc. 
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TERMINAL and SPLICE 
For Copper 

HYLUG and HYLINK 
Types YA, YS 

Copper HYLUG and HYLINK compression connectors 
for copper wire. All sizes are tin-plated to resist corrosion. 

¼ I TUC ¾ ¼ 
6 Str. YSlt 

½ 2 NEMA fAIC-21 9(. ¾ 

¼ 1 TMC w. ¼ 
4 Str. YSC 

½ l NEMA YMC-214 9(, ¾ 

J(. 1 TA3C ½ ¾ 
3 Str. 

2 NEMA I 
YS3C 

½ YA3C-2N 91. ¾ 

K, 1 YA2C j ¼ ¾ 
I YS2C 2 Str. 

2 NEMA I YA2C-2H i ½ 9(. ¼ 

~. l J(, 1 Yl1C ¾ 
l Str. me 

½ / 2 NEMA i YA1C-2N 1¾, ¼ 

I J<. 1 rm ¾ ¾ 
1/0 Str. YS25 

½ 2 NEMA I YA25-2N ~. ¼ 

I I 
¾ l TA28 ½, 

9(. 2/0 Str. , 

I 2 NEMA I I ¾ ½ YA26-2H I I 
1 rm ½ 

3/0 Str. YS27 ¾ 
2 NEMA YA27•2H ¼ 

½ 
1 TA28 l ½ 

4/0 Str. YS28 
2 NEMA TA28-2N l.J{, ¼ 

7 NEST 
INDENTOR 

7 DIE SET 

NEST a INDENTOR 
a. 

161, DIE SET 
242 

NEST' 9 INDENTOR 
9, 

162, DIE SET 
203 

NEST' 10 INDENTOR 

10, I 

162 
DIE SET 

NEST 11 INOENTOR 

11, I DIE SET 276 

NEST 12 INOENTOR 

12. 
163 

DIE SET 

NEST 13 INOENTOR 

13. 
164, 

DIE SET 241 

NEST 14 INOENTOR 

14, 

243 
DIE SET 

NEST I 15 INDENTOR I 
15, 
BG. DIE SET 243 

3.1.1-57 

Note: Die indexes and tooling listed between the heavy 
lines apply to the conductor and connectors listed within 
the same lines. Both HYDENT and over head uie sets are 
listed. 

1 
Y34PR 

ASCR 2 USCRT 2 

A4CD 
1 

Y34PR 
A4CR 2 U4CRT 2 

Wl&l 2 Al61 1 Ul61 1 
W242 4 A242 2 U242 2 C242 1 l242 1 

A3CD 

Y34PR 
1 

A3CR 2 U3CRT 2 -
A203 2 U203 2 
A2CD 

1/ -Y34PR 
A2CR 2/ U2CRT 2 

Wl62 51 Al62 1 I Ul62 1 Cl62 
AICD 

l 
Y34PR 
A1CR 21 UICRT 2 
A276 4 U276 4 

A25D 

Y34PR 
A25R 2 U25RT 2 I 

W163 4 Al63 Ul63 21 Cl63 2! 2 
'A260 

l -Y34PR 
A26R, 2 U26RT, 2 

Wl64 4 Al64, 2 Ul64, 2 C164, 2 W24l 3 A241 2 U241 
I 

2 C241 1 

A27D 

'f34PR 
A27R 2 U27RT 2 I 

W243 3 A243. 2 U243 2 I 
IA28D I C280 

1 I Y34PR I Y48PR I 

A28R 2 U28RT 2 C28R 21 W-BG 21 - U-BG 2 
1) L243 

W243 31 A243 2 U243 2 C243 

TnM.c. 



,..ype YA 
,cont.) 

HYLUG 
Type 
YA-LB 

- ---- . 

CltalOQ 
Namber 

YA25 
YA21 
YA27 
YA21 
YA29 
YA30 
YA31 
YA32 
YA34 
YA31 
YUi 
YMO 
YM4 
YMI 
YMI 
YAIC-2 
YAIC-2N 
YMC-2 
YUC-2N 
YA2c-2 
YA2C·2N 
YA1C·2 
YA1C-2N 
YAZl-2 
YAZl-2N 
YA28-2N 
YA27•2N 
YA28-2N 
YA29-ZN 
YA3D-2N 
YA31-2N 
YA32-2N 
YA34-2N 
YA3&•2N 
YA39-2N 
YM0-2N 
YM4-2N 
YMll-2N 
YMl-2N 
YA44-4 
YMM 
YMl-4 

CalllotJ 
N•ber 

Y11;11.-LB 
YA1C·LB 
YA25·LB 
YA26-ll 
YA27-LB 
YA28-LB 
YA29-LB 
YA3D-L8 

eo,,e, 
Conductor .... 
Coml Awg Sia 

1/0 Str. 5/16 
2/0 Sir. 3/8 
3/0 Sir. 1/2 
4/0Slr. 1/2 

250 1/2 
300 1/2 
350 112 
-100 511 
500 511 
600 511 
750 511 
800 518 

1000 511 
1500 314 
2000 314 

6 Str. 1/4 
8 Sir. 1/2 
4 Sir. 1/4 
4 Sir. 1/2 
2 Str. 5/18 
2 Sir. 1/2 
1 Sir. 5/16 
1 Str. 1/2 
1/0 Sir. 5/18 
1/0 Sir. 1/2 
2/0 Sir. 1/2 
3/0 Sir. 1/2 
4/0 Str. 1/2 

2SO 112 
300 1/2 
350 1/2 
400 1/2 
500 1/2 
600 t/2 
750 1/2 
800 1/2 

1000 1/2 
1500 1/2 
2000 1/2 
1000 3/8 
1500 1/2 
2000 1/2 

Cowiper ConductDr 
ASTM ASTM 

Claa H ClaaM 
4 4 
2 2 
1 1 
1/0 1/0 
2/0 2/0 
3/0 3/0 
4/0 4/0 

250 250 

Wgt. ,., Carton 
100 Qly. 
6.2 10 
7.7 10 
8.9 10 

12 10 
18 10 
20 10 
25 10 
32 10 
44 10 
89 6 
85 8 
99 6 

130 8 
210 3 
300 3 

7 10 
7.8 10 
7.5 10 
8.3 10 
8 10 
8.8 10 
8.5 10 
9.3 10 
8.2 10 
9 10 

10.7 10 
13.2 10 
16 10 
19 10 
24 10 
29 10 
rr 10 
St 10 
74 6 
89 6 
96 6 

134 6 
220 3 
320 3 
130 6 
210 3 
320 3 

Wat. 
Slud ,., Carton 
SIZI 100 IHv. 
5/16 3 25 5/16 3.7 10 
5/16 4.7 10 
3/8 5.9 10 
1/2 7.3 10 
1/2 9.3 10 
1/2 13 10 
1/2 15 10 

:§ BURNCV • Norwalk, Connecticut 06856 3•1•1•58 
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HI-CAP 
Time Delay 
Class J Dimension 

FUSES 

Symbol 

JHC 

JHC HI-CAP Time Delay fuses, Class J Dimension, with 
200,000 amperes RMS interrupting capacity and great cur
rent limitation - to which has now been added substantial 
time delay. CSA Listed at 100,000 amperes. 

IA~ 
I I I LtO 

Ampere Dimensions in Inches 
Symbol Racine A B C 

JHC 
15 to 30 2¼ ~'2 1½'6 
35 to 60 23' ¾ l½t; /8 

1--A------1~ K f" - J -
T 
D 

j_ 

I ,....., 
( ... ) - H '-.v 

I 

_J G B 

Ampere Dimension• in Inches 
Racina A B C D E F G H 

65 ro JOO 4¾ 3¾ I½ % ½ I ;/2 9/ 
/32 

110 to 200 S~{ 4% 11/s I½ ¼ 1% 11/16 ½ 
225 to 400 7½ 5¼ 2½ l¾ ¼ 1 ~/8 11/i6 l½i 
450 to 600 8 6 2½ 2 % 2Ys 1 l½ 

3. 1. 1-59 
FOR DETAILED INFORMATION- ASK FOR BUSS BULLETIN JHCS 

J K 

~'8 2¾ 

% 3 
l½ 33 s 

1½'6 3% 

.-, {'--'' 
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.rt:1 
~' 
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Utility c:lamps secure strip 
elements to flat surfaces or 

surfaces with large radii such as 
large tanks. Threaded studs are 

welded to surface'. heaters are 
positioned, then clamps are bolted 

down. Where more than one 
clamp is used, t1ahten nuts and 

then back off 'fl turn to allow for 
axpans1on. 

Clamping bands can be used to 
firmly fasten strips long1tudi• 
nally to large-diameter cylindri• 
cal surfaces. 

Oven mounting. Easy application 
of strip elements to ovens may be 
made simply with the use of 
welded-on studa and secondary 
insulation bushings (see 
Additional Features). 

.. , ~ 

i
~>i -
! 

i ~ I --
- :-;-1 ·- /--- --' ~ -"~~ .... , .. ~~.,..,. 
-:,·;~ ---__ ; ---

MIiied plat•• Huter• may 
be held in position in 

platens and similar objects 
with a steel plete receHed 

to heaters' width. thickneH 
and positions, than 

screwed to the workin& 
plate or surface. 

,._-_.Tc::-;-' __ -- d ,. 
Mounting holes in tabs are slotted 
to allow for expansion. a , 

'! . -.~ 
.,• ·: 

. -
MAXIMUM WORK TEMPERATURES 
Strip elements can generally be used in the tollowing 
applications at maximum temperatures shown without 
exceeding capability if properly installed: · 

FrN Air Air Temp. 
Chrome steel sheath .....•...•...••.•...•.......•.• 950°F 

Moving Air-air volume at 16 fps Air Temp. 
Rust•resisting iron sheath ......................... 425°F 
Chrome steel sheath ............................... 950°F 

Clamp-on Work Temp. 
Rust•resisting iron sheath ......................... 300°F 
Chrome steel sheath ......•.............•.......... 700°F 

The above maximum work temperatures are based on 10 watts 
per aquare Inch. If elements have II lower wett density, work 
temperature may be increased •. 

MAXIMUM SHEATH TEMPERATURES 

Rust•resisting iron .....•....•.•.........•...... : ... 750°F 
Chrome steel ...............•.•.....•...........•.. 1200°F 
lncoloy ............................................ l600°F 

EXCLUSIVE CONSTRUCTION 

High-quality, coiled nickel-chrome re
sistor wire is uniformly· spaced over 
the width and length of the strip ele• 
ment, then embedded in high-grade 
refractory material which both insu
lates the wire and transfers heat rapid
ly. Refractory is then compressed to 
rock hardness and maximum density 

. under tremendous hydraulic pressure 
to improve heat transfer from coil to 
sheath. Elements are oven baked at 
high temperatures to semi-vitrify and 

___________ __, mature the refractory. 

STRIP ELEMENTS 
Installation 
Chromalox strip elements in most cases can be applied 
with standard hardware. However, for firm contact and best 
heat transfer, stocked Chromalox strip heater clamps are 
recommended. See page 13. Instruction Bulletin P00400 is 
packed with each shipment. 

Thermostatic Control 
Automatic temperature controls may be selected and in• 
stalled as described in Controls Section. 

Connecting Lead Wires 
should be nickel-plated copper, nickel or alloy. Copper will 
oxidize and loosen connections. Refer to page 79 for wire, 
bus bar, etc. 

High-voltage Use 
Where line voltage is above 300V (oOOV maximum), Chroma
lox strip elements can be connected in series for air heating, 
providing they are mounted on secondary insulation bush• 
ings (see below). Maximum voltage tor clamp-on installa• 
tions is 480V to ground. 

additional features-see following tables 
for ordering information 

: ~. :,.t·<: -~J 
<:::{ 

... _--. .<:: _';:":- _;_~, . .'--i,; 

f ~:·~~-~:~2:~J 
Secondary lnsulatlon Bushings 
Needed at eac:h end of strip heaters when c:01111ec:ted In series 011 
1111• voltages above 31111¥. 
Note: To accommodate bushings, a 17ha" x 11/ie" dia. hole is 
substituted for the standard slot in each mounting tab when 
bushings are on same purchase order as strip heaters; otherwise, 
111u• x 11;,.1 • dia. mounting hole in tabs should be specified for 
heaters. Additional price includes two bushings, hardware and 
enlargin& mounting holes. All types exc:ept NS. 

Ceramic Post Terminal Insulators 
Use with 1nsu1ated wire to protect against electrical shock ... to 
wire several heaters. where Bx or conduit is not required. Wires 
can leave heater terminals at any angle. For strip heaters only. 
All types • 11cept NS and SN. 

Without Mounting Tabs 
• Permits installl11g more heat in 

a given confined space . 

Specify "without mounting 
tabs" if this feature is needed. 

Protective Terminal Cover 
Guards terminals from spill• 
overs, dripping, grounding or 
short c:irc:ults. 

Removable cover, with BX fit
ting, is shipped separately. All types • 11cept NS. 
Types PT • lld SE only. 
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RUST-RESISTING IRON SHEATH CHROME STEEL SHEATH 
0UIENSI0Ns-!ndles See pg. 6 for max. sheath and work temp. See pg. 6 for max. sheath and work temp. 

' B 0 watts ....... Witts ....... Approx. o-al lilts. Hole Willlout Pe, ...... ...... Ptr Cat .... c.i.NL Net ~ Canter 11111. Tabs v ... ·- Sq. In. ..... (PCN) v ... ·- Sq. In. ..... (,CN) Wt. Lbs. 

71/2 61h 6 120 150 11 OT-715 129314 120 zoo 15 OT-702 129613 .50 
240 150 11 OT-715 129322 240 zoo 15 OT-702 129621 .50 

I 7 6½ 120 150 10 OT-815 129330 120 250 17 OT-802 129630 .56 
240 150 lu OT-815 129349 240 250 17 OT-802 129648 .56 
120 175 12 OT-817 129357 120 400 27 OT-804 129656 .56 240 175 12 OT-817 129365 240 400 27 OT-804 129664 .56 

10½ 9½ 9 120 250 10 OT-1025 129373 120 350 15 OT-1003 129672 .75 
240 250 10 OT-1025 129381 2jll- 350 15 OT-1003 129680 .75 

lZ 11 10½ ... ... .. . ...... .•.... ~20 400 17 OT-1004 129699 .88 ... . .. .. ....... ······ 40 400 17 OT-1004 · 129701 .88 
120 250 8 OT-1225 1293911 120 250 8 _ OT-1202 129710 .88 
240 250 8 OT-1225 129402 240 250 8 OT-1202 129728 .88 ... . .. .. ....... ······ 120 350 14 OT-1203 129736 .a(! ... ... .. ······· ······ 240 350 14 OT-1203 129744 .88 ... . .. .. ....... ...... 120 500 17 OT-1205 129752 .88 ... ... .. ....... ...... 240 500 17 OT-1205 129760 .88 

14 13 12½ 120 300 8 OT-1430 129410 120 500 14 OT-1405 129779 1.0 
240 300 8 OT-1430 129429 240 500 14 OT-1405- '129787 1.0 

l5¼ 14¼ 13¾ 120 325 8 OT-1532 129437 120 500 12 OT-1505 129795 1.13 
240 325 8 OT-1532 129445 240 500 12 OT-1505 129808 1.13 

173/a 161/s 16¾ 120 350 6.5 OT-1835 129453 120 500 10 OT-1805 129816 1.38 240 350 6.5 OT-1835 129461 240 500 10 OT-1805 129824 1.38 
120 375 7 OT-1837 129470 120 750 15 OT-1807 129832 1.38 240 375 7 OT-1837 129488 240 ·750 15 OT-1807 129840 1.38 
120 500 10 OT-1850 129496 120 1000 19 OT-1801 129859 1.38 240 500 10 OT-1850 129509 240 1000 19 OT-1801 129867 1.38 ~ 

l9lf.i 18½ 18 120 350 6 OT-1935 129517 120 -500 9 OT-1905 129875 1.5 240 350 6 OT-1935 129525 240 500 9 OT-1905 129883 1.5 
120 500 8 OT-1950 129533 120 750 13.5 OT-1907 129891 1.5 240 500 8 OT-1950 129541 240 750 13.5 OT-1907 129904 1.5 ... ... .. ······· ······ 120 1000 18 OT-1901 129912 1.5 ... ... .. ······- ······ 240 1000 18 OT-1901 129920 1.5 

21 20 19½ 120 500 8 OT-2150 129550 120 750 12 OT-2107 129939 1.63 240 500 8 OT-2150 129568 240 750 12 OT-2107 129947 1.63 --- - --Z3J/4 22¾ 22¼ 120 500 7 OT-2450 129576 120 500 7 OT-2405 129955 1.81 240 500 7 OT-2450 129584 240 500 7 OT-2405 129963 1.81 
120 750 10 OT-2475 129592 120 750 10 OT-2407 129971 1.81 240 750 10 OT-2475 129605 240 750 10 OT-2407 129980 1.81 
... . .. .. ······· . ..... 120 1000 14 OT-2401 129998 1.81 ... . .. .. ······· ······ 240 1000 14 OT-2401 130008 1.81 

Speelfy: Quantity, Catalog No., PCN, Volts, Watts, Stnp Heaters. For additional features (page 6) available for Type OT, add; Without Mounting Tabs; Secondary lnsulatmn Bushmgs-PCN 255716; Protective Terminal Cover-Catalog No. OT-AC-1, PCN 129242; Set of Two Ceramic Post Terminal Insulators-Part No. 1-41059. PCN 259805. 3.1. 1-61 7 
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Low Voltage Fuses 

Classification of Cartridge Fuses 
By Underwriters' Laboratories, Inc. -

NOT LABS.LED AS CARTRIDGE FUSES LABELLED AS 
CURRENT-LIMITING G-600 VOLTS CURRENT-LIMITING 

j 

"MISCELLANEOUS" Teated and Listed per U.L. Standards Midget Dimension, ere. Nor used for No. 198.2 for Current Limiting FuHa. branch circuit protection. Th ... fua• are non-interchangeable U.L sr•ndllrd No. 198.6 -' with other claa1n per NEC 240-&0b. 
Must meet U.L established degrN of 

Dimensions ,,., Tabla 2.3 of U.L. Currant Limitation. 
Standards No. 1988 and Table 2 of - U.L. Standards No. 198.3 Non-ran-atlle "One Time" Fuses. 0·600 ampern ..... Mav be labelled Tima Delay if min . 250 and 600 volts of 10 Hes. at 500% is mer. Ciaaa G: 0-60 amps. or leH. 300 Volts 

&CONOMY: EON, EOS or leis. Time delay of at least 12 secs. 
i-. It 200% rating. Labelled with inter-

~ rupting rating of 100.000 rm1 symm. 

Ran-able Fu•• 
amps. (Not medabyEconomyFuaa.) 

Cius H: Interrupting ability not ECONOMY: ERN, ERS 
over 10,000 amperes. Teated and 

~ listed par U.L Standard• for Fu181 Cla11 J: 0-600 amps., 600V or lass. No. 198B. Neither Cina letter nor -, 
Cla•a K-1: High dagrN of currant Labelled 11 "Current Limiting" and interrupting rating on labels. for 200.000 symm. amps., ac inter-,_. limitation. ~ rupting rating. No time delay. Di• ECONOMY: NCL SCL mansion• not interchangeable with 

other fuaa cla11aa. 
ECONOMY: JCL. 

Cla11 I(: Teated and labelled for Cl•11 K-5: Vary good degree of 
Clan L: 601-6000 amps .. 600V or current limitation. int81Tupting rating of 50,000, - ECONOMY: LEN. LES le11. Labelled as "Current Limiting" 

100,000 or 200.000 rm1 amps ac (Time Delay) and for 200.000 symm. 1mp1 .• ac 
par NEC par. 240-60C. Teated and 

~ interrupting rating. No time delay. 
labelled par U L. Standard• No. --- Fu•• bolt to bus. bars. 198.3. Required by Stda. to have a 

Class K-5: Good degree of current ECONOMY: LCL .._ specific degree of currant 
limitation but may NOT be so ~ 

limitation. Class R: MNt all Class I( 100,000 amp 
labelled par NEC par. 240-60b. ECONOMY: ECN. ECS requirements plus measured currant 
Time Oelav (mir, of 10 sac. at (Time Delay) 

limitation II 50.000 and 200,000 
500% of rating) optional. Clan and amps. Labelled Currant Limiting and 
int. rating printed on label. All 

Cla11 K-9: Fair degree of current 
all have 200.000 amp. interrupting 

Economy Fuse Class K fuses have . ralin~. Resemble Class t< plus rejec-
200.000 amp. interrupting rating. ~ limitation Usually supplied as Time lion eature 10 mNt 1975 NEC par 

Delay. 240-60b. Economy Fuse otters Class 
No longer made by Economy. I( combined with Class R as in table 

-
below. 

SELECTION CHART 

TRADE NAME ~ Eco• Economv• ECON• ECON- ECONOLIM• Eco• ECON• Re-Ible LIMITER• 

C• talog SvmDol ldent1f1cat1on 
OESCRIPTION EON EOS ERN ERS ECN ECS LEN LES NCL SCL JCL LCL MCL MOL MEN 

U L. CLASS M M M M RK5 RK5 RK5 RK5 RK1 RK1 J L "Miscellaneous·· 

Not Over X X X X X X 10.000 Aml)I 
INTERRUPTING 100,000 Aml)I a.c. X 

RATING 
200.000 Am111. a.c. X X X X X X X X 

DEGREE Excellent X X X X X 

OF 
llerv Good X X CURRENT 

LIMITATION Good X X 

13/32'" • 1-1/2" X X X 

DIMENSIONS "N.E.C."' X X X X X X X X X X 

Non-,ntercn. 
X X Oim. oer U.L. 

250 or Ins X X X X X X X 

VOL TS (1.c.l 
600 or ins X X X X X X X X 

TIME-DELAY MIN. OF 
X X X X 10 SEC. AT 500% -

PAGE 
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_Lo_w_V_o_l_ta_g_e_F_us_e_s _______________ g 
Econolim® Current-Limiting, Energy Limiting, and High Interrupting Capacity Fuses 
Fuses under the trademark "Econolim" are manuractured 
with ailver linka, quartz-aand filler, and melamine tubes. 
This line includea Underwritera' Laboratories, Inc. Cluaes 
K·l, J, and L, •well• mid1et dimension MCL fuaea (aee 

pqe 35 ). All of these fuses have a high de,ree of current 
limitation with low I 2t enerty let-throu1h and low peak 
let-throuah current u well as the highest interrupting rating 
recoanized by U.L. for low voltage fuses. Ask for detailed 
technical data by the FPE CIUB Number lhown . 

CLASS 
1317 Econolim• High Interrupting Capacity Fuses, U.L. Class K-1 
Uae on applicationa for fault current.a up to 
200,000 amper•, where ftry faat clearinl ii 
required to limit current and where fuae 
boldera are of NEC dimenaiona. Ideal for 

protection of molded cue circuit breakers 
with inadequate interruptm, ratinp. Tbese 
fuua meet the current limitinl requirement.a 
of U.L. Clua K-1 atandarda. 

l1-I--U.L ....... l0tO..IC-I 
• WI IHCl,iqly limilar to Cla J INII will Iii "NEC" ha a;,.. ....... Ill VOL 11 011 LUI II - VOl TS 011 LEIS ...._MP I 

Cal.No. ., Cal. 1111. 

1. s. I. 111. 11. 20. 21, 311 Cmloa ~= 11.40, ... ID ... lflllbal 
l'D, Ill, IO. 100 ,CL" ,CL" 
12!,, 150. 115. 200 ......... , ..... : 
m. 150. 31111, JIG,.., "' II.:.. 1 4111, IDD. IIIO - j 

CLASS 
1318 Econolim• Current-Limiting Fuses, U.L. Class J 

Applicationa of thia type fuae are for fault 
current& up to 200,000 amper•, for bi1h 
de,ree of current limitation, and to comply 
with NEC para,raph 240-23(b). For uae only 
in Cius J fuae holders which will not accept 
C1ua H or K fuaea. Note: No U.L. lilted 
Claa& J fuaea have time delay. 

1, 3 ••• 10. Iii. 20, 25, 
:• • .0, 46, liO, &I 

'11, ·• ID. IDD 
125, IIO, 171. 200 
ffl. 2IO. 300, 1'0, 4C111 

I 

-

..,...._ I 

Clrl1111 

t=:-=-=c-=....,..,;,,.,,-4Dlllnbt\l 

4111. 51111, 800 -

CLASS 
1319 Econolim• Current-Limiting Fuses, U.L. Class L 

U1ed on inatallations for fault cur
rents up to 200,000 amperes, for 
mountina in bolted pressure switches, 
aervice interrupters, 1witchaear, and 
fused air circuit breakem. Ideal for 
protection of lar,e circuit breakers 
which may not have adequate inter
ruptiDI ratinp. 

"-' 
IOI 
IIIO 

!DOIi 
IZDD 
1IIIO 
2IIOO 
2500 
3800 
4000 
IIIIOO 
IIIOO 

ClblDtNu-. 

LCLIOI 
LCLIIIO 
LCL IIIOII 
U:LIZOO 
LCLIIIIO 
LCU11DO 
U:LZIOO 
LCL311DO 
LCL4000 

"\.CLSDOO 
"LCUIIIIO 

Not Ea Carlon 0.-bt\l 

I 
1 
1 
I 
1 
3 
J 
J 
l 
3 
3 

• For 4001~000 amperes, specify whether 4 or 6 hole 
drilling is desired. 

tOther ratings available on request. 

CLASS 
1312A Econolim19 Type RF Fuses 

ClrlOOI 
o-•ilv 

10 
111 
1 
1 
I 
1 

Econolim Type RF fuses for protection of 
rectifier equipment are made and available in 
130, 250, 500 and 600 volt ratinp. Aak for 

1 pecial descriptive catalog lheets Cius 
1312A. 

,Pl-a.uu, ZZ..,, 
JIIIICI Alllll' c __ VOi.Ti ---~.~ ----t·;~ -- t 

Mllitary-5paclfication Fu-: FPE-Economy Fuse can provide fuses to meet Department of Defense Specification Ml L-F 15160D or E, and 
WF-1726 as "qualified products." We also qualify under proposed specification WF-1814. 
General Services Administration FuHS: FPE-Economy Fuse can provide fuses under the various parts of GSA Specification W-F-791d and e. 

PAGE __________________________________ _ 
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liZI ______________ L_ow_V_o_lt_a_ge_F_u_se_s 
ECOe"One-Time" Non-Renewable Fuses, 
U.L. Class H. Federal Specification WF-1726 

ECO• "ONE-TIME" CARTRIDGE FUSES 
ani UL listed and labelled as Class H for use 
on circuits where available fault currents do 
not exceed 10,000 amperes. They feature caps 
rolled into the tubes, staking to prevent cap 

,._. CalllOI Lin .... _ 
Jlt:n 

Z50VOLTS ~ 
1, 3, 6. 10, 15, 20, 25, 30 CalllOI, 35, 40, "· 50, 60 S.,1111101 -70. Ill. 90, 100 "EON" 
110, 125. 150. 175,200 lellcnNd . 

by ........ 225,250, 300. 350. 400 ·-4111. 500. 600 

..a VOLTS 
1. 3, 8. 10, 15. 20. 25. 30 C.111 ... 35. 40, 45, 50. 60 \ 

I 

CLASS 
1340 

rotation, links visibly soldered to caps and 
stamped-in-brass identification. This fuse 
provides lowest cost short-circuit protection. 
For detailed data, ask for Clus 1340 Descrip
tive Sheets. 

Per 
Canon 

- 10 
10 . -
5 
1 

1 
1 

10 
10 Symbol --_±=: 70. 80. 911. 100 "EDS"" 5 110. 125, 150. 115. 200 loll-.! 

I by -225, 250. JOO, 350. 400 
1 4111. 500, 600 -- 1 

•Ferrule type, 60 amp and below. Knife blade type, 65 amp and above. 

3. 1.1-64 
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LINE VOLTAGE ELECTRIC HEAT THERMOSTAT 

,r ·::,,.!.:~, 
.. ,-, 

r~ 
-.1':'J : 
r -• ~ " 

tXCLL'SIVE DESIGC'j: Federal Pacific\ exclusive construction 
1 patented l has three insulating air spaces and two heat shields for 
n,·ellenr performance with constant comfort temperature and low 
droop. Other patents pending. 

SMARTLY STYLED: The smartly styled. mist beuze color acrvlic 
,·over blends w1th rhe decor of any room. lasv-to-r~;d gold dial ·has 
Jctu:il ter1_1per:irure numbers w11h a wide ranl!e of settimzs from 
-W

0
to85°l - • 

SNAP ACTION SWITCH: B1-metal acruated. quick-make. qu1ck
·1k sw1tch eliminates interference noises. 

,IIT KIT: High limit kit I field selected) rs especially demable for 
,se applications where ma\imum limited heat range is desired. 

CLASS 1190.3 

SERIES PMT 

THERMOMETER KIT: Easil\· installed in the field. Glass ther
mometer 1s mounted in decorative plastic housm11:. Attaches to 
thermosrar wrrh pressure sensiove adhesive backing. -

Base Plate 2¼,. W. x 41/2 ,. H. '/ ; ;~ 
Approved Outlet Box 

2¼" deep min. (not included) 3.1.1-65 

FEDERAL PACIFIC ELECTRIC COMPANY April, 1976 

I 



LINE VOLTAGE ELECTRIC HEAT THERMOSTAT 
DESCRIPTION AND ORDERING INFORMATION 

Catalog Number PMT1 
Single line break (single 
pole) single throw switch. 
Makes and breaks electrical 
load - switch closes on 
temperature fall. 

SPECIFICATIONS 
Control Range 

40°F. to 85°F. 

ACCESSORIES 
Catalog 
Number 

Volts AC 

120 Vac. 
208 Vac. 
240 Vac. 

277 Vac. 

Catalog Number! PMT2' 
Double line break. Two single 
pole single throw switches. 
Opens all ungrounded conduc
tors of electrical load when 

· . in "OFF"' position only. Makes 
and breaks single load-switch 
closes on temperature fall. 

Ampacity Watts Non-Inductive 
22 Amps. 2640 
22 Amps. 4566 
22 Amps. 5280 
19 Amps. 5280 

Description 

PATTK 
Thermometer kit. Glass thermometer mounted 
in decorative plastic housing. Pressure sensitive 
adhesive backing for field mounting to stats. 

ULK 

use APPROVED 
OUTLET BOX 
(DEVICE BOX) 

Temperature limit kit. Provides tamper proof, ad
justable upper temperature limit.· Field installed 
in all models. 

2½"' DEEP MINIMUM 
(NOT INCLUDED) 

SUGGESTIONS FOR CORRECT 
INSTALLATION OF WALL THERMOSTATS 

The best locetion for a thermostat is on an inside wall or 
partition, 50 to 54 inches above the floor. 

Precautions to be observed: 

1. Install thermostat at least 3 feet from doorways. 
2. Do not install in stairwells or draft areas. 
3. Install thermostat so that air can circulate freely 

around the unit. Do not block with shelving, etc. 

4. Avoid heet from hot pipes, ducts, lamps, TV's and 
similar appliances. Heat from 1111811 switches may also 
affect a thermostat. 

5. Rooms not separated by wells, such as living-dining 
areas, should be controlled by a single thermostat. 

INSTALLATION PROCEDURE 
1. Remove knob by pulling out. 
2 Remove snap.on cover. Pull out bottom 

and lift up and off. 
3. Wire as shown in schematic diagram 

below. 
4. Fasten to box with captive screws. 
5. Replace snap.on cover. 
6. Line up flat of cam shaft, with flat in 

knob recess and press knob back in 
place. 

WIRING DIAGRAMS WIRING PROCEDURE 
CAUTION 1. Wire lengths should be cut to minimum code require- DO NOT REVERSE LINE AND LOAD CONNECTIONS TO THE THERMOSTAT ments. 

2. Strip wires 3/8 to 1 /2 inch long. CAT.NO.PMT1 2 WIRE S.P. CAT. NO. PMT2 2 WIRE D.P. 3. Note LINE and LOAD markings near switch terminals. 
Do Not reverse these connections or thermostat will 
not operate properly. 

4. Insert wire leads under the terminal screws as shown. 
Tighten securely. Loose connections run hot and will 
affect the performance of the thermostat. 

5. Rotate the cam to "'LO" or "OFF'" position. This 
allows the '"flet" at the top of the cam to clear the 
scruw driver blade. 

LINE 

OFF~ 
SWITCH 

6. Mount thermostat to outllrt box using a small shank 
screw driver. This will avoid damage to the bi-metal. 
The base plete mounting slots are designed to bend 
'>Ward the outlet box during tightening. This simpli
es the installation by eliminating any thermostat 

distortion. 

.---- ., 
l.. ~A2:,_R~A~- ....J 

Terminals are approved for copper or aluminum wire. 

FEDERAL PACIFIC ELECTRIC COMPANY Environmental Conditioning Systems Division. Newark. New Jersey 07101 
ENGINEERED PRODUCTS FOR ENGINEERED PERFORMANCE EDS 1190.3 · 10M · FPE 3,1,1•66 PRINTED IN U.S.A. 
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PROTECTIVE RELAYS 

Type IAV 
__ Tame Delay Voltage Relays 

DESCRIPTION 
The Type IA V relays arc single phase 

induction disk relays designed to respond. 
with time delay, to either an increasing or a 
decrea.,ing voltage. or both. Some models 
are frequency compensated. and some in
clude an instantaneous unit (hinged anna
ture type). Most models listed in the 
Selection Guide inc:Jude % target seal-in uuit 
on all contacts. 

The basic mec~m of all models is an 

For protection against overvoltage in a 
three-phase system, use the IA V51A relay 
(Fig_ 2). For instantaneous protection as 
well as time delay, use the IAV71B. 

For the detection of grounds on un
grounded three-phase systems, two methods 
are in general use. One measures the zero 
sequence potential (Fig. 4), and the other 
measures the actual voltage between the sys
tem neutral and ground {Fig. 6). 

inductio1:1-dislc unit With either a tapped coil -· Fior th · - · · f Fi 4 · T · ·· 
ped 

· ti • . _... , e c:m:wt o 1gure , use ypc or a tap rcsi.stor- or scttmg pt,-up. IA V5ID, a ·1~w pickup relay which• has its 
{In the overvoltage models, the relay is operating circuit tuned to the rated frequen

cahbrated on increasing voltage to close the cy. The potential transformers used in this 
normally open contact at tap setting. The circuit are connected grounded-Y primary, 
time dial adjusts the angle through which broken- delta secondary. The primaries 
the disk rotates and, hence. the time delay.) should have ratings equal to the line-to-line 

voltage of the system, and the secondaries 
In the undervoltage models, the relay es 

cahbrated on decreasing voltage to close the 
nonnaily closed contact at tap setting. The 
time dial adjusts the angle through which 
the disk rotates at voltages above tap setting. 

In the combined overvoltage and under
voltage models, the relay is calibrated oo. 
increasing voltages to close the normally 
open contacts at tap setting and on decreas
ing voltages to close the normally closed 
rontacts at various percentages of tap set
ting. 

For the undervoltage and combined un
dervoltage and overvoltage relays, the two 
COMecting plug S2 case is used to prevent 
false tripping when the·relay is removed or 
replaced. Either plug completes the coil cir
cuit and thus opens the nonnally closed 
contact used with imdcrvoltage operatwn. 
Both plugs are needed to complete the con
tact circuits. 

APPUCA TION 
OVERVOLTAGE RELAYS 

Type IAC overvoltage relays are used for 
protection ag:i.inst s1m.ple overvoltage, but 
other applications are also common. They 
arc apphed lo ground detect:on, both on 
feeders and on ac generators, and they are 
also used in timed S'Wltching arrangements. 
where their dependability and accuracy 
make them preferable to purely mechamca.l. 
timing relays. 

IA 100. 101. 101. n2. 723. n,.n1 

Type 
iAV 

I 
I 

can have ratings of either 67 or 115 volts. 

Select a relay model with a continuous 
rating of three times the potential trans
former secondary voltage. This is necessary 
because. when a ground occurs, the zero 
sequence voltage may be up to-ihree times 
the normal transformer secondary voltage. 
Thus. with a potential transformer second
ary rated 67 volts. use a 199-volt relay coil. 
For ground fault protection of ac rotating 
machines. use a circuit similar to that shown 
in Figure 6 applying Type IAVSID or 
IA V5 l K relays. These are low-pickup 
relays whose coil circuits are tuned by 
capacitors to their rated frequencies. The 
circuns are thus rendered only one-eighth as 
sensitive to the third harmonic as they are to 
the rated frequency. 

ln Figure 6. a distribution transformer is 
connected between the machine neutral of 
the generator and:ground. Normally there is 
no voltage on the transformer but during a 
fault. there is a voltage with a worst-case 
magnitude equal to the phase-to-ground 
value. 

Greater sensitivity can be obtained bv 
choosing a distnbution transformer with 
higher secondary voltage. In such a case, the 
relay will not carry the fault voltage con
tinuously, and provision must be made to 
de-energize the operating coil using an aux-

(C/0 

3.1.1-67 

733 
Page 

Aug. 14, 197 

(Phofa B0,,132181 
Fl9- 1. Type IAV71A 

OVWYolta9e relay 
(out Of CGM) 

iliary relay. The short-time rating for bot: 
IA V510 and IA V5 IK is 360 volts for H 
seconds. 

The IA V51M relay may be used for : 
definite time delay and the time is adjustabl, 
from 3 to 30 seconds by means of a time dial 
Operating time is defined a.s the time tc 
close the contacts with voltage suddenly 
raised from zero to the rated value. 

UNDERVOLTAGE RELAYS 

For simple undervoltage protection, se
lect the IA V relay according to the tune
voltage characteristic required. 

In a typical automatic-preferred emer• 
gency throwover scheme. the undervoitage 
contacts of the IA V54E relay are used to 
trip the circuit breaker in the nor.nal sourci:
circuit, and the auxiliary switch (52b) of this 
normal source breaker pennitS the voltage 
closing contacts of an IAV51A relay m the 
emergency source to close its circuit break
er. 

COMBINED UNDERVOlTAGc 
AND OVERVOLTAGE RELAYS 

Types IAV53, IAV69, IA V70, ana 
IA V73 relays are time-delay, over- and un
dervoltage relays having rwo contacts, one 
of which closes on overv0it:1gc: and the other 
on undervoltage. 

REFERENCES: 
Dimensions·········-······· .............. - Section 7380 
How to Order .............................. Section 721 Q 
Prices ................................. ......... Section n. 12 
Instruction Books·····················-· Sectio!T 7206 
Target and Contact Data ............ Sec,wn 7 38 l 
Relay Sundaras .......................... Sectrnn 7 382 
Renewal Pans Information .... Section 7395-99 
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FRl JENCY COMPENSATION 
~ fol.loWUlg Type IA V n:lays are rre-

;•..lfflCY compensated: 
1)-.t1"Voltage relays--lA V71, IAV'T2 
l' nd~oluge relays-IA V74A 
cndcri.011.1ge and Ovcrvoltage relays-

:A 1,13A. 1A V73B 
Tbesc relays have Wliform characteristics. 

..._. 1 frequency range of 30-90 Hertz. A 
. ,r-.cal ,wlication is on systems supplied by 
~·ydro-1men1on. where the frequ_mcy 
.r:wa to mcreue wbai faults occur. Fre
;umcy a,mpensation is provided by ~..C 
:,n:uit across the wound shading coils olthe 
:'lductlOD disk operating coil and core wiiL 

CHARACTERISTICS 
Type IA V relays will continuously witb

-.und 1"1!ed voltage on all taps. and tap volt~,t' on &11 taps above rated voltage. For the 

SE1.£CTION GUIDE-Type IAV 

:>VHVOUAGI (DMQ Ne. 59) 
:..-_._,_ _ _..... -~-,_.,,,.,o ----flt, ...... ---· rSiA ... _ )C-,.' - ... 
~--3---""'.-. ..... ~ ...... 

-- o--, 0.75 "' 7 . .5 ,_.. "' ::xi, ol ... .......,_ 
4 l!alC.Df'OGI °"Na. 10 ros. 

- • •AV5l0 o, !A\1,511( ... 
~o c-

-~---....,,. ...... CIIIC.A ... ~. 1 .... ~ 
,.),Q._.wtllll""1'WPONI,. 

...._.._...,.....,....,~_Q,._,.._,.. - Av)IA c~ )0-90 H~ 

-Valb 

""" 
IIS 
2119 
ZJO ..., 
11S 
199 
230 

11.5• 
1999 ~-
67• 

199"' 

.-r-

11S 
Xl8 
230 

11.5 I 
...... ~ 1~~'911.: ""'~' \lfttt I ·- ~ -....:,,.~ C01'1CIQl1!.,Gl'l,,NI. /'or~ 11.5 --~ <N., le, OC I 230 I 
..._.,_ __ ... _ 

I :130 -::.- 'lialll"'°" I "'O !O\ea,nd,,,...detay. : -· A"'7'4. 
.. 2 ..... 0~ 115 

-- .. ,t,W1'7..A 
115 ---...- ' .. o C.oMGC 230 - -. A,711•~tl'IClladel 
11S .-. ... -:,..a.~ 

Type IAV 
·nme Delay Voltage Relays 

minimum and maximum taps shown in the 
list below, the following intermediate taps 
are availabre 

Tap Range 
s.~20 
10-40 
16-64 
28-112 
55-140 

110-280 

~560 

Taps Available 
S.4, 7.S, 12.S, 20 
10. 15, 25, 40 
16, 24, 40, 64 
28, 42. 70, 112 
5.5, 64, 70, 82. 93, 105, 

120. 140 
110. 121. 140, 164; 186, 

210. 240, 280 · 
220. 2.56. 280, 328, 372, 

420. 480; 560 

The overvoltage relays and the under
voltage relays are provided with time dials 
for adjustment of time delay. 

T••-. 

The combined under- and overvoltage 
relays are made both with and without time
delay adjustment. Models IAV53, -69, and 
-73 have time delays which arc functions of 
the setting or the undervoltage contacts. 
Model IA V70.has a time dial which permits 
adjustment of time delay independently of 
the voltage settings. 

TRIPPING CIRCUITS AND 
CONTACT RATINGS 

The curren~ carrymg rating. o( th~ contact 
circuit is determined by whether the relay 
has a seal-in unit and by·the tap used on the 
seal-in coil. Without a seal-in unit the relay 
contacts will close and carry 30 amperes for 
tripping duty and 2 amperes continuously at 
control voltages of 250 volts de or less. Re
fer Section 7381 for data on target seal-in 
units. . . 

··: I •. 

Valb 

Min "'"" 

r.,... 
Seal- eo.,_,. 1-----------...... in 60 Hertz 50 Hertz 

Approx Wt, lb Ck;) 

Ship 

55 
70 

110 
220 

" 70 
110 

10 
16 
28 , ... 
16 , ... 

" 
15 

110 
110 

55 

u 
110 

55 

140 
I.CO 
280 
.560 
140 
lAO 
280 

40 
64 

112 

20 

64 
20 

15 
100 
110 

IAO 

140 
780 
780 

1<10 

l.CO 
780 

lAO 

' 

Q.2/2 1-N.0. 

0.2/'2 2-N.O • 
(11 

'\~•·· 
~'.~ 
1-N.O. 

0.2/'2 

2-N.O. 

1-N.O. 

1-N.O. 

Q.2/2 

2-N.0. 

121AY51A1A 
A7A 
A2A 
A3A 

121AY.52A1A 
A7A 
A2A 

'.."'21AY518~! 

09A 
121AY51K1A 

121AY.5201A 
12tA\152KlA 

12IAY51!,\IA 

"'"" !,\JA 

121AV71AIA 

15A 
121AV71:il 

121AV72AlA 

121AV7211Al 
...... 

...... 

121A~1A4A ,..,,. 
A5A 
AllA S1 

121,W52MA 
A9A 
ASA 

121AY5105A o .. ,. $1 
010A 

121AY.511C2A Slt 

. ..... S1 
121AV52K2A sit 

121AY51!,\2A 
• 51 

12IAV71A3A 

121AV7113At 
...... 
······ 

S1 ...... 
121AV72MAf 

11:JA 

l21.t.V720At 

Net 

12 
(5 ... ) 

12 
(5.A) 

13 
(.5.9) 

12(5 ... , 

13 
(5.9) 

12 
.(5 ... ) 

13 
(5.9) 

' 
15 

(6.8) 

15 
(6.8) 

16 
(7.l) 

15(6.8) 

16 
(7.3) 

15 
(6.8) 

16 
(7.31 

-'V~ l D. '1 K. 520. and 52K - 10 Second Rating at ]60 volts 
·• ·udcl, tUt'maJ Ql)aCIIOr 

u "1111 &d1usuble 120-200 volts 
.a, wm adj usla.ble 110-300 vol ts 

---. 
(C/C} 

3.1.1-68 
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PROTEaJVE RELAYS 733~ Type IAV Page: -
_ Time Delay Voltage Relays Aug. 14, 197 ._. SELECTION GUIDE-Type IA V 

G--,1 laled Tap II-
Ta~ .. MOCMI Number ea .. APP- Wt, lb (kV, 0NaipfiOII Votts Valls 
Seal- '-- Size Ac Min Maa in 60 Hertz 50 Hertz Net $hip 

UNDIRVOLTAGI (Devica No. 27) 

s Sec r-o...,. 67 32 80 121AV,..E1AA 
121Av;:.e,:.. 

__ ..... 
115 55 140 EtA ifset.,No. TO m 2Q8 110 280 E13A ·--~. r-~1,..,3_ 230 110 280 E2A -~°'""'· -. 460 220 S60 EJA E6A »s.cr-0e1ay 115 55 140. 121AVW1A 

12JAV;:.i=-4.f. 

__ ...,... 
230 110 280 0.2/2 F2A if set,..No. 10 TD 460 220 ~ F3A ······ 

,.... 
75 Sec r- 0e1ay - 115 55 140 l N.C. 12JAV54H1A ...... .. :;. •---- an Ni,. 10 Tt> 460 220 S60 H2A. I••.,. 0 o • .. S2 . . 12 16 --- S.-eUW54 .. - 115 55 uo l21AV5AJ1A (5.A) (7.3) ...,, .... s--;., ~~-~ 230 110 280 ~ J2A .. . - l . i· - .. .. ,,_ .. 

A60 220 560 • J:IA 12iA v;:.ij-4.f. -ss.cr-0e1ay - 115 55 140 l21AV55C1A l2JAV55CAA -•IAV54 
0 

230 110 2SO C2A C.,A _,.,2N.C. 460 220 560 OA C9A »s.cr-0e1ay 115 55 140 0.2/2 2 N.C. l21AV55FlA ...... 230 110 280 FlA ...... n s.r-o.ia-, 115 55 IAO 12IAV55H1A ······ Fw• ,uency C:0..pe,tMtad 

s s.c r- 0e1ay ot • ...., .o1t1 
lU S5 140 0.212 1 N.C. 121AV7AA1A S2 13 17 ... No. 10 ms. c~ J0.90 Hz ······ (!1.9) <7.n OYII- AND UNDBtVOLTAGE (Devic• No. 27/59) ...... - ---· 

G... dutr, electrically _,... can-
115 - .iliw!"'- ·•· 

-witl,~,eai.;,,.,,,;,,n_ S5 '"° 121AV531C1A 12IAV531CAA will'I -" contoct: UV adjustable '"'"' 60 230 110 DO 0.2/2 IC2A IC5A ,. ~ o1 ov ""',.!ting. r- delay 
(2) 1.J-.._,, ........ OA-. A60 220 560 . CIA IC11A •2 .... Nfting. 

...,,--, confroi ~, - as IAV531C 115 55 1.0 I21A V.531. l A 12JAV531.AA er ...,, -- ...,i.;,, units ... Ollliflwd 230 110 280 12A 1.5A 
A60 220 560 None L.3A ······ Simila, ,o IAV531C •-~ .. 115 55 lAO I N.C. 12IAV53NlA ······ S2 13 17 ....... -.--n.d.n-.;.ia-, A60 220 560 l N.O. NlA ······ (5.9) (7.7) 0..5-..:rwro...i11. 

~ duty, ~ con..«non b.,_,.., 
COfttadl.; OV setting i1 ind.oendent Of UV 120 55 1..0 12JAV69AlA 121AV69A3A ad\u-. UV adjustable h-om 60 to ·;>0% 

208 110 280 0.2/2 
AAA ': 2J.. ":..t, ~ ~~ct~ leai-in untl (2) ······ 2.cO 110 280 A2A ...... ....,,_ comrol schemn: .-. OS IAVo9A I 120 

l 
55 , .. o 

None 121AV69BIA, 121AV6963A -. llllr-ge, secl-in un,11 ore omtlted I 2,CO 110 280 82A 
C....... 't1' common connecnon ;,.,,__ I 

I 
- ,.ning fix"'2 at-,0% o,- mon, 120 55 !AO 0.2/2 121AV70AlA ······ al 0V,:: setting; target wai-tn umt.in 2AO 110 280 (2) A2A -······ ..,.. eod, contoct; ,:icijustat:t6e time 
delay JO -.ond,--.. or,ccomp/ete lau of V. -
Au'-lic ~ ~, ,ome os IA Y70A ' 120 55 lAO 121AV7081A 121AV7063A Ga9f targe1' s.eat,,.tft un,n ere omttte-d \ 2AO 110 280 None 

B2A ······ fl •11-cy Com,-sated - -· 
G--,1 ~,_.as IAV5JIC ••cei>t l -0.2/2 

12IAV7JAIA 
,_ on,pen-.d. J0-90 Hz (2) 1 N.C. . ' ' ... 115 55 140 S2 13 17 A 11-.ic: a,,,m,l -, ..,,,.. OS IAll53L i None I N.0. 

121AV7JB1A (5.9) {7J"J ,,> ' ~ ~ Compen1a1"'2. 30-90 Hz ...... 

..... 
. 

-. 

------ (C/0 
700, 701, 702. 722 723,731-737 
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Type IAV 
~Time Delay Voltage Relays 

DIA(:D AMS AND CHARACTERISTICS 

Ac bus 
_____ ..... ....., _____ I 

--,-1---------2 

.... 1--11~-JOJ~-
Pot•ntia( 
transformer 

~(+) T•:t; 
a iW. ~TT. -~-

,-)~ 
Generator 

... 2. Typad eJltanal for Type IAV51A 
nM ,_ --,,oltage ll"ltectioft. 

______ A_c_b_a_s ________ 1 

-------------- 2 

._ffl:~~: T,~~ 

c 6 
TC 

(-) 

Generator 

~ ::. ~ 

.... 4. T'f11icot atemal for gl'OUlld fault ptwtectlan 3ph. 
Ungl"9Ullded sy•t- Typt IAV51D 

(+) Trip bus 

IAV51D 1:-
r.~t, ~L :5 ~ TSI T59 

~ 1...------1" 2.--
1 _tA.Y-'l.K..-, . 

I> ,~ 1 Trip !6 ~, or 
i 59 ~ atann 

:!5 4cl 

Ac bus 

, _______ _j 

88 • r-, , Wht:n used Lg 4t ! :6~ : for alarm 
r' Distribution L5 ___ J 

.,.. ~ ransformer . 

Fig. 6. Typical extemal for ground foult 
i--. -<fion of on oc rototing machiN Type IAV51D or 51K 

(C/C} 

•,~·"", ____ .:....,_.;;.._::.__:__;_;_. ..... -- - ~----- •_· ____ _,__ •· ·,,. - - ·_ -..... 

16 
~ 

--• 

so 
4!5 

40 

• 3!5 
"' : 30 
u 

. : 2!5 

.!: 20 

; 15 

I I I I I I I 

-- Overvol1oge relay --- Type tAV51A·60cycles--- 1ime• vollaqe curves -
I 

Time dial set1 ing T 
\ \I 1123456 789IO --'\" I I I 

,--

\ \\ I I I I ii 
\ \ ,\ I I I I 

'\ I . ' 1[ / I I I 

'\ ''"' I I I 
'\" 

;,, "'' I I I 
'\,'\ " "'"' I I ~..t'-=·: 

- j:: 10 ,,.. .... '-..;: I 
1, "-.F ~-.....~ - _ --- . ~.: ~-

8 

7 

• 6 
'O 
C: 

~ !5 • --= 4 
• e3 
j: 

2 

!5 

0 

.... •~ .................. -- II 
~ .. - -"'~ 

110 120 130l40150 160 170180190200 
Per cent of 1ap value 

flt. 3. Typical flnM Voltage cu,_ 
for Types IAV51A, 71 ond 72 

\ 

I 
\ .\ 

\ 
I '' \!\. I',.._ , 

' " \ ..... , ..... ri.....-
\\ ... ,--.._ I r-i-. -

"' ... r--..... 1-r-,i-.._ ' ,-
' ' ~ ,-i-.....l ' '"' 1--. --- I I I I 

' ' ..... I 
' - ' ' I 

10 
9 

8 
76 
54 
32 
I 

. · . ..,.·. - ,,.) .• 

- _,..:. 

- .. ~· I.' 

Time 
dial 

se1ting 

OO 200 400 600 800 ICCOC2COl400 IS::0 

I 

I 
~ 

...,j 

Pw cent ot 1ap value 

flt. 5. Typical Time Voltage cur,,e 
for Types_lAV51D and 51K· 

I I 'ffl Time 10 close righ1 c:on1acts ..... ~ when '1011age is reduced ro 1hl 
·~~ I I ',., indicated value from left 

I I I contact pickup -.olloge or above 
I 

i' I 

., 

-: I 
8 

r-i I 

8 I !/ 

V i/ 
I/ 

. rm• lo olow Iott ,..,_ 
I; when vol1aqe is suddenly 

I ', 
\I ~. increased from zero 10 the 

I "'t \', indicated pickup multiple • • 
.5 
• e ... 

J - " ~ 

'\ '" I I I I l I ' I 
6 I ., I/ I ~\. 

Ii II { j 
c-...- I I I ' \i\. I I i I ¾ Ri~l'II J con oct 

4 
:, I i/ I ' '"-"'-' 1 

1 ~ g8 closure' V \ '\J "-:--,.._ ........__ '<'----" 70 ( In o/e 
2 ./ .. ,, , .......... "'-~ao ct lett -- Lett 2,,,. 

=s 
,......... ---...::;90 contoct 

1 
-,95 pickup) 0 

0 20 40 60 80 !CO 120 140 160 180 200 2.20 240a50 
,_Pu cent of 1ap value 

3.1.1-70 

Fig. 7. Typical Time Voltage curve 
fw Ty,-1 IAV53K, SJL, 73A and 738 
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Types 
IAV51A IAV530 
IAV52A 
IAV53A 
IAV538 
IAV53C 

' -

IAV53K 
IAV53L 
IAV53M 
IAV53N 

VOLT.A.GE RELJl.YS 

GEH-18140 
Supersedes GEH-1814C 

~---,~-rr. ---:---------·::,:~'. ~ 
.'-...!: I'. 

GENERAL G ELECTRIC 
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VOLTAGE RELAYS 
TYPES 
IAV51A 
IAV52A 

IAV 53A, 538, 53C, 530, 53K, 53L, 53M and 53N 

DESCRIPTION 

rype IAV ·elays are single-phase, voltage operated, induction-disk relays with adjustable time delay. • The IAVSlA and IAV52A are overvoltage relays. The IAV53A, B, C, D, K, L, M, N are over- and undervoltage relays. 
APPLICATION 

These IAV relays are used for protection against alternating current overvoltage, for permissive control and tripping of automatic equipment, and for ground detection on equipment and feeders. 
Fig. 10 shows the typical connections for the application of an IAVSlA relay for protection against • overvoltage in a three-phase system. The IAVS2A can be used for applications requiring two trip output • circuits. The operating time characteristics for these relays are shown in Fig. 12. 

• Fig. 11 shows the connection diagram for IAV53 over- and undervoltage relays. The IAV53A has separate normally open and normally closed contacts with seal-in units on each contact. A typical application for permissive control and tripping of automatic equipment would utilize the normally open contact to enable the machine breaker closing circuit when normal machine voltage is present, and the normally closed contact to operate the machine breaker trip circuit for undervoltage conditions. The operating time characteristics ~for the IAV53A and IAV538 relays are shown in Fig. 13. The IAV53D time characteristics are shown in Fig.14. 
The IAC53C is designed for ground fault protection, and would normally be applied with a phase-toneutral connection, giving 58 percent of rated voltage. The relay is adjusted to have a TO-second operatinq time for either a ground on the connected phase (0 volt operates the UV contact), or a ground on another phase (rated volts operates the OV coil). 

RATINGS ANO BURDENS ec The operating circuit ratings available are shown in Table I. The operating coil will stand rated voltage continuously on any tap and will stand tap voltage continuously on the taps above rated voltage. 

TABLE I 

VOLTAGE RATINGS 

RELAY 300 Hz 140 Hz 100 Hz 60 Hz 50 Hz 40 Hz 35 Hz 25 Hz 
IAV51A 115 115 115 115 115 115 

199 199 
208 208 
230 230 230 
460 460 

IAV52A I 115 115 115 199 199 199 
230 230 230 
460 

TheAe. Zn.6-Vw.C-tioM J.o not. pu:tocu to cove.,'!. ill de,ta,i.,t~ aJt va,.ua.t<,o~ U1. e.QlUpment noJt to p!Wv,i__de. .1o't eve.•u; pcj6 tbie. co1!-luzgenc.u w be "'et ur ::.cnne.d<.an w,J:Jt z.rw-ta)'..ta,tz.on, ope/u:ttion oJt mQ,{,n,te.nance.. Shoui.d {,1ttl,et i11~c'U!Ut'-c1n be. ck~~te.d C't ~iwtdci '.'.'a,.'tf.,.<_e,ula:t ptr..cbie.nu, ct,'tWe wh-<.ch ,L'te, net e,ove.'te.d 1u~ 11 icU!JLtlu -(o-:. ' ' >' ,- ,- ' , I t ;-/ ' • ~ J ' . ' 
~, .... )1/l.'7.C.ilLL~\.~~) \'ll"r"1c:~,.~j, ul,.

1 
'/'kl\1,''t )rll.:,1.,:..tt.1. oc 't~~:-'l~~'t.r"t.C.d i.J Uic l.'~J.H~,~ Etcc....t'tLC. Lompanu. 

9i9" To the ..!.:(.t,uLt tequ,<./ted dte o-wdu,-t:, :ie.1cube.d hVte..U1. me.e,t apot,i.c.able. Af.lSI, IEEE and ,IJEMA ~ttmdiL-:.cu,; bu.t no ~u.c.h ~~u.,'Ulilc.e. w ::J-l-W.n ~ 'te.!.p,!.ct to loca.l c:.odeA and oJtduta.nce/2 becaJJ.6e the.y va.11.y g1te.a.tiy. 

3.1.1-73 
* Indicates revision 



TABLE I (Con't.) 

VOLTAGE RATINGS 
RELAY 300 Hz 140 Hz 100 Hz 60 Hz SO Hz 40 Hz 35 Hz 25 Hz -IAV53A 115 115 115 115 115 230 230 230 230 460 
IAV538 115 115 115 230 230 

I 460 

l I I 
115 

IAV53C 115 115 
199 199 199 

IAV53D 115 115 115 240 

The current-closing rating of the contacts is 30 amperes for voltages not exceeding 250 volts. The current-carrying ratings are affected by the selection of the tap on the seal-in coil as indicated in Table I I. 

TABLE II 

AMPERES 
FUNCTION 

2-Amp TAP 0.2-Amp TAP 
Tripping Duty 30 3 
Carry Continuously 3 0.3 

'ie two-ampere tap has a d-c resistance of 0.13 ·ohms and a 60 cycle impedance of 0.53 ohms while the 0. 2- __ ,,pere tap has a seven-ohm d-c res is ta nee and a 52 ohm 60 eye 1 e impedance. The tap setting used on the seal-in element is detennined by the current drawn by the trip coil. 
The 0.2-ampere tap is for use with trip coils that operate on currents ranging from 0.2 up to 2.0 amperes at the minimum control voltage. If this tap is used with trip coils requiring more than two amperes, there is a possibility that the seven-ohm resistance will reduce the current to so low a value that the breaker will not be tripped. 

The two-ampere tap should be used with trip coils that take two amperes or more at minimum control voltage, provided the tripping current does not exceed 30 amperes at the maximum control voltage. If the tripping current exceeds 30 amperes an auxiliary relay should be used, the connections being such that the tripping current does not pass through the contacts of the target and seal-in coil of the protective relay. 
The above data in regard to contact rating applies to all relays covered by these instructions except the Types IAV53B and IAV530 which do not have seal-in units. In these cases, the contact ratings are limi~ed in their current-carrying capacity by the interrupting ratings as shown below: 

FUNCTION VOLTS AMPERES 
a-c d-c 

Make a.nd 125 1.5 0.3-
interrupt 250 0.75 0.15° 

at 600 0.00 0.00 
- Noninducti ve Load 
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GEH-1814 

REPRESENTATIVE 

Burdens for the various relay types are given in Table III. 

TABLE III 

RELAY VOLTAGE TAP 0 VOLT- POWER WATTS TYPES RATING SffiING AMPS FACTOR 

60 - CYClE BURDENS 

IAVSlA 115 140 1.3 0.34 0.4 
& 120 1.8 0.35 0.5 

IAV52A 105 2.4 0.34 0.7 
93 3.1 0.33 0.9 
82 3.9 0.32 1.2 
70 5.4 0 .31 1. 7 
64 6.6 0.31 2.1 
55 9.2 0.35 3.2 

IAV53A, 115 l40 2.2 0.32 0.7 
IAV538, 120 3.0 0.30 0.9 

& 105 4.0 0 .31 1.2 
IAV53D 93 5.4 0 .31 1. 7 

82 7.0 0.32 2.2 
70 9.9 0 .34 3.4 
64 12.0 0,36 4.3 
55 17 .o 0.39 6.6 

IAV53C 115 NO TAPS 5.7 0.29 1. 7 I 

SO - CYClE BURDENS 

- IAV51A 115 140 1.2 0.34 0.4 
& 120 1.6 0.34 0.5 

IAV52A 105 2. 1 0.34 0.7 
93 2.8 0.38 l.9 
82 3.6 0.36 l.3 
70 5. 1 0.34 1. 7 
64 6.2 0.34 2.1 
55 8.2 0 .34 2.9 

IAV53A 115 140 1.9 0.32 0.6 
& 120 2.5 0 .30 0.8 

IAV538 105 3.4 0.29 l.0 
93 4.6 0 .3"1 1.4 
82 6.0 0.32 1.9 
70 8.4 0.35 2.9 
64 12 .9 0.29 3.7 
55 ! 13.2 0. 35 4.6 

IAV53C 115 NO TAPS 4.8 0.32 1.6 

25 - CYCLE BUROEtlS 

lAVSlA 115 140 1.1 0.50 0.5 
& 120 1.5 0.49 0.8 

IAV52A 105 2. 1 0.49 1.0 
9'3 2.7 0.47 1.2 
82 3.4 I 0.49 l. 7 
70 4.-'3 I 0.49 2.4 

I 
64 5.8 

I 
0.49 2.9 

55 8.2 0.49 4.0 

,,...Minimum pickup vol ts. 
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TABLE III (Con't.), 

RELAY VOLTAGE TAP** VOLT- POWER WATTS TYPES RATING SETTING AMPS FACTOR 

25 - CYCLE BURDENS (Con't.) -IAV5'3A 11~ 140 l ·1.7 Q.32 0.5 
& 120 1.3 0.30 0.7 IAV53S 105 I 2.9 0.30 0.9 

93 4.2 0.30 1.3 
82 5.3 0.32 1.7 
70 7.5 0.34 2.6 
64 9.5 I 0.34 3.3 
55 12.9 0.39 5.0 

IAV53C 115 NO TAPS 4.2 0.38 I 1.6 
-Minimum pickup volts. 

CHARACTERISTICS 
The Type IAV51A is an overvoltage relay with single-circuit closing contacts which close when the voltage increases to pickup value as set on the tap block. The time delay in closing the contacts is detennined by the setting of the time dial at the top of the shaft. The time-voltage characteristics of this • relay are shown in Fig. 12. 

The IAV52A relay is similar in every respect to the IAV51A relay except that it has additional contacts • for closing a second circuit. The time-voltage characteristics are shown in Fig. 12. 
The IAV53A relay is an under-and overvoltage relay with double-throw contacts. The left-hand contacts close as the voltage increases to some predetermined value. The right-hand contacts close when the voltage decreases to scme lower value. Between these two voltage values both contacts are open. Time-voltage • characteristics are shown in Fig. 13. -
The Type IAV53B relay differs from the Type IAV53A relay in that it does not have seal-in elements. • Time-voltage characteristics are shown in Fig. 13. 

The Type IAV53C relay is similar to the Type IAV53A relay except that there are no taps on the coil. The relay is adjusted to close its right contacts in 10 seconds when the voltage is reduced from 58 percent rated voltage to zero voltage; with this calibration the relay closes its left contacts in approximately 10 seconds when the voltage is increased from 58 percent of rated voltage to rated voltage. These relays are used connected line-to-ground so that under normal conditions the relay receives 58 percent of rated phase-to-phase voltage and both relay contacts are open. If the phase to which the relay is connected is grounded, the relay voltage goes to zero and the right-hand contacts close in 10 seconds. If either of the other two phases are grounded, the relay voltage increases to rated voltage and the left-hand contacts close in approximately 10 seconds. 

The IAV53D relay is similar to the Type IAV53B relay except that it has a shorter time curve. Time•voltage characteristics are show1 in Fig. 14. 

• The Type IAV53K is similar to the Type IAV53A, IAV53L to IAV53B, IAV53M to IAV53C and IAV53N toIAV530. All four relays are in the.double-end case with contacts connected between the upper and lower blocks and operating coils connected to both blocks. The purpose of this is to avoid false tripping of the breaker if the connecting plugs are removed and subsequently reinserted with the relay in the reset position, i.e., circuit opening contacts closed. Insertion of either plug causes the relay to pick up; both plugs must be in place before the contact circuits are completed. See internal connections Fig. 6-8 for coil and contact circuits. 

CONSTRUCT! ON 
. These relays are of the induction disk construction. The disk is actuated by a potential operating coil ?n a laminated LI-magnet. The disk shaft carries the moving contact, which completes the trip or alarm circuit when it touches the stationary contact or contacts. The disk shaft is restrained by a soiral soring ~. ve t~e Proper contact c1osing voltage, and its motion is retarded by permanent magnets acting on the~ ~•~~ to g1ve the correct time delay. 

~ 

• There is a seal-in unit mounted to the left of the shaft as shown in Fig. 15. This unit has its coil tn series and its contacts in parallel with the main contacts such that when the main contacts close, the 
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seal-in unit picks up and seals in. When the seal-in unit picks up, it raises a target into view which 
latches up and remains exposed until released by pressing a button beneath the lower-left corner of the 
cover. 

efl'lh The case is suitable for either surface or semi-flush panel mounting and an assortment of hardware is 
µ. Aided for either mounting-. The cover attaches to the case and al so carries the reset mechanism when 
one is required. Two of the ·cover screws have provision for a sealing wire. 

The case has studs or screw connections at both ends or at the bottom only for the external connections. The electrical connections between the relay units and the case studs are made through springbacked contact fingers mounted in stationary molded inner and outer blocks between which nests a removable connecting plug which completes the circuits. The outer blocks, attached to the case, have the studs for the external connections, and the inner blocks have the tenninals for the internal connections. 

The relay mechanism is mounted in a steel framework called the cradle and is a complete unit with all leads being tenninated at the inner block. This cradle is held finnly in the case with a latch at the top and the bottan and by a guide pin at the back of the case. The cases and cradles are so constructed that the relay cannot be inserted in the case upside down. The connecting plug, besides making the electrical connections between the respective blocks of the cradle and case, also locks the latch in place. The cover, which is fastened to the case by thumbscrews holds the connecting plug in place. 

To draw out the cradle from a single ended case, the cover must first be removed. Then the connecting plug can be drawn out. In so doing, the trip circuit is first opened, then the voltage circuits are opened. After the connecting plug has been removed, the lower latch can be released and the cradle easily drawn out. To replace the cradle, the reverse order should be followed. 

RECEIVING, HANDLING AND STORAGE 

RECEIVING 

These relays, when not shipped as a part of a control panel, will be shipped in cartons designed to protect them against damage. Immediately upon receipt of the relay, an examination should be made for any - damage sustained during shipment. If injury or rough handling is evident, a damage claim should be filed A( 1nce with the transportation company and the nearest General Electric Sales Office should be notified W .nptly. 

HANDLING 

Reasonable care should be exercised in unpacking the relay in order that none of the parts are damaged or the adjus'bllents disturbed. 

STORAGE 

If the relays are not to be installed inmediately, they should be stored in their original cartons in 
a place that is free from moisture, dust, and metallic chips. 

ACCEPTANCE TESTS 

Immediately upon receipt of the relay an INSPECTION AND ACCEPTANCE TEST should be made to insure that no damage has been sustained in shipment and that the relay calibrations have not been disturbed. 
If no pickup value for the left contact is soecifiP.d on the requisition for the relays with tap blocks, the relay is shipped with the tap plug in the fifth tap. ff pickup is specifier, the tc10 plug is set in the tap corresponding co this value. If a specified value does not coincide with one of the taps the tao plua 

is put in the tap nearest the required value (the lower tap is used if the value is half way between two taps) and the sprin9 is adjusted to obtain the required pickup. 

VISUAL INSPECTION 

Check the nameplate stamping to insure that the model number and rating of the relay agree with the requisition. 

Remove the relay from its case and check that there are no broken or cracked molded parts or other ~.......,,,s_of onysical damage and ::hat ;11 screws are tight. Check that the shorting bars are in the proper ~cat1on(s) and that they are properly fanned (see Fig. 9). 
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EVERY CIRCUIT IN THE DRAWOUT CASE HAS AN AUXILIARY BRUSH. IT IS ESPECIALLY IMPORTANT ON CURRENT ,:?C~[TS ANJ OTHER CIRCUITS WITH SHORTING BARS THAT THE AUXILIARY BRUSH BE BENT HIGH ENOUGH TO ENGAGE THE::~~ECTING PLUG OR TEST PLUG BEFORE THE MAIN BRUSHES DO. THIS WILL PREVENT CT SECONDARY CIRCUITS FROM ar--·'j OPENED. 
~·£1..1ANICAL INSPECTION 

1. On relays which have time dials, the dials will be set at zero before the relay leaves the factory. It is necessary to change this setting in order to open the relay contacts. 
z. On all relays with locked time dials, make sure the two time-dial locking screws are tight. These locking screws are to prevent the dial from moving when the relay is subjected to high operating torque. 
J. The moving contact should be fastened securely in its support and should engage the stationary contact about in the middle or at least 1/16 inch inside the periphery of the stationary contact • 

• 4. The stop arm leaf spring should deflect about 1/64 inch and the stop arm should clear the molded block by at least .020 inch. 

s. Any foreign material must be cleaned out of stator air gaps. Clearance between the disk and either the drag mag~et or U-magnet should be at least 0.010 inch for any position of the disk. 
5. End play of the disk should be from 0.005 inch to 0.010 inch. End play should not be so great as to allow the disk to strike the LI-magnet or the drag magnet. Check that top and bottom pivot and bearing screws are tight. 

7. There should be no noticeable friction in the rotating structure. 
8. Rotate the time dial to the zero position. Check by means of a neon lamp that the contacts just close. There should be approximately 1/32 inch wipe on the stationary contact. If the contact does not close, adjust the disk position by backing off the two clamping screws on the stop ann and rotating the stop ann relative to the cutout in the disk. This provides a coarse adjustment. Retighten the clampfog screws. 

-· 
Jr fine adjustment of contact closing, run the stationary contact brush in or out by means of its adjusting screw; after this adjustment, check that the screw is held firmly in its support. 

9. On double-throw relays, the support post of the upper spring should clear the insulating plate by at 1 east 1 /64 inch. 

ELECTRICAL TESTS 

A. DRAWOUT RELAYS GENERAL 

Since all drawout relays in service operate in their cases, it is reconmended that they be tested in their cases or an equivalent steel case. In this way any magnetic effects of the enclosure will be accurately duplicated during testing. A relay may be tested without removing it from the panel by using a 12XLA1JA test plug. This plug makes connections only with the relay and .does not disturb any shorting bars in the case. Of course, the 12XLA12A test plug may also be used. Although this test plug allows -;re!ter testing flexibility, it also requires CT snorting jumpers and the exercise of greater care since connections are made to both the relay and the external circuitry. 
3. POWER REQUIREMENTS GENERAL 

All alternating-current operated devices are affected by frequency. Since non-sinusoidal wavefonns can be analyzed as a fundamental frequency plus hannonics of the fundamental frequency, it follows that alternating-current devices (relays) will be affected by the applied wavefonn. 
Therefore, in order to properly test alternating-current relays it is essential to use a sine wave Jf current and/or voltage. The purity of the sine wave (i.e. its freedom from harmonics) cannot be !~:ressed as a finite number for any particular relay, however, any relay using tuned circuits, R-L or ·- -:et,,,,orks, or saturating electromagnets (such as time-overcurrent relays) would be essentially affected ~, "~~-sinusoidal wave forms. -Similarly, relays requiring d-c control power should be tested using d-c power and not full wave ::~tl;ied_power. Unless the rectified supply is well filtered, many relays will not operate properly due to : ; a ~s 1n the rectified power. Zener diodes, for example, can turn off during these dips. As a general ~-~ t e d-c source should not contain more than 5 percent ripple. 

• :~aicates rev1~'1n 3.1.1-78 



C. PICKUP VOLTAGE TEST 

The pickup voltage should be checked on one or more taps on relays which close contacts on increasing 
voltage. The drop-out voltage should be checked on one or more taps on relays which close contacts on 

AA:reasing voltage. See relay nameplates for values of pickup or drop-out voltages (closing voltages, right 
~ -eft contact). . 

0. TIME-VOLTAGE TEST 

The time-~oltage curves should be checked for one or more settings. 

* Reco111T1ended test connections for the above test are shown in Fig. 17 for the overvoltage relays such 
as the Types IAV51A and IAV52A. The under- and overvoltage relays such as the Types IAV53A, IAV53B, IAV53C 
and IAV53D can be checked for time of closing left contacts by using connections shown in Fig. 17, and for 
closing right contacts by the connections shown in Fig. 18. Of course the seal-in unit shown in the figure 
is not used in the case of the IAVS3B and IAVS3D, but all stud numbers are correct. Stud numbers 1 and 2 
should be substituted for stud numbers 9 and 10 on Fig. 18 for testina the undervoltage contacts of the 
Type IAV53C relay. (See internal diagram. Fig. S.)See internal connections, Figs. 6~8,for contact and coil 
connections for IAV53K, IAV53L, IAV53M and IAV53N. 

INSTALLATION 

INSPECTION 

At ~,e time of installation, the relay should be inspected for tarnished contacts, loose screws, or 
other imperfections. If any trouble is found, it should be corrected in the manner described under 
MAINTENANCE. Check the nameplate for model number and rating. 

LOCATION 

The location should be clean and dry, free from dust and excessive vibration, and well lighted to 
faciliate inspection and testing. 

MOUNTING 

- The relay should be mounted on a vertical surface. The outline and panel drilling dimensions are shown 
in Fig. 19 for relay Types IAV51A, IAV52A and IAV53C. Fig. 20 shows outline and pane1 drilling for relay 
Types IAV53A, IAV53B and IAV53D. Fig. 21 shows the outline and panel drilling for re1ay Types IAV53K, 
IAV53l, IAV53M and IAV53N. 

CONNECTIONS 

• Internal connections are shown in Figs. 1 to 8 for the various relays. 

GROOND CONNECTIONS 

One of the mounting studs or screws should be pennanently grounded by a conductor not less than No. 12 
B&s gage copper wire or its equivalent. 

FIELD INSTALLATION TESTS 

Before the relay is put in service, the pickup voltage and time-voltage tests described in ACCEPTANCE 
(aECTRICAL TESTS) should ·be made to determine that the adjustments have not been disturbed. 

-..- ... ~c-
:.:) I, 

The relay may be tested while mounted on the panel, either from its own or another source of power, 
by inserting a separate testing plug in place of the connecting plug. Or, the cradle can be drawn out 
and replaced by another wnich has been laboratory tested. 

PERIODIC CHECKS AND ROUTINE MAINTENANCE 

In view of the vital role of protective relays in the operation of a power system it is important that 
a periodic test program be followed. It is recognized that the interval between periodic checks wil1 vary 
depending upon environment, tyoe of re1ay _and the user's experience with periodic testing. Until the user 

~~ ~ccumu1ated enougn exoerienc~ to select the !est inter11al best suited to his indiv~dua1 requirer1ents 
~»suggested tnat the points 11Sted under INS;,~LLATION PROCEDURE be checked every s1x months. 
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MAINTENANCE 
J: SK ANO BEARINGS 

The lower jewel may be tested for cracks by exploring its surface with the point of a fine needle. •f is necessary to replace _the jewel, the jewel should be turned up until the disk is centered in the ~~r- gap, after which it should _be locked in position by the set screw provided for the purpose. 
;O,'iTACT CLEAN ING 

For cleaning fine silver contacts, a flexible burnishing tool should be used. This consists of a flexible strip of metal with an etched roughened surface, resembling in effect.a su~erfine file. The_ -olishing action is so delicate that no scratches are left, yet corroded material will be removed rapidly ;nd thoroughly. The flexibility of the tool insures tile cleaning of the actual points of contact. Sometimes an ordinary file cannot reach the actual points of contact because of some obstruction from some other part of the relay. 

-
fine silver contacts should not be cleaned with knives, files or abrasive paper or cloth. Knives or ff Jes may leave scratches which increase arcing and deterioration of the contacts. Abrasive paper or cloth may leave minute particles of insulating abrasive material in the contacts and thus prevent closing. 
The burnishing tool described above can be obtained from the factory. 

SERVICING AND ADJUSTMENTS 
TARGET ANO SEAL-IN UNIT 

For trip coils operating on currents ranging from Q,2 up to 2.0 amperes at the mi.ni.mum control voltage, set the target and seal-in tap plug in the 0.2-am?ere tao. 
For trip coils operating on currents ranging from 0.2 up to 2.0 amperes at the minimum control voltage, set the target and seal-in tap plug in the 0.2-ampere tap. For trip coils operating on currents ranging from 2 to 30 amperes at the minimum control voltage, place the tap plug in the 2.0-ampere tap. 
The tap plug is the screw holding the right-hand stationary contact of the seal-in element. To -ch, the tap setting, first remove the connecting plug. Then, take a screw from the left-hand stationary con._.:t and place it in the desired tap. Next, remove the screw from the other tap, and place it in the left-hand contact. This procedure is necessary to prevent the right-hand stationary contact from getting out of adjustment. Screws should not be in both taps at the same time as pickup for direct current will be the higher tap value and a-c pickup will be increased. 

'/OL TAGE SETTING 

The voltage at which the contacts operate may be changed by changing the position of the tap plug in the tap block at the top of relay for relays such as the IAV51A, IAV52A, IAV53A, IAV53B, and IAV53D which have tapped coils. The range of this adjustment is from 55 to 140 volts on the 115 volt ratings, 70 to 140 volts on the 199 volt ratings, 110 to 280 volts on the 208, 230 and 240 volt ratings, and 220 to 560 volts on the 460 volt ratings. 

The pickup of the relay for any voltage tap is adjusted by means of a spring-adjusting ring. The • ring may be turned by inserting a t~al in the notches around the edge (see Fig. 15.) By turning the ring, the operating voltage of the relay may be brought into agreement with the tap setting employed if, for some reason, this adjustment has been disturbed. The adjustment also permits any desired setting between ~he_various taps. The relay is adjusted at the factory to operate from any time-dial position at a ,,,n,mum voltage within five percent of the ta,:, setting for the relays with the tapped coils mentioned JOove. For those relays with untapped coils, pickup occurs at a voltage which is eight percent of rated ,oltage. The relays reset at 80 percent of the operating value on all the overvoltage relays. Operating ·,oltage for the overvoltage relays is the minimum voltage for a given tap setting at which the contacts Just make. 

On the under- and overvoltage relays such as the IAV53A, IAV538, IAV53C, and IAV53D, the operating ,al tage for a given tap setting is the minimum voltage at which the left-hand contacts close. The right: !nd contacts will then close at a certain percentage of operating voltage. If it is desired to change -~
1 s ~rcentage, the right-hand moving contact may be rotated on the shaft after first loosening the · ~,,:,•.,g screws that hold it in place. Changing the position of this contact gives an adjustment of the •----~,' · • ~ to close the right-hand c::ntacts bet.ieen 50 and 95 percent of the voltage which closes the left-hand __.._ :, ·~ 1 ~:s. Changing the position of the right-hand contacts changes the voltage at which the left-hand ·-:tacts close. Hence, simultaneous adjustments for closing left and right contacts must be made to obtain '~es,red characteristic. 

• :ndfcates revision 3.1.1-80 
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TIME SETTING 

The time of operation of the overvoltage relays is detennined primarily by the setting of the time 
dial, while that for the under-and overvoltage relays is detennined by the spread of the contacts as ex

~lained under VOLTAGE SETTING. Further adjus1Jllent is obtained by moving the permanent magnet along its 
~11oporting shelf; moving the magnet in toward the back of the relay decreases the time while moving it out 

·eases the ti me. . 

• Fig. 12 shows the time-voltage characteristics of the Type !AVSlA and IAV52A relays with the dial 
setting for obtaining each characteristic. To make time settings, set the time dial to the number re
quired (to give the desired characteristic) by turning it until the number lines up with the notch in the 
adjacent frame. The time indicated by the curves is the time required to close the relay contacts when 
the voltage is suddenly increased from a value below pickup to the value on the curve. 

• Fig. 13 shows the characteristics of the Type IAVSJA and IAV538 relay. The time characteristic of the 
relay is automatically detennined by the setting of the ratio of the voltage to close the right contacts 

• to the voltage to close the left contacts. Fig. 14 shows the time-voltage characteristics of the Type 
IAV53D relay. No curve is given for the Type IAVSJC since its time-voltage characteristics are explained 
under the section heading CHARAmRISTICS. 

The time-voltage characteristics ar-e plotted in percent thus making them applicable for all tap 
settings. 

BEARING ANO CONTACTS 

See MAINTENANCE. 

RENEWAL PARTS 

It is recon111ended that sufficient quantities of renewal parts be carried in stock to enable the prompt 
replacement of any of those worn, broken or damaged. Parts bulletin number GEF-2149 gives a list of those 
most subject to wear in ordinary operation and to damage due to possible abnormal conditions. 

When ordering renewal parts, address the nearest Sales Office of the General Electric Company, specify 
~uantity required, name of part wanted as shown by Figs. 15 and 16, and give complete nameplate data, 

- ·luding serial number. If possible give the General Electric Company's requisition on which the relay was 
... ·nished. 
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CONNECTING PLUG MAIN BRUSH 

AUXILIARY BRUSH----i 

CONNECTINO BLOCK 

TERMINAL BLOCK 
SHORTING BAR---

NOTE: AFTER ENGAGING AUXILIARY BRUSH, CONNECTING PLUG 

TRAVELS 1
/4 INCH BEFORE ENGAGING THE MAIN BRUSH ON 

THE TERMINAL BLOCK. 

• Fig. 9 (8025039) CROSS SECTION Of DRAl~OUT CASE SHOWING POSITION OF AUXILIARY BRUSH 
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--- - - uc.n- 1 o •"' 

A-C BUS -----...----------1 -----.... ---------2 
--.---+--+---------.3 

0 59 -
POTENTIAL 

TRANSFORMERS 

DEVICE FUNCTION NUMBERS 
52 - POWER CIRCUIT BREAKER 

TRIF' BUS (+)---.----

52 
1'c 

(-)----------

59 - A-C OVERVOLTAGE RELAY, TYPE IAV51A 
a - AUXILIARY CONTACT CLOSED WHEN BREAKER CLOSES 

SI - SEAL-IN UNIT WITH TARGET re - TR Ip co IL 

• Fig. 10 (K-6375692-1) CONNECTION DIAGRAM FOR THE TYPE IAV51A RELAY USED FOR OVERVOLTAGE PROTECTION 
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A-C BUS OR LINE --------,-----1 
-------,..---r------2 
-------1---t----- 3 

8 
5 6 

POTENTIAL 
TRANS. 1l 

CLOSES ON 58 
OVERVOLTAGE2L 

9 
CLOSES ON 58 

UNOERVOLTAGE 
10 

TO AUXILIARY 
RELAYS OR 
INDICATING 
DEVICES 

58 - UNDER ANO OVERVOLTAGE RELAY, 
TYPE I AV538 

•Fig. 11 (K-6400200-1) CONNECTION DIAGRAM FOR THE TYPE IAV53 RELAY 
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*Fig. 12 (8918488A) iIME-VOLTAGE CURVE TYPES IAV51A AND IAVSZA RELAYS (±15% TOLERANCE) 
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i-•Fig. 15 (8007378) FRONT VIEW OF TYPE IAVSlA RELAY WITHDRAWN FROM CASE 
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er 
DISK ANC 

SHAFT ____ ~------

LOWER-· 
JE:WL 
SCR::W 

~1:.H-l!:H4 

• 

• 

~--COIL AND 
......... MAGNET 

•Fig. 16 (8007379) BACK VIEW OF TYPE IAV51A RELAY WITHDRAWN FROM CASE 
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A-C SUPPLY OF CORRECT FREQUENCY 

PO TEN Tl OMETER 

59 
SI 

DEVICE FUNCTION NUMBERS 
59 - OVERVOLTAGE RELAY TYPE IAV 
SI - SEAL-IN UN:T WITH TARGET 

MF-2 TIMER 

*Fig. 17 (K-6154391-2) TEST CONNECTIONS FOR OVERVOLTAGE RELAYS 
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GEH•lBl4 

A-C SUPPLY OF CORRECT FREQUENCY 

POTENTIOMETER 

MF-2 TIMER 

5 6 

DEVICE FUNCTJON NUMBERS 
58 - UNDER ANO OVERVOLTAGE RELAY, TYPE IAV5J 
SI - SEAL-IN UNIT WITH TARGET . 

*Fig. 18 (K-6375693-1) TEST CONNECTIONS FOR UNDERVOLTAGE CONTACTS OF OVER-AND UNOERVOLTAGE RELAYS 
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1 3, l L_ 
000 _J 0 0 
2-6 

tU&BERING OF STOOS 
(FRONT VIEW) 

NIEL ORLLHG FOP SEMI-FLUSH 
IOJNTNG (FR~T V£W ) 

ou·rLINE 

u 
VIEW SH•~NG ASS:M'i..Y OF 

HAROWAFic F~ SURF'AC£ MTG. 
ON STEEL PANE1.S 

• 

•-

AUEL ORILLWG FOR SURf4.CE 
llifOl.NTING~T VTE:Wl 

• •Fig. 19 lK-6209270-2) OUTLINE AND PANEL DRILLING FOR RELAY TYPES IAVSlA, IAV52A, IAV53C 
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• 
PANEL LOCATION 

(168MM) 
6:6~!"-

SEMI-FLUSH SURFACE 

GLASS 

OUTLINE 

MTG MTG 
'-157MM) 

""llioll.,_,;.b.187~.....,.. 

§_ 18 
-:~~TUOS ! F~ 

7'°~ SURFACE 
/MTG. 

::::l (2) 9 1 5 3 I 
am-~10-:;2 OOtOOO 

··•-. SCREW Q 00 00 
1 L'~ sruo) o. 86 4 2 

.3 1 7S NUMBERINGOFSTUOS t~T~ Xi ~ (lgM~) (BACK VIEW) 
5CREW(4) 

(.15MM) 

t5MM (144MM) •
. 218 rS.687 CASE ~ DRILL 

PANEL (2 HOLES) 

\ 

r:urour 
MAY 

REPLACE 
DRILLED 
HOLES 

(OPTIONAL) 

2 .. 137 
(SGMM 

4.37 . , 

,----+--~ ... ----

+----w- ~.40G 
( 111 MM) 

,__..,__......, __ 8. 812 
(22.3 MM) 

(29 M "-4) 
I. I 6 

(II 11-.-1 VJ ' 

l ~~ ~ I OR L .___ ....... _ _, ____ _._ .718 
4 IL VIEW SHOWING (tSMM) 4 HOL£S ASSE~8LY OF HARDWARE (6MM) FOR SURFACE MTG ON 

PANEL OOWNG Fa;> SfMI-FWSH 
MOUNTING (FRONT VIEW) 

STEEL PAN ELS 

~ DRILL 
(10 HOLES) 
(l9MM) 

PANEL DAI LLING FOR 
9.JRFACE MOUNTING 
(FRONT VIEW) 

• *Fig. 20 (K-6209271-5} OUTLINE ANO PANEL DRILLING FOR RELAY TYPES IAV53A, IAV53B AND IAV530 
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.,.__6,,-.. 625'~--t-

GLASS 

OUTLINE 3 I0-3Z X -
MTG 8 

SCREWS(4) 

(~· 0

1
h44 ..,~. 

·' • ,J 

1
. s9'.s, I 

I • 

CASE 

5.00 
(1 2. 7 MM) 

PANEL DAili.iNG F~ SEMI-FLUSH 
MOUNTING <FRONT VIEW) 

GEH-1814 

19 17 IS 1311 
00000 

00000 
2018 1614 12 

9 7 5 3 I 
00000 

00000 
08642 

NUMBER I NG OF STUDS 
(BACK VIEW) 

CUTA~U T (133 MM) 

(15MM) 
5 
8 0RILL. 

(2HOLE9 RrPLACE r5 .. 25 DRILLED 
HOLES 

{OPTIONA~ 
PANEL ~--

L----+-.,,..... 

88MM 

.2 50 
(GMM) 

il9MM) 

4 DRIU.: 
(20 HOLES) 

(BOTH ENDS)' 

PANEL DRILLING FOR 
SURFACE MOUNTING 

(FRONT VIEW) 

•Fig. 21 (K-62O9272-4) OUTLINE AND PANEL DRILLING DIMENSIONS FOR RELAY TYPES IAV53K, IAV53L AND IAV53M RELAYS 
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RENEWAL PARTS 

TYPE IAV 
VOLTAGE RELAYS 

GEF-3897E 
Supersedes GEF-3897D 

-

-

-

-

pt 

•··- _'istmrsn, 
~ 

. 1'/ijlf ·-

,· ... -. -_:;:,i,-.-~. 

,, .... , It 

r -, 

Fig. 1. Typical IA V relay 

ORDERING INSTRUCTIONS 

1. Always specify the complete nameplate data of the relay. 

2. Specify the quantity, catalog number (if listed), reference number (if listed), description, and this bulletin 
number. 

3. Standard hardware, such as screws, bolts, nuts, washers, etc., is not listed in this bulletin. Such items 
should be purchased locally. 

4. For prices, refer to the nearest office of the General Electric Company. 

GENERAL fj ELECTRIC 
Dato tu'1iect to dlo"11• .. tltot. 11,ce 3.1.1-102 

-
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GEF-3897, TYPE IAV RELAYS 

HOW TO USE THIS BULLETIN 

Relay models cmered by this bulletin are listed in the left hand column of the tabulation beginning on 
page 3. 

2 

To find the catalog number of a. renewal part: 

(1) From illustrations on pages 1 and 2, find reference letter for required part. 

(2) Locate reference letter and/or description of part in column headings at top of tabulation. 

(J) Note numeral at intersection of reference letter column and model number line. This numeral, 
when added to reference letter~ provides key to catalog number of part, which is listed in table on 
page indicated. 

Example: 

To find catalog number of stationary main contact for Model 12IAV51A7A relay: 

(I) Figure 2 oa page 2 indicates that reference letter for stationary main contact is "G". 

(2) Locate reference letter "G" in <Jolumn headings on page 3. 

(3) At intersection of "G" colwnn and Model 12IAV51A7A line find numeral "1". Complete reference 
symbol is therefore "G-1". Referring to page 9, catalog number is found to be 6209430Gl (one re
quired per relay). 

Fig. 2. Typical IAV relay, frcnt view 

3.1. 1-103 

i~···~.~. 
j· ~~ c· r 
; - .. 

Fig. 3. Typical IA V relay unit, back view 
NOTE: Resistor locations vary. 
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TYPE IAV RELAYS, GEF-3897 

"" 8: ::, 

:.:: -· .c 
e • .. 

Relay .. 
-< Model Number bll 

>, >, .s -.c :a >, s.. 
E E ~ 

r§}-
CD CD 'tJ GIi GIi 
GIi CD C: 

< Ill 
Cll al < GIi -= I < c.J 

0 .s till t u f C: 
till "' 

0 

.5 'tJ "' u u 
C: rn 

f 
CD tlD al 11:l - C: 

i CD > CD g, t 8 - 0 
Q f"" ... ::s 

Pa!le 8 8 8 8 8 
Rel. A•O H C u ,t;•' 

12IAV51AlA 17 1 1 1 -
51A2A 18 1 1 1 -
51A3A 19 1 1 t -
51A4A 3 1 1 1 -
51A5A 6 1 1 1 -
51A6A 22 1 1 1 -
51A7A 31 1 1 t -
51A8A 35 1 1 1 -
51A9A 37 1 1 1 -
51A10A 40 1 1 1 -
51A11A 41 1 1 1 -
51A12A 43 1 1 1 -
51A13A 47 1 1 1 -
51A14A 86 1 1 1 -
51A15A 99 1 1 1 -

,:112IAV51C1A 52 1 1 1 -
,51c2A 53 1 1 1 -
,51C3A 54 1 1 1 -
,51c4A 68 1 1 1 -
,:151C5A 66 1 1 1 -
,51C6A 67 1 1 1 -
Jl51C7A 70 1 1 1 -
Jl51C8A 72 1 1 1 -

12IAV51DlA 52 1 1 1 -
5102A 68 1 1 1 -
5103A 53 1 1 1 -
5104A 54 1 1 1 -
51D5A 68 1 1 1 -
51D6A 70 1 1 1 -
5107A 77 1 1 1 -
5108A 78 1 1 1 -

.12IAV51H1A 52 1 1 1 -
!dl21AV51J2A 53 1 1 1 -

12lAV51KlA 62 1 1 l -
51K2A 73 1 1 1 -

121AV51M1A 52 1 1 1 -
51M2A 54 1 1 l -
51M3A 79 1 l l -

12IAV52A1A 17 1 1 1 -
52A2A 18 1 1 1 -
52A4A 3 1 1 1 -
52A5A 6 1 l 1 -
52A6A 22 1 l 1 -
52A7A 31 1 1 1 -
52A&A 35 1 

I 
1 1 -

52A9A 37 1 1 1 -
52Al0A 40 1 i 1 1 -

• Recommended for stock for normal maintenance 
t Not shown 

"' CD 

~ 
..:I 

:,,'.; 
j:j 
s 
a! 
GIi 
< 
tlD 
.5 
"' ~ 
'O 
C .... 
ell u 

.fl .... 
u C 
.fl 0 

u C 
0 t' u 

! t,I) 

.5 .sl > .... 
0 al 
:E i'i5 
8 9 
F* a• 
3 1 
3 1 
3 t 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

2 2 

2 2 

2 2 
2 2 

1 1 
l 1 
1 1 

5 6 
5 6 
5 6 
5 6 
5 6 
5 6 
5 6 
5 6 
5 6 

6 Assembly of laminations. pole pieces, coil and tap block 

al' 
:s l! t: :::: tlD C .fl CD .... :a-..:I a:: ::, GIi 
:, CD - GIi ;so .!:S ::· ::· 5 ! ~ ~ C C CD "' "' 

::, ::, C "' "' 0 

== .fl 0 0 :::: s .s C .... .... u 
tlD I I .fl !! !! I f! al al GIi GIi r.o CD CD 
Q ~ ~ .s a:: a:: u 
9 9 9 9 9 9 9 10 
H r J* 0-T S*T T*T UT 
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -- 1 - - - - -
4 1 - - - - 4 
4 1 - - - - 2 
4 1 - - - - 4 
4 1 - - - - 9 
4 1 - - - - 7 
4 1 - - - - 8 
4 1 - - - - 2 
4 1 - - - - 9 

4 1 - - 10 - 4 
4 1 - - 9 - 8 
4 1 - - 6 - 1 
4 1 - - 10 - 4 
4 1 - - 9 - 9 
4 1 - - 6 - 1 
4 1 - - 10 - 4 
4 1 - - 9 - 9 

7 1 - - - - 4 

4 1 - - 7 - 2 

4 l - - 8 - -
4 1 - - 8 - -
5 1 - - - - -
5 1 - - - - -
5 1 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -
7 2 - - - - -

; Obsolete models - if parts are needed. give quantity, catalog number, description and complete 
nameplate reading when ordering 
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"' "' CD CD 

8: ~ 
::, ..:I 

:,,'.; ;.'.; 
j:j :a s s 
CD CD 
Ill GIi 
GIi Ill 

< < 
tlD .lll: .lll: :::, u u 

0 0 s: 
iii iiS bl) 

CD - .5 .... j ell 
ell s .... - u 
,:i., CD 

E E ~ 'O 
C CD t?. r.:i f"" 
10 10 10 10 
V WT XT y 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 

1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 

1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 
1 - 8 1 

1 - 8 1 

1 - 8 1 

1 - 6 1 
1 - 6 1 

1 - 8 1 
1 - 8 1 
1 - 8 1 

1 - 9 1 
1 - 9 1 
1 - 9 1 
1 - 9 1 
1 - 9 1 
1 - 9 1 
1 - 9 1 
1 - 9 1 
1 - 9 1 
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GEF-3897 

' 
TYPE IAV RELAYS 

s:.. 
CD 
C. 
C. 
:::i 

:,:; -.a e 
CD 
!II 
!II 

Relay < 
"" Model Number >, .5 .... :c j$ >, '"' e e - ~ 

Cl) ..c 
Cl) e "C rn Cll C <D Cll Cl) 

< < "' <'1 
rn .... 

:::t < u 

~ OS 0 bl) El: .... 
C) = .s Cl) rlJ 0 bl) s.. '"' u .s -a CJ 

C 
aj en 

~ 
Cl) !::fl aj Ill ~ 

C ·s: Cl) ..s: 
§' El: 

8' 
Cll 0 - Cl) 

~ Q E,-t .... 
Page 8 8 8 8 8 
Ref. A*o B C D E*i 

12IAV52B1A 17 1 1 1 -
12IAV52ClA 52 1 1 1 -

¢52C2A 53 1 1 1 -
,152C3A 54 1 1 1 -
t652C4A 63 1 1 1 -
¢52C5A 66 1 1 1 -
¢52C6A 67 1 1 1 -
io52C7A 70 1 1 1 -

12IAV52D1A 52 1 1 1 -
12IAV53AlA 1 3 1 1 1 

53A2A 2 3 1 1 1 
53A3A 26 3 1 1 1 
53A4A 14 3 1 1 1 
53A5A 15 3 1 1 1 
53A6A 13 3 1 1 1 
53A7A 23 3 1 1 1 
53A8A 28 3 1 1 1 
53A9A 34 3 1 1 1 
53AlOA 39 3 1 1 I 

12IAV5~B1A l 3 l 1 1 
53B2A 2 3 1 l 1 
53B4A 14 3 1 l 1 
53B5A 15 3 1 1 l 
53B6A 13 3 1 1 l 

¢12IA V53B1R 1 3 1 1 1 
¢53B2R 2 3 1 l I 
¢53B4R 14 3 1 1 I 
¢53B5R 15 3 1 l l 
¢53B6R 13 3 l 1 1 

12IAV53C1A 57 3 l 1 I 
53C2A 58 3 1 1 1 
53C3A 59 3 1 l 1 
53C4A 60 3 l 1 1 
53C5A 58 3 l 1 l 
53C6A 61 3 1 1 l 

12IAV53D1A 1 3 1 1 1 
53O2A 42 3 1 1 1 
53D3A 13 3 1 1 l 
53D4A 2 3 1 1 1 

12IAV53E1A 69 3 1 

I : l 2 
53E2A 59 3 1 2 

121A V53KlA l 3 1 I 1 1 
53K.2A 2 3 1 J__1 1 

-~---

• Recommended for stock for normal maintenance 
t Not shown 
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15 Assembly of lamin:itions. pole pieces, coil and tap block 
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l: -:: ..c 
it: bl) "' Cl) 

ii: 
C ... 'o ~ :::> Ul :s Cl) 
rn ;;' -~ ... ~-- ...· g Cl) 

~ ~ C ·a C Cl) bl) :::> :::> s.. Cl) 
aj C s.. s.. 0 .... 
~ .s .s .5 0 0 :: c,S .... ... ii: I I C .:!:l .:!:l CJ 
b.O .5 a £! cil cil Ul <ll -a <ll Cl) Cl) aj C 
Q 

Cl) Cl) ,s ii:; ii:: C) r.:i en 00 

9 9 9 9 9 9 9. 10 10 
H I* J* 0*1 S*T T*T UT V 
7 4 - 2 - 3 - 1 

4 2 - - - - 4 1 
4 2 - - - - 2 1 
4 2 - - - - 4 1 
4 2 - - - - 8 1 
4 2 - - - - 7 1 
4 2 - - - - 8 1 
4 2 - - - - 2 1 

4 2 - - 5 - 4 1 

7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 
7 5 1 - - - - 1 

7 - - - - - - 1 
7 - - - - - - 1 
7 - - - - - - 1 
7 - - - - - - 1 
7 - - - - - - 1 

4 - - - - - - :t3 
4 - - - - - - t3 
4 - - - - - - t3 
4 - - - - - - t3 
4 - - - - - - t3 

I 
5 1 - - - - - 1 
5 1 - - - - - 1 
5 1 - - - - - 1 

I 5 l - - - - - 1 
5 l - - - - - 1 
5 1 - - - - - 1 

4 - - - - - - 1 
4 - - - - - - 1 
4 - - - - - - 1 
4 - - - - - - 1 

4 - - - - - - 1 
4 - - - - - - 1 

7 5 1 - - - - -
7 5 1 - - - - -

:t Basic model number covers drawout case. semi-fiush mounting. For drawout case surface mounting, 
affix 'S' in place of 'R' 

¢ Obsolete models - ii p:irts are needed. give quantity, catalog number, description and complete 
nameplate re:idin~ when onk>rinh 
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TYPE IAV RELAYS, GEF-3897 

"' I 
:,,'.; 
:a 
6 
31 ... 

Relay < 
Model Number till 

>, .5 >, - :a "' 1 >, 
~ a :3 

:II :II e "t7 

= Ill Ill CD C<I < < <D 
Ill -::I i < C,J 

.a 0 bD t u .s = I'll 0 
bD "' r.. CJ .s -c, C,J ... = 11.l t,I) - QI 

r! al ~ - .s QI 
CD :! 8' !i: > 

8 
0 

Q E--
QI ::e .., 

P3..Cle 8 8 8 8 8 
NAf A"'II R ( D E•1 

12IAV53K3A 26 3 1 1 1 
53K4A 14 3 1 1 1 
53KSA 15 3 1 1 1 
53K6A 13 3 1 1 1 
53K7A 23 3 1 1 1 
53KBA 28 3 1 1 1 
53K9A 34 3 1 1 1 
53K10A 39 3 1 1 1 
53K11A 41 3 1 1 1 
53K12A 97 3 1 l 1 

12IAV53LlA 1 3 1 1 1 
531.ZA 2 3 1 1 1 
53L3A 26 3 1 1 1 
53L4A 14 3 1 1 1 
53L5A 15 3 1 l 1 
53L6A 13 3 1 l 1 
53L7A 47 3 1 1 1 
53L8A 34 3 1 1 1 

12JAV53MlA 57 3 1 1 1 
53M2A 58 3 1 1 1 
53M3A 59 3 1 1 1 
53M4A 60 3 1 1 1 
53M5A 58 3 1 1 1 
53M6A 61 3 1 1 1 
53M7A 74 3 1 1 1 

12JAV53NlA 1 3 1 1 l 
53N3A 26 3 1 1 l 

12JAV54ClA 10 2 1 1 -
54C2A 12 2 1 1 -
54C3A 27 2 1 1 -

121AV54ElA 20 2 1 1 -
54E2A 21 2 1 1 -
54E3A 16 2 1 1 -
54E4A 7 2 1 1 -
54E5A 8 2 1 1 -

f154E6A 36 2 1 1 -
,154E7A 11 2 1 1 -
,154E8A 30 2 1 1 -
,154E9A 9 2 1 1 -
,154E10A 33 2 1 1 -
lll54E11A 24 2 1 1 -

54El2A 89 2 1 1 -
54E13A 21 2 1 1 -
54E14A 94 2 1 1 -
54El5A 96 2 1 1 -

12JAV54F1A 10 2 1 1 -
54F2A 12 2 1 I 1 -I 

• Recommended for stock for normal maintenance 
t Not shown 
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1 5 
1 5 
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1 5 

1 5 
1 5 
1 5 
1 5 
1 5 
1 5 
1 5 

1 5 
1 5 

8 3 
8 3 
8 3 

6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 

8 3 
8 3 

a Assembly of laminations, pole pieces. coil and·tap bloek 

"'aj' 

l! - :c 
t:: bl) ·a s Cl) :a-... 

;:l al .J ii:: :, (I) 
Ill :s .!S ... 

~ ~ :, 

! 0 ~ i;.. 

= = Cl) 
;:l ;:l "' ... = "' "' 0 

~ ::e .5 0 0 =I .s .... .... -~ -~ t.l 
t,I) I I s a f ;;; ;;; "' "' .s (I) (I) ... 
Q ~ ~ ii:: ii:: CJ 

9 9 9 9 9 9 9,10 
H I"' J• v-- I ::;• I l • f UI 

7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 5 1 - - - -
7 - - - - - -
7 - - - - - -
7 - - - - - -
7 - - - - - -
7 - - - - - -
7 - - - - - -
7 - - - - - -
7 - - - - - -
5 1 - - - - -
5 1 - - - - -
5 1 - - - - -
5 1 - - - - -
5 1 - - - - -
5 1 - - - - -
5 1 - - - - -
4 - - - - - -
4 - - - - - -
7 1 - - - - -
7 1 - - - - -
7 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
4 1 - - - - -
7 1 - - - - -
7 1 - - - - -

,J Obsolete models - if parts are needed, give quantity, catalog number, description and complete 
nameplate reading when ordering 
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- 4 7 2 
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- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
- 3 5 2 
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- 3 5 2 
- 3 5 2 
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GEF-3897, TYPE IAV RELAYS 

"" Ill a. a. :::, 

>, 

:a e 
I 
ca 
< 
tl8 

>, .5 >, Relay :a :a >, r.. 
Model Number e e :a ~ 

IZI IZI e -a ID 111 s:: ID CD IZI 

"' < < Ul 
Ul -= ~ < u 

s 0 
CJ !>II t s:: .s DJ 0 "° s.. s.. CJ s "C "' c.> 

C DJ ba .... (II 

I? al IXl ~ .s .Id (II 15' ~ > Ul 0 8 Q Cl) 
E-< ... ~ 

Page 8 8 8 8 8 
He[ A*6 B r. D E*T 

12IAV54F3A 49 2 1 1 -
54F4A 27 2 1 1 -
54F5A 98 2 1 1 -

1ZIAV54H1A 25 2 1 1 -
54H2A 50 2 1 1 -

12IAV54J1A 20 2 1 I -
54.JZA 21 2 1 1 -
54J3A 16 2 1 I -
54J4A 36 2 1 I -

12IAV55C1A 20 2 1 1 -
55C2A 21 2 1 1 -
55C3A 16 

I 

2 1 1 -
55C4A 7 2 1 1 -
55C5A 8 2 1 1 -
5SC6A 11 2 1 1 -
55C7A 30 i 2 1 1 -
55C8A 38 I 2 1 1 -
55C9A 36 i 2 1 1 -! 

lZIA V56B4HN 51 ! 5 1 1 -
56B5HN 51 i 5 1 1 -
56B6HN 51 i 5 1 1 -I 56B7HN 51 5 1 1 -
56B8HN 51 5 1 1 -
56B9HN 51 5 1 1 -
56B10HN 75 5 1 1 -
56B11HN 76 5 1 1 -
56B12HN 51 I 5 1 1 -
56B13HN 51 I 5 1 1 -
56B14HN 51 I 5 1 1 -

12IAV58B1A 51 

! 1 1 1 -
58B2A 51 1 1 1 -
5883A 64 1 1 1 -
58B4A 51 1 1 1 -
58B5A 51 1 1 1 -

~12IA V58B1R 51 1 1 1 -
j:158B2R 51 1 1 1 -
j!l58B3R 64 1 1 1 -
j<i58B4R 51 1 l 1 -
j<i58B5R 51 1 1 I -

12IAV60B1A 51 1 1 1 -
60B2A 51 1 1 1 -
6083A 64 1 1 1 I -
60B4A 51 1 1 l I -

• Recommended ior stock for normal maintenance 
t Not shawn 
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3 
3 
3 
3 

3 
3 
3 
3 
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5 
5 
5 
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a, 
z :0 ... -u ;t:: bO ·a t1 

.5 Cl) ca ti "c' :::, 
C: ~ ::, CII 
0 ., =c .?:i - ::::· u Cl) - ::I 

5 ~ Sil ·a 0 
i:' C: Cl) ... Cl) :::, :::, C: ... 1-, 0 -! 

c,s 
lS t1 :a .5 0 _g :::: .s - -.s C: ., ., c.> p.. bO I I al ·;; ·;; c,s ... "' -; -; - t:l. "C "' ., 

Cl) Cl) al C: ... 
~ 

Cl) i$, Q rll .s Ct: Ct: u (<l 

9 9 9 9 9 9 9 9, 10 10 
G* H I* J* O*T S*T T*T u, V 
3 7 1 - - - - - -
3 7 l - - - - - -
3 7 1 - - - - - -
3 7 1 - - - - - -
3 7 1 - - - - - -
3 4 - - - - - - -
3 4 - - - - - - -
3 4 - - - - - - -
3 4 - - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
5 4 2 - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -- 4 - - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -
- 4 - - - - - - -- 4 - - - - - - -
3 4 3 - 1 3 3 11 1 
3 4 3 - 1 3 3 12 1 
3 4 3 - 3 3 3 13 1 
3 4 3 - 1 6 3 11 1 
3 4 3 - 4 3 4 11 1 
3 4 3 - 1 3 3 - t3 
3 4 3 - l 3 3 - +3 
3 4 3 - 3 3 5 - +3 
3 4 3 - 1 6 3 - ts 
3 4 3 - 4 3 4 - t3 
6 4 4 - 2 3 3 - 1 
6 4 4 - 2 3 3 - 1 

I 6 4 4 - 5 3 5 - I 
I 

6 4 4 - 6 3 4 - 1 

15 Assembly of lanunations, pole p1ei.:es. coil and tap block 
t Basic model number covers drawout case, semi-flush mounting. For drawout case surface mounting, 

affix 'S' in place of 'R' 
~ Obsolete models - if parts are needed, give quantity, catalog number, description and complete 

nameplate reading when ordering 
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:c e 
Cll 
r.11 
r.11 

Relay < 
Model Number .!f :,.. :,.. :a :a .. 

:,.. 
~ e e :a QI Cll s 'C <D r.11 <D QI C 

r.11 .. < < fll 
<D -~ - < u 

0 ".a C'S 
bl) ~ 

... u .c C C Cll 
!,II en ·;:: ... 0 

. s '1:11 .. .., u 
C Cll - QI bl) 

!! .. al - C 
QI 

·== QI .IIC a. ~ 
8 .!!! 0 0 

Q E-< 
QI ::s .., 

Pacz:e 8 8 8 8 8 
Ref. A•6 B C D E*T 

12IAV69A1A 90 4 1 1 -
69A2A 91 4 1 1 -

12IAV69B1A 90 4 1 1 -
69B2A 91 4 1 1 -
6983A 95 4 1 1 -

12IAV70A1A 92 1 1 1 -
70A2A 93 1 1 1 -

12IAV70B1A 92 1 1 1 -
70B2A 93 1 1 1 -

12IAV71A1A 45 1 1 1 -
71A3A 45 1 1 1 -

12IAV71B2A 45 1 1 1 -
7183A 45 1 1 1 -
71B4A 88 1 1 1 -
71B5A 85 1 1 1 -
71B6A 85 1 1 -1 -

121A V72A1A ,. 45 1 1 1 -
12IAV72B1A 45 1 1 1 -

7283A 85 1 1 1 -
12IAV73A1A 44 3 1 1 1 

73A2A 48 3 1 1 1 

12IAV73B1A 44 3 1 1 1 

12IAV74A1A 46 2 1 1 -
* Recommended for stock for normal maintenance 
t Not shown 
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.fl Cl> .... ..J .., 
6 !I .... u ....-C QI 

So ·a 0 t u .. ::> 
bl) I! ::s .s .s .5! I bl) > - !! -0 .. OS 

::s ti:! Q ~ 
8 9 9 9 
F* G* H I* 
4 7 5 6 
4 7 5 6 

4 7 5 -
4 7 5 -
4 7 5 -
3 7 6 6 
3 7 6 6 

3 7 6 -
3 7 6 -
3 1 4 1 
3 1 4 1 

3 1 4 3 
3 1 4 3 
3 1 4 3 
3 1 4 3 
3 1 4 3 

5 6 4 2 

5 6 4 2 
5 6 4 2 

5 5 7 5 
5 5 7 5 

5 5 7 -
6 3 4 1 

Ii Assembly of laminations, pole pieces, coil and tap block 
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TYPE IAV RELAYS GEF-3897 
' I 

-.. .. 
Cl> Cl> 

8: ~ 
::> ..J 
;,:: ;,:: 
:0 :0 s s 

ai QI QI en fll 
:0 fll fll .... - < < C1 C .... :a- bl) ::> fll ..-:: ..-:: :, :, QI .., .., -en '6' .is 0 0 i:i.. :, El El ~ i:.. 0 bl) 

QI .. QI - :B C .. .. 0 .... OS ;;; 
!I .£ 0 :::: OS .s .s CJ ... s: C fll en .., 

E s QJ .. .. C ... ·;;; ai a. 'C .. C en QI QI .. C QI QI 0 .s p::; p::; u r.l E-< E-< u 
9 \I \I \I, lU lU 10 10 10 

O*l S*! T*T Ur V WT XT y 
- - - - - 4 5 2 
- - - - - 4 5 2 

- - - - - 4 5 2 
- - - - - ·4 5 2 
- - - - - 4 5 2 

- - - - - 4 5 2 
- - - - - 4 5 2 

- - - - - 4 5 2 
- - - - - 4 5 2 

- 2 - 3 1 - 8 1 
- 2 - 22 1 - 8 1 

7 2 9 3 1 - 14 1 
7 2 9 22 1 - 14 1 
7 - 9 - 1 - 14 1 -7 2 9 3 1 - 14 1 
7 2 10 3 1 - 14 1 

- 2 - 3 1 - 9 1 

7 2 9 3 1 - 4 1 
7 2 9 22 1 - 4 1 

- 2 - 3 - 4 7 2 
- - - - - 4 7 2 

- 2 - 3 - 4 7 2 

- 2 - 5 - 3 5 2 

-
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GEF-3897, TYPE IAV RELAYS 

- Ref. Fig. No. Per 
Symbol No. Catalog Number Relay 

Ref. 
Symbol 

OPERATING COIL ASSEMBLY 

A-1 3 721-629320507 1 A-56 
A-2 3 GS 1 A-57 
A-3 3 Gl4 1 A-58 
A-4 3 G27 1 A-59 
A-5 3 G28 1 A-60 
A-6 3 G29 1 A-61 
A-7 3 030 1 A-62 
A-8 3 031 1 A-63 
A-9 3 G35 1 A-64 
A-10 3 037 1 A-65 
A-11 3 041 1 A-66 
A-12 3 042 1 A-67 
A-13 3 043 1 A-68 
A-14 3 049 1 A-69 
A-15 3 G50 1 A-70 
A-16 3 054 1 A-71 
A-17 3 057 1 A-72 
A-18 3 058 1 A-73 
A-19 3 G62 1 A-74 
A-20 3 063 1 A-75 
A-21 3 064 1 A-76 
A-22 3 079 1 A-77 
A-23 3 086 1 A-78 
A-24 3 090 1 A-79 
A-25 3 0111 1 
A-26 3 Gl12 1 
A-27 3 Gl13 1 
A-28 3 G117 1 
A-29 3 Gll9 1 B-1 

- A-30 3 Gl20 1 
A-31 3 Gl21 1 
A-32 3 G123 1 

B-2 
B-3 
B-4 

A-33 3 G125 1 B-5 
A-34 3 G127 l 
A-35 3 G132 1 
A-36 3 G135 1 
A-37 3 G144 1 
A-38 3 G147 1 
A-39 3 G148 1 C-1 
A-40 3 Gl49 1 
A-41 3 G151 1 
A-42 3 G155 1 
A-43 3 G158 1 
A-44 3 G164 1 
A-45 3 GHl9 1 D-1 
A-46 3 G171 1 
A-47 3 G176 1 
A-48 3 G180 1 
A-49 3 G183 1 
A-50 3 G191 1 
A-85 3 G203 1 
A-86 3 G204 1 E-1 
A-88 3 G211 1 E-2 
A-89 3 G216 1 
A-90 3 G217 1 
A-91 3 G218 l 
A-92 3 G219 1 
A-93 3 G220 1 
A-94 3 G225 1 F-1 
A-95 3 G226 1 F-2 
A-99 3 G227 1 F-3 
A-96 3 G228 1 F-4 
A-97 3 G231 1 F-5 
A-98 3 G232 1 F-6 - A-51 3 721-629320GG5 1 
A-52 3 G28 1 
A-53 3 G29 1 

F-7 
F-8 
F-9 

A-54 3 G32 1 F-10 
A-55 3 G39 1 F-11 

t Not shown 

8 
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Fig. 
No. Catalog Number 

OPERATING COIL ASSEMBLY (Cont'd) 

3 721-6293206040 
3 G57 
3 G58 
3 G59 
3 G60 
3 061 
3 068 
3 069 
3 070 
3 G73 
3 G79 
3 080 
3 089 
3 090 
3 G91 
3 097 
3 0101 
3 G108 
3 G109 
3 G122 
3 0123 
3 Gl33 
3 0140 
3 Gl48 

DISK AND SHAFT ASSEMBLY 

3 721-6293210Gl 
3 G3 
3 G4 
3 G2 
3 G6 

TOP BEARING 

2 721-620940901 

JEWEL SCREW ASSEMBLY 

3 721-620945701 

MOVING CONTACT AND SPRING 
ASSEMBLY (UPPER) 

t 721-615853107 
t GlO 

MOVING CONTACT AND SPRING 
ASSEMBLY (LOWER) 

2 721-615853 lG 1 
2 G2 
2 G3 
2 G5 
2 G6 
2 G12. 
2 I Gl3 

i 2 Gl4 

l 2 Gl5 
2 G16 

i 2 Gl7 

No. Per 
Relay 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
l 
1 

1 

1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 

I 
! 

-I 
! 

-

0 

0 
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Ref. 
Symbol 

G-1 
G-2 
G-3 
G-4 
G-5 
G-6 
G-7 

H-4 
H-5 
H-6 
H-7 

1-1 
1-2 
I-3 
I-4 
I-5 
I-6 

J-1 
J-2 

0-1 
0-2 
0-3 
0-4 
0-5 
0-6 
0-7 

S-1 
S-2 
S-3 
S-4 
S-5 
S-6 
S-7 
S-8 
S-9 
S-10 

T-1 
T-2 
T-3 
T-4 
T-5 
T-9 
T-6 
·r-10 
T-7 

t Not sha.n 

Fig. 
No. Catalog Number 

MAIN STATIONARY CONTACT 

2 72H209430Gl 
2 G2 
2 G3 
2 G2 
2 G3 
2 G4 
2 G4 

~ DRAG MAGNET 

2 721-237C749Gl 
2 G2 
2 G3 
2 G4 

SEAL-IN UNIT (LEFT) 

2 721-6293203Gl 
2 G2 
2 G3 
2 G4 
2 Gll 
2 G203 

SEAL-IN UNIT (RIGHT) 

2 
2 

721-6293203G5 
G202 

INSTANTANEOUS UNIT 

t 721-6293204G24 
t G29 
t G37 
t G43 
t G62 
t GBl 
t 721-6293203G120 

RESISI'OR {ADJUSTABLE) 

t 721-403A321P2 
t P3 
t P4 
t P13 
t P15 
t P20 
t P21 
t P23 
t P30 
t P42 

RESISTOR (FIXED) 

t 721-5901218Gl-3750 
t 721-403A322P19 
t P23 
t P26 
t P79 
t Pll6 
t P140 
t P183 
t 72 l-403A323P3 

No. Per 
Relay 

1 
1 
1 
2 
2 
2 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
l 

1 
1 
1 
1 
1 
1 
l 
1 
1 
1 

1 
1 
1 
2 
1 
1 
1 
1 
l 

Ref. 
Symbol 

U-1 
U-2 
U-3 
U-22 
U-4 
U-5 
U-6 
U-7 
U-8 
U-9 
U-10 
U-11 
U-12 
U-13 
U-14 

V-1 
V-2 
V-3 

W-1 
W-2 
W-3 
W-4 

X-1 
X-2 
X-3 
X-4 
X-5 
X-8 
X-7 
X-14 
X-8 
X-9 
X-10 
X-11 
X-12 
X-13 

Y-1 
Y-2 
Y-3 
Y-4 

\ Sfie~lfy complete relay model number when ordering drag magnet 

3.1.1-110 

TYPE IAV RELAYS, GEF-3897 

Fig. 
No. 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

1 
1 
1 

Catalog Number 

CAPACITOR 

721-21F802 
21F803 
21F804 
21F805 
21F807 
21F808 
21F809 
21F811 
21F813 
21F815 
21F816 
21F902 
21F903 
21F906 
21F914 

END PLATE 

721-237C740Gl 
721-6128447Pl 

Pl 

TERMINAL BLOCK ASSEMBLY 
(UPPER) 

t 721-6418058G42 
t G127 
t G236 
t G292 

TERMINAL BLOCK ASSEMBLY 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

1 
1 
1 
1 

(LOWER) 

721-6418058023 
G24 
G67 
G89 
G126 
G178 
G292 
G65 

721-8418060G3 
G4 
GS 
G23 

721-6193049023 
G67 

CONNECTING PLUG 

721-611873605 
GS 
G1 
Gl 

No. Per 
Relay 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
2 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
2 
1 
2 

9 
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GEF-3897, TYPE IAV RELAYS 

CONT At 'T BLOtK ASSEMBLY 

Relay Lower Contact Block Upper Contact lllnck Relay 
Model Type Catalog No. Catalog No, Model Type 

12IAV51A 721-6193048G9 l2IAV54E 
51C 6193048G9 54F 
510 6193048G9 S4H 
51H 6193048G9 S4J 
SlJ 6193048G9 SSC 
51K 6193048G9S 56B 
51M 6193048G9 57A 
S2A 6193048G22 SSB 
S2B S193048G258 60B 
52C 6193048G22 69A 
52D 6193048G22 69B 
53A 6193048G12 70A 
53B 6193048G12 70B 
53C 6193048G9 71A 
53D 6193048G12 71B 
53E 6193048GI2 72A 
53K 6193048G279 721-6193048C:~ 'l;l 72B 
53L 6 I 93048G2 79 

l 
6193048C.:: ·;q 73A 

53M 6193048G118 6193048(,~·-'.1\ 73B 
53N 6 l 93048G2 79 6193048C:.!'l!I 74A 
54C 6193048G9 

EXn:11NAL AUXILIARIES 

Relay 
Model No. 

12IAV51KlA 
12IAV51K2A 
12 IA V56 B4 HN 
12IA V56B5HN 
12IA V56B6HN 
12IA V56B7HN 
12IAV56B8HN 
12IA V56B9HN 
12IAV56B10HN 
12IA V56B11 HN 
12IAV56Bl2HN 
12IA V56B13HN 
12IA V56Bl4HN 
12IAV58B1R 
12IAV58B2R 
12IAV58B3R 
12IAV58B4R 
12IAV58B5R 
12L<\ V60B1A 
12IAV60B2A 
12IAV60B3A 

Catalog No. 

721-365A436P805 
365A436P804 
365A436P804 
365A436P803 
365A43 6P805 
365A436P805 

365A436P864 
365A436P803 
365A436P870 
365A436P805 

3887726 

Resist,,, 

12 IA V60 B4A I IC9006C 102 B 1 
--- --- ~ -- ___ L ~---. ---- -----------

10 

NII, Req. 

1 
1 
1 
1 
1 

1 
1 
1 
1 

3.1.1-111 

Lower Contact Block 
Catalog No. 

721-6193048Gll8 
6193048G118 
6193048Gll8 
6193048Gll8 
6193048Gll8 

6193048G9 
6193048G3 
6193048G92 
6193048Gll8 
6193048Gll8 
6193048Gll8 
6193048Gll8 
6193048G9 
6193048G 103 
6193048G22 
6193048G92 
6193048G279 
6193048G279 
6193048G118 

Catalog No. 

721-28F914 
28F914 
21F918 
21F918 
21F918 
21F918 
21F918 
21F918 
21F905 
21F900 
21F918 
21F918 
21F918 
26F330 
23F10 
23F2 
26F330 
26F330 
28F902 
28F903 
28F906 
28F902 

Upper Contact Block 
Catalog No. 

721-6193048G228 
6193048G228 
6193048G228 
6193048G228 
6193048Gll9 

6193048G279 
6193048G279 
6193048G2 79 
6193048G279 

6193048G2 79 
6193048G279 
6193048G228 

Caoacitor 
No. Req. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 

-

-
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Position and action chamber 
houses positioning device, with 
facilities for changing stop lo
cations. When · used, torsion 
springs are placed in second 
half of chamber. 

Circuit designation plate is 
marked for identification of 
switch functions. 

Distinctive handles and es
cutcheons tailor each switch 
to its partlcular application. 

1040787 

Angled terminal connections 
permit easy wiring. 

Enclosed contacts mean switch 
does not need separate cover. 

Contact numbers 
clearly Identified 

The SBM 
Compact Cam-operated 

The SBM is a compact, positive acting 
switch for control and transfer service 
on panels and switchboards, 600 volts 
and under. Up to 1 O stages, 2 contacts 
per stage can be provided, with inde
pendent action, both electrically and 
mechanically, through eight positions. 

Ideal For Switchboard.-
-The SBM switch Is especially adapt
able for switchboard applications where 
space is at a premium. When a control 
switch is required for use in an explo
s ion-proof or watertight enclosure, 
space is normally not a controlling 
factor, and the SB-1 switch, which is 
somewhat larger, Is used. 

The SBM switch is normally supplied 
for mounting on panels up to Y, Inch 
thick. If requested, it can also be sup
,..,;,.d for mounting on panels of one and 

and a half inches. 

1..,ompact design of the SBM switch 
permits close center-to-center line 

• Control and transfer 
• For control panels 

and switchboards 
• Up to 600 volts 

mounting distances and, at the same 
time, easy access to the terminals for 
wiring. Also, since the switch is en
closed, there is no need for clearance 
at the back of the panel to remove a 
separate cover. This further reduces 
space requirements. 

Ratings 
The SBM switch Is rated for a me
chanical life of 500,000 operations. The 

electrical ratings are 600 volts ac or 
de, 20 amps continuous or 250 amps 
for three seconds. The interrupting 
rating depends upon the voltage and 
character of the circuit. The table be
low illustrates the interrupting duty of 
a single contact and contacts in series 
when various conditions exist on a 
circuit. 

SBM 1s recognized under the component pro• 
gram of Underwriters' Laboratories, Inc. 

Interrupting Rating (amperes) 

Non-inductive Inductive 
Circuit 
Volts Number of Contacts 

1 2 in series 1 2 in series 

24 de 10 30 8 25 
48 de 8 25 6 18 

125 de 5 15 4 10 
250 de 1 3 1 2.5 
600 de 0.4 0.8 0.3 0.7 

115 ac 40 75 24 50 
230 ac 25 50 12 25 
460 ac 20 30 10 20 
600 ac 15 25 8 12 

3.1.1-113 
3 



Construction Features 

• ~u(!" • .~ ~-- - ···-PULL 
TO LOC~ 

en UAL. El(CTIIC-" 

STANDARD TARGET 
I0407II 

KEYED 

Escutcheons 
Two basic types of escutcheons are 
available: the standard and the target. 
The standard type shown on the left 
is a molded black phenolic material 
with white lettering for clear reading of 
the positions. A target type escutcheon, 
shown in the middle, Is normally fur
nished on breaker control switches. An 
aluminum front plate houses the target 
mechanism with a window in the 
center to show green for the trip posi
tion, red for the closed pasition, and 
black for the pull-to-lock position. The 
target has a slip action so that It will 
remain green when the handle returns 

to NORMAL from the TRIP position, and 
red when it returns from the CLOSE 
position. This shows the operator the 
last operation of the switch. 

On the right a modified standard la 
shown with keyways for use with a 
removable type handle. 

Aluminum circuit designation plates are 
available for all three types. 

The standard and keyed escutcheons 
can be furnished in painted colors of 
red, green, yellow, blue, gray, orange, 
brown, and white, but must be specified 
on each order. 

~~· PISTOL GRIP OVAL KNURLED LEVER 
ICM0713 

Handles 
Four types of molded black phenolic 
handles shaped for easy gripping are 
available with the SBM switch: pistol 
grip, oval, knurled, and lever. Any of 
the standard handles except the lever, 
may be adapted for removable handle 
keying. A fixed handle may be easily 
removed for replacement by a screw 
in the front of the handle. A white 
pointer, furnished with the handles 

ICM07t4 

4 

(except the lever) and mounted near 
the escutcheon, give a clear Identi
fication of the position that the handle 
is in. For match and line up with SB-1 
switches, type SB-1 pistol grip, oval, 
knurled, and round handles can be fur
nished for use with SBM switches. The 
same colors are available for the 
handles as were llsted for the 
escutcheons. 

cams and Contacts 
The silver to silver contacts of the SBM 
switch are of double-break design, as 
seen at left, which reduces arcing and 
subsequent pitting of contacts. Each 
contact is operated by a double surface 
cam, one surface for closing, the other 
surface for opening. This construction 
provides opening and closing action not 
dependent on springs. 

3.1.1-114 
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Terminal Connections 
Terminal connections are brought to 
the corners of each stage. allowing 
screw connections to be made over a 
large angle. This angular displacement 
of connection points allows the switches 
to be mounted on three-inch centers 
or less. 

Jumpers 
Jumpers are furnished assembled, 
where required, on all standard listed 
switches. For special switches or un
listed switches, separate jumpers can 
be ordered. 

/ 
Jumper 
307V515 
(Same Stage) 

-----=i--
.. 

' 

8040784 \ 
Jumper 
307V512 
(Adjacent 
Stage) 

Contacts 
Handle 

Positions 

End. 3 2 

X 

o-11-o o-1~ 2 X 

o-U-o 3 X X 

Break-Before-Make Contacts 
Contacts on SBM switches are normally 
non-overlapping (break-before-make). 
This sequence is illustrated above, 
which shows that contact No. 1 opens 
before contact No. 2 closes. 

Another normal function is illustrated 
by contact No. 3, which is shown 
closed in two adjacent positions. When 
switching between these positions, this 
contact will always remain closed. 

1040797 

Spring Action 
Torsion springs return the switch handle 
to or towards the 12 o'clock or No. 3 
position. The travel of the handle is 
limited to 90° to either side of this 
position. The switches may be fur
nished with spring return both ways, 
or only one way, with maintaining 
action in the opposite direction. You 
can also have spring return from posi
tion No. 1 (9 o'clock) to position No. 2 
(10 o'clock) and/or spring return from 
position No. 5 (3 o'clock) to position No. 
4 (2 o'clock) with maintained action 
in the other positions. Torsion springs 
are housed in the rear half of the posi
tioning chamber. There is no need to 
modify the chamber to accommodate 
the springs. 

3.1.1-115 

1040796 

Pull-To-Lock 
A pull-to-lock mechanism is designed 
for spring-return switches. When the 
handle is turned to the 9 o'clock posi
tion, it can be pulled out and locked 
in that position. When the handle is 
pushed in, the handle spring returns to 
the normal position. This pull-to-lock 
feature does not actuate contacts. but 
merely prevents the spring return of the 
handle. 

;~~·~:-~:;f.~;~:~/-,~~i\·t-. ~ 
:.~·:~ :;::t:~;}~~;_\:-~: ~·~ 

~ _ __,..--'--~ -~·\.,Zc~-~:·-~: 
• -✓-'. ,_.,. "!;,: 
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INCORRECT 

CONTACTS POSITIONS (BACK VIEW) 
HANDLE ENO 8 7 6 5 4 3 2 I 

I 2 I X 
o-11-o 0-11-0 2 X 
3 4 3 X 
O·il-0 O-lf-0 4 X 
5 6 5 X 
o•H•o o-U-o 6 X 
7 8 7 X o-tt-o o-11-o 8 X 

CORRECT 

CONTACTS POSITIONS 
HANDLE ENO 8 7 6 5 

I 2 I 
O·i!·O 0-11-o 2 X 
3 4 3 
o-j rO o;i-o 4 X 
5 6 5 
o-ll•o o-11-o 6 X 
1 8 1 
o-11-o 0-11-0 8 X 

(BACK VIEW) 

4 3 2 I 

X 

X 

X 

X 

I 

* 
7 3 

4 
5 

ESCUTCHEON 
(FRONT VIEW) 

Fig. 5. Diagram of unworkable and correct a"angement 

I 

* 
1 3 

4 
5 

ESCUTCHEON 
( FRONT VIEW) 

CONTACTS 
HANDLE END 

CHK>-4 I 

1-0-il-o 
4 

o-11-0-f 5 

1-o-il-o 
8 

POSITIONS (BACK VIEW 

8 7 6 5 4 3 2 I 

X X X 

X X 
X X 

X X X X 
Fig. 6. Contact arrangement to meet cam limitations 

POSITIONS 
CONTACTS Norm Norm 

HANDLE END Close after after Trip 
Clase trip 

I 2 I X 
Oil-o rl 1-o 2 X 

1~4 
3 X X 

Oi ~ 4 X 
5 5 X X 

Oi-- _, 
T -"'i 

I~ a 
1 X X 

Oi o-11-0 8 X X 

Fig. 7. Diagram showing 45-degree slip action of cam 

(INCORRECT) 

Fig. 8. Breaker control switch model 16S8182 

2 2N IN I 

I 2 I I X X 
0-11-0 ~l-0 I 2 X X 

(CORRECT) 

2 2N IN I 

I I X X 
o-1~ 

4 
l----0-11-o 4 X X 

LIMITATION NO. I 
(SB-I, 9 a 10) 

Limitation No. 1 IS:3-1, •9 & ·101 

A slip contact and standard contact 
cannot be on the same stage, as shown in 
the top diagram. 

A stage must be added and contacts split 
up, as shown in the bonom diagram, one 
contact per stage. (Does not apply to SBM) 

( INCORRECT) 

3 3N 2N 2 I 

I z 11 X X 
o-11-o o-11-o I 2 X X 

(CORRECT) 

3 3N 2N 2 I 

SLIP I 2 I X X X 
Crif-o 0-1 ) 2 X X X 

3 4 3 X X X 
>-il--0 0, ) 4 X X X STANDARD 

LIMITATION NO. 2 
(SBM, SB-I, 9 a 10) 

Umitation No. 2 I SBM, 581, -9 & -10 I 
On a 4-position pull-to-lock switch tht 

slip contact cannot be closed in the 2N and 
2 positions (As shown in .the top diagram) 
without closing in position 1. To accomplish 
this a stage is add•d, and the contacts are 
connect in series as shown in the bottom 
diagram. 

Fig. 9. Slip-cam limitations 
3.1.1-116 

(INCORRECT) 

2 2N IN I 

I 2 I I X 
O·H-0 0-11-0 i 2 X 

( CORRECT) 

2 2NIN I 

2 I XX 
2 xx 
3 xx 
4 xx 

LIMITATION NO. 3 
(SBM, SB-I, 9 a 10) 

UmiUtion No. 3 ISBM, SB-1, -9 & -10) 

A contact cannot be closed in the 
normal after position without also closing in 
the position itself, as shown in the top 
diagram. To accomplish this, a stage must be 
added and the contacts set up as shown in 
the bonom diagram, with the contacts 
placed in series by jumpers. Jumpers 
required are shipped loose with the switch. 

5 
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GENERAL 

Contacts on Type SB switches are 
normally non-overlapping (break
before-make). This sequence is 
illustrated in Fig. 10 which shows that 
:ontact No. 1 opens before Contact 
No. 2 closes. when turning_ from 
Position 1 to Position 2. Another 
normal function is illustrated · by 
Contact No. 3, which is shown closed 
in two adjacent positions (Positions 2 
and 3). When switching between these 
positions. the contact will always 
remain closed. There are some circuits 
where this action is not desired, such 
as switching current transformers to an 
ammeter. Here, the contacts must 
overlap (make-before-break) to 
prevent damaging the meter. 

SBMSWITCH 
To get this overlapping action on 

the contacts, 90 degrees between 
positions is required. Figure 11 
illustrates an ammeter switch (similar 
to Model 10AA009) with overlapping 
contacts. The overlapping action takes 
place in the intermediate positions 
(Positions 2, 4, 6, and 8). The inter-

... -............... ·- ._...., .......... ... 
mediate position is identified by an 
"X" in the block above this position in 
the operating requirement table. Con
tacts 1 and 2 are shown overlapping in 
the intermediate Positions 4 and 6. 
Contact 2 is shown making in inter
mediate Position 4 before Contact 1 
breaks, when going from Position 3 
(OFF) to Position 5 (PHASE 1), and 
Contact 1 will make before Contact 2 
breaks, when going from Position 5 to 
Position 7. 

Figure 12 illustrates an ammeter 
switch for three independent current 
transformers (similar to Model 
10AA013l. This switch also has over
lapping contacts and intermediates at 
Positions 2. 4, 6, and 8; however. the 
overlapping action takes place between 
the intermediate position and the 
actual position. The "X" on the line 
between the positions of the contacts 
identifies this action. When turning 
from Position 5 (PHASE I I to Position 
7 (PHASE Ill, Contact 1 makes before 
Contacts 2 and 3 break. Also, Contact 
2 and 3 break before Contacts 4 and 5 
make, and Contacts 4 and 5 make 
before Contact 6 breaks. All this 
action takes place within the 90 

degrees between positions, by use of a 
special cam. 

S8-1, -9, AND -10 SWITCHES 
Basically. the overlapping action is 

the same as with the SBM switch, but 
it is not limited to positions which are 
90-degrees apart. 

To get a make-before-break action, 
as shown in Fig. 13, a minimum of 37½ 
degrees between positions is required. 
To get a make-before-break as shown 
in Fig. 14, a minimum of 60 degrees is 
required. The flexibility of the SB-1, 
-9. and -10 switch allows the com
bination of 37½ degrees and 60 de
grees in the same switch to give you an 
ammeter switch which reads as many 
as six, independent, current trans
formers with either 1 or 2 OFF's (see 
Fig. 15). 

A special contact sequence which 
requires a contact to close in adjacent 
positions, but to open momentarily 
between them, is shown by Contact 1 
in Figure 16. A minimum of 60 
degrees between positions is required. 
When less than 60 degrees is required, 
use two contacts in parallel, as shown 
in Fig. 17. 

I CONTACTS POSITIONS Fig. 1 O. Typical non-overlapping 
HANDLE END 3 2 I (break-before-make) sequence 
I 2 I X 
o-,1--o <>-j f-o 2 X 

~~ 3 X X 

INTER. POSITION 

,~, 7 /jfl 1< 3 * I 
AMMETER 

OFF 

3 

2 

CONTACTS 
ODO EVEN 

o-U-o ~......, 
o-l 1-o o-H-o 

<>-U-o o-H-o 

<>-H-o o-H-o 

~1-o o-H-o 

8 
I Xl 

2 

3 
4 

5 
6 x: 
7 X' 

8 
9 

Fig. 12. Overlapping contacts for 
~BM ammeter-type switch, with three 
odependent circuits 

POSITIONS 
7 6 5 4 3 2 I 
)(, ::x.: ~; 'X . ... 

,ex:~ 
-~:x: (' 

oc• 
)(,~ 

; ) ~X, ~A, ,IV .... , . A, ;)( 

00 hl - :~ A; 

;~~ 
,be• 

AMMETER 
OFF 

3 

2 

AMMETER 

2 3 

INTER. POSITION 

* 711d ' * 3 * I 
CONTACTS POSITIONS 
ODD EVEN 8 7 6 5 4 3 2 I 

I X X X X X X X <>-11-<> o-11-<> 2 X X X 
3 X X X X X X X o-U-o -t 1-<> 4 X X X 
5 X X X X X X X <>-11-o <>-11-o 6 X X X 

Fig. 11. Overlapping contacts for 
SBM ammeter-type switch connected 
at end of secondary 

CONTACTS POSITIONS 
HANDLE ENO .3 Inter 2 Inter I 
I 2 I X X r~e< 2 X X X X 

~~ 
.3 X X 
4 X X X X 

6 

Fig. 13. Overlapping contacts for SB· 1 ammeter- type switch 
connected at end of secondary (two current transformers) 
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To prevent operation of equipment 
by unauthorized persons, switches 
with removable handles are available. 
The handle is keyed to a specific 
.scutcheon, to be inserted and re
moved in a designated po&ition. 
Handles can also be mutually keyed to 
other escutcheons, so that they are 
either interchangeable or non-inter
changeable with other switches. 

This feature is available for SBM, 
SB· 1. and S8-9 switches, but ordering 
procedures differ. 

SBM SWITCHES 

003 0 
I 5 

6 
0 7 0 

Fig. 18. SBM switch keyed escutch
eon with eight available keyway loca
tions. Keyways 1-3-5 are shown 

The keyed escutcheon on the SBM 
switch (Fig. 18) has eight possible 
keyway locations. Three are normally 
used and are assigned by the factory. 
The choice is influenced by several 
factors: 

a. If the handle is to be inter
changeable with that ·· of another 
switch, the position in which each 
handle is to be removeable must be 
considered. 

b. If the handle is to be non-inter
changeable, the keyways assigned to 
other removeable handles in the same 
panel must be considered. 

c. If no special instruction is given 
by the customer when he orders. the 
factory will assign keyways at random; 
if more than one SBM switch has a 
removable handle, they will be keyed 
to be non-interchangeable. 

A removable handle is furnished as 
a separate item, not with the switch it 
operates, because in some cases the 
'ngle handle operates many switches. 
. he handle is keyed so that it will fit 

through the keyways on the 
escutcheon in a specific position. 

When ordering a removable handle, 
specify the type, the position in which 
it is to be removable, and the switch or 
switches it will be used with. The 
factory will assign the handle. To 

Removable Handles 

TABLE 1 Nomenclature guide for SBM removable handles 

1st 2nd 1st 2nd 3rd 4th 5th 
Number Number Letter Letter No. No. No. 

Handle Removable Common Action of Escutcheon 
Type in Position Code Rotation Keyways 

1 • Knurled 1 w W=CW&CCW 1 1 1 

2"' Oval thru L = CCW (special) thru thru thru 

3• Pistol 8 R = CW (special) 8 8 8 
grip 

Example 1: 21WW135 

This oval handle has keys at positions which, when it is in position 1, or nine 
o'clock, will line up with escutcheon keyways 1, 3, and 5. It is therefore 
removable in position 1. 

identify SBM removable handles, see 
Table 1. 

SB-1 & SB-9 SWITCH 

The keyed escutcheon for the SB- 1 
& S8·9 switch is normally furnished 
with three keyways (see Fig. 19). The 
circumferential location of the key
ways will vary, depending on the 
location, etc., in which the handle is to 
be removable. The location of the 
keyways is assigned by the factory. 

Table 2 gives a list of standard 
keyed escutcheons and the proper 
removable handle for removing the 
handle in both the vertical ( 12 
o'clock) position and 90° ccw (9 
o'clock) pos1t1on. Escutcheons 
6016164P-2 thru P-14 are used on 
switches if the throw does not exceed 
90° on either side of the vertical ( 12 
o'clock) position, and P-23, 24 and 25 
are used when the throw does exceed 
this limit. 

0 

Fig. 19. SB· 1 escutcheon for use with 
removable handle 3.1. i-118 

Oval handles 16S8 1 CC 1 thru 32 are 
listed with direction and degree of 
throw from the positions in which 
they are removable. The code letters A 
thru Z in the left hand column 
identify the escutcheons used on the 
basic unlisted switches. 

Example: 16S81A8300StM3Y, the 
2nd form letter t identifies a keyed 
escutcheon 6016164P-3. 

When a special keyed escutcheon is 
required, different from any of those 
listed, the code letter "X" is used 
followed by the part number. 

Example: 16SB1AB300SX34M2Y. 

All keyed escutcheons will now 
have the part number stamped at the 
bottom left hand corner instead of the 
code letters previously stamped at the 
bottom righthand corner. If the code 
letter or other indentification is de
sired, it will be stamped at the bottom 
righthand corner by requisition only 
(three characters maximum). The 
16S81CC oval type removable handle 
will now have the form number only 
stamped on the lower face of the 
handle. Those removable handles 
which have metal shanks (6119745G) 
will have the group number stamped 
on the shank. When a switch with a 
keyed escutcheon for a removable 
handle is ordered, be sure to specify 
the position in which the handle is to 
be removable. If an existing handle 
will be used, give the number of the 
existing handle. 

' 
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Fig. 30. 

Fig. 3 7. 

Fig. 32 

-
Fig. 33. 

Fig. 34. 

-

Contact Diagrams tor SBM Switch 

·---:--.-- ·-·· ~- -· __ _... .... - .,.,...,,,_.-

VOLTMETER TRANSFER 
SWITCH, three-phase, trans
fen four wires phase-to-phase 
and phase-to-neutral, 
Model No. I 0AA006. 

Knurled handle. 

VOLTMETER SWITCH. two 
three-pha1e, th, .. -wire 

circuita, 

Model No. I 0AA001. 
Knurled handle. 

AMMETER TRANSFER SWITCH, 
thrH CT's (connect at 
end of secondary l, 
Mode/ No. I0AA008. 

Knurled handle. 

AMMETER TRANSFER SWITCH, 
three CT', with off 
(connect al end of secondaryl, 
Model No. 1 0AA009. 

For wiring, ••• Fig. 32. 
Knurled handle. 

AMMETER TRANSFER SWITCH, 
three independent c:ircuit1, 

Mode/ No. I0AA010. 

Knurled handle. 

I 
i 

---·~··.....-:-- -1•., _we, --··-·--·-------~..,.,...---
ISCUTCNION, ~ CONTAcr DIAGIAM . . . 

... ..;.,,;,.__ • ..,...~----. .. ....-.u.1.. ~~~a..::__~.-

VOLTMETER 

OFF .., .,~ 
N 

t:. 0 
., ,, 

OFF 4, 

VOLTMETER 

OFF 
..,, /_.:I 

AMMETER 

2 

0 .... 

AMMETER 

OFF 

., 0 

2 

AMMETER CONTACTS 
HANDLE 

2 ENO 

0 .... §1§ ...... ~· I"- It . •.-
~/doi X X X X X X X XI 

X X 

~~ X X 
X X X 

.;lol,i X X X 
XX X X X X X X 

"~ X X ,IX IX X X X 
X X 

~ .. X X 
.___ 

.x in all contact diagram, denot•s contacts doted 
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INSTRUCTIONS 
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GEH-2038 Control and Transfer Switch Type SBM 

UNii for ••ttchn ••'" .,,.,. • 
,.,""' ·"'°" 

lA Han(fle 
5 Mounting Screw 
8 Target Escutcheon 

12 Front Plate 
13 Stops 
15 Rocker Arm 
16 Sleeve 
17A Positioning Wheel 
18 Positioning Spring 
19 Sleeve 
20A Torsion Spring 
21 Spring Actuator 

TYPI SIM 
CONT~OL SWITOtES ,,,,,,,.,-, 
/ ' .......... 

22 Front Bearing 
23 Front Support 
24 Barrier Cover 

ClEF-4HTA 

) 

25 Cam Follower and Moving Contact Assembly 
26 Cams for Contacts 
27 Upper Stationary Contact 
28 Lower Stationary Contact 
29 Terminal Screw 
30 Barrier 
31 Barrier Assembly 
32 Rear Bearing 
33 Bearing Retainer 
34 Tie Bolt 

- Fig. 1 (0184B5484-0) Exploded View of Type SBM Switch 
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CONTROL AND TRANSFER 
SBM TYPE 

SWITCH 

DESCRIPTION 

INTRODUCTION 
The Type SBM switches are cam operated 

devices having two mechanically and electrically 
separate contacts per stage. The switch is totally 
enclosed, having no cover. The contact terminals 
are brought . out to the corners, allowing screw 
coMections to be made over a large angle. The 
switch is so constructed so as to allow the addition 
of 1 or 2 extra stages to the switch with a minimum 
of effort. 

APPLICATION 
The Type SBM switches are intended primarily 

for the control of electrically operated devices such 
as circuit breakers, small motors and magnetic 
switches, and for the transfer of meters, instruments 
and relays. 

OPERATION 
The Type SBM switches are rotary cam operated 

switches. Rotation of the shaft causes contacts to 
open or close, depending upon the shape and setting 
of the cams. Each stage consists of two mechanically 

nd electrically separate contacts. This is ac
omplished by means of two cams and two cam 

followers, assembled with moving contacts. 

Each cam is constructed so as to have two 
operating surfaces. These surfaces operate on the 
cam follower. The cam follower has two tips which 
are located in offset horizontal planes lining up 
with the two cam operating surfaces. Thus, as the 
cam is rotated, one surface operates against the 
closing cam follower tip, while the opening cam 
follower tip is relieved. Both cam follower tips 
are always in contact with the cam surfaces. This 
allows for a positive closing and opening action not 
dependent upon springs. 

Each cam follower has a spring loaded moving 
contact assembled to it. The compression spring 
acts to give adequate contact pressure when a con
tact is closed. The moving contact is held to the 
cam follower by a pin passing through a hole in the 
cam follower and angled slot in the moving contact. 
As the contacts close, the moving contact slides 
along this slot while compressing the spring thus 
causing relative motion or "wipe" between moving 
and stationary contacts. 

Some applications, particularly of momentary 
contact switches, which have a torsion spring to 
return the switch to a central-neutral position, 
require a contact action which lags behind the 
switch motion (lost motion or slip contacts). Such 
contacts use cams with a special loose fit on the 
shaft. When the shaft has turned far enough tc close 
or open these contacts, it can be rotated 45 degrees 
in the reverse direction without moving the cams, 
but beyond this point, the cam moves with the shaft 
and the contacts either open or close as the case 
may be. 

Momentary contact switches have a torsion 
spring that returns the switch to a central or neutral 
position when the handle is released after operation· 
to a side position or positions. This torsion spring 
is designed for maximum of 90 degrees operation 
to each side of the central position. The torsion 
spring may have one end cut off or tied back in such 
a manner as to be effective on one side of the 
central position only. That is, the switch may have 
momentary contact to one side of the central position 
and maintaining contacts to the other side. 

In some momentary contact (spring returr:) 
switches, a locking device is provided by which 
the shaft may be held against the action of the 
torsion spring by pulling out the handle when the 
switch is turned to one of the side positions. 

POSITIONING 

A detent wheel, mounted on the square shaft and 
acted upon by a spring loaded roller arm, gives 
positive positioning action to the switch. 

REMOVABLE HANDLES 

The removable handle option may be obtained 
with up to 3 keyways in the escutcheon. The keyway 
locations are at the discretion of the customer. The 
handle is removable in one position. Any style 
handle can be used for this operation. 

ADD-A-STAGE 

A shaft extension is provided to enable an 
additional stage to be coupled to the existing switch 
in the event that more contacts are required when 
the switch is in the hands of the customer. 

These instructions do not purport to cover all details or variations in equipment nor to provide for 
every possible contingency to be met in connection with installation, operatlon or maintenance. Should 
further information be desired or should particular problems arise which are not covered sufficiently for 
the purchaser's purposes, the matter should be referred to the General Electric Company. 

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards; 
but no such assurance is given with respect to local codes and ordinances because they vary greatly. 
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GEH-2038 Control and Transfer Switch Type SBM 

RATINGS 
The switch is rated for a mechanical life of 

500,000 operations. The electrical rating is 600 
volts, 20 amperes continuous. The interrupting 
rating depends on several factors; namely, voltage, 
current and inductance of the circuit. It may be 
necessary to use two or more contacts in series 
to insure adequate interrupting ability on highly 
inductive circuits. The interrupting ratings are 
shown in Table I. 

TABLE I 

Non-Inductive Cir. Inductive Circuit 
Circuit Number of Contacts Voltage 1 2(in ser) 1 2(in ser) 
24 DC 10.0 30.0 8.0 25.0 
48 DC 8.0 25.0 6.0 18.0 

125 DC I 5.0 15.0 4.0 10.0 
250 DC 1.0 3.0 1.0 2.5 
600 DC 0.4 0.8 0.3 0.7 
115AC 40.0 75.0 24.0 50.0 
230 AC 25.0 50.0 12.0 25.0 
460 AC 12.0 25.0 5.0 15.0 
600 AC 10.0 20.0 8.0 12.0 

CONSTRUCTION 
The Type SBM switch is built up with a series 

of stages which are nested into each other, an 
operating shaft, a front support and a rear support. 

The complete stack is tied together with two 
tie bolts threaded into the front support. These t;P, 
bolts also act as a bearing for the cam follow 
in each stage. Each stage consists of four statior. ., 
contacts and two moving contacts, (double break 
construction) two cams and two cam followers. 
The cams are mounted on the operating shaft. In 
case only one contact is required in a stage, a 
cam follower assembly is omitted. 

CONTACT IDENTIFICATION 

The contacts are marked for identification 
using a standard system. On each side of the switch 
midway on the barriers, is a confined marking strip. 
These strips are located between the two screws 
which define a contact. The marking strip on the 
right side, front view, looking toward the rear is 
numbered 1, 3, 5, etc. starting at the panel end. 
Those on the left side are marked 2, 4, 6, etc. 
If a conta~t is omitted the terminal screws are also 
omitted for that contact. 

ENCLOSURES AND MOUNTING 

The basic switch is totally enclosed except for 
an opening in the bottom to allow for a visual in
spection of the contacts. 

All switches are furnished for mounting in 
panels 3/32 to 1/4 inch thick. Variation in panel 
thickness is taken up by the use of two saddle 
washers mounted between the handle and escutcheor 

INSTALLATION 
RECEIVING 

Immediately upon receipt of a switch, examine 
it for any damage sustained in transit. If injury or 
rough handling is evident, file a damage claim at 
once with the transportation company and promptly 
notify the nearest General Electric Apparatus Sales 
Office. The switches are completely assembled 
and packed in individual cartons before shipment. 

If the switches are for stock purposes or not 
for immediate installation, they should be left in the 
shipping carton and stored in a clean dry location. 

MOUNTING 
For panel mounted switches, holes should be 

provided in the panel as shown in Fig. 2. 

To mount a switch on a panel, first remove 
the handle and escutcheion, including where pro
vided, the position-indicating pointer and the curved 
spring washers (saddle spring). Next, hold the 
switch in place on the back of the panel and insert 
the mounting screws through the escutcheon, panel, 
and spacers (if used) into the switch front support, 
but do not tighten the mounting screws. Attach the 
pointer, saddle springs and handle. Align the 
escutcheon on the panel. 

When mounting removable-handle switches be 
certain that the shaft of the switch is properly 
positioned, so the handle is easily removed before 
the mounting screws are tightened. 

MAINTENANCE 
SERVICING 

CONTACT CLEANING 

At regular intervals, the switch contacts should 
be inspected for wear and burning. An opening at 
the bottom of the swttch has been provided for this. 
(see Fig .3) If the contacts are slightly pitted or coated 
with sulphide, they should be cleaned with a flexible 

4 

burnishing tool similar to that included in the XRT 
relay tool kit. 

WARNING: Since many of the parts of this switch are 
molded of a polycarbonate material, DO NOT use any 
lubricants and/ or cleaning agents in any form (inclr 
ing aerosol sprays commonly available). Hyd. 
carbons (oils and related products may chemically 
attack such parts resulting in possible switch failure. 
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GEF-4167A 
Supersedes GEF-4167 

IC 

RENEWAL PARTS 

6 23 

( PHOTO 8027024) 

7 5 

TYPE SBM 

CONTROL SWITCHES 

24 31 

Fig. 1. Typical SIM control switch (fixed knurled handle, standard 
Hcutcheon, and ten stages of maintained contads). 

ORDERING INSTRUCTIONS 

1. Always specify the complete nameplate data of the switch. 

32 

2. Specify the quantity, catalog number (if listed), reference number (if listed), description, and this 
bulletin number. 

3. Standard hardware, such as screws, bolts, nuts, washers, etc., is not listed in this bulletin. Such 
items should be purchased locally. 

4. For prices, refer to the nearest office of the General Electric Company. 

GENERALfj ELECTRIC 

-

-
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Fig. 2. Exploded view of typical two-stage type SBM switch. 
Maintained contact construction shown. For spring retum action, 
references 19, 20, and 21 replace references 15, 16, 17, and 18. 
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Ref. Catalog 
No. Number 

lA SSSB 20SAAP 1 
tlB SSSB 20SAB P 1 

IC SS8B 20SACP 1 
tlD 624S034P2 
t2A 127A67SOG1 
t2B 127A67SOG3 
t2C 127A67SOG4 
3 307V511Pl 

t4' 307V516 
5A 6049905Pl 
5B 6049905PS 
6 NP-202491 
7 127A676SP1 
SA 127A6757Gl 
SB 127A6757G2 
SC 127A6757G3 
8D 127A6757G4 
SE 127A6757G5 
SF 127A6757G6 

t9 SSSB207Pl 
tlO 127A6763Pl 
tll 307V50SP1 

12 127A6753Pl 
13 127A6754Pl 

tl4A 127A6764Gl 
tl4B 127A6764G2 

15 127A6772G 1 
16 6074939P91 
17A 127A6774Pl 

tl7B 127A6774P2 
tl7C 127A6774P3 
tl7D 127A6774P4 
*18 127A6781 

19 307V510Pl 
*20A 127A6775Pl 

*t20B 307V513Pl 
*t20C 307V513P2 

21 127A6760Gl 
22 127A6755P2 
23 237C755Pl 
24 237C756Pl 

*25 127A6770Gl 
26 237C759P(11) 

*27 127A6749Gl 
*28 127A6751Gl 

29 6047297P1 
30 237C757Pl 
31 237C75SP1 
32 4 
33 NP-202490 
34 127A6756G(•) 

TYPE SIM 
CONTROL SWITCHES 

PRINCIPAL RENEWAL PARTS 

Handle, fixed, pistol grip 
Handle, fixed, oval 
Handle, fixed, knurled 
Handle, fixed, lever 

Description 

tHandle assembly, removable, standard 
tHandle assembly, removable, engraved "R" 
tHandle assembly, removable, engraved "I" 
White pointer for handle 
Spring washer for pointer 
Mounting screw, 3/32 - 1/4 inch panel 
~ounting screw, 1 - 1 1/2 inch panel 
Circuit designation plate (specify engraving) 
Escutcheon, fixed handle, no target (specify engraving) 
Escutcheon, fixed handle, with target (specify engraving) 
Escutcheon, fixed handle, with target ("TRIP" - "CLOSE") 
Escutcheon, fixed handle, with target (''STOP" - "START") 

§Escutcheon, fixed handle, with target (specify engraving) 
§Escutcheon, fixed handle, with target ("TRIP" - "CLOSE") 
§Escutcheon, fixed handle, with target ("STOP" - "START") 
!Escutcheon, removable handle (specify engraving) 
§ Locking plate 
Shaft coupling (removable handle switches only) 
Front plate 
Stop wheel (standard) 

§Stop wheel and shaft assembly, 3/32 - 1/4 inch panel 
§Stop wheel and shaft assembly, 1-1 1/2 inch panel 
Roller arm assembly 
Roller arm bearing sleeve 
Index wheel, 8 points, 45 degree spacing 
Index wheel, 7 points, 45 degree spacing 
Index wheel, 4 points, 90 degree spacing 
Index .wheel, 3 points, 90 degree spacing 
Positioning spring 
Torsion spring sleeve 
Torsion spring, standard (spring return CW and CCW) 
Torsion spring, special (spring return CCW to normal only) 
Torsion spring, special (spring return CW to normal only) 
Torsion spring actuator 
Front bearing 
Front support 
Barrier cover plate 
Cam follower and moving contact assembly 
Cam 
Stationary contact, upper 
Stationary contact, lower 
Connection screw 
Intermediate barrier only (no contacts) 

11Rear support only (no contacts) 
Rear bearing and shaft assembly 
Rear bearing retainer and nameplate 
Tie bolt 

GEF-4167A 

-

-

• Recommended for stock for normal maintenance. 
t Not shown. 
t Specify switch number, type of handle, and posi

tion in which removed. 

11 Specify numeral molded in cam. A 
11 Uses same contacts as intermediate barrier W 

(References 27, 28, and 29). 
aSpecify model number of switch. 

§ Pull-to-lock switches only. • Specify number of stages in switch. 
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PANEL '4r 

Control and Transfer Switch Type SBM GEH-2038 

••• 

SHAFT EXTE~SION FOR 
1 TO 8 STAGE SWITCHES 

ONLY . 

2i HIGHx2f
6 

WIDE 

B •---w..=....i..;;;;:;;......,~r---+---__.___..i.. 
WHEN PANEL IS 

.,__ ___ II A" _ ___;. ___ ____._ *-1" THICK - ADD 
112" TC A & 8 
DIM. • 

I 

NO. OF srAND~RD PULL TO LOCK REMOVABLE 
STAGP~ SWITCH SWITCH HANDLE SW. 

PT. "A" B PT. "A" B PT "A" B 
1 1 "j-7/8 l21 4-9/1€ 41 4-3/4 
2 2 4-1/2 22 5-311€ 42 5-318 
.3 .3 5-1/8 2.3 5-1.3/1€ 43 6 
4 4 5-.3/4 24 6-7 I 1€ 44 6-5/8 

I 5 5 6-.3/8 25 7-1/1€ 45 7-1/4 ~ 
6 6 7 (X) 26 7-11/16 

co 
46 7-718 -- - ~ 

.-4 ~ I I 8-5/16 I ;, \ 7 7 7-5/8 N 27 N 47 8-112 
a 8 8-l/4 28 B-15/16 48 9-1/8 
9 9 8-1/2 29 9-.3/1€ 49 9-1/4 

10 10 9--1/8 t30 ~l.3/lf 50 10 

Fig. 2 Outline and Panel Drilling of Type SBM Switch 
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GEH-2038 Control and Transfer Switch Type SBM 

Fig. 3 Bottom View of Type SBM Switch 

Fig. ~ View of Type SBM Switch with Additional Stage in Position 

hEPAIR ANG REPLACEMENT 

In some cases, it is desirable to either replace 
a contact stage or to add an additional amount of 
contacts. 

In such cases, it might be advantageous not to 
disturb the existing switch but to add directly to 
the present switch. In order to do this, the proper 
contact sequence should be ordered (no more than 
two stages) noting that this is for adding to an 
existing switch. These parts will be received 
assembled with a U-shaped bracked and a coupling 
with a square hole will also be received. Fig. 4 
shows a Type .:,BM switch with an additional stage 
already in position. 

To install these additional contacts, loosen 
the two tie bolts at the rear of the switch about 
3/32 inch. .:,lide the loose bracket over the shaft 
and tie bolts so that the inner part of the bracket 
slot rests on the tie bolts between the tie bolts 
and nameplate. Tighten the tie bolts. Slide the 
coupling over the shaft extension on the present 
sw~tch, then slide the shaft extension on the new 

barrier assembly into the coupling, keeping the 
shaft of the new contact barriers in the proper 
position to give the correct contact sequence cor
responding to the handle position. This should 
cause the side holes in the two U-shaped brackets 
to line up. Fasten the brackets together with 
the hardware supplied. 

If it is desired to disassem'Jle the switch for 
any reason, the following procedure should be 
followed: Place an identifying mark on the handle 
end of shaft corresponding to a position on the 
escutcheon such as 12 O'clock. Remove the escut
cheon. Remove the three screwa fastening the 
front plate to the front support. If there are stops 
in the front support, the position relative to the 
shaft identification mark should be noted. Remove 
the stops, spacer and star wheel if they are present. 

Unscrew the tie bolts and remove the front 
support. If any torsion springs are present, pull 
one tie bolt back far enough so that one arm of the 
torsion spring can be sprung away from the sprir~ 
actuator. Remove the spring actuator, spring , 
any spacers present. Remove the molded covL 
plate exposing the contacts of the first stage. 
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Each cam has one number and seven letters 
around the shaft opening on one side of the cam and 
eight letters on the other side of the cam. When 
removing cams, mark the letter of the cam which 
corresponds to the shaft identUication mark; thus 
cam and cam followers are removed in succession. 
This ts done to each succeeding barrier. 

When reassembling, it is only necessary to 
stack the cams back into the shaft in the same order 
as taken off, keeping the proper cam letter lined 
up with the shaft identification mark. 

Before tightening the tie bolts into the front 
support, make sure that all the barriers are properly 
nested. 

Control and Transfer Switch Type SBM GEH-203E 

The parts which fit into the front support may A 
now be assembled, placing the stops, if present, in W' · 
their proper position with respect to the shaft 
identification mark. 

RENEWAL PARTS 
It is recommended that sufficient quantities of 

renewal parts be carried in stock to enable the 
prompt replacement of any that are worn, broken 
or damaged. 

When ordering renewal parts, address the 
nearest Sales Office of the General Electric Com
pany, specify quantity required, name of part wanted, 
and give complete nameplate data. 

-

-
3.1.1-130 

7 



GENERAL ELECTRIC COMPANY 
POWER SYSTEMS MANAGEMENT BUSINESS DEPT. 

PHILADELPHIA, PA. 19142 

GENERALfj ELECTRIC 
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c1i:·~ Fuses, Current-limiting (-:~ -!· 
High-interrupting Capacity ·~ 

Current Rating: 3-4000 Amperes Interrupting Rating: 200,000 Amperes, rms Symmetrical Apr. l l. 19 
c'fKflve Aor. Iii 

WELDING FUSE (800-2000 amps, 600 volts ac) 
Similar in short-circuit protection char

acteristic, to the C!ass L fuse, the weldin& 
fuse is specifically desi&ned for weldin& 
circuit applications. 

CLASS J. FUSE ADAPTER KITS 

600/IOO 
600/1000 
600/1200 

C.telo9 
NUlllber 

Gf30WI 
Gf30W10 
Gf30W12 

A new adapter lcit permits 225-600-ampere Claa J fuses to 
mount in 600-volt Class KS fuse spacinp. Thia lcit comprises 
adapter ban which bolt directly to the fuse tanp. 

CLASS J PULLOUT BLOCK 

Pole, ' ""'••••• I C.tel•9 l'lo. 

-2-1~ 0116M071 

-3-1 1-30 0116M075 

Aatt•r•• I 
225 

250 

300 

:uo 
,oo 
.&JO 

JOO 

600 

Switcflgear Equipfflent Products-P(R:!lOC .. I latln9 
(¥0lt1/a•p1I 

I 600/1600 
600/2000 

Catai09 
N11111ber 

G'30W16 
Gf30W20 

I. 
C.tel09 n-••r for 

Cle11 J fu1• atlaptar kit for Clan IC$ 
•ounttR9 

Gfll225 011617113Gl 

GPll250 011617113Gl 

GPll300 0l 1617113G1 

GPll3J0 011617113GI 

GHIMOO 0l 1617113Gl 

GPIIM50 011617113G2 

GPll.500 0l 1617113G2 

GP11600 0116171 UG2 

<"-122,otJ9) 

* 

* 

-
..... 7, CJ- J ,ull"t Wectr 

(0116M0711 

"9. 7A 

irCh•r19ad since Mev JO, 1976 issue. 

700,701,702, 711-713, nl-723, 131-737 

,. 
(21 4 do& olf9, 

llole1 

CJau J Pvllout llocb 
DlfflH1ion1 

3.1.1-132 
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FUSE HOLDERS 

30/60 AMP· 250/600 VOLT 

100-600 AMP · 250/600 VOLT 

)J JJ 
S•Scr.. SP•S-
c--ctor ,._.,,. 

c-~ 
CLASS H FUSE CUPS 

H ~ I I bm,I 
"'; 

f' I ..... =MOmft9 j Ca•••ctor 

u ij l ' 

l.J 
' 

I 

$:Screw Sl'=S-. I 
Connector l"nN.ure I 

I ~ I CLASS R FUSE CLIPS 

~ 
l=So11 

w,-1'0lr 

~ 

. CLASS H & CLASS R 
r 

CATALOG NUMBER AND SPECIFICATIONS " 

CLASSH ·- CLASS I CLASSH& I ® (I CAT.NO. CA~-
POI.IS YOlTS AMPS ,USISIZI 

F30AIS ,,I. ~OAIS I 250 JO Yn Yff F30A2S R30A2S 2 250 30 
All.hold..-, Yes Yes F30A3S R30A3S 3 250 30 Yes Yes F30AISP R30AISP ' 250 JO occept fuses 

Yes Yes F30A2SP R30.A2SP '1 250 JO 9 16·· Diameter" 
Yes Ye1 F30A3SP R30A3SP 3 250 JO r Long 
Yes Yes F30All R30Al8 I 250 JO Yes Yes F30A28 R30A2B 2 250 JO Ye• Yn F30A38 R30A38 3 250 JO Yes Yes 

6F30AIS 6R30AIS I 600 JO Yes Yn 6F30A2S 6R30A2S 2 600 JO All holdet1 
Yes Yn occept fuses 6F3QA3S 6R30A3S 3 600 30 

l 3 16 Diameter • Yes Yes 6F30AISP 6R30AISP I 600 30 Y•s Y•s 6F30A2SP 6R30A2SP 2 600 30 
S · long 

Yes Yes 6F3QA3SP 6R30A3SP J 600 JO Yes Yes 6F30All 6R30Al8 I 600 30 Yes Yes 6F30A2B 6R30A2B 2 600 JO Yes Yes 6FlOA38 6R30AJ8 J 600 JO Yes Y•s 
SCREW CONNECTIONS ARE AVAILABLE FOR 60 AMP · 600 VOLT APPLICATIONS 

(CONSULT FACTORY) 
6F60Al8 6R60Al8 1 600 60 Accepts fuses Yes Yes 6F60A28 61f60A28 2 600 60 I. J 16 · Diameter ,r Yes Yes 6F60A38 61160A38 J 600 60 5-1 7 .. Long Yes Yn 
F60AIS 1160AIS I 250 60 Recognized No F60A2S 1160A2S 2 250 60 All holders 

llecogn,zed No occept fuses F60A3S R60A3S J 250 60 
13 16 .. D1ome1er ,r 

llecogn,zed No F60Al8 1160Al8 I 250 60 L1S1ed Yes FeOA28 R60A28 2 250 60 3·· Long 
Listed Yn F60AJB 1160A38 3 250 60 lrsted Yn 

FlOOAIB l!l00AIB I 250 100 Accept fuses Yes Yes F10()A28 1!100A2B 2 250 100 1 ·· o,ometer • Yes Yes FlOQAJB Rl00AJB J 250 100 5-7!8"1ong. Yes Ye, 
bflOOAl8 6Rl0OA 18 I 600 100 Acc~tfuaes 

Y•• y.,. 
6F100A28 l>RI00A28 2 600 100 

I - I 1 .4 .. O,ornerer x 
Yes Yes 6FlOOAJB l>Rl00AJB J 600 100 7-7/8" long Yes Yff 

F200A1B 11200A18 I 250 200 Accepts fuse 
Yes Yes F20QAJB R200AJB J 250 200 

1. 1 ,,r Dion,. x 
Yes Yes 7-1 •8 .. 

l>f,OOA 1 8 l>R200Al8 1 600 200 Acc~ts /us• 
Yes y .. 6f100AJ8 l>R200AJB J 600 200 

2-112" x 9-S/8" 
Yes Yes 

F4QOAI B R400A18 1 250 400 Accepts fuses 
Yes Yes F400AJ8 11400AJB J 250 "°° 

r Doom x 8-518" 
Yes Yes 

Acc•pts fu1•s 
bF400Al8 6R400A 18 1 600 400 2-112"Diom. x Yes y_, 
6f400A38 6R400AJ8 3 600 400 11-5/ 8" y" v .. 

F600A18 11600A 18 I 250 l>OCI Accepts fus• 
Yes v .. F6,0QAJ8 1!600AJB J 250 6,00 2-15, 1/) X lQ.J/8" 
Yn YN 

Acc9Pf1 /use 
6f6,0QAIB 6R600Al B I 600 l)O() J. JJ:J2 Diam. Yn Yea '- ~AJB 6A600A38 J 600 l>OO IJ-J/8" Yn y" ~ 

Reinforcing Members o,.. oYOtloble /or 30 and 60 Amp fuse holden on requ"t - odd '"R" bafore the above catalog number. Rein#orcing Members ore standard on I 00, 200 and 400 A.mp fuse holden. 
Rein#orcing Memben ore standard on 30 through 400 Amp Closs R fuse holden. 

~ ~aN bO\Nl1ng green, ohio 43402 te!ephone: (419) 352-8441 ~ SPECIAL PROOUCTS 
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DIMENSIONS: 30 Amp• 250 Volt. Class H 

L~ 
flt. I 

CAT.NO. 

F30A1S 
F30A25"E-
F30A3S 
F30A1SP 
F30A2SP 
F30A3SP 
F30A18 
F30A28 
F30A38 

t2_DIA. 

.1 c'BORE 
8 

t--A-
1 

' 
3 

Flt- II 

DIAGRAM DIMENSIONS 

FIG. NO. A 

I 1-7/32 
II 2-5/32 
Ill 3-1/8 
I 1-7/32 
II 2-5/32 
Ill 3-1/8 
I 1-7/32 
II 2-5/32 
Ill 3-1/8 

---A---

a: -,\ 

~Ti 
.. ,.111 

I 

3/4 
1-1/4 
2-1/2 

3/4 
1-1/4 
2-1/2 

3/4 
1-1/4 
2-1/2 

(Catalog dimen1ion1 are for reference only, not to be 
construed as inspection standards) 

MARA THON'$ "COOL cu,e" DESIGN 

OUl'IIAaO -,vUll•f OIi ..... 11 
,_LOTOa••
TO"l"'Un TMI 
lffllllOlfUIII Of .•. , ............ . 

..,.._,..,_,,MAA...-e- - -COOi.• 

-·'"'"°'°" .... ..... , .... ....... 
............... 
CIIU,111 ..... 

"-'-••····"" ... fl• IAL' 

Resistance • a most fundamental property of electricity in 
relation ta its conductor. The higher the rNistlvity of the 
conductor the higher heat level generated with the passage 
of current. In fusing applications, thi1 heat must be 
dl11ipated. The heat generated In a fuN clip can actually 
reduce the life of the fuN, clip and conductor a, well a, the 
protection p-er of the fusing device. 

No longer 11 it necNIO,Y for heat buildup to rob equipment 
of protection and extended life. Utilize our "Cool-Clip", a 
revolutionory n- fuN clip that 11 the rNult of an extensive 
anylitlcol optimization prOCN1. 

"Minimum A but maximum I" i1 the secret behind the 
"Cool-Clip". Extremely good contact betw-n the fuse and 
"Cool-Clip"' cau1e1 the fuse and clip to operate considerably 
cooler than other clips . 

Minimum outward movement of the spring at point, "C" 
mean, o minimum expenditure of energy: the fu1e is held in 
place with more lorce. The greater "B" dl1tonce reduces to 
near nothing the possibility of exerting excess pre11ure at 
,tress point "D". No more broken or 1prung fu1e clips . 

____ s.._.,.__ ... _c_hcmp_,.;...__,-_ •. ________ MARATHON SPECIAL PRODUCTS 
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HEAVY DUTY 
TERMINAL BLOCK - BARRIER TYP! 

ILICTIIICAI. IA nNG 
-600Vott9 
-Ult to 75A""9 ~oit ••minatlon UNd• 
-WlrwltaMJe 

will a11:aimmodate uc- too#10AWG wirw ilr 11::1 omnc•· 
wiftl ttle NottOIIGl Elecfricai Code 

Sere- •-. naa ,.._ lo.32lr7/16 _,.._ ..ner 
head. .....,.. 

1500 Series • ..,_,..,.....,.s.ofar..__,.,0uty ......... s....,.11.Mowoatw..·• 
..... -i..Cllflllot. Sir Une IO llne .,,aci"t 

U Slot Mount 

CATALOG NUMBER AND SPl0FfCA TIONS 
1500 1500 DJ 1500 DJSV 1500 ST 
160.0 1600 DJ 1600 DJSV 1600 ST 

~ -~· 
~ 

9~ 

~ ~ _,_....,_ 
------· ,__,.,... __ 

10132---. _. .. ,_ ......... --- ........ ------........ ~ __ ;......,... -........ -.... Na..,,__ c:., ..... .... ., )!:'" (oaf ..... .....,,__ (oaf ..... .... ., -- c:., • .... 

' 190' / ' 15CMDI " 1»-)JSY ' 
,...., 

6 · 1506 6 l-'06DJ • 1'°60.ISV 6 11061T • ,., I UGIDJ I l~JSV I 1501ST 12 1512 12 151201 12 1S12D.ISV 12 1512ST 

4 160,I ' ,..,.DJ ' 1.0.DJSV ' 1.a..sr 6 ldae • l4060J • 14060JSV 6 ldaeST I 1601 I 14Gl0J I l6Ql0JSV I 1601ST 
\. 12 1612 12 16l20J 12 16120.ISV 12 l612ST 

. 

· TERMINAL BLOCK - ENCLOSED TYPE 

,,a.' 1::IDD 

1600 s.r'fN 
. 2113T Une IO fine IJIOd"9 
lnoowd Mount 

1500 SC 
1600 SC 

~ 
................... -----._..,. _____ 

NL_,.__ C:.,. Ne. 
J 

' l!CWSC.,. ~ 

• l!OMC 
• • I~ 

12 1'12SC 

' 1.a.sc 
6 ldaeSC 
I 1601SC 
12 1612SC 

"I 

CA TA10G NUMBER 

1100Seri .. 

lllCTIICAL IATING 
-300 Volts• . 
--55Amet9• 
-Wlntun-l1"'"'6AWG~ 

1103P & 1200 ~ 

ILICTIICA&. IATING 
-l l03P' s.n ... 600 Volt -10 Ampo• 
-1200 s.n.•. 600 Volt • 70 Affleta • 

Wire llange 11031' 
11444 AWG C~ 
n-.,, AWG Aluminum 

1200 
,1a..-, c~ 
112-#-' Aluminum 

SHIU-
NO. o, 
TUM. 

2 
l 

' 6 
7 
I 
12 

'-

1100 11ml' 1200 
c.u. c:Ar. ar. 
NO. HO. NO. 

1102 1202 
110JP 

1104 1204 
1106 1206 
1107 
11011 
1112 

.~ ~CN bovvling green, ohio 43402 telei:ihone: (419) 352-8441 ~ SPECIAL PROOUCTS 
c:.--r •• _.,. ......... ..,.._ ___ __ 
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DIMENSIONS:· 1500 Series 

c..-. 
Num_, 

'"°" 1~ 
1501 
1.512 

1 
2 

DIAGRAM DIMENSIONS 

.... ., 
A u-

' 3-1/A 
6 A-1/2 
I 5-3/A 
12 1-1/A 

(Catalog di-~ ore for,.,.,._. only. not to be 
constnMd as inspection 1tandard1) 

MCJ -'tiple ciftuit 
;-,-

AVAILABLE OPTIONS 

I 

2-7/8 
A-1/1 
5-3/1 
7-7/1 

C-en-
(Nete: en all DJSV pam 
-1 ........... , 

> ~ 
<C ,. __ ........__. _ 1

116
• r-- Hing• coven.available 

.__.., .... ,~ _,....... "H" after Cat. No. ...,.. 

~ Available cut .. lengtfl c.nlUlt foc1a,y Black ar Whitw PYC, imprinting ( -

:c 
w in atripi af 72 On:uitl ii available upon requen. . " 

.....,_cha,p____ MARATHON SPECIAL PRooucrs·._j 
.__ ______________________ DIVISION OF MARATHON ELECTRIC:-'::~ 

----------------------------- IOWllNGGREEN.OHIO 4.a2 --~-·.• ;-~ 
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BULLETIN-=2~.1-
8 special products---------------------------. 

POWER BLOCKS 

*Refer to 
Bulletin 2.0 for 
Power Block 

LINE 

Ratings and Standards. 

600 VOL TS~TWO AND THREE CIRCUITS 
(ONE CIRCUIT AVAILABLE ON SPECIAL REQUEST} 

GENERAL INFORMATION 
APPLICATION ELECTRICAL RATING 
Designed for use with heating, air conditioning - 600 volts• 
and relrigerotion, elevator systems, material 
handling equipment, control panels, motor control, 
switchgeor and any areo where a reliable connector 
is needed to harness power. 

- Wire range #14 AWG - 600 MCM, aluminum 

HARDWARE 
Connector - one piece aluminum or copper 

tin plated 
Bose • general purpose phenolic 

or copper wire depending on block selected 
- Double and triple circuits are standard 
- Single circuits available on request 

STANDARDS 

U.L. Recognized File No. E62806 
C.S.A. Certified File No. 19766 

CATALOG NUMBER AND SPECIFICATIONS 

Number of Circuih 

LOAD 
SIDE 

3 

LOAD 
SIDE 

LINE 

Wire longe 

12-114.A.WG 
1/0-114AWG 

1/0-16AWG (Cu) 
210-114 AWG 

250MCM-16AWG 
250 MCM-16 AWG (Cu) 

350 MCM-16 AWG 
600 MCM-#4 AWG 
350 MCM-#4 AWG 

#2-114 AWG 
1/0-114AWG 

1/0-#6AWG (Cu) 
2/0-114 AWG 

250 MCM-#6 AWG 
250MCM-#6AWG (Cu) 

350 MCM-#6 AWG 
600 MCM-#4 AWG 
350 MCM-14 AWG 

Opening• 
Per Circuit 

1 
2 

1• 
2 

LOAD 

Wire Ro11te 

#2-l.14AWG 
1/0-#14.A.WG 

1/0-#6AWG (Cu) 
2/0-114.A.WG 

250MCM-#6AWG 
250MCM-#6AWG (Cu) 

350 MCM-#6 AWG 
600 MCM-#4 AWG 
350 MCM-#4 AWG 

#2-114AWG 
1/0-l14AWG 

1/0-#6AWG (Cu) 
2/0-#14AWG 

250 MCM-#6 AWG 
250 MCM-#6 AWG (Cu) 

350 MCM-#6 AWG 
600 MCM-#4 AWG 
350 MCM-#4 AWG 

ORDERING CODE 

::i:~ ~ ~ ..... x ___ _ 

Cotolog 
Opening• Numb., 
Per Circuit 

1422552 
1422120 
1422121 
1422572 
1432123 
1432124 

l 1432126 
1 1442557 
2 14521~ 

1-423552 
1423120 
1423121 
1423572 
1433123 
1433124 

1 1433126 
1 1443557 
2 1453129 

Non-Deacrlpt 
Numerical Sequence 

MARATHON SPECIAL PRODUCTS _______________ ,_ 
DIVISION OF MARATHON ELECTRIC -----------------------------' 
BOWLING GREEN. OHIO 43402 -------------------------------------------
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. :~>SH M 1-:rE _ _ Fixed Power Resistors 
"": ' - ,. . • · ·: •• -~ Lu; !yP1, •I-wound with lft,_oua enamel. Wlra ol Ille ffnHt allo, anel la,ves; 11;sa1ble • · •· · ' l · •a •• Yffd lor Hell raaiatanca. Un,tarm claH s11ac1n; ot tuma la ma1nla1ned .t,y lhe 

: • ·. . - vllraaua ename6 coaanq. WI,. ucuraly welded la 1arm1nal 11i;a. Toi. ::5% 1 allm anel ua, 
, • l. _ .. ,:.- · ·-· ••. .. .• . . _:10"' llel-.·Sllo;. wt. 10-50 •• ,~ oz. 1~-225 wa111-1 Ill. ·--

·; ·-,.: ._ ',·' '·--· .:,· - ;:.· '-··" - STYU 270-12:(1% WAff-Slz•l¾• X K.•J ~---~- ... . .... - . •.. :~ -.. . a.dr-Pk. ·,.;,.;. 
·; 13'12GO .l7ZI 
.;_ 13P'l201 37311 

-13'1:zm --~ 
:,; 1Jll12CM 37-c2. 
."1»121111 

:.; 13P'l21V 
_; 1:lf120a 
,. f3P'l211 
· 13'1212 
. u,12u 

-~ 13'1211 
·13'121' 
13'1221 

I~ 
131'7'21 
131712 
1W23 
1:117'l4 

. 13'7'25 --. -- . . " 13'726 
.. l:lf7'Z7 ·;· ,. -.; .. ,..,.,.. . 13'729 
•. 13'729 ~ -~-/·; 
~ 13'730 

. : __ .-· ....... ~.",,.. ....... 
13'731 
13'732 
13'723 

. 13'7:14 

. 13'735 
1~ 

- . ,.
·- i 

.. ~, 

a..i,,.._, 
13'791 
13'7611 

.. 13'761 
-13'762 . -- 13'763 
13'764 

· 13'765 
l3'7W 
13'767 
13'76' 
UP769 
l:1'771 

. U1'772 

-· 

37"4 
37St 
37.56 
37C/. 
3764 
3770 
377& 
3771 
:1712 

02DOJ 
Cl2001C 
ll200L 

IX200A 
Cl20011 
o:za)I 
a:iax: 
Cl2D00 
GIDE 
Cl200F 
a2IIOG 
0:llOH 
a:2111 
(1202 

a::m 
a.au 
a:I05 

Tn,e 
O,IOQJ -o«lOB 
O«xlC 
C)GlO 

O«lCE 
G,tOOF 
cwmo 
CMOCH 
0401 
Ool07 
o«l5 
O«J6 

........ ~"'" ,:r,_ u: u,101 
. 1311111'.Z 0601 

1:11'1112 . 0607 
1:IPIO& QdaJ 

l:11'1115 0604 
l:11'1116 OdQ$ 
1:IPIG7 0606 
l:IPIOI OllJ1 

....L Maa. 
oi,.,. ~--..S1 .... 

1.0 J. .. _1..s. 2.11 _u._. I.fl 
4T UII 
Ill ·• . I.Ill-

~---
··1.t11 
·• .74 

7T .R .., 
t 

..53 
12 .JI 

ICII . .35 
'!All .a 

I I .s.m 
7 .l.S& 

I 3 2.811 

i .s 2.:4 
Ill 1..51 

I 
I.S 1.29 
25 1.00 
.II .71 
75 ... 

100 ..!II 
• ·- 1.511 .41 

DJ .35 
.2.511 ·::a 

SIii :zz 
7.511 .II 
11111 .17 

I.ODO ·" 

f ·-i•• OhlM 
,M-. ·-·-I 11 7.rf1 

I 
• .s I J.l& 

10 U3 
I :SI 1.41 

I .5111 I.a> 
751 .IZ 

1110 I .n 
I.II I .JI 

51 .II 
. 45 
.l2 

l,CICO I .22 
I.JOO .I.I 

... i .. Mas . 
Oh- A"'••· 

.5 •.47 
'Ill 11, 

25 ·:z.m 
511 1.41 
7~ 1.1.5 

IOD I I.OD 
1.511 .12 
2.50 .'3 
SIii I .'5 

--1-L Mas. 
~ 011- AB1p1. 

---- , .. : I 

~ 110 .26 
J196 5'11 .IS 

.. .• I•.' 
: ;..,,.:. .. 

JIO'l I.Im' .II 
.llll4 1,21111 .10 
816 1.511) .(611 

' 
_.~_ v. - .. .. 

. 
3110 2.200 .rll• . ,•-· . , . 
3112 2.100 JJIU 
3111 •.100 .Q.Sl ~ ~-:,- ~ -., .. . _ ... . :: 
31126 110.000 .mz .. •· . --· . . 

.. --- - ...... 

I I I 
: i I 

I i I -1 I 
T 

I 1 . ,~- f 
131174' I CQ13 UICO I .,06,& 

-- - 1mu I ca1• 7.D I .0.57 
-·-· 13'746 CQI.S 10.000 .050 

··\.1. .. · -•. .. ,- -· - 13'70' r ca" _ ,,.000 I .CM.5 
•' 13'7.. O:Zl7 I.S,000 .1136' 

13'7•• a:z, a 2D.C100 .m, 
. I 3'750 I CQl9 2.f.000 I .028 
13m2 OZZ4 511,000 I .019 
131'7U IIZ'B 100,000 .00, 

I 

I· I I I .....;__ 

· ... mu 2~50 (50 WATT- SID 4•· X "., _____ _,;.:;__--,.,,,,___,... _ _,,.._--,---,--
Stacfr Ne. I T~ 

...... IM-. 
Oh- ~-- ;:..,i. 

I ' ! 

I I I 
I 
I 

. 

13'773 I ~7 
2.000I ·" 13'77• e UDO I .14 

13'775 3.aaa I .11 
13'776 •.CICO .II 
1'JFT77 I om 5.011111 .,a 
131'77'9 I O,ll a.0011: .m I 
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A Power Center is defined as a coordinated 
assembly consisting of 3 phase transform
ers with high voltage incoming line sections 
and an assembly of Type DS Low Voltage 
Switchgear. with the following parameters: 

Transformer Kva-112.5 thru 2500 
High Voltage-2400 V thru 13,800 V 
Low Voltage-208, 240, 480 or 600 V 

Power centers may be indoor or outdoor. 
with a selection of high voltage incoming 
sections and a choice of transformer types 
as shown under ··components," and an 
arrangement of Type DS Switchgear to su·,t 
the application. 

Power centers as defined herein come with
in the category of "Secondary Unit Sub
stations·· as defined in NEMA Standards. 

Why Power Centers 7 
Power centers follow the modern system 
concept of locating transformers as close as 
practicable to areas of load concentration at 
utilization voltages, thus minimizing the 
lengths of secondary distribution cables 
and buses. This concept provides several 
basic advantages over older methods. 
such as: 

• Reduced power losses. 
• Improved voltage regulation. 
• Improved service continuity. 
• Reduced likelihood of faults. 
• Increased flexibility. 
• Minimized installation expense. 
• Availability of non-flammable types of 

transformers eliminates necessity of 
vaults. 

• Efficient space utilization. 

Advantages of Westinghouse Power Centers 
• Single responsibility. 
• Complete coordination. both mechanical 

and electrical. 
• Extreme flexibility, with wide choice of 

components and ratings to meet exact 

Types of Systems 

A. Simple Radial 
• Simplest and least costly. 
• Easy to coordinate. 
• No idle parts. 

B. Primary Selective Radial 
Similar to simple radial, with added advan
tage of spare primary incoming cable cir
cuit. By switching to spare circuit, duration 
of outage from cable failure is limited. 

C. Secondary Selective 
Normally operates as two electrically inde
pendent unit substations, with bus tie 
breaker(T) open, and with approximately 
half of total load on each bus. In case of 
failure of either primary incoming circuit, 
only one bus is affected, and service can be 
promptly restored by opening main breaker 
(M) on dead bus and closing tie breaker(T). 
This operation can be made automatic, with 
duration of outage on either bus limited to 
a few seconds. 

Since the transformers are not continuously 
paralleled, secondary fault currents and 

D. Spot Network 
The transformers are paralleled through 
network protectors. In case of primary volt
age failure, the associated protector auto
matically opens. The other protector re
mains closed, and there is no "dead time" 
on the bus. even momentarily. When pri
mary voltage is restored, the protector auto
matically checks for synchronism and 
recloses. 

• Secondary voltage regulation is improved 
by paralleled transformers. 

• Secondary fault capability is increased 
by paralleled transformers, and the 

3.1.1-141 

application requirements. 
• Optimum safety to operators. 
• Modern design. 
• Meets all ANSI, IEEE and NEMA 

Standards. 

breaker application are similar to those on 
radial unit substations. 

Either transformer can be removed from 
service and isolated with no interruption of 
service on either bus, by first closing the tie 
breaker and then opening the associated 
main breaker. 

Service continuity and substation capacity 
can be further improved by substituting 
selector type primary switches. as ·in B. 

feeder breakers must be selected 
accordingly. 

• Primary switches are usually selector or 
duplex type, so that transformers can be 
transferred to alternate live sources. thus 
shortening duration of overloads. 



Components of Power Centers 

1. High Voltage 
Incoming Line Section 

2. Transformer Section 

-i-

Typical Indoor Power Center 
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3. Low Voltage Switchgear Section 
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Motors 

"'. f_______}. 2 40 / 1 2 0 V 
r-----rMisc. 

Motor 
Control 
Center 

f ~ Panelboard 
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Incoming Line Section 

Load Interrupter Switch, Type WLI 
(standard for Ventilated Dry and Gas Filled 
transformers; optional for liquid trans
formers) 

l 
I -

' 1 ~ 

r'' 
I , 

I I 

i i ( 

----- f: 
' p 

• 
~---•:;:.., 1. -~~~a§ 

'---'.I 

A. Air Interrupter Switch 

Primary Power Switch. Type PPS 
(for liquid transformers only) 

Features 
• Quick-make, quick-break stored energy 

spring mechanism. 
• De-ion arc interruption. 
• Switch parts molded in tough cast resin, 

with transparent blade housings. 

Configurations Available 

• Safety interlock between access door and 
switch mechanism. 

• Adequate insulated cable connections to 
transformer bushings. 

• Furnished fused or unfused; fuses either 
CLE current limiting or RBA non-current 
limiting type. 

• Proven reliability. 

>---------------- "----i I Two Position "- r---,~ t--L ___ ...J 

) ~ r----,~ t---1-----,, Duplex >--- _ _____. L---~ 

Features 
• Quick-make, quick break stored energy 

spring mechanism. 
• De-ion arc interruption. 
• Positive switch position indication by 

operating mechanism. 
• Safety interlock between access door and 

mechanism. 

Configurations Available 

• Adequate insulated cable connections to 
transformer terminals; bare or insulated 
bus connections optional. 

• Furnished fused or unfused; all CLE. CL T 
and RBA fuses available. 

• Proven reliability. 

>------~----~ LTwoPosition 
L ____ J7 t 

) : ;-----~ ~ Duplex 

> 
_L. ____ ..., 

,.._ ----- -----------' 
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Cl 
B. Cable terminal compartment only, air 

filled. 

Available with all transformer types. Ex
tends to floor and completely encloses 
cables and terminals. Arranged for either 
bottom or top cable entrance. 

>---H 

C. Miscellaneous Types of High Voltage 
Incoming Equipment 

1. Type FSP load-interrupter switchgear 
units. metal-clad switchgear construc
tion. with "rollout" air switch elements. 
fused or unfused. 15 Kv. indoor or out
door. Fuses are Type CLE current limit
ing only, voltage to suit application. 

2. Type DH-P "Porcel-Line" metal-clad 
switchgear. 5 Kv to 15 Kv. 75 to 1000 
Mva interrupting rating, indoor or 
outdoor. 

3. Liquid Filled Switch. 
4. Oil Fused Cutouts. 
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Type CLE and Cl T current limiting non
expulsion, non-refillable fuses. 

Culaway view of lype CLE-2 fuse showing pure 
silver elements 

Type RBA non-current limiting, refillable, 
expulsion type fuses. 

-

RBA-400 Non-Disconnect Mounting with 
Fuseholder and Discharge Filter. 

Type CLE and CLT power fuses are basic
ally of inorganic construction, the only or
ganic material used being the glass-resin 
outer casing and the plastic indicator. The 
fuse elements are pure silver designed to 
combine maximum load carrying ability 
with the most favorable short circuit inter
ruption characteristics, plus being "fatigue 
proof." This added feature is made possible 
by bending or spiralling the element prior to 
assembly, making the element structurally 
stronger and distributing expansion uni
formly to withstand the most severe type of 
duty cycling without failure. These fuses 
are filled with a high purity silica sand of 
controlled grain size, and sandwiched be
tween the sand filling is an additional layer 
of pulverant arc quenching material. The 
addition of this band of filler to the fuse 
changes its melting characteristics and fa
cilitates low current interruption making it 
more suitable for transformer protection. 

Fuse Refill 
The boric acid refill is probably the most 
important component of the RBA fuse. It is 
designed to interrupt currents of short cir
cuit magnitude within ½ cycle, and through 
its two de-ionizing chambers in parallel, 
have selective operation and interruption 
for both low-current and high current faults. 
This is achieved by movement of the arc 
through the boric acid cylinder by a helical 
spring and rod. Intense heat from the arc, 
as it strikes, decomposes the dry boric acid. 
On decomposition the boric acid forms 
water vapor and inert boric oxide. The elec
trical interruption is caused by the steam 
de-ionizing the arc as it is drawn through 
the cylinder by the action of the spring and 
rod. The high particle turbulence of boric 
acid causes the rate of de-ionization in the 
cylinder to exceed the ionization rate of the 
electrical arc. This action prevents the arc 
from restriking. 

Upon operation of the fuse under fault con
dition, the fuse holder is disconnected, the 
fuse refill removed, and replaced with a new 
refill. 
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r;::==E=:1==;:::;;--soldered Sand Fill Plug 
:,--,.+1----Silver Fuse Elements 

Magna Formed 
Area on Top 
and Bottom Ferrules 

__....._...._....,..,_ __ Blown Fuse Indicator 
(CLE Only) 

Croas-aecrion drawing showing component parts 
a type CLE-1 fuse unit. 

Non
Expellable 
Dry Boric 
Acid Blocks 

Expellable 
Boric 
Acid Section 

Blow-Out Disk 

Spring Attaches Here 

~Filament 
Wound 

Glass 
Epoxy Tube 

-~--Auxiliary 
Bore 

1:-00.~---Auxiliary 
Wire 

1;-.;,,~--Chamber 

1 

Inner Contact 

=""="'-,;=-,;=-=-=.:.o~=J,,_.,..,. End • 



Transformer Section 

Uquid Filled Transformers 

Advantages 
Standardized bushing height of 55 inches 

for all ratings allows subsequent uprating 

at minimum cost. 

A proven rectangular core and coil design, 

pioneered by Westinghouse in 1954, is used 

in conjunction with a computer program to 

provide rugged, dependable service and an 

optimized design. 

lnsuldur system of thermally stabilized in

sulating material-allows user 12% addi

tional Kva capacity of 55/65°C rated units 

or maximum 55°C Kva capacity at 40°C 

average ambient. 

An automated plant, designed specifically 

for the production of rectangular core form 

transformers. assures uniform quality and 

shipping expediency. 

Standard Features and Accessories 

Padlockable No Load Tap Changer 

General Design Features 
These transformers are designed for indoor 

or outdoor use-oil or Silicone immersed

with a standard temperature rise of 65"C. 

Either a flange or throat can be furnished 

on the high and low voltage side for con

nections to primary and secondary equip

ment. 

High and low voltage terminals are located 

on opposite sides of the unit for a "straight

thru" line-up. Bushing height is standard

ized at 55 inches to permit ease of coordin

ation with other equipment and later up

rating at minimum costs. 

Cooling is accomplished through flat, tubu

lar coolers welded to the tank wall. A 

welded-on tank cover /handhole provides 

sealed tank oil preservation. Standard tank 

pressure is 5 psi. 

Lifting hooks are provided for lifting the 

entire unit and lifting loops for lifting the 

tank cover. The base is designed for skid

ding in any direction. 
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Standard Finish 
The Westinghouse standard finish is a 

three-coat system applied as follows: 

A. All surfaces are shot blasted or pickled 

to a semi-white metal to form a com

pletely clean surface. 
B. A caustic wash and phosphatized coat

ing to inhibit corrosion and furnish a 

base for high mechanical strength of 

paint bonding. 
C. An epoxy-melamine primer coat cured 

in oven at 150° C. 
D. A Westinghouse top coat, composed of 

sn alkyd-melamine enamel paint system 

containing special pigments selected to 

give long outdoor service in varying 

climatic exposures and maintain at

tractive appearance, is applied and 

given a baked finish at 150 • C. 

E. An air-dry version of Item D is applied 

to touch up units prior to shipment. 

Standard outdoor tank color is ANSI No. 24. 

ANSI No. 70 can be supplied but must be 

specified. Other colors or other paints may 

be available on special request. Standard 

indoor color is ANSI No. 61 light grey. 

lf!,F 
Lifting Hooks and Loops _______ ,;.;,..• , 

Mechanical Relief Device 
is Standard on Silicone 
Filled Units-Optional on 
Oil Filled Units 

Welded Tank Cover 

High Voltage 
Cast Resin Bushing 
( Not Visible) 

i 

Stainless Steel ; ~ 
Diagramatic Nameplate --..... -.1--..-1-... - ... --

Base-----------------
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~~- Dial Type Thermometer 

Magnetic Liquid Level 
Gauge (Not Visible) 

&,,__ __ Low Voltage Sealed 

Cast Resin Bushing 

~..:..-----Lvand Hv 

1:1· Z Bar Flanges 

Ii 
ii1i 
11,( 

... ----1~'',II-Provision for Forced Air 
Cooling is Standard on 
Transformers 750 Kva 
and Above 

Upper Filter 
Press Connection 
(Not Visible) 

--------------•One Inch Drain Valve 

~;._, With 3 a Inch Sampler 

~~~ ---7'~ .. -.---------CopperFaced 
NEMA Ground Pad 

-

-

-
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Rectangular Core and Coils 

WSS Tap Changer 
The Westinghouse externally operated WSS 
tap changer provides positive sequence 
line voltage changes under de-energized 
conditions. An in-line assembly, the WSS 
features through-wpe stationary contact 
studs rigidly supported by a molded plastic 
channel. Moving contacts are spring loaded, 
silver plated copper which move along the 
stationary line by means of a rack and 
pinion. 

This design has no rivets, bolts or nuts, 
thus assuring the proper contact of current 
carrying parts when taps are changed. The 
WSS benefits the user through a reduction 
of repair or replacement costs by eliminat
ing faulty tap changer operation-the cause 
of failure in 20% of all power transformers. 

Rectangular Aluminum Wound Coils 

The Westinghouse rectangular wound coil 
features aluminum conductor in both high 
and low voltage windings. The low voltage 
winding is accomplished on a constant ten
sion machine and consists of full width 
sheet aluminum extending the full height of 
the coil. High voltage strap aluminum is 
wound directly over the low voltage winding 
on a constant tension traversing machine. 
layer to layer and high to low insulation is 
diamond epoxy paper which when heat 
treated bonds the complete coil into a solid 
configuration. 

The advantage of low voltage sheet alumi
num is a continuous cross section of con
ductor that allows the electrical centers of 
high and low voltage windings to easily 
align themselves, virtually eliminating the 
vertical component of short circuit force. 

WSS Tap Changer 

-· 

Rectangular Core and Coils 
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The benefit is a coil so uniform and com
pact, the chance of windings overlapping 
during short circuit is minimized, reducing 
failure rate, repair and/or replacement cost. 

Step-Lap Core 

The Westinghouse exclusive stacked core 
provides a superior flux path by utilizing the 
patented step-lap joining of core legs to top 
and bottom yokes. Hand stacked Hypersil 
steel punchings with interlocking lamina
tions can be more uniformly and rigidly 
braced to prevent shifting during service. 

The user can benefit through reduced sound 
levels, lowered iron and total losses, and 
decreased exciting current to lower total 
operating cost. 

On wye-wye units a fourth leg is added to 
provide a path for circulating third har
monic flux during unbalance condition. 

Welded Frame 
The Westinghouse exclusive welded frame 
provides a superior six piece supporting 
structure for the core and coils. End plates 
are thick steel slabs that are assembled in a 
mechanical and pressure jig around the core 
and coils, then welded to top and bottom 
plates to form a rigid structure that will not 
loosen during assembly, shipment, or in 
service. To determine the thickness of 
members used (even the thickness of 
welds), a short circuit calculation is made 
for each unit to determine the forces of 
short circuit. 

The result is an assembly that restrains 
more effectively vertical and horizontal 
components of force, decreasing the prob
ability of failure during severe short 
circuits. 

This benefits the user by a reduction in re
pair or replacement costs and a reduction in 

-

Super lnsuldur Insulation 

downtime that means loss of service or lost 
production. 

Super lnsuldur Insulation 
The Westinghouse Super lnsuldur Insula
tion effectively upgrades cellulose insulat
ing materials thermally for increased load 
and overload capability. The chemical sta
bilizers in the lnsuldur process retard_ insu
lation breakdown under severe temperature 

Welded Frame 
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conditions. Dimensional changes in the in
sulating materials are minimized, insuring 
a tighter structure. The result is greater 
strength and coil integrity throughout the 
life of the transformer. 

The user benefit is a coil that better with
stands short circuit and allows an operation 
at 10°C higher temperature on a 55°C rated 
unit with a 12% increase in Kva capacity. 

-

-

-
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Optional Accessories 

Forced Air Cooling-Provisions for fan 
cooling are included on transformers 750 
Kva and larger. Complete fan cooling equip
ment is available and when in operation 

750 Kva QA . . . . . . . . 862 Kva FA 
1000 Kva QA . . . . .. 1150 Kva FA 
1500 Kva QA .... 1725 Kva FA 
2000 Kva QA ........ 2300 Kva FA 

will give the following OA/FA ratings: 2500 Kva OA ........ 3125 Kva FA 

Sudden Pressure Relay-A Westinghouse 
sudden pressure relay for protection 
against excessive damage due to internal 
faults may be specified. It operates when 
a significant rate of rise of internal gas 
pressure is exceeded. 

3. 1, 1:149 

Dial Hot Spot-Dial hot spot winding 
temperature equipment including a 
current transformer may be specified. 

Alarm Contacts-SPOT Alarm contacts 
may be added to the thermometer, liquid 
level gauge and pressure relief device. 

Further Information 
Prices: Price List 47-150 

Dimensions: Technical Certification Section 
47-159. 

Fault Protection and Indication-Reprint 
200 

Rectangular Coil Core Form Transformers: 
SA-10099 

Bulletin IC/FF-38R Monsanto Askarel 
Guide 

Westinghouse lnsuldur: SA-9025B 

Why Westinghouse Rectangular Coil Core 
Form Transformers Withstand Short Cir
cuits: M-7205 

The South Boston Value Story: MA-375. 
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Dry Type Transformers 

Application 
Ventilated and gas filled sealed dry type 
transformers are ideally suited for indoor 
and outdoor applications. Ventilated units 
may be installed in practically any indoor 
location not subject to submersion or to a 
high concentration of destructive fumes. or 
outdoor with a weather-proof case. Gas 
filled sealed dry type units offer the ultimate 
in safety and low maintenance with high 
impulse levels. They can be installed indoor 
or outdoor or completely submersed. 

Benefits 

Reliability and Long Life 
• Windings are protected by Nomex'' insu

lation having very high temperature and 
dielectric characteristics. 

• A 220° C fully coordinated insulation 
system is used. 

• Each prototype unit is subjected to a 
complete set of short circuit calculations 
which have been verified by full size 
testing. 

• Coil types are coordinated with voltage 
application. i.e., Barrel l'fpe/cylindrical 
coils on 1.2 and 5 Kv class; Disc coils on 
8.6 and 15 Kv class. 

• The ventilation system is engineered to 
assure proper operating temperature in 
the coils. 

• On FA units air is positively directed 
under pressure through the coil ducts at 
high speed to assure thermal operation 
under the 220° C allowable limit. 

Low Environmental Cost
Safety and Versatility 
• Ven ti lated dry type transformers are sup

plied with lightning arresters when speci. 
fied allowing confident application to 
any exposed line regardless of line BIL. 

• Air insulated and cooled by natural con
vection, these transformers release no 
toxic gases and are fire and explosion 
resistant. Elimination of these principal 
liquid-filled transformer potential hazards 
makes them especially desirable for in
stallation in schools. hospitals. hotels, 
theatres. factories. etc .. where large 
groups of people are present. 

• Where space limitations are a considera
tion ventilated dry type, transformers 
offer lower weight and absence of liquid 
allowing their mounting in such places as 
balconies to save floor space and yet pro
vide safe operation. 

• Gas filled sealed dry type transformers 

are the safest transformers available with 
a completely hermetically sealed heavy 
gauge steel tank-they can be installed 
anywhere. 

Value 

Proven Methods and Materials 
• Westinghouse testing standards are the 

highest in the industry. New designs are 
given complete load, short circuit, and 
insulation tests to prove methods and 
materials used in manufacture. Verified 
production line models receive standard 
quality control inspections and tests by 

-~. 

Gas Filled Sealed Orv Type 

Insulation Class 
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our most experienced personnel. Certi
fied reports on routine tests can be ob
tained on all units, and special tests or 
reports can be obtained by special orders, 

Further Information 
Prices: 

PL 47-330 
Description: 

0647-351 
Ordering Information and Dimensions: 

OS 47-370 

Dry type transformers are insulated with 220' C system materials w;th temperature ratings 
as follows: 

Maximum Ambient 

40'C 
40 C 
40'C 

Avf:!ra~~H! Rise 

150"C 
115' C 

80 C 

3.1.1-150 

Hottest Soot Windmq Temperature R1sP 

180"C 
145 C 
110 C 

-

-
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Maintenance 
Dry type transformers are practically main
tenance free, except for periodic inspection 
of the connections. On ventilated dry type 
transformers any accumulation of dust or 
dirt should be removed by brushing or 
blowing dry air on the unit. See IL 47-067-1. 
Gas filled sealed dry type transformers only 
require periodic checks of pressure and 
temperature. They require less maintenance 
than liquid filled or open ventilated dry type 
transformers. 

Design Features 

1. Case-Ventilated Dry Type 
The case has removable panels for access 
to the taps and core and coil inspection and 
the complete case structure can be removed 
and knocked down to reduce size and 
weight for rigging into tight locations. The 
case is constructed of 13 gauge steel and 
painted ANSI .:;61 light gray. 

Standard case accessories are: jack pads, 
ground pad. diagrammatic nameplate, pro
visions for rolling, and protected ventila
tion grille. 

Gas Filled Sealed Dry Type 
Sealed Tank 
The transformer will be of sealed tank con
struction to prevent breathing. Tank will be 
hermetically sealed and will be tested at 15 
psi pressure. It will be provided with 
welded-on 1/4" thick Yukon coolers. 

Shot Blast 
The case and coolers will be cleaned by 
shot blast and phosphatized before the 
paint is applied. 

Finish 
Paint finish will be manufacturer's stand
ard, applied over a properly prepared sur
face. The color will be light gray ANSI No. 
61 (indoor) or dark gray ANSI No. 24 
(outdoor). 

The transformer will be insulated and 
cooled with C 1 F 6 fluorocarbon gas. 

8 ushings 
The transformer tank will be fitted with 
rolled flange, inert arc welded bushings for 
the high voltage and low voltage connec
tions to insure that the tank is hermetically 
sea led. 

2. Core and Coil Assembly 

Core and coil assemblies are rigidly braced 
to withstand mechanical forces under line 
fault conditions and to resist vibration and 
shock forces during shipment. 

Coils are concentrically assembled on the 
core legs and rigidly positioned laterally by 
spacers between the inner-most insulating 
cylinder and the core. Horizontal and verti
cal stresses set up during faults do not ex
ceed the inherent strength of the conduc
tors and support system. 

3. Core 

Ventilated Dry Type and Gas Filled Sealed 
Dry Type 
Material used to form the core is non-aging. 
cold rolled. high permeability silicon steel. 
Bulk material is cut to width and sheared to 
length by especially hardened and ground 
cutters to prevent edge damage and burrs 
that would short between laminations and 
reduce core efficiency. 

Core laminations are firmly clamped by 
structural steel members for greater 
strength and lower noise levels. The insu
lation on the core clamps prevent a metallic 
short across the stacked laminations. Core 
clamps and all structural parts are grounded 
to prevent an induced voltage buildup. 

-·--· 

Core and Coils in Case with 
Access Panels Removed. 

3.1.1-151 

The resulting compact, rigidly clamped 
structure formed by the core and coil as
sembly provide a low loss. low sound level 
design with the strength to withstand re
peated short circuit forces. 

4. Coils 

Ventilated Dry Type and Gas Filled Sealed 
Dry Type 

Conductor Material 
Aluminum is the standard conductor mate
rial. Where design considerations require, 
copper may be substituted. 

Insulation 
The insulating structure of the coil is de
signed for operation at 220 degrees Centi
grade hot spot temperature ( 150' C average 
rise). High voltage conductor insulation and 
layer insulation is DuPont Nomex®. This 
tough. long life high temperature (Class H) 
Nomex" material is especially resistant to 
humidity and repeated thermal cycling. 

The low voltage coils are usually of cylin
drical or strip construction and high voltage 
coils are usually of the continuous pancake 
or random wound disc type construction. 
large air ducts provide insulation between 
windings and form vertical cylinders for 
natural ventilation. The free area in the pan
cake coils between porcelain spacers 
further facilitates the flow of cooling air. 

I 
I. 
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5. Taps 

Ventilated Dry Type 
The taps can be reached from the front or 
back by removing a panel which also pro
tects tampering with the taps. 
The taps are rigidly supported by brazing 
them on the central section of the HV coils. 
Taps are changed by moving the flexible 
bolted links from one connecting point to 
the other. To simplify these changes. the 
connections are clearly identified. 

Gas Filled Sealed Dry Type 
De-energized Tap Changer 
A tap changer will be supplied to permit 
changing connections in the high voltage 
windings from outside the transformer case. 
The tap changer is designed for operation 
only when the transformer is de-energized. 
Provision will be made for padlocking in 
any position. A packing gland seals the op
erating shaft at the tank wall. The external 
housing prevents gas loss due to perme-

Taps 

ability through the gland packing material. 
The housing cover may be either gasketed 
or soldered. 

6. Arresters 

Ventilated dry type power centers are sup
plied with RM arresters when specified to 
provide maximum surge protection for the 
transformer and associated secondary 
equipment. 

Located in the transformer section, the RM 
arresters protect against a possible double 
surge voltage at the transformer terminals 
even though arresters may be used on the 
incoming line. The possibility of exceeding 
BIL level due to reflected voltages is de
pendent on length and character of cable 
and steepness of surge. 

This protection has added importance when 
LV apparatus or equipment in use has a 
lower BIL level than the LV transformer 

3.1.1-152 
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winding. Due to electrostatic coupling, a 
surge transmitted through a transformer 
could be as much as 1 ½ to 2 times as 
great as would be anticipated on the basis 
of turns ratio alone and could damage this 
LV equipment. Therefore. RM arrester at HV 
terminals are desirable. 

In applying arresters. it should be remem
bered to use an arrester with a sparkover 
to operate below the BIL of the apparatus 
and to install ·the arresters at the apparatus 
to be protected. 

7. lsomode Pad (Vibration Dampeners) On 
Ventilated Dry Type Units 
After removal of the shipping braces. the 
core and coil assembly rests on rubber 
lsomode pads to isolate normal core vibra
tions from the case. foundation or any con
duit or bus duct connected to the case. 

Coil Impregnation 
High temperature moisture and chemical 
resistant varnish maintains superior bond 
strength. high dielectric strength and good 
power factor at elevated temperatures asso
ciated with 220°C insulation systems. The 
thermal aging characteristics, thermal sta
bility and physical resistance to common 
solvents exceeds that of commonly used 
varnishes. The resistance to alkalis. acids. 
and moisture is excellent. High and low 
voltage coils are impregnated with this 
varnish and baked before assembly. 

Bushings on Gas Filled Sealed Dry Type 
Transformers 
Gas filled transformers are equipped with 
rolled flange. inert arc welded bushings. 
type RFW. for the HV and LV outlets. These 
bushings insure a hermetically sealed tank 
while allowing flexibility for conductor ex
pansion and contraction. 

Stud-Inert-Arc 
Weld 

External 
Adapter 

Rolled Flange Bushing 

Internal 
Adapter 

L 

Cushion 
Gasket 

-

-
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Accessories-Ventilated Dry Type 

Outdoor Cases 

Standard Outdoor Case 

Tamper-Resistant Outdoor Case 

Outdoor Cases 
Ventilated dry type units are available with 
outdoor and outdoor tamper-resistant con
struction. 

Special ventilating grills allow required 
cooling air to flow in and out of the case 
but block the passage of rain, fine spray or 
wind-driven snow 

An extra dip and bake of varnish and appro
priately located space heater protect against 
damage to the core and coils from conden
sation during thermal cycling. 

Cooling on Ventilated Dry Type Units 

r-·-

Forced air cooling is-available on all units 
300 Kva and above, With air blast equip
ment in operation the units have forced 
cooled ratings of 133 percent of the self
cooled rating. Single phase 230 volt fan 
motors are turned on or off by a Type TRC 
winding temperature relay. 

Hot Spot Relay 

Included on all AA/FA units and available 
as an optional accessory on AA units, the 
Hot Spot Relay indicates winding hot spot 
temperature. 

The Hot Spot Temperature is an indication 
of the load being carried by the trans
former. Alarm contacts are furnished to sig
nal overload conditions. On fan cooled 
units, a separate set of contacts turn the 
fans on when the AA rating is exceeded. 

3. 1.1-153 

type AA/FA units and available as an op
tional accessory on ventilated dry type AA 
self-cooled units. 

Description 
The type TRC Opt-i-Therm is a thermo
couple actuated, optically isolated tempera
ture indicator and control. The instrument 
indicates hottest spot temperature in de
grees centigrade and provides contacts for 
starting and stopping cooling fans, operat
ing alarm signals and lights and actuating 
breaker trip coils or initiating other shut 
down or load reduction procedures. 

The actuating thermocouple is wound into 
the transformer low voltage coil at the point 
of highest temperature. The instrument. 
therefore, indicates the actual hottest spot 
temperature of the transformer rather than 
a simulated hot spot temperature from con
ventional instruments. 

The ability of this type TRC relay to more 
accurately measure hot spot temperatures 
offers three benefits: 1. The ability to safely 
and reliably carry heavier overloads. 2. The 
ability to size a transformer more nearly to 
the actual load which means lower first 
cost. 3. More accurate fan control has the 
benefit of longer transformer life and fewer 
failures. 

Gas Filled Sealed Dry Type Transformers 

Temperature Indicator Hot Gas, Two Switch, 
Dial Type, Submersible. Direct Mounted 

Front and Side View 
of Indicator 
with Alarm Contacts 

A dial-type thermometer with alarm con
tacts with maximum resettable indicating 
hand will be provided. It will indicate the 
temperature of the gas above the core and 
coils. 
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Type OS Low Voltage 
Switchgear Section 

Modern design Type OS Low Voltage Metal 
Enclosed Switchgear and Circuit Breakers 
provide 

• Integral solid-state type breaker tripping 
systems 

• "Metal-clad" safety features 
• Two-step stored-energy breaker closing 
• Glass polyester insulation 

3.1.1-154 
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and many other features for coordinated, 
safe, convenient, trouble-free and economi
cal control and protection of low-voltage 
distribution systems. 

-

-
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Ratings 
600 volts ac 
50 to 4000 Amperes continuous 
22.000 to 200,000 amperes interrupting 
capacity 

Features 
Two-Tone Standard Indoor Finish-Pearl 
gray (ANSI No. 61) with contrasting char
coal gray on breaker compartment doors. 

Four Position Drawout-Breakers can be in 
connected. test. disconnected or remove 
position with compartment doors closed. 

Standard Welded Aluminum Main Buses
Reduce maintenance. Purchaser's connec
tions are silver plated copper. (All-copper 
buses optional I. 

Wiring Protection-Provided by slotted 
plastic wiring channels with removable 
covers. and enclosed steel troughs for inter
unit cross wiring. 

Isolated Incoming Connections-Reduce 
possibility of fault transmission between 
incoming source and main bus. 

Protection During Levering Operation
When levering the breaker between the 
connected, test and disconnected positions, 
the operator is fully protected by a steel 
barrier (faceplate) from contact with live 
parts and from arcs and hot gases. 

Two-Step Stored Energy Closing Mecha
nism-Spring charging ( 1) and spring re
lease to close breaker ( 2) are independent 
operations. and always give positive control 
of the instant of closing. 

Motor Operated Stored-Energy Closing 
Mechanisms are supplied on electrically 
operated breakers. Standard control volt
ages are 48, 125 and 250 de, and 120 and 
240 ac. 

Remote Closing and Tripping can be ac
complished with manually operated break
ers, by charging the closing mechanism 
manually, and closing and tripping it re
motely through electric spring release and 
shunt trip coils; available as optional attach
ments. 

Closing Spring Automatic Discharge
Mechanical interlocking automatically dis
charges the closing springs when the break
er is removed from its compartment. 

Breaker Inspection-When withdrawn on 
the rails, breaker is completely accessible 
for visual inspection; tilting is not neces
sary. The rails are permanent parts of every 
breaker compartment. 

Current Transformers for metering and in
strumentation are mounted in the breaker 
compartments, and are front accessible. 
Accuracies meet ANSI Standard C37.20, 
Section 20-4.6.3 for Low Voltage Metal 
Enclosed Switchgear. 

Integral Solid-State Type Breaker Over
current Trip Systems-provide maximum 
reliability and excellent repeatability, and 
require minimum maintenance. No external 
control source is required. Continuous 
stepless current pickup and time delay ad
justments are made with sealed potentiom
eters, with no fixed taps or bands and no 
contact corrosion. Two types available: 
Standard Amptector II -A and Optional 
Amptector l -A. 

Ground Fault Tripping is available optional
ly as an integral part of Amptector I-A. 

Change in Trip Rating-The overcurrent 
trip pickup range is established by the rating 
of the current sensors on the breaker. A 
continuous long delay pickup adjustment 
50% to 125% of sensor rating is provided. 
The sensors can be readily changed to pro
vide a different pickup range. 

Solid-State Trip 
Provides continuous wide
range adjustability. Step
type adjustment is elimi
nated. Energy and signal 
provided by current sensors; 
no potential connections. 
Long delay, short delay, in
stantaneous and ground
fault protection in various 
combinations. 

3.1.1-155 

Glass Polyester Insulation-Westinghouse
produced glass polyester, with excellent 
mechanical, dielectric and thermal proper
ties, is used for the insulation system. 

Double Steel Safety Barrier in front of each 
breaker during normal operation provides 
maximum safety. 

lnterphase Barriers-on breakers provide 
maximum insulation security. The barriers 
are easily removable for breaker inspection. 

Provision for Padlocking-All breakers in
clude provision for padlocking open to pre
vent electrical or manual closing. This pad
locking also secures the breaker in the 
connected, test or disconnected position by 
preventing levering. 

Ease of Inspection and Maintenance-Type 
DS switchgear and breakers are designed 
for maximum accessibility and the utmost 
facility of inspection and maintenance. 

Conformity to Standards-Type DS switch
gear and breakers conform to the following 
standards: NEMA SG3 & SGS; ANSI C37.13, 
C37.16, C37.17 & C37.20 (IEEE No. 27). 
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Metal-Clad Safety Features 

Outer door with quick-opening latches 
closes compartment completely with 
breaker in or cut. All controls are pro
tected from unauthorized or accidental 
operation. Full-sized metal shield on 
breaker face protects operator from live 
parts, arcs and hot gases while operat
ing, racking or checking Amptector set-

Glass Polyester Insulation 
Offers far better mechanical, thermal 
and electrical properties than phe
nolics. It has the mechanical strength 
to resist shortcircuit forces: is highly 
resistant to heat, flame and moisture; 
and has been designed with generous 
creepage distances. Often used on 
5 Kv and 15 Kv metal-clad switch
gear-Westinghouse gives these ma
terials to you on all insulating parts 
in Type DS 600 volt switchgear. 

tings. Double interlocked device pre
vents racking until contacts are open; 
contacts can't be closed until racking is 
complete. Separate cable entrance and 
bus compartments can be provided; 
removable barriers give access to bus 
compartment for inspection or cleaning. 

' I 
n .... 
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Two-step Stored-energy Closing 

Gives operator positive control of 
closing after spring mechanism is 
charged. Breaker can't close while 
you're still charging. Operation is op
tional-full manual. full electric, or 
manual charge and remote electric 
release. 

On manual breakers. the spring mech
anism is manually charged by one 
downward stroke of the lever without 
pumping, and released by the me
chanical "push-to-close" release but
ton. On electrically operated break
ers. the mechanism is normally 
charged and released electrically, but 
can be charged manually by pumping 
an accessory lever 10 to 1 2 times 
and released mechanically. 

An interlock discharges the closing 
springs as the breaker is removed 
from the compartment. The system is 
patterned after 5 Kv and 15 Kv metal
clad switchgear. 

-

.____ ___ ___._ 
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OS Breaker Levering Operation 
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CSL Breakers and Combinations 

Type DSL Breakers are coordinated 
combinations of Type OS breakers 
and series connected current limiting 
fuses. They are intended for applica
tions requiring the overload protec
tion and switching functions of air 
circuit breakers on systems whose 
available fault currents exceed the in
terrupting rating of the breakers 
alone, and/or the withstand and in
terrupting ratings of "downstream" 
circuit components. 
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Arc Chute 
There are three basic means of extinguish
ing an arc: lengthening the arc path; cooling 
by gas blast or contraction; deionizing or 
physically removing the conduction parti
cles from the arc path. It was the discovery 
by Westinghouse of this last method which 
made the first large power air circuit 
breaker possible. 
The De-ion® principle is incorporated in all 
of these circuit breakers. This makes pos
sible faster arc extinction for given contact 
travel; assures positive interruption and 
minimum contact burning. 

Levering Mechanism 
The worm gear levering mechanism is self
contained on the breaker drawout element 

and engages slots in the breaker compart
ment. A removable crank is used to lever 
the breaker between the Connected-Test
Disconnected positions. 
Mechanical interlocking is arranged so that 
levering cannot be accomplished unless the 
breaker is in the tripped position. 

Stored Energy Mechanism 
A cam-type closing mechanism closes the 
breaker. It receives its energy from a spring 
which can be charged by a manual handle 
on the front of the breaker or by a universal 
electric motor. 
Release of the stored energy is accom
plished by manually depressing a bar on 
the front of the breaker or electrically en
ergizing a releasing solenoid. 
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Contacts 
All air circuit breakers have solid block, 
silver tungsten, inlaid main contacts. This 
construction insures lasting current-carrying 
ability, which is not seriously impaired 
even after repeated fault interruptions or re
peated momentary overload. 
It is not necessary to provide a substantial 
margin of safety above the actual circuit 
load current to prevent contact deterior
ation. 
The main contacts are of the butt type and 
are composed of a multiplicity of fingers to 
give many points of contact without align
ment being critical. 

All Type OS breakers are available as either 
manually or electrically operated. 

Arcing Contact 
Spring 

Stationary Arcing 
Contacts 

lnterphase 
Barriers 

Secondary 
Disconnecting 
Contacts 

Fingers 

OS Breaker Pole Unit 

Moving 
Arcing 
Contact 

Insulating Link 
Lock Nut 

i. 

OS Breaker Rear View 

Sensors 

y 
/ 

Levering 
Device Arm 
(Connected 
Position) 

Main 
Disconnecting 
Contacts 

-

-
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The Westinghouse Amptector II-A is a solid-state device that pro
vides adjustable overcurrent tripping for Westinghouse Type OS 
low-voltage a-c power circuit breakers. Only one Amptector II-A is 
required per breaker. and it receives all its energy from a set of 
sensors-one mount1..d on each pole of the breaker. It develops an 
output tor an associated trip actuator when preselected conditions 
of current magnitude and duration are exceeded. 

The device can be supplied in three models or combinations of 
three independent continuously adjustable overcurrent tripping 
functions: long delay, short delay and instantaneous. 
These models are: 

DU (Dual )--long uelay and instantaneous 
SE (Selective)-Long delay and short delay 
TR (Triple)-Long delay, short delay and instantaneous 

Model DU is the basic standard, and will be supplied when not 
otherwise indicated or required 

Amptector 1-A and II-A 

Each Amp!ector includes terminal receptacles to permit easy 
fic;ld checking of operation and calibration with an external 
power supply. A specially designed portable test device with a 
plug to match the Amptector receptacle is available to provide 
the utmost in simplicity for checking Amptector operation. 

Available Sensor Ratings 
Breaker Frame Size. Amperes Sensor Ra1,nqs, Amperes 

OS 206. OSL-206 or 800 50. 100. 150. 
OS 2065 200. 300. 400. 

600,800 

DS-416. DSL-416 or 1600 100. 1 so. 200. 
DS-416S 300. 400. 600. 

800, 1200. 1 600 
f)<; 470 2000 2000 

o•; fU7 3200 2400, 3200 

D', 840 4000 4000 

Amptector II -A Characteristics 

!000 
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t---+-+-+-+-+-+i-++---+--_...,1-,,_. +.+,iql,tH--+-i-++ +/.,'· ~1,i-Short Delay Time Short Delay Pickup Calibrated at 0.5. 
>-->- Calibrated 4.6, -t-ttt--l-+++-H'l--0.33 and 0.18 

8 and 10 Times Seconds (At 2.5 
Se~sor. ~ati,ng Times Short 

Delay Pickup) 

~ 

✓- I 
V//.J'f./ I 

V 

~ W//'.V/'. I 
t' 

~ ~ 
·--, 

~v~ I 

I 

I 

I 
07 _ I 

05 - Instantaneous Pickup I// 

O• I- Calibrated at 4,6.8, 10 ., / / / I i I . '/,//,/·, 

I. and 12 Times Sensor Rating ./ / / OJ 
I I I 

\ \ I, ', 'r ,\1, ' //n '///// 1 \ I '1 i 02 f---+-+-+-H+f++--+-H'Hq+q,fi.''-,,L-""7~'A--t-+-i-4+1 
I Ii 111 ~ %½/ 111

1
:: 

1 I i I i ~ v~ /,, , 1 , : 1 : : 01 c_ _ _J___.L__L.Ll...LLU __ ...L_L-1'.l..<:J..<La....<CLLL..'-""'K..LJ.---'-L.LL,L,-J 
J ii 5 7 3 4 5 7 10 20 30 40 50 70 100 

Current in Mulf1ple• of Sensor Plating 

The narrow-band characteristic curves graphically illustrate the 
close coordination obtainable in breaker systems with Amptector 
tripping devices. Repeatability within 2%. 

The particular breaker current rating for any breaker frame srze rs 
determined by the rating of the sensor used. 

The breaker current rating for any frame size can be changed by 
simply changing the sensors, which are easily removed fro111 the 
breaker drawout element. The wide range of long-delay prckup 
makes one set of sensors suitable for a number of current ratings. 
The Amptector itself need not lie changed when the assocraied 
sensors are changed 
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Optional Amptector I -A Solid-State Trip Amptector 1-A Characteristics 
1000 

Offers all of the features of 
Standard Amptector II-A. plus: 

• Integral ground fault protection 
(optional). with adjustable 
pickup and delay. 

• Resettable operation indicators 
for Ground. Overload and 
Short circuit. 

Amptector I -A 

Ground Pick-Up Value-Amperes 

Dial 
Setting 50 100 150 

A 13 57 60 
B 18 67 75 
C 22 75 85 
D 33 100 120 

All pick up values may vary :t 10% 

Amptector I-A can be supplied in 
various combinations of four inde
pendent continuously adjustable 
overcurrent tripping functions: 

700 

500 
.00 

300 

200 

100 

70 

50 
&() 

30 

20 

10 

... 
,-' -

1, 

,- Long Delay Pickup . Calibrated at 0.5.0. 7 ,0.9 . ... 1.0 and 1.25 Times Sensor Rating , 
I I II 111 I I I I 

' 
... • I Maximum Calibrated . '\. I 

\.' Band Curve 

\ Ground I~ '\ II I I I I 
Pickup Minimum Calibrated 
(See Table Band Curve 
Below) ... .,. 

...... I 
I I I I , I\." I I 

\ ~, 
\\ i, I IT! 

,...~Ground Long Delay Time 

\. Calibrated 

Phase '\ !At 6 Times 
Sensor Rating) 
At 4, 12, 20, 28, 
and 36 Seconds 

I 

Short Delay Pickup 
, I 1•1 I I I 

Calibrated 4.6. 
, I I I I I I 11 

8 and 10 Times Short Delay Time 
Sensor Rating - Calibrated at 0.5, 
I I I II II I 0.33 and 0.18 

Ground Time 
Seconds (At 2.5 

Calibrated at 0.5,0.35 Times Short 

and 0. 22 Seconds Delay Pickup) 

- -
~ ""-
'°! .. 

.... I'll ' -- I 

II. I 
........ I 

Long delay (L) 
Short delay (S) 
Instantaneous (I) 
Ground (G) 

07 

05 
04 

03 

Instantaneous Pickup 

The following combinations 
are available: 

LI 
LS 
LSI 

LIG 
LSG 
LSIG 

02 

Model LI is the basic standard and will be 
supplied when not otherwise indicated. 

Sensor Rating 

Calibrated al 4,6.8.10 
and 12 Times Sensor Rating 

I 

3 • 5 7 1 l 4 5 7 10 

Cunen1 1n Multiples of Senior Aatmu 

200 300 400 600 800 1200 1600 2000 2400 3200 

65 80 110 145 180 260 330 400 530 640 
85 110 150 205 260 385 505 600 770 1000 

100 130 185 250 325 480 625 760 960 1200 
145 200 270 385 500 730 970 1200 N.A. N.A. 

20 30 •o so 10 , oo 

Secondary 
4000 Current 'T 

800 1.0 
1200 1.5 
N.A. 1.9 
N.A. 3.0 

Ql Current of 1h1s value from the secondary of an external ground transformer will cause the ground element 10 function. Ground element pick-up can also be 
tested using this value. All sensors must be disconnected during test. · 

3 •. 1 .. ,l-160 
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Optional Breaker Attachments and 
Accessories 
(a) Shunt trip on manually operated break

ers. for any standard control voltage. An 
auxiliary switch is also required. 

(bl Auxiliary contacts on manually operated 
breakers, usually consisting of one 4 
contact auxiliary switch. Maximum of 
three 4 contact auxiliary switches avail
able on any breaker, manually or elec
trically operated. The contact rating is 
1 O amperes. (Two 4 contact switches 
are standard on each electrically oper
ated breaker. J 

(c) Compartment position switch ("TOC"). 
6 or 12 contact. actuated by movement 
of drawout breaker between the con
nected and test positions. Most com
mon uses are for disconnecting remote 
control circuits of electrically operated 
breaker, and for bypassing "b" inter
locking auxiliarN contacts, when breaker 
is withdrawn to test position. 

(di Undervoltage trip (ac and de available). 
Acts to trip the breaker when the 
Voltage on its solenoid coil is insuffi
cient to restrain a spring-loaded core. 
The dropout point is within 30 to 60 
percent of the nominal coil voltage and 
is not adjustable. Available as either 
instantaneous or time delay type. The 
time delay is within 2 to 7 seconds afte.
zero voltage occurs, and is not adjust
able. The device automatically resets 
when the breaker opens; approximately 
one minute is required for resetting of 
the time delay type. 

( e) Overcurrent trip switch ( OTS). A latch
ing type switch with two independent 
contacts either normally open or nor
mally closed. Operates only when the 
breaker is tripped automatically on an 
overload or fault condition (including 
Amptector 1-A integral ground fault trip
ping). It may be used for alarm and/or 
interlocking circuits. Resetting is done 
by a pushbutton on the breaker face 
plate. or by a remote switch through an 
optional reset coil. 

(fl High load switch (HLS-available with 
Amptector I-A only). A self resetting re
lay which picks up on an overload condi
tion at a lower value than the long delay 

pickup setting of the tripping device, 
thus, giving advance warning of an 
overload condition. The device is com
pletely independent of the overcurrent 
tripping system, does not trip the break
er, and does not replace any protection 
in any phase. Adjustment is from 60 
to 100 percent of the long delay pickup 
setting. The time delay is fixed and is 
approximately one minute. One normal
ly open contact is provided. 

(g) Electric Lockout (Manual Breakers). 
In order to close the breaker after 
manually charging the closing mecha
nism, it is necessary to operate an elec
trical pushbutton on the breaker face
plate. This pushbutton is in series with 
any required external interlocking. The 
mechanical "push-to-close" bar is 
made inoperative when the breaker is 
in the connected position. An electric 
spring release attachment (operated by 
the electricar pushbutton), a charged
spring limit switch, and an auxiliary 
switch are required. 

(hJ Electric close release on manually op
erated breakers. for any standard con
trol voltage. Breaker can be closed by 
remote control switch or pushbutton 
after spring is manually charged. A 
charged-spring limit switch and an 
auxiliary switch are also required. 

(ii Key interlock. Operative only after 
breaker has been withdrawn beyond 

Standard Control Diagram 

Key Interlock-Blocking Position 

disconnected position. Blocks any 
breaker from being levered into com
partment. Breaker can be stored in 
compartment, and can be completely 
removed for maintenance or for use as 
a spare without disturbing interlock. 
No modification of breaker required. 

(j) Operation counter. 

(k) Ac capacitor trip. 

(I) Latch check switch. 

(m) Mechanical interlock. 

Standard control diagram for Type DS electrically operated breaker. for ac or 
de control source. 

' I Rect. 
I For AC 
I r-----.. 

/' 

I ,--! '/"' 
I/ ' 
I' / 

1/11, ,,-t:_ 
I ',, 
I 
I 
L. 

CS (or 
PB)-T 

b al 

__ J_J 

Legend 

LS -limit Sw. for Closing Spring 
MOT -Motor for Spring Charging 
SH TR-Shunt Trip 
SR --Spring Release 
Y -Anti-Pump Relay 

Description of Operation 
1-When Bkr opens. motor 1s energized 

through LS & ··b" contact. 
2-Motor runs and charges Closing Spring 
J. When Closing Spring fully charged. LS 

contacts reverse. 
4-Closing CS-C contact energizes SR Coil 

through Y, LS & .. b .. contacts. 
5-When Breaker closes, "b" opens and Y Coil 

is energized m series with SR Coil 
6--Y contact opens to open SR Coil circuit & 

prevent pumping should breaker open while 
CS-C is held closed, Y Coil has very low 
drop-out voltage, 

>-----~ 
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Terminal Blocks 

Curran1 Tranaformar• 

Insulation 
All insulation is Westinghouse glass poly
ester. which has been compounded to in
clude the dielectric and mechanical strength 
necessary for the application. It is hi9hly 
resistant to heat, flame and moisture, and 
has been designed with generous creepage 
distances. 
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Potential Transformer and Control Power Transformer with Primary 
and Secondary Fuses -

lnaula1ln1 Boo1a 

Bus Isolation 
The incoming line is isolated from the main 
bus to reduce the possibility of fault trans
mission between them. Bus sections are 
also isolated at a bus tie breaker. 

Wiring 
Enclosed plastic wiring troughs are used 
throughout the switchgear. Control circuit 
terminal blocks are mounted on the rear 
frame where they are readily accessible for A. 
purchaser's connections and inspection. W" 
Main circuit terminals may be oriented to 
suit cable entrance. 
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Buses and Connections 

Tvpe ·os· 
C1rcu11 e, •• ..,., 

\,,--... Bolled Connec1or 

Too V1e¥1r1": ~ W•ld 

' '' ' > 
..._ - Sliver Pl11ed Aluminum 

C• t>I• Luo S1h,., Pl•l•d Copoe, 

't--- Purchasers Cable 

Sih,er Plated 
Alum,num 

Bolted 

:, 

!I :/ 

Rear 
(Shipping BrHk) 

Tvpe "OS" 
Circu11 
9reaku 

Saclion 

~----: Bolled Connec1or 

Top Vn1w { ::;~~~i:;:_~_-:---weld 
\ 

', 

S1h1ar Plated Copper 

•- Purchaser• Cable 

' Bo\1.ed 

' I 

Sliver P111ed 
Aluminum 

I; ; : I) 

1: ; ! lj 

Rear 
! Shippinq Bresk. J 

1600 and 2000 Ampere Bus and Risers 3200. 4000 and 5000 Ampere Bus and Risers 

Available main bus ratings in Type OS 
switchgear are 1600, 2000. 3200. 4000 
and 5000 amperes. All ratings are based on 
a standard temperature rise of 65 ° C above 

Bus and Cable Comp:ntment with Barriers Removed 

The rear portion of the switchgear assembly 
houses the main bus. connections, and 
terminals. 

A ground bus is furnished the full length of 
the switchgear assembly and is fitted with 
terminals for purchasers connections. 

a maximum ambient air temperature of 
40° C outside of the switchgear enclosure. 

Details of standard bare welded aluminum 
main buses, in conjunction with silver 

.... jl 

Rear covers are the bolt-on type. They are 
split into two horizontal sections to facili
tate handling during removal and installa
tion. 

If the purchaser desires. steel barriers will 
be furnished to separate the main bus and 
connections from the purchaser's connec
tion compartment. 

3, 1.1-163 

plated copper for shipping breaks and for 
field connections. are shown above. 

Optional bare copper main buses with silv, 
plated bolted joints are available . 

~_-,, 

i 
r 

I ' I 

~:~ 
. I 

i 
I 

I 

~:l 
J 

/ 

Cabje Connection Compartment wjth Barriers 
in Place 
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Type RCT Meter Type Current Transformers for Mounting In Circuit Breaker Companments 

For Breaker Type• 

DS-206 DS-416 DS-420 DS-632 DS-840 

• Also for Types_ DSL-206. DSL:416. DSL-632 
and DSL 840 limiter type equipments. 

Current transformers with meter accuracy 
classifications at higher burdens and/or 
suitable for relaying are also available. They 
will be mounted in. the rear cable connec
tion compartment. 

Control Voltages and Currents 

Standard control voltages. rated control currents and standard ranges are as follows: 

Control Voltage 

Close current I SR I. amp. 
Shunt trip current, amp. 
Soring charge motor amp. 
Control voltage range. 

48 De 

5.0 
5.0 
7.5 

125 De 

2.0 
2.0 
3.0 

250 De 120 Ac 240 Ac 

1.0 3.0 2.0 
1.0 2.0 1.0 
1.5 3.0 1.5 

Close
Trip -

38-56 
28-56 

100-140 200-280 104-127 208-254 
70-140 140-280 60-127 208-254 

Motor currents are running currents; inrush is approximately 400%. Motor running time to charge spring 
aoprox,matelv 5 seconds. 

Potential Transformers 
Potential transformers are rated 10 Kv BIL. 
and are protected by both primary and sec
ondary fuses. The primary fuses are dead 
front safety pullout type, NEMA Class J. 

Control Power Transformers 
Control transformers are provided when re
quired for Ac control of circuit breakers, 
space heaters. and/or transformer fans. 
Like potential transformers. they are pro
tected by pullout type primary fuses and 
also secondary fuses. 

Switchgear Accessories 
Standard accessories furnished with each 
Type OS switchgear assembly include: 

• One breaker levering crank. 
• One manual spring charging lever, if 

electrically operated breakers are in
cluded. 

• Insulating covers or "boots" are fur
nished on live main stationary disconnect
ing contacts in compartments equipped for 
future breakers. One additional set is pro
vided for each size breaker furnished. 

Test plugs are furnished when "Flexitest" 
relays, Flexitest watthour meters or Flexi
test Type FT-1 test switches are mounted 
on the switchgear. 

Miscellaneous 
For feeder circuit instrumentation, small 
2 inch 2% accuracy class ammeters and 
Type W-2 ammeter switches can be 
mounted on the horizontal stationary panels 
adjacent to the breaker compartment doors. 
The ammeters and switches are immediate
ly associated with definite breaker circuits. 
Other devices. such as control pushbuttons, 
indicating lights and test switches can be 
mounted on these panels, within space 

3,1,1-164 
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ANSI Meter Accuracy 
Classification 

Ratio B-0.1 B-0.2 

100/5 1.2 -
150/5 1.2 -
200/5 1.2 1.2 
300/5 0.6 0.6 
400/5 0.6 0.6 
600/5 0.6 0.6 
800/5 0.3 0.3 

1200/5 0.3 0.3 
1500/5 0.3 0 3 
1600/5 0.3 0.3 
2000/5 0.3 0.3 

2500/5 0.3 0.3 
3000/5 0.3 0.3 

4000/5 03 0.3 

5000/5 03 0.3 
6000/5 0.3 03 

limits. Removable covers provide access to 
wiring. 

Interference interlocks are supplied on 
breakers and in compartments where the 
compartments are of the same physical 
size. to insure that a Type 05-206 breaker 
cannot be inserted into a compartment in
tended for a Type DS-416 or 05-420 

-

breaker. and a Type 05-416 or 05-420 A 
breaker cannot be inserted into a compart- W 
ment for a Type 05-206 breaker. 

Standard wire is Type SIS, stranded cop-
per, polyethylene insulated, No. 14 AWG 
minimum. with crimped insulation grip ring 
tongue terminals. 
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Optional Accessories 

\ 

/ 
/' 

• Traveling type circuit breaker lifter, rail 
mounted on top of switchgear. 

• Floor running portable circuit breaker 
transfer truck with manual lifting mech
anism. Requires approximate 60" deep 
front aisle space. 

• Test cabinet for electrically operated 
breakers. with pushbuttons, control cable 
and receptacle, for separate mounting. 

• Portable test kit for testing and calibra
tion of Amptector trip devices. Utilizes 
standard 120 volt. 20 ampere single 
phase 60 Hz supply, available from any 
outlet. 

Outdoor Type DSO Switchgear 

Type DSO outdoor switchgear consists of • Traveling type geared breaker lifter. 
standard Type OS indoor structures assem- • Space heaters. 
bled in a heavy gauge completely weather- • Lighting outlets and convenience recep-
proof enclosure, with a generous internal tacles. 
"walk-in" front operating aisle extending • Rigid base structure; no channels re-
through all units of the assembly. A rein- quired. 
forced access door with holder, provision • Walk-in aisle within shipping group 
for padlocking and "panic" hardware is shipped completely asembled. 
provided at each end of the aisle. 

Standard features also include: 
• Bolted hinged rear doors for access to 

cable and bus compartments. 
• Labyrinth door openings. 
• Filtered ventilation openings. 

Metal Enclosed Bus Runs 
For connecting outdoor transformers 
through building walls to indoor switch
gear. low voltage metal enclosed buses in 
ratings from 600 amperes to 5000 amperes 
are available. These buses can also be used 
for bus tie circuits between separate !ow 
voltage switchgear assemblies. 

3.1. 1-165 

The interior finish is similar to indoor 
switchgear. The standard exterior finish is 
ANSI No. 24 dark blue-gray. An asphalt 
coating is provided on the underside and 
base. 

Design and construction follow Low Voltage 
Switchgear Standards, with bare aluminum 
or copper conductors with silver plated 
bolted joints and glass polyester supports. 
Momentary ratings (minimum 50,000 am
peres) are as required. Standard finish 
colors are ANSI No. 61 pearl gray indoor 
and No. 24 dark blue-gray outdoor. 
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Application Data. 
Dimensions and Weights 

Transformer Primary Fuse Application 

Air Interrupter Switch Ratings 

Primary Power Switch, Type PPS 
(for liquid transformers only) 

• 16 Kv, 96 Kv BIL (fuse voltage to suit 
application). 

• 600 A continuous and load interrupting. 
• 61,000 A asymmetrical momentary, 

40,000 A asymmetrical fault close rating. 
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Load Interrupter Switch, Type WLI 
(standard for Ventilated Dry and Gas Filled 

transformers; optional for liquid trans
formers) 

• 6 Kv, 60 Kv BIL, and 15 Kv, 95 Kv BIL. 

• 600 A and 1200 A continuous and load 
Interrupting. 

• Momentary ratings 40,000 A and 
80,000 A asymmetrical. 

• Fault close in ratings 20,000 A, 40,000 A 
and 61,000 A asymmetrical 

-

System 
Fuse Data Identification Interrupting Rating Max. Transl. Kva Rating CD 

Circuit Type Kv 

Volts 

CLE-1 2.4 
CLE-2 2.4 

2400 RSA-200 8.3 
RSA-400 8.3 
RSA-800 8.3 

CLE-1 5.5 
CLE-2 5.5 

4180 RSA-200 8.3 
RBA-400 8.3 
RBA-800 8.3 

CLE-1 5.5 
CLE-2 5.5 

4800 RBA-200 8.3 
RBA-400 8.3 
RBA-800 8.3 

CLE-1 8.3 
CLE-2 8.3 

6900 RBA-200 8.3 
RBA-400 8.3 
RSA-800 8.3 
CLT 8.3 

CLE-1 8.3 
CLE-2 8.3 

7200 RSA-200 8.3 
RBA-400 8.3 
RSA-800 8.3 
CLT 8.3 

CLE-1 15.5 
CLE-2 15.5 

12.000 CLE-3 15.5 
RBA-200 15.5 
RBA-400 15.5 
CLT 15.5 

CLE-1 15.5 
CLE-2 15.5 

12,470 CLE-3 15.5 
RBA-200 15.5 
RBA-400 15.5 
CLT 15.5 

CLE-1 15.5 
CLE-2 15.5 

13.200 CLE-3 15.5 
RSA-200 15.5 
RSA-400 15.5 
CLT 15.5 

CLE-1 15.5 
CLE-2 15.5 

13,800 CLE-3 15.5 
RBA-200 15.5 
RSA-400 15.5 
CLT 15.5 

Type CLE Current Limiting Fuses: Through 7 .2 Kv Fuse Rating-
14.4 Kv Fuse Rating

Type RSA Expulsion Type Non-Current Limiting Fuses, all Ratings

Type CL T Curren1 limiling Fuses. all Ratings 

Maximum 
Amperes 

225X 
450X 
200E 
400E 
720E 

225X 
450X 
200E 
400E 
720E 

225X 
450X 
200E 
400E 
720E 

125E 
200E 
200E 
400E 
720E 
300C 

125E 
200E 
200E 
400E 
720E 
300C 

65E 
125X 
200X 
200E 
400E 
175C 

65E 
125X 
200X 
200E 
400E 
175C 

65E 
125X 
200X 
200E 
400E 
175C 

SSE 
125X 
200X 
200E 
400E 
175C 

For Self Cooled 
Transformers 
1.4 
1.49 
1.4 
1.4 

Amperes 
Symm. 

50.000 
40.000 
19.000 
37,500 
37.500 

50.000 
50,000 
19.000 
37.500 
37,500 

50,000 
50.000 
19,000 
37.500 
37.500 

50.000 
40,000 
18,800 
29,400 
29,400 
50,000 

50.000 
40.000 
16,600 
29.400 
29.400 
50.000 

85.000 
85,000 
50,000 
14,400 
29.400 
50,000 

85.000 
85,000 
50.000 
14,400 
29,400 
50.000 

65.000 
85.000 
50.000 
14.400 
29.400 
50.000 

85,000 
85,000 
50,000 
14,400 
29.400 
50.000 

For Forced Air 
Transformers 
1.2 
1.31 
1.2 
1.2 

These applications are subject to modification when specific factors such as Transformer Characteristics. 

other Protective Devices. Coordina1ion Requirements and Load Variations may indicate a different 

1,/lr Ratio. 

Caution: Primary Fuses must nol be relied upon for clearing Secondary Ground Faults 
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EQuiv. Self Forced 
3 Ph. Mva Cooled Air 

205 670 780 
165 1335 1560 
80 600 895 
150 1190 1385 
150 2140 2500 

360 1155 1350 
360 2315 2700 
137 1030 1200 
270 2055 2400 
270 3700 4320 

415 1335 1560 
415 2675 3120 
158 1190 1385 
310 2375 2775 
310 4280 5000 

800 1065 1245 
480 1705 2000 
200 1705 2000 
350 3415 3985 
350 6150 7170 
600 2560 2985 

625 1115 1300 
500 1785 2080 
205 1785 2080 
365 3565 4160 
365 6420 7500 
625 2670 3110 

1770 905 1030 
1770 1745 1985 
1040 2790 3175 
JOO 2970 3465 
610 5945 6930 
1040 2595 3025 

1835 940 1070 
1835 1810 2060 
1080 2900 3300 
310 3085 3600 
635 6170 7200 
1080 2695 3140 

1945 1000 1135 
1945 1920 2180 
1145 3070 3490 
330 3265 3810 
670 6530 7620 
1145 2855 3330 

2030 1045 1185 
2030 2000 2280 
1195 3200 3650 
330 3415 3985 
670 6830 7970 
1195 2985 3480 

(D Maximum Transformer Kva Ratings are based 
on Ratios of Maximum Fuse Current Rating to 
Transformer Full Load Current (1,/lr) as listed 
at left. For a 56° C Rise LiQuid Filled Trans
former, use the Kva Rating for 65° C rise 
(55°C rating x 1.12). 

--

Nt>la: The type RSA interrupting ratings shown 
are those of the discharge filter type, in which the 
noise is minimized and deionization of expulsion 

gases is assured 

--

-
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Dimensions of High Voltage Incoming Line Sections-Inches (Approximate) 

Type PPS Air 1nterrupter Switch (For Liquid Filled Transformer Only) 

Rear 

Switch Arrangement 
Single Unit, 2 Position 

B 1 (Total I 40.99 
B2 (Over Base) 39. 74 

Depth C 
Over Base 

~able Space CD 

Duplex (2 Units) 

79.23 
77.98 

CD 2 Cable areas for 
Duplex arrangement. 

49.86 
59.86@ 

11 
21@ 

@ Required for Loop Feed 
Potheads. 

@Transl. Flange-to-flange 
Dimension plus approx. 9". 

Dimensions approx. same 
for both indoor and out· 
door. 

\.- 28 Door 
( 2 for Duplex l 

~ B2 --1 @-, 
Front Elevation Plan 

Approx. 
Weights: 
Pounds 

Single Unit. 
Unfused 
- 1500 

Duplex, 
Unfused 
- 3000 

Fuses, set 
of three 
- 200 

Type WU Air Interrupter Switch (Single Units as Shown; See Note for Duplex) 

T 
C 

j 

90.38 

1.2475 .... 1 
t 

33--/Door 

i-33@ -,--, 
I I 

fns. Cable 
Conn's. only 

I 

l 

l 

Indoor 
Cabli! 
Area 
(Typ.) 

ITyp.) 

., 
E 
0 
"' C 

"' ..: 

-l 
C 

_j 

c 90.38 a 
;; ., 
> 
0 
0 

"O 
C 

r------ ,----• 
! Rear : ! 

I 
) 

(Typ.) 

l 1.28 

• 
t 

,-33.® ---t-20 ..... r~: 

Bus Connections 

Rear 

-I -) 
C 

{ C 

_j _j 

1-33@-i-20-/ 

0.50 1-,; -E r--, 

.2 
"' >- -C: 

"' C: ..: .g "' C 

"' c 90.38 .; ..: 98.88 .; Cl C: 
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Note· Two 12) unirs each 33 (or 361 wide, w11h 
two l 2) cable areas. required for duplex 
arrangements. 

CD Provides 18" max. stress cane space for top 
entrance. 

0 Required for add'I stress cone space for top 
entrance, or for 54" deep dry type trans
former case. 

Single unit. 2 pos .. unfused· indoor 1500; outdoor 1800 I Use two for Duplex. I 
Unit 
Depth C 

1J 49.28 
<il 55.28 
'], 60 
.. I 62 

70 
80 

Cable Sp. 
F(ID.) 

16.97 
22.97 
27.69 
29.69 
37.69 
47.69 

Cable Sp. 
G(O.D.I 

15.84 
21.84 
26.56 
28.56 
36.56 
46.56 

(J) Min. for single unit selector type, 5 Kv. with 
bottom entrance; top entrance 70". 

0 Min. for single unit selector tVPe. 15 Kv, with bottom entrance; top entrance 80". 
(1) Except 15 Kv with 61,000 A (fault close) rating 

36" wide. 

Min. depth with pothead: 5 Kv 49.28; 15 Kv 55.28 

For gas filled sea fed dry type transformer. refer to Westinghouse. 
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Single unit selector, unfused: indoor 1800; 
outdoor 2100. 
Indoor transition-JOO. 
Outdoor throat-200. 
Fuses, set of 3-200. 
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Cl 
Cable Entrance Compartment 

T 
A 

_l 
Front Elevation 

Cable Area 
16x37.50 

Plan 
For LiQuid Filled Transformer. Indoor or Outdoor 

3 Phase Transformer Secondary Ampere Ratings 

Height A 
Bottom Ent,. - 65.25 
Top Entrance - 87 

Approx. Waight 
JOO Lb. 

Compt. for Gas 
Filled Sealed Ory 
Transl. similar 
except height "A" 
as required. 

LiQuid Filled 55/65°C Rise LiQuid Filled 65° C Rise 

Base Kva Sec. Volts OA 55° OA 65° FA 65° OA FA 

JOO 208 833 933 - 833 -
240 722 808 - 722 -
480 361 404 - 361 -
600 289 323 - 289 -

500 208 1389 1556 - 1389 -
240 1203 1347 - 1203 -
480 601 674 - 601 -
600 481 539 - 481 -

750 208 2083 2333 2683 2083 2396 
240 1804 2021 2324 1804 2075 
480 902 1011 1162 902 1038 
600 722 808 929 722 830 

1000 208 2778 3111 3578 2778 3194 
240 2406 2695 3099 2406 2767 
480 1203 1347 1549 1203 1383 
600 962 1077 1239 962 1106 

1500 480 1804 2021 2324 1804 2075 
600 1443 1616 1859 1443 1659 

2000 480 2406 2695 3099 2406 2767 
600 1924 2155 2478 1924 2213 

2500 480 3008 3368 4211 3008 3759 
600 2406 2694 3367 2406 3008 
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"' C: ., 
.: 

Front Elevation Plan 

For Ventilated Dry Transformer 

Ventilated Ory 150° C Rise 

AA FA 

833 1111 
722 962 
361 481 
289 385 

1389 1852 
1203 1604 
601 802 
481 641 

2083 2778 
1804 2406 
902 1203 
722 962 

2778 3704 
2406 3208 
1203 1604 
962 1283 

1804 2406 
1443 1924 

2406 3208 
1924 2565 

3008 4010 
2406 3208 

"' C: .. 
.: 

Height and Depth 
of Compartment 
same as Trans• 
former case 

Approx. Weight -
300 Lb. 

Sealed Orv 150° C Rise 

AA 
--

833 
722 
361 
289 

1389 
1203 
601 
481 

2083 
1804 
902 
722 

2778 
2406 
1203 
962 

1804 
1443 

2406 
1924 

3008 
2406 

-

-

-
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Transformer Standards 

Dimensions and Weights as listed in the 
Tables are based on the following: 

1. Standard Base Kva Ratings: 300-500-
750-1000-1500-2000-2500. 

2. 3 Phase, 60 Hertz, Two Windings. 

3. Standard Temperature Rise (See Tables) 
above ambient air temperature of 40°C 
(104°F) maximum and 30°C (86°F) 
average in any 24-hour period. 

4. Maximum Altitude of 1000 meters above 
sea level for full rating (3300 feet). 

Standard Insulation Levels--Kv BIL 

5. Standard High Voltages: 2400-4160-
4800-6900-7200-12000-12470-13200-
13800, delta connected only. 

6. Standard High Voltage Taps: two ap
proximately 2½% full capacity above 
and two below rated voltage. 

7. Standard Low Voltages (no taps) :Q) 

208y/120 (1000 Kva max.) 
240 delta (1000 Kva max.) 
480 delta (all ratings) 
480y/277 (all ratings) 

8. Aluminum Winding Conductors. 

High Voltage 
Rating 

Liquid Filled T'ransformer 
I-IV LV (600 Max.) 

Vent. Dry Transformer Gas Filled Transformer 
I-IV LV (600 Max.) I-IV LV (600 Max.) 

2400 
4f60 
4800 
6900 
7200 

12000 
12470 
13200 
13800 

45 
60 
60 
75 
75 

95 
95 
95 
95 

30 25 
30 25 
30 25 
30 35 
30 35 

30 50 
30 50 
30 50 
30 50 

Standard Guaranteed Sound Levels-Decibels 

10 45 30 
10 60 30 
10 60 30 
10 75 30 
10 75 30 

10 95 30 
10 95 30 
10 95 30 
10 95 30 

Max. Base Kva liquid Filled Transformer Venr. Dry Transformer Gas Filled Transformer 
(Self Cooled) OA FA AA 

300 55 58 
500 56 60 
750 58 67 64 
1000 58 67 64 

1500 60 67 65 
2000 61 67 66 
2500 62 67 68 

Transformer Kva Ratings. 3 Phase 
In addition to their basic self-cooled (AA 
or OA. 100%) Kva ratings, modern West
inghouse standard Secondary Unit Sub
station Transformers of the liquid filled and 

Liquid filled 

55/65°C Rise 

OA 55°C OA 65°C FA55°C FA 65°C 

300 336 - -
500 560 - -
750 840 862 966 
1000 1120 1150 1288 
1500 1680 1725 1932 
2000 2240 2300 2576 
2500 2800 3125 3500 

FA AA 

67 57 
67 59 
67 63 
68 63 

69 64 
71 65 
71 66 

ventilated dry types are designed for contin
uous operation at the following supplemen
tary self-cooled and fan-cooled ( FA) Kva 
ratings: 

Ventilated Dry Type 

65°C Rise 150°C 150°C 
AA FA 

OA FA Raring Rating 

300 - 300 400 
500 - 500 667 
750 862 750 1000 
1000 1150 1000 1333 
1500 1725 1500 2000 
2000 2300 2000 2667 
2500 3125 2500 3333 

Gas filled sealed Dry Type Transformers are available as AA self cooled (100%1 only. 
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9. No Series-Parallel or Delta-Wye Termi
nal Boards. 

10. Standard Accessories. 

11. Standard Surface Preparation, Finish 
Processes, Materials and Colors. 

12. Standard Tests in accordance with 
ANSI Standard Test Code (see below). 

13. HV and LV Basic Impulse Levels, Im-
pedance and Sound Levels in line with 
the following Tables. 

© 600 Y and 600 6 also available. 

Impedances (±7½% Tolerance): 

Kva 
Vent-Dry Gas Filled Liquid Filled 
Transformer Transformer Transformer 

300 ® 5.0% 5.0% 
500 5.75% 5.0% 5.0% 
750 5.75% 5.75% 5.75% 

1000(1) 5.75% 5.75% 5.75% 
1500 5.75% 5.75% 5.75% 
2000 5.75% 5.75% 5.75% 
2500 5.75% 5.75% 5.75% 
© 8.0% impedance standard as alternate. if 

requested, at 480 volts low voltage 
® 6.3% for 5 Kv; 5.0% for 8.6 and 15 Kv 

ANSI Standard Tests 

1. Resistance measurements. 

2. Ratio tests. 

3. Polarity and phase relation. 

4. No-load loss. 

5. Exciting current. 

6. Impedance and load loss. 

7. Applied potential test. 

8. Induced potential test. 

9. Temperature test or tests will be made 
on one unit of an order, covering one or 
more units of a given rating. Tests will 
be made only when there is no available 
record of a temperature test per ANSI 
Standards on a duplicate or essentially 
duplicate unit. 
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Transformer Dimensions end Weights-Inches (Approximate) 

Liquid Filled-High Voltage 13800 Maximum, Low Voltage 800 Maximum Indoor or Outdoor 

Top 

C 
<t. C 

Views 

Views 

B r 
J 

-j_ 
300 Kva 500-2500 Kva 

Kva Self 
65°C Temp. Rise, 80•c Hot Spot 55°C Temp Rise, 65 ° C Hot Spot 

Cooled 
(OA) B<D C 

300 @ © 
500 47 51 
750 47 70 

1000 50 78 

1500 53 92 
2000 57 101 

2500 61 110 

@ Refer to Westinghouse 

Standard Fixed Dimensions 
A-Oil 86, 88 with optional relief device. 

Silicone 88. 

J-Height to centerline of HV & LV bushings 55 

Weight Weight 

Lb. B<D C Lb. 

© @ @ @ 

4565 47 63 4840 

5340 47 84 5800 

6675 51 92 7180 

7965 53 112 8635 

9540 59 114 10840 

11730 65 120 12730 

Shipping Dimensions 
• For Z-bar on HV and LV, add approximately 

13 inches. 
• For LV bua duct, add approximately 19 inches. 

<D B Dimension is between Z-bar flanges on HV 
and LV ends not including bushing projection. 
Add approximately 9 inches to B Dimension 
for HV or LV bus duct throat. 

Ventilated Dry Type, 1so•c Temperature Rise, Low Voltage 800 Maximum, lndoor(j) 

DI 
Top View 

Hv 6900 or 72006 
35 Kv BIL or 

Kva 
Hv 2400, 4160 or 48006 Hv 12000. 12470, 13200 or 138006 

25 Kv BIL 50 Kv BIL 
Self 
Cooled Dimensions Weight Dimensions Weight 

(AA) A B C Lb. A B C Lb. 

T 
JOO 90¾ 60 54 2500 90¾ 60 54 3350 

500 90¾ 60 54 3150 90¾ 60 54 4100 

750 90¾ 60 54 4050 90¾ 60 54 4700 

1000 90¾ 60 54 5200 90¾ 90 48 6600 

1500 100 90 48 8100 100 90 48 8600 

2000 100 90 48 9500 100 100 54 10000 

B A 2500 100 100 54 11100 105 100 54 11700 

_l <D Refer to Westinghouse for outdoor applications. 

Front View 

Gas Filled Dry Type, 150°C Temperature Rise, Low Voltage 800 Maximum, Indoor or Outdoor 

-~ t- [w 
Top View --,! 16 i.-

Front View 

Kva Hv 24006. 45 Kv BIL. or 
(AA) 4160 or 48006, 60 Kv BIL 

Dimensions 
A B<D C 

JOO 83 95 47 
500 86 98 50 
750 91 103 54 
1000 96 108 57 
1500 102 114 63 
2000 10B 120 66 
2500 112 122 70 

(i) For indoor only. For outdoor. omit Lv .transi
tion unit and Z-bar flanges, and substitute 
flanged throat; reduce B 6 in. for 1 5 Kv class 
and 9 in. for 5 Kv class Hv. 
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Weight 
Lb. 

6800 
7000 
8500 
10000 
13000 
17000 
21000 

Hv 6900 or 72006, 75 Kv BIL. or 
12000, 12470. 13200 or 13800,"'. 
95 Kv BIL 
Dimensions Weight 
A B(}) C ~-

86 98 50 7000 
91 103 54 8500 
96 108 57 10000 
102 114 63 13000 
108 120 66 17000 
112 122 70 21000 

-

-

-
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Application-Type OS Air Circuit Breakers 

Standards 
Type OS circuit breakers meet or exceed 
all applicable requirements of the latest 
ANSI Standards C37.13 and C37.16 

System Voltage and Frequency 
Type DS breakers are designed for opera
tion on Ac systems only, 60 Hz or 50 Hz, 
600 volts maximum. 

Continuous Current Ratings 
Unlike transformers, generators and motors, circuit breakers are maximum-rated devices 
and have no built-in temporary overload 
current ratings. Consequently, it is vital that each application take into consideration the 
maximum anticipated current demand, ini
tial and future, including temporary over
loads. 

The continuous rating of any Type DS 
breaker is limited to 125% of the sensor 
rating, or the frame size current rating, 
whichever is the lesser. For instance. a Type 
DS-416 1600 ampere frame breaker with 
800 ampere sensors has a maximum con
tinuous rating of 800 times 1.25 or 1000 
amperes, but the same breaker with 1600 
ampere sensors is limited to 1600 amperes 
maximum. 

All current ratings are based on a maximum ambient air temperature of 40"C (104"F) 
outside of the switchgear enclosure. 

Altitude 
The breakers are applicable at their full 
voltage and current ratings up to a maxi
mum altitude of 6600 feet (2000 meters) 
above sea level. When installed at higher 
altitudes, the ratings are subject to correc
tion factors in accordance with IEEE and 
NEMA Standards. 

Repetitive Duty 
Repetitive breaker opening and closing, 
such as in frequent motor starting and 
stopping, are covered by ANSI Standards 
C37 .13 and C37 .16. These Standards list 
the number of operations between servicing 
(adjusting. cleaning, lubrication, tightening. 
etc.I and the total numbers of operations 
under various conditions without requiring replacement of parts, for the various breaker frame sizes. 

For motor starting duty, when closing start
ing currents up to 600% and opening run
ning currents up to 100% of the breaker 
frame size, at 80% power factor or higher, 
the endurance or total operations (not re
quiring parts replacement) will be as 
follows: 

Type DS-206-1400 
Type DS·416- 400 

The frequency of operation should not ex
ceed 20 starts in 10 minutes or 30 in one hour. 

Unusual Environmental and Operating 
Conditions 

Special attention should be given ta appli
cations subject to the following conditions: 

1. Damaging or hazardous fumes, vapors, 
etc. 

2. Excessive or abrasive dust. 

For such conditions, it is generally rec
ommended that the switchgear be in
stalled in a clean, dry room, with filtered 
and/or pressurized clean air. This meth
od permits the use of standard indoor 
switchgear, and avoids the derating ef
fect of non-ventilated enclosures. 

3. Salt spray, excessive moisture, dripping, 
etc. 

Optional drip-proof top covers and 
space heaters in indoor switchgear, or 
outdoor weatherproof enclosures, may 
be indicated, depending upon the sever
ity of the conditions. 

4. Excessively high or low ambient tem
peratures. 

For ambient temperatures exceeding 
40 ° C. and based on a standard temper
ature rise of 65 ° C. the continuous cur
rent ratings of breaker frarne sizes, and 
also buses. current transformers, etc., 
will be subject to a derating factor cal
culated from the following formula: 

105 ° C Total-Special Ambient, ° C 
105°C Total-40°C Standard Ambient 

Interrupting ratings of Type OS breakers at system voltages are given in the following tabla. Maximum voltages at which the interrupting Interrupting Ratings, RMS Svmrnetrical Amperes Breaker Frame With Instantaneous Trip Type Size.Amp. 208-240V 480V 
DS-206 800 42.000 30,000 OS-206S 800 50.000 42,000 OS-416 1600 65,000 50,000 DS-416S 1600 65,000 65,000 DS-420 2000 65,000 65,000 DS-632 3200 85,000 65,000 DS-840 4000 130,000 85,000 
(G Also short-time ratings. 
CI) Short circuit ratings of non-automatic breakers except the OS-840 which is 65.000. 

With Short Delay Trip 00 
600V 208-240V 480V 600V 
30,000 30,000 30,000 30,000 42,000 42,000 42,000 42,000 42,000 50,000 50,000 42,000 50,000 65,000 65,000 50,000 50,000 65,000 65,000 50,000 65,000 65,000 65,000 65,000 85,000 85,000 85,000 85,000 
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ratings apply are: 
System Voltage Maximum Voltage 
208 or 240 
480 
600 

254 
508 
635 

Interrupting ratings are based on the stand
ard duty cycle consisting of an opening 
operation, a 15 second interval and a closeopen operation, in succession. with delayed tripping in case of short-delay devices. 

The standard duty cycle for short-time rat
ings consists of maintaining the rated cur
rent for two periods of ½ second each. 
with a 15-second interva I of zero current 
between the two periods. 



e 
The circuit breakers are not adversely 
affected by very low outdoor ambient 
temperatures, particularly when ener
gized and carrying load currents. The 
standard space heaters in weatherproof 
switchgear will raise the temperature 
slightly and prevent condensation. 

5. Abnormal vibration or shock. 

Applications involving such conditions 
should be referred to Westinghouse with 
complete data. 

6. Abnormally high repetitive and frequen
cy of operation. 

In line with "Repetitive Duty" above, a 
lesser number of operations between 
servicing, and more frequent replace
ment of parts, may be indicated. 

System Application 
Tables 3A through 30 on Pages 37 and 38 
list the calculated secondary short circuit 
currents and applicable main secondary and 
feeder breakers for secondary unit sub
station switchgear. 

The short circuit currents are calculated by 
dividing the transformer basic ( 100%) 
rated amperes by the sum of the trans
former and primary system impedances, 
expressed in "per unit." The transformer 
impedance percentages are standard for 
most secondary unit substation transform
ers. The primary impedance is obtained by 
dividing the transformer base ( 100%) Kva 
by the primary short-circuit Kva. The motor 
contributions to the short circuit currents 
are estimated as approximately 4 times the 
motor load amperes, which in turn are 
based upon 50% of the total load for 208 
volts and 100% for all other voltages. 

Higher transformer impedances and/or 
lower percentages of motor loads will re
duce the short circuit currents correspond
ingly. Supplementary transformer ratings 
(see Tables on Page 40) will not increase 
the short circuit currents, provided the 
motor loads are not increased. 

The Tables do not apply for 3 phase banks 
of single phase distribution transformers, 
which usually have impedances of 2% to 
3% or even lower. The short circuit currents 
must be recalculated for all such applica
tions and the breakers selected accordingly. 

Main Transform• Secondary Breakers 
Transformer secondary breakers are re
quired or recommended for one or more 
of the following purposes: 

1 . To provide a one-step means of remov
ing all load from the transformer. The 
NEC limits the maximum number of 
feeder breakers on a transformer bus 
without a main breaker to six (6). 

2. To provide transformer overload protec
tion in the absence of an individual pri
mary breaker, and/or when primary 
fuses are used. 

3. To provide the fastest clearing of a short 
circuit in the secondary main bus. 

4. To provide a local disconnecting means. 
in the absence of a local primary switch 
or breaker, for maintenance purposes. 

5. For automatic or manual transfer of 
loads to alternate sources, as in double 
ended secondary selective unit sub
stations. 

6. For simplifying key interlocking with 
primary interrupter switches. 

Main secondary breakers as selected in 
Tables 3A thru 30 have adequate interrupt
ing ratings, but not necessarily adequate 
continuous current ratings. They should be 
able to carry continuously not only the 
anticipated maximum continuous output of 
the transformer. but also any temporary 
overloads. 

Maximum capabilities of transformers of 
various types, in terms of Kva and sec
ondary current, are given on Pages 40 and 
42. It will be noted that the maximum rat
ings will often require the substitution of 
larger frame main breakers than those listed 
in Tables. Even if a self-cooled transformer 
only is considered, it should be remem
bered that with ratings of 750 Kva and 
higher ( except for gas-filled transformers). 
provision for the future addition of cooling 
fans is automatically included. It is recom
mended that the main breaker have suffi
cient capacity for the future fan-cooled rat
ing, plus an allowance for overloads if pos
sible, particularly since load growth cannot 
always be predicted. 

The same considerations should be given 
to the main bus capacities and main current 
transformer ratios. 
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Bus Sectionalizing (Tie) Breakers 
The minimum recommended continuous 
current rating of bus sectionalizing or tie 
breakers, as used in double ended second
ary selective unit substations or for con
necting two single ended substations, is 
one-half that of the associated main break
ers. The interrupting rating should be at 
least equal to that of the feeder breakers. 
It is common practice to select the tie 
breaker of the next frame size below that of 
the main breakers. However, many users 
and engineers prefer that the tie breaker be 
identical to and interchangeable with the 
main breakers, so that under normal condi
tions it will be available as a spare main 
breaker. 

The tie breaker should be equipped with the 
same type of tripping devices ( long and 
short delay or long delay and instantaneous) 
as the main breakers. 

Generator Breakers 
In most applications where generators are 
connected through breakers to the second
ary bus. they are used as emergency stand
by sources only, and are not synchronized 
or paralleled with the unit substation trans
formers. Under these conditions. the inter
rupting rating of the generator breaker will 
be based solely on the generator Kva and 
sub-transient reactance. This reactance 
varies with the generator type and Rpm. 
from a minimum of approximately 9% for 
a 2 pole 3600 Rpm turbine driven gener
ator to 15% or 20% or more for a medium 
or slow speed engine type generator. Thus 
the feeder breakers selected for the unit 
substation will usually be adequate for a 
standby generator of the same Kva as the 
transformer. 

Most generators have a 2-hour 25% over
load rating, and the generator breaker must 
be adequate for this overload current. Se
lective type long and short delay trip de
vices are usually recommended for coor
dination with the feeder breakers, with the 
long delay elements set at 125% to 150% 
of the maximum generator current rating for 
generator protection. 

In the case of two or more paralleled gen
erators, Type CRN-1 antimotoring reverse 
power relays are recommended for protec
tion of the prime movers, particularly piston 
type engines. For larger generators requir
ing Type DS-632 or DS-840 breakers, Type 
COV voltage-restraint type overcurrent re
lays are recommended. 

-

-
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Type OS Breaker Sensor Selection Guide for Resistance Welding Applications 

I 
Sensor Rating, 
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Resistance Welding Feeder Breakers 
The application of Type OS breakers to re
sistance welding circuits is shown on the 
Sensor Selection Guide. 

Sensor ratings only are given; the breaker 
frame will also be as required for interrupt
ing ratings. 

Type OS breaker solid state tripping devices are well suited f-0r this service, since the 
chattering, noise, wear and calibration 
changes experienced in electro-mechanical 
devices are eliminated . 

These applications are based on Amptector 
II-A or Amptector I-A long delay and instan
taneous trip devices with the following set
tings: 

Long delay pickup 1.0 times sensor rating 
Long delay time 36 seconds. 
Instantaneous trip setting 2 times average 
weld amperes (during-weld amperes times 
percent duty cycle) or higher. 



Feed• Breakers-General 
Circuit breakers for feeder circuit protec
tion may be manually or electrically oper
ated, with long and short delay or long 
delay and instantaneous type trip devices, 

and trip settings. as required for the specific 

circuit and load requirements. 

Feeder breakers as selected in Tables 3A 

thru 30 have adequate interrupting ratings. 

and are assumed to have adequate contin
uous current ratings for maximum load 
demands. 

General purpose feeder breakers, such as 

for lighting circuits, are usually equipped 

with long delay and instantaneous trip de
vices. with the long delay pickup set for the 

maximum load demand in the circuit. 
Where arcing fault protection is required, 

the instantaneous trip setting should be as 

low as practicable consistent with inrush 
requirements. 

Motor Starting Feeder Breakers 
These breakers are usually electrically 
operated, with long delay and instantaneous 
tripping characteristics for motor running, 
locked rotor and fault protection. 
The breaker sensor rating should be chosen 
so that the long delay pickup can be set at 
125% for motors with a 1.15 service factor 

or at 115% for all other motors. 

When system short circuits are less than 40 
times the motor full load current. the motor 

breaker tripping characteristic should in
clude a short delay characteristic for greater 
fault protection. 

Group Motor Feeder Breakers 
Typical loads for such circuits are motor 

control centers. The feeder breakers may be 

either manually or electrically operated as 

preferred, and are usually equipped with 

long and short delay trip devices for coor
dination with the individual motor circuit 
devices. The minimum long delay pickup 

setting should be 115% of the running cur
rent of the largest motor in the group plus 
the sum of the running circuits of all other 

motors. 

Ground Fault Protection With Westinghouse 
Amptector I -A Static Trip 

Distribution Systems 
The power distribution in three phase low 
voltage systems can be three or four wire 

distribution. The three wire distribution can 

be served from either delta or wye sources, 
but the four wire distribution is obtained 

from wye source only. Fig. No. 1 shows 
three wire distribution with delta source and 
Fig. No. 2 shows three wire distribution with 

wye source. It is significant on Fig. No. 2. 
that the wye connection of a transformer 

secondary does not necessarily mean four 
wire distribution in switchgear. This is 
worthwhile to note because four wire dis
tribution is quite frequently assumed when 

the transformer secondary is wye con
nected. The low voltage system is three 

phase four wire distribution only if a fourth 
wire is carried through the switchgear and 

single phase loads are connected to feeder 

breakers. This fourth wire is the neutral bus. 
The neutral bus is connected to the neutral 

of the wye connected transformer second

ary as shown on Fig. No. 3. The standard 
neutral bus capacity is one half of the phase 
bus current carrying capacity but full capa

city neutral busses are also available on 
request. 

Three or four wire systems can be ground
ed or ungrounded in service. Generally 
where the source is delta connected it is 
ungrounded, but in some very rare cases it 
is grounded at one corner of the delta or at 

some other point. When the source is wye 
connected it can be grounded or un
grounded and when grounded the ground
ing is at the neutral. When low voltage sys

tems are grounded they are generally solid

ly grounded. However occasionally the 
grounding is through a resistor. Three and 

four wire solidly grounded systems are 
shown on Fig. No. 4 and 5. At present the 
new installations are mostly solidly grounds 
ed or ungrounded low voltage systems with 

a definite trend toward the increase of the 
solidly grounded systems. An ungrounded 

low voltage system is a good operating sys
tem if it is equipped with a ground detection 
device and if the operators and maintenance 

crew are trained to locate the initial ground 
and clear it as soon as practical. The 
grounded neutral system results in a ground 
current as soon as any ground occurs on a 
phase conductor and if the current exceeds 
the setting of the protective device it will 

operate and isolate the fault. 
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Need For Ground Fault Protection 
If the magnitude of all ground currents 
would be large enough to operate the short 

delay or instantaneous elements of the 
phase overcurrent trip devices there would 

be no problem in solidly grounded systems. 

Unfortunately this is not the case, because 

low magnitude ground currents are quite 

common. Low level ground currents can 
exist if the ground is in the winding of a 

motor or a transformer or if it is a high im
pedance ground. Low level ground currents 
may also be due to an arcing type 
ground. The arcing type grounds are the 
source of the most severe damages to elec
trica I eqiupment. The lower limit of the arc

ing ground currents is unpredictable and 
the magnitude may be considerably below 

the setting of the breaker phase overcurrent 

trip devices. 

Since the breaker phase overcurrent trip 

devices cannot provide fast protection 
against low magnitude ground faults there 

is a need for an additional protective device. 

This additional device is not to operate on 

normal overloads and it is to be sensitive 
and fast enough to protect against low mag

nitude grounds. It is also important that this 
additional ground protecting device be 
simple and reliable. The Westinghouse 
Amptector I -A solid-state tripping system 
including an optional "ground element" 

will assure good ground fault protection. 

The Ground Element 
The ground element of the solid-state trip is 
part of the Amptector 1-A and is in addition 
to the usual phase protection. The ground 

element has a continuously adjustable pick
up with calibrated marks as shown in Table 

2 and a continuously adjustable time delay 

with calibrated marks at 0.22-0.35-0.50 

seconds. The input current to the Amptector 

I-A terminals can be provided by: 
(a) Residual connection of phase sensors 
with residual circuit connected to ground 
element terminals. This is the Westing
house East Pittsburgh Low Voltage 
Switchgear standard ground protection 
system. This produces pickup values as 

shown in Table 2. 

(bl External ground sensing current 
transformer directly connected to ground 

element terminals. This is one of the 
unique features of the Westinghouse 
Amptector. This means that this external 
ground sensor will trip the breaker on 
grounds without the use of external relay 
and without the application of a breaker 

shunt trip and external power source. 
The lower the CT ratio the more sensi
tive the ground fault protection. 

-

-
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Ground Fault Protection Application end Coordination 
In well designed systems the continuity of service is very important. For reliable service continuity selective tripping is applied between main tie and feeder breakers and the downstream protecting devices for phase to phase faults. Similar selective tripping is desirable when breakers trip on grounds. The application of ground protection on main breakers only may assure good ground protection, however it will not provide good service continually because the main breaker will trip on grounds which should have been cleared by feeder breakers. When the switchgear itself feeds the loads directly the applied ground protection must be such that on a load circuit ground the associated feeder breaker will trip first. Therefore for proper protection and for good service continuity main tie and feeder breakers all should be equipped with ground protection. Ground protection is not required for non-automatic tie breakers having no phase overcurrent protection. 

The necessary coordinated tripping is not easily accomplished when the switchgear feeds into downstream sub-distribution panels which do not have ground protection. If full selective tripping is required the downstream protecting devices should also be equipped with ground protection. If not. the system designer will face a coordination problem in obtaining selectivity between the low pickup and fast tripping switchgear breaker ground elements and phase overcurrent protective devices. This is a very difficult problem because of the time-current tripping characteristic of the phase overcurrent protective devices. When such coordination is desired, the ground element pickup must be increased in order to "desensitize" the device. It is obvious that when the ground element is set at its highest setting, valuable protection is lost for low magnitude arcing ground currents. If higher ground element pickup is attempted to achieve coordination with fairly large sized downstream phase devices the ground protection setting approaches the 

characteristic of a short time phase element and the ground protection will lose its true meaning and not provide the expected protection. 

In view of the above it is evident that properly applied ground protection requires ground elements as far down the system to the loads as practical. For best results down stream molded case breakers should have individual ground protection. This would result in excellent ground protection because ground elements of switchgear and downstream breakers having similar tripping characteristic can be coordinated. 

Coordination between switchgear breaker ground elements and downstream branch circuit fuses is not practical. This is due to the basic fact that the blowing of one phase fuse will not clear a ground on a three phase system. The other two phase fuses will let the load "single-phase" and also continue to feed the ground through the load as shown in Figure 6. 

Figure 1. 3 Wire Distribution. Delta Source (Ungrounded) 

Figure 4. 3 Wire Distribution Solidly Grounded System 

,.....__ 
~---<.J 0--------------

Figure 2. 3 Wire Distribution. Wye Source (Ungrounded) ?) ?) ?) 
Figure 6. 4 Wire Distribution Solidly Grounded System 

,....-.-. 
~---<O 0---------------,....-.-. 

- Figure 3. 4 Wire Distribution 
Figure 6. Ground Current Still Flows Thru Load From Other Fuses 
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Table 2 

Ground Pick-Up Valu-Amperea 

Dial Senior Rating 
Setting 50 100 150 200 300 400 600 800 1200 1600 2000 

A 13 57 60 65 80 110 145 180 260 330 400 
B 18 67 75 85 110 150 205 260 385 505 600 
C 22 75 85 100 130 185 250 325 480 625 780 
0 33 100 120 145 200 270 385 500 730 970 1200 

2400 3201) 4000 

530 640 800 
770 1000 1200 
960 1200 N.A. 
N.A. N.A. N.A. 

Secondary 
Current (D 

1.0 
1.5 
1.9 
3.0 
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All pick up values subject to ± 10% tolerance. 

(D Current of this value from the secondary of an 
external ground transformer will cause the 
ground element to function. 

The Following Provides Guideline for Ground Fault Protection. 
Equipment Available for Protection 

System 

Un
grounded 
(3 Wire) 

Advantages 

Minimum disturbance to 
service continuity. Cur
rents for the majority of 
grounds _will be limited 
to capacitance charginp 
current of the system. 
Can operate with the 
1irst ground until it is 
removed during a regular 
shutdown. 

Disadvantages 

When ground detector shows 
that a ground exists corrective 
action must be taken at the 
earliest possible shutdown. 
However, a,cparience indicates 
that this anention is not always 
possible. Therefore most un
grounded systems operate with 
one phase grounded through 
the first uncleared ground. A 
ground on another part of the 
system, due to fault impedance. 
would probably result in low 
values of current which would 
not operate a breaker phase trip, 
and would produce fire damage. 

Main Breaker 

Lamp type ground 
detector or ground 
detecting volt
meters without or 
with pts. If pts. are 
used a ground 
alarm relay can be 
added for remote 
or local alarm. 

Amptector I ·A 
'OS' ground 
3W protection, 
minimum pick-up. 

Ground orotection for an ungrounded system . 50 sec. time delay. 
See SK No. 1 & 

Solid 
Grounded 

High 
Resistance 
Grounded 
(3 Wire) 

Psychologically safer. 
Practically results in 
good continuity of 
service. 
Isolation of faults auto
matic through ground 
protection system: no 
overvoltages due to 
ferroresonance or 
switching. 

Ground fault current is 
limited. Ungrounding 
can result in high volt
ages during switching 
and this is corrected 
by high resistance 
grounding. 

Sketch 1.@ 
Raiduel Main and Feeder Breaker 

I I 

Probability of very high ground 
current and extensive damage 
however, normally these high 
currents are not obtained. 
Grounds are automatically 
isolated and continuity of 
service is interrupted. 

Very se~sitive detection is re• 
quired 10 detect the limited fault 
current. Since overvollage due 
to switching isn't prevalent on 
ungrounded tow voltage systems 
high resistance grounding is 
not re0uired. 

Sketch 2. 

No. 6. 

Amptector I -A 
'DS' standard re-
sidual ground pro-
teclion in 3W sys-
tems and source 
neutral C.T. feed-
ing into Amptector 
l in 4 wire systems. 
Minimum pickup. 
.50 sec. time delay. 
See SK No. 1. 
No. 3 & No. 6. 

Same as for un-
grounded except if 
ground alarm relay 
is used connect re-
lay across ground-
ing resistor. 

Zero Sequence Feeder Breaker 

I I 

, 
Neutral in 4W System 

Tie Breaker Fdr. Breaker 

Amptector I -A Amptector I-A 
·os· ground 
3W protection, 

'OS' ground 
3W protection. 

minimum pick-up. minimum pick-up. 
.35 sec. time delay . .22 sec. time delay. 

See SK No. 1 & 
No. 6. 

Amptector I -A Amptector I -A 
'OS' ground 3W 'OS' ground 3W or 
or 4W (as required) 4W (as required) 
fault protection. fault protection. 
Minimum pick-up. Minimum pick-up. 
.35 sec. time delay. .22 sec. time delay 

or BYZ current 
transformer feeding 
into above Amptec-
tor. 
See SK No. 1. 
No. 2 & No. 6. 

Same as for Same as for 
ungrounded. ungrounded. 

Sketch 3. 
Source Neutral Main Breaker 

Neutral 

Notes 

With proper main
tenance this system 
would result in the 
minimum disturb
ance to service 
continuity. 

Ground fault pro-
tection on this un-
grounded system 
would trip the 
breaker when the 
second ground 
occurs and current 
exceeds minimum 
pick-up setting. 

This is the most 
common system in 
use today and as 
long as it is not 
necessary to co-
ordinate with phase 
devices down the 
line ii will give 
very good main 
bus and feeder 
protection. 

This system is very 
seldom used and is 
not recommended. 

Neutral for Feeder Breakers Only in 4W System 

'll Apply in 3 Wire Systems for Main Breaker and 
1n 3 or 4 Wire Systems for Feeder Breakers. 

No1e· For double ended secondary unit substations 
ground fault protec11on should be as indicated on 

sketches No. 4 and No. 5 however for this type 
applicat,on lhe East Pittsburgh Works Low-Voltage 
Switchgear Department should be consulted for 

the actual bill of materials lo be used. The appli
cation becomes rather complex if single phase to 
neutral loads are being served 
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Sketch 4. 3 Wire Double Ended Unit Substation Sketch 5. 4 Wire Double Ended Unit Substation 

A 

rr··-1r'1 
s2-2, I ) )!) , 
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52-T 
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Typical Feeder 

Sketch 6. 

A 

52-1 I 
I 

• 

Bus #2 

-T2 Neutral 
Connectio 

1 
I I I ' 
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Type DSL Limiter Type Air Circuit Breakers 

Type DSL-416 Breaker-Rear View 

Application 
Type DSL breakers are coordinated com
binations of Type OS breakers and series 
connected current limiters. They are in
tended for applications requiring the over
load protection and switching functions of 
air circuit breakers on systems whose 
available fault currents exceed the inter
rupting rating of the breakers alone. and/or 
the withstand and interrupting ratings of 
"downstream" circuit components. 

Sizes and Arrangements 
Types DSL-206 800 ampere frame and DSL-
416 1600 ampere frame breakers include 
the limiters integrally mounted on the draw
out breaker elements, in series with the 
upper terminals. 

Current limiters used in Types OSL-632 and 
DSL-840 combinations are mounted on sep
arate drawout trucks in additional equal size 
compartments either directly above the 
breaker compartment in the same unit or 
beside it in an adjacent unit. 

Scope of Fault Interruption 
With properly selected and coordinated 
limiters, it is expected that the breaker it
self will clear overloads and faults within 
its interrupting rating. leaving the limiters 
intact and undamaged. The limiters will 
provide fast interruption of fault currents 
beyond the breaker rating. up to a maximum 
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Type DSL-416 Breaker-Front View 

of 200,000 amperes symmetrical. Thus. on 
overloads and faults within the breaker in
terrupting rating, the breaker protects the 
limiters; on higher fault currents exceeding 
the breaker rating the limiters protect the 
breaker. 

Protection Against Single Phasing 
Loads are protected against single phase 
operation by interlock arrangements which 
trip the circuit breaker whenever any one 
limiter blows. The breaker cannot be re
closed on a live source until there are three 
unblown limiters in the circuit. 

On the Types DSL-206 and DSL-416 break
ers. the primaries of small auxiliary trans
formers are connected in parallel with the 
limiters. The voltage between the ends of 
an unblown limiter is zero. but when any 
limiter blows. the associated transformer is 
energized and ( 11 operates an indicator 
identifying the fuse and (21 picks up a sole-

noid which raises the breaker trip bar, hold
ing the breaker trip-free. 

The DSL-632 and DSL-840 combinations 
with separately mounted limiters operate on 
the same principle except that the solenoid 
operates a micro-switch which trips the 
breaker electrically through a shunt trip coil. 

Safety Features 
The integral fuses on Types DSL-206 and 
OSL-416 breakers are inaccessible until the 
breaker is completely withdrawn from its 
compartment, thereby assuring complete 
isolation. 

Likewise, the Type DSL-632 and DSL-840 
fuses are inaccessible until the separate 
fuse truck is completely withdrawn and the 
fuses isolated. The fuse truck is key inter
locked with the breaker to prevent with
drawing or insertion unless the breaker is 
open. 

Current Limiting Type Breakers and Combinations 

Type DSL-206 

Frame Size, Amperes 800 

Max. Interrupting Rating, 
RMS Symm. Amp .. System 
Voltage 600 or Below 200.000 

Notes: DSL-206 and OSL-416 include limiters 
integral with drAwout breaker elements. 
DSL-632 includes DS-632 breaker and DS-3200 
drawout fuse truck, In separate interlocked 
c_on:,partments. Maximum continuous rating 
l,m,ted to 3000A when fuse compartment is 
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DSL-416 DSL-632 DSL-840 

1600 3200 4000 

200,000 200,000 200,000 

above breaker compartment in same unit. 
OSL-840 includes 0S-840 breaker and DS-4000 
drawout fuse truck, in separate interlocked 
compartments. Maximum interrupting rating 
limited to 150,000 amperes when 6000A 
fuses are used. 

-

-



-

-

Page 40 

Limiter Ratings and Characteristics 
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Fuse Time current CharKteristic Curves 
For DSL-632 and DSL-840 CombinaIions 

Curve 6 
Available Curret'lt in RMS Symmetrical Amperes 

Curves Nos. 1 through 6 illustrate the rat
ings, melting time-current characteristics 

and current limiting or let-through charac

teristics of limiters for Type DSL breakers. 

The let-through current for a given limiter 

application is readily determined from 
Curve No. 2, No. 4 or No. 6, by extending 

a vertical line from the applicable maximum 

available symmetrical fault amperes at the 

bottom margin to the characteristic line for 

the particular limiter, and from this inter

section extending a horizontal line to the 

left margin and reading the peak current. 
The withstand rating of any circuit elements 

protected by the limiters should be at least 

equal to this peak current. 

It wi II be noted that the let-through current 

increases with the limiter size or ampere 
rating; in other words, the maximum cur
rent limiting effect is obtained with the 
smallest size. This effect is to be expected, 

since the resistance decreases as the rating 

increases. If the vertical line from the bot
tom margin as described in the previous 
paragraph does not intersect the limiter 

characteristic line, it is indicated that the 

available system fault current is below the 

"threshold" current of that limiter, and it 

will offer no current limiting effect. 

The current limiting principle is illustrated 

on Curve 7. 

Maximum Peak Let-Through Current Curves 
For Type OSL-632 and OSL-840 Combinations 

Curve 7: Current Limiting Effect of Type DSL limiters Case A would tend to use the smallest avail

able limiter; Case B the largest. When 
downstream protection is required, the se

lection is usually a compromise, since cer

tain small limiters cannot be coordinated 
with the breaker to avoid nuisance blowing 

on overloads or small and moderate short 

circuits. 

I, =The Available Peak Fault Current 

t.=The Melting Time 
l,=The Peak "Let Through" Current 
t. =The Arcing Time 
t.=The Total Interrupting (Clearing) Time 

Limiter Selection 
The selection of a suitable limiter rating 
for a given application is generally gov
erned by a choice of the following types 

of protection: 

A. Maximum protection of "downstream" 

components. Type DSL breakers are 
often used for this purpose even when 
the maximum available fault currents 

are within the interrupting rating of the 
corresponding Type DS unfused 
breakers. 

8. Protection of the circuit breaker only. 

3, 1.1-180 

Minimum.recommended, and maximum 

limiter sizes for Type DSL-206 and DSL-

416 breakers are given in the following 
table. 

Breaker 
Type 

OSL-206 
OSL-206 
OSL-206 
DSL-206 
DSL-206 
OSL-206 
OSL-206 
OSL-416 
OSL-416 
OSL-416 
OSL-416 

Sensor 
Rating 
Amperes 

50 or 100 
150 
200 
300 
400 
600 
800 
600 
800 
1200 
1600 

Limiter Rating, Amperes 
Aecom-

Minimum mended Maximum 

'I) (f, CV 

150 1200 2000 
200 1200 2000 
250 1200 2000 
400 1200 2000 
600 1200 2000 
800 1200 2000 
1200 1600 2000 
800 2000 3000 
1000 2000 3000 
2000 2500 3000 
3000 3000 3000 

'.i) For use only when protection of downstream 
equipment is required. Nat completely coodi• 
nated with breaker to avoid nuisance blowing. 

@ lowest rating which can be coordinated with 
breaker to minimize nuisance blowing. 

'>1 Highest available ratings, for protection of 
breaker only. 

Fuse Time-Current Characteristics Curves 

are available from the nearest Westinghouse 

Sales Office or the Switchgear Division. 

-
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Application of Type OS Air Circuit Break•• 
With Standard 3 Phase Transformera-liquid Filled, Ventilated Dry, and Gas Filled Sealed Dry Types Table 3 

Transformer Baae Secondary Shon-Circuit Currents Breakers for Selective Breakers for Non-
(100%) Rating RMS Svmmetrical Amperes Trip Svatems Selective Trip Systems 

Main Feeder Feeder Main Feeder 
Kva and Amperes Maximum Short Circuit Throufch Motor Combined llreakar Breaker Breaker Breaker Breaker 
Percent Kva Available from Trana ormer Contri- Short Oelav Short Oalav Instantaneous Instantaneous Instantaneous 
Impedance Primary Svatem Onlv bution Trip Trip Trip Trip Trip Table 3A: 208 Volts 3 Phase-50% Motor Load 
300 833 50000 14900 1700 16600 OS-416 OS-206 OS-206 _ 05-416 05-206 
5.0% 100000 15700 17400 05-206 OS-206 OS-206 

150000 16000 17700 OS-206 05-206 OS-206 
250000 16300 18000 05-206 05-206 OS-206 
500000 16500 18200 05-206 05-206 OS-206 
Unlimited 16700 18400 OS-206 OS-206 OS-206 500 1389 50000 23100 2800 25900 0S-416@ OS-206 05-206 05-416 ® OS-206 

5.0% 100000 25200 28000 OS-206 05-206 05-206 
150000 26000 28800 0S-206 05-206 OS-206 
250000 26700 29500 0S-206 05-206 OS-206 
500000 27200 30000 0S-206 OS-206 OS-206 
Unlimited 27800 30600 0S-206S OS-206 OS-206 750 2083 50000 28700 4200 32900 0S-632 OS-206S OS-206 OS-632 OS-206 

5.75% 100000 32000 36200 OS-206S OS-206 OS-206 
150000 33300 37500 OS-206S OS-206 OS-206 
250000 34400 38600 OS-206S OS-206 OS-206 
500000 35200 39400 OS-206S OS-206 OS-206 
Unlimited 36200 40400 05-206S OS-206 OS-206 1000 2778 50000 35900 5600 41500 OS-632® OS-206S OS-206 OS-632® OS-206 

5.75% 100000 41200 46800 0S-416 OS-206S OS-206S 
150000 43300 48900 OS-416 OS-206S OS-206S 
250000 45200 50800 0S-416S OS-416 OS-416 
500000 46700 52300 0S-416S OS.416 OS-416 
Unlimited 48300 53900 OS-416S OS-416 OS-416 Table 38: 240 Volts 3 Phasa--100% Motor Load - 300 722 50000 12900 2900 15800 DS-206 ® DS-206 DS-206 0S-206 ® OS-206 

5.0% 100000 13600 16500 OS-206 DS-206 OS-206 
150000 13900 16800 OS-206 OS-206 0S-206 
250000 14100 17000 DS-206 DS-206 DS-206 
500000 14300 17200 DS-206 OS-206 OS-206 
Unlimited 14400 17300 OS-206 OS-206 OS-206 500 1203 50000 20000 4800 24800 OS-416@ OS-206 OS-206 OS-416@ OS-206 

5.0% 100000 21900 26700 OS-206 OS-206 OS-206 
150000 22500 27300 OS-206 OS-206 OS-206 
250000 23100 27900 OS-206 OS-206 OS-206 
500000 23600 28400 OS-206 OS-206 OS-206 
Unlimited 24100 28900 OS-206 OS-206 OS-206 750 1804 50000 24900 7200 32100 0S-420@ 05-206S OS-206 0S-420@ OS-206 

5.75% 100000 27800 35000 OS-206S OS-206 DS-206 
150000 28900 36100 OS-206S DS-206 DS-206 
250000 29800 37000 OS-206S OS-206 0S-206 
500000 30600 37800 DS-206S 0S-206 OS-206 
Unlimited 31400 38600 DS-206S OS-206 OS-206 1000 2406 50000 31000 9600 40600 0S-632 ® OS-206S OS-206 0S-632 (j) DS-206 

5.75% 100000 35600 45200 05-416 OS-206S DS-206S 
150000 37500 47100 05-416 DS-206S OS-206S 
250000 39100 48700 DS-416 DS-206S OS-206S 
500000 40400 50000 DS-416 DS-206S OS-206S 
Unlimited 41800 51400 DS-416S DS-416 DS-416 

-
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Cl 
Transformer Base Secondary Short-Circuit Currents 
1100%) Rating RMS Symmetrical Amperes 

Kva and Amperes 
Percent Maximum Short Circuit 

+~:~~fo~mer ~:~r~- Combined 
Impedance Kva Available from 

Primary System Only bution 

Table JC: 480 Volts 3 Phase-100% Motor Load 

500 601 50000 10000 2400 12400 
5.0% 100000 10900 13300 

150000 11300 13700 
250000 11600 14000 
500000 11800 14200 
Unlimited 12000 14400 

150 902 50000 12400 3600 16000 
5.75% 100000 13900 17500 

150000 14400 18000 
250000 14900 18500 
500000 15300 18900 
Unlimited 15700 19300 

1000 1203 50000 15500 4800 20300 
5.75% 100000 17800 22600 

150000 18700 23500 
250000 19600 24400 
500000 20200 25000 
Unlimited 20900 25700 

1500 1804 50000 20600 7200 27800 
5.75% 100000 24900 32100 

150000 26700 33900 
250000 28400 35600 
500000 29800 37000 
Unlimited 31400 38600 

2000 2406 50000 24700 9600 34300 
5.75% 100000 31000 40600 

150000 34000 43600 
250000 36700 46300 
500000 39100 48700 
~nlimited 41800 51400 

2500 3008 50000 28000 12000 40000 
5.75% 100000 36500 48500 

150000 40500 52500 
250000 44600 56600 
500000 48100 60100 
Unlimited 52300 64300 

Table 30: 600 Volts 3 Phase--100% Motor Load 

500 481 50000 8000 1900 9900 
5.0% 100000 8700 10600 

150000 9000 10900 
250000 9300 11200 
500000 9400 11300 
Unlimited !!600 11500 

750 722 50000 10000 2900 12900 
5.75% 100000 11100 14000 

150000 11600 14500 
250000 11900 14800 
500000 12200 15100 
Unlimited 12600 15500 

1000 962 50000 12400 3900 16300 
5.75% 100000 14300 18200 

150000 15000 18900 
250000 15600 19500 
500000 16200 20100 
Unlimited 16700 20600 

1500 1443 50000 16500 5800 22300 
5.75% 100000 20000 25800 

150000 21400 27200 
250000 22700 28500 
500000 23900 29700 
Unlimited 25100 30900 

2000 1924 50000 19700 7700 27400 
5.75% 100000 24800 32500 

150000 27200 34900 
250000 29400 37100 
500000 31300 39000 
Unlimited 33500 41200 

2500 2406 50000 22400 9600 32000 
. 

5.75% 100000 29200 38800 
150000 32400 42000 
250000 35600 45200 
500000 38500 48100 
Unlimited 41800 51400 
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Breakers for Selective Breakers for Non-
Trip Systems Selective Trip Syatems 

Main Feeder Feeder Main Feeder 
Breaker Breaker Breaker Breaker Breaker 
Short Delay Short Delay Instantaneous Instantaneous Instantaneous 
Trip Trip Trip Trip Trip 

0S-206@ OS-206 OS-206 OS-206@ DS-206 
DS-206 DS-206 DS-206 
DS-206 DS-206 DS-206 
0S-206 DS-206 DS-206 
DS-206 DS-206 DS-206 
OS-206 OS-206 DS-206 

0S-416 OS-206 OS-206 0S-416 DS-206 
DS-206 DS-206 OS-206 
DS-206 OS-206 DS-206 
DS-206 OS-206 DS-206 
DS-206 OS-206 05-206 
OS-206 OS-206 05-206 

OS-416@ OS-206 DS-206 DS-416@ 05-206 
05-206 DS-206 0S-206 
OS-206 05-206 OS-206 
OS-206 DS-206 DS-206 
DS-206 0S-206 DS-206 
DS-206 DS-206 DS-206 

OS-420@ OS-206 OS-206 OS-420@ OS-206 
OS-206S OS-206S OS-206S 
OS-206S OS-206S OS-206S 
05-2065 OS-206S OS-206S 
OS-206S OS-206S OS-206S 
OS-206S DS-206S OS-206S 

OS-632@ OS-206S OS-206S DS-632@ OS-2065 
OS-206S OS-206S D5-206S 
OS-416 OS-416 OS-416 
OS-416 OS-416 OS-416 
OS-416 OS-416 05-416 
05-416S OS-416S D5-4165 

OS-632@ OS-416 DS-416 DS-632@ 05-416 
OS-416 OS-416 OS-416 
05-4165 OS-416S DS-4165 
0S-416S OS-416S OS-416S 
OS-416S OS-416S OS-416S 
OS-4165 DS-416S OS-416S 

OS-206 DS-206 OS-206 OS-206 OS-206 
OS-206 OS-206 DS-206 
OS-206 OS-206 OS-206 
DS-206 DS-206 OS-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 

0S-206@ OS-206 OS-206 OS-206 (!I OS-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 
OS-206 DS-206 0S-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 

OS-416 OS-206 OS-206 OS-416 OS-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 
OS-206 OS-206 OS-206 

0S-416@ OS-206 DS-206 OS-416@ OS-206 
OS-206 OS-206 05-206 
OS-206 OS-206 05-206 
OS-206 OS-206 DS-206 
OS-206 DS-206 DS-206 
OS-206S DS-206S DS-206S 

OS-420@ DS-206 DS-206 OS-420@ DS-206 
DS-206S DS-206S DS-206S 
OS-206S DS-206S DS-206S 
OS-206S DS-206S DS-206S 
OS-206S 0S-206S OS-206S 
DS-206S 0S-206S OS-206S 

OS-632@ OS-206S OS-206S OS-632@ OS-206S 
OS-206S DS-206S OS-206S 
OS-206S DS-206S DS-206S 
OS-416S 0S-416S OS-416S 
OS-416S OS-416S DS-416S 
OS-632 © OS-632 © DS-632 I; 

(D Type OSL-416 1600 ampere frame or OSL-206 800 ampere frame fused type breakers may be substituted for Type OS-632 feeder breakers, if adequate 

for load demands. 

@ Next larger frame size main breaker may be required for 55/65°C rise and/or forced-air cooled IFA) transformer. Check Table of Transformer Second-

ary Ampere Ratings on Page 29. 
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Typical Metal Enclosed Bus Arrangements 

H-1 D 

~ 

Rear Rear 

L~r.---z--,,,.!L...J""----l"--_-_-_-_--.--L.,--,--
: :\ 15" Min. 

Flanged 
Throat 

Outdoor Liquid 
Transformer 

Top View 

Wall 

Wall 
Flange 

,: , I_, 

107" 
Min. 

Indoor Switchgear 
Front View 

Top View 

• 12" 
Min. 

87.6 

Rear 

Indoor Switchgear 
Side View 

107" 
Min. 

Elevation 
Elevation 

W-Outdoor I 

l Fl Fl H-0.D 

J 
W•lndoor .. 1 

Buses 4000 Amp. and Larqer 
Include Interlaced Conductors 

Bus Dimensions, Inches 

Copper or Aluminum Conductors. Except as Noted Cont. 
Raring, Ventilated Non-VenL 
Amp. fndoor Outdoor Outdoor Notes 'I~ 

w H w H w H 
600 18.00 10.00 21 .25 13.12 21 .25 13.12 3 Wire or 4 Wire 
1200 20.00 14.38 23.25 17.50 23.25 17.50 1600 20.00 14.38 23.25 17.50 23.25 17.50 01mens1on W 2000 20.00 14,38 23.25 17.50 23.25 17.50 Based on 3 Wire; 2500(J_, 20.00 14.38 23.25 17.50 23.25 17.50 Add 4 In. 3000 rr, 2C.OO 14.38 23.25 17.50 N.A. N.A. for 4 Wire. 3500 r,; 20.00 14.38 23.25 17.50 N.A. N.A. 

4000'IJ 30.00 22.87 33.25 26.00 N.A. N.A. 3 Wire Onl,_, 
4000'3, 34.00 22.87 37.25 26.00 37.25 26.00 4500 <Ji 34.00 22.87 37.25 26.00 N.A. N.A. 3 Wire or 4 Wire 5000 r, 34.00 22.87 37.25 26.00 N.A. N.A. 
'L Continuous rat1nas are based on Standard 65 :i C Temperature Rise above ambient air temp-erature of 40° C maximum outside of bus enclosure. (2_; Copper conductors only, '3) Copper only when non-ventliated. 
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Type OS Indoor Switchgear Dimension-Inches 

Front Views of Typical Units 

2.2:.3.. 2 

l 
,_ ....... ,--.....-4t 

J 2 

72 

-o.: - .. 
~E ~o 
.-:;; 
0 C: 

~~ 
::>c: 
c.E 
o-·- .. . :;; ., -" 
C:::, 
~U) 

I- -. ,,c 
:_::, 
-O-o 
C:a, .,_ 
en~ 

D 
w-+j-18~ 

~ 

Full Size Auxiliary 
Unit with Hinged 

92 Front Panel. ( May 
be used in lieu of 
Typical Unit 1 as 
Transition for 
Liquid Filled 
Transformer.) 

3 

~ 
DS-(DSL-) 
206-416, 
DS-420(!)@ 
F or Panel. 

.l! 
DS-(DSL-) 
206-416. 
DS-420 (!) 
M-T-F 
or Panel. 

1.£ 
DS-(DSL-) 
206-416, 
DS-420(1) 
M-F 

1£. 
OS-(DSL-) 
206-416, 
DS-420(!) 
M-F. @ 

4 

~ 
DS-(DSL-) 
206-416. 
OS-420(i)@ 
F or Panel. 

I.!. 

DS-632 
M-T-F. 

-- - -

1.£ 
DS-(DSL-) 
206-416, 
DS-420(l)F. 

5 

A 

DS-(DSL-) 

ii~4~b6
<b 

F or Panel. 

DS-632 
M-F . 

B 

C 
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M-Main Breaker 
T - Tie Breaker 
F -Feeder Breaker 

2.25 
_i_ 6 

!4-- 21. 30 or 34 ~ 

7 

I+- 21 --+j j-- 21 --+j ~ 21---+1 

8 DSL-632© 9 DSL-840 

NOTE: For DS-206S and DS-418S space 
requirements, dimensions and weights 
use those shown for DS-208 and 
DS-418 respectively. 

) 

~ ~ ~ 
Panel. 

05-3200 

L! 
Panel. 

Drawout 
Fuse Truck. 

Ci, 
DS-4000 
Drawout Fuse Truck. 

Ci, 

92 OS-840 
M-T-F = - -

I.!. I.!. 
OS-840 ----- :E:=== M-F 

Note-This com-
partment used when DS-632. DS-840. 
breaker is Unit Sub-
station Main with 1.£ Liquid Transformer 
& Typical Unit 1. 

Blank. 

- - - - - - - -
.... r--34----.t, l .... •--34--.. tl 1-21--1 114-•--34---"I 

,_, Special Notes on OS-420 Breakers: 
1. Only one active DS-420 per unit. 
2 If OS-420 in Compt. C or D (Typ. Unit 31 is 

a close coupled transformer secondary main 
breaker. no other breakers are pcrmttted 1n 

same uni! 

@ Must be panel or blank compt. when breaker in 
Compt. B below is a main breaker. 

"' Must be blank comp I. when breaker in Com pt. 
C above is a main breaker. 

3.1.1-184 

,., Max. continuous rating with this arrangement 
3000A. 

i Fuse truck may also be located in allernate 
position in com pt. beside breaker compt., in 

adjacent unit. DSL 632 w,11 have 3200A max 
conL ra1ino. 
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Plans 

3 

--:;~ ..... ----... i... 

rnr ~+-~ .l 
I+ W-3-+I 

D 

, 
l+-W-+j 

(~1 Space for power and control cables, top and 
bottom. 

Minimum recommended front aisle for breaker 
removal: 

For OS-206-416-420-632-36 
For OS-840 or OSL -44 
For transfer & lift truck -60 

Top-of-ge-ar mounted brea-ker lifter: 
Overall height. approximate-108 
Projection front of switchgear-23.5 

Maximum height over lift truck-110 
M 1nimum recommended rear aisle---24 

Section of Typical Breaker Unit 

I 
92 

Depth D 

Breaker 
Compt. 

Breaker 
Compt. 

Breaker 
Compt. 

54-60-66- 72 
62-68- 74-80 

Dim. C 

23.62 
31 62 

= Floor channels not included. 

... 
C: ., 
E 
"' C. 
E 
0 
u 
C: 
0 -~ ., 
C: 
C: 
0 
u ., 
:a 
ctl 

u 

87.56 

Dim. F 

See Table 
Above 

Main Bus 1600A or 2000A 

Unit Depth O © Cable Sp. F 

With Bkr. With Bkr. Bkr. Aux. 
Type Type Unit Unit 
OS-206 OSL-206 
DS-416 OSL-416 @ 
OS-420 

54 62 8 14 
60(!) 68(!) 14 20 
66 74 20 26 
72 80 26 32 

Main Bus 3200A, 4000A or 5000A 

Unit Depth D (i) Cable Sp. F 

With Skr. With Bkr. Bkr. Aux. 
Type Type Unit Unit 
OS-206 OSL-206 
OS-416 OSL-416 @ DS-420 OSL-632 
OS-632 OSL-840 

0S-840 

60 68 9 15 
66® 74 (!) 15 21 
72 80 21 27 

0 Maximum depth requirement for any unit deter
mines uniform depth of complete assembly. 

(!) Minimum recommended depth with 3 or 4 
DS-206 IDSL-206) or DS-416 (OSL-416) 
feeder breakers, ·,nitial or future. In same unit. 
:A1so reqair.-d for metal enclosed bus termina
tion. 

Next deeper unit required for Type SYZ 
zero seQuence current transformers. and/ or 
phase current transformers for relaying. 

(j) Additional 6 in. available for cables thru floor 
if bottom compartment is blank. 

Type DS Indoor Switchgear Waight
Pounds (Approximate) 

Stationary Structures 

21 in. wide breaker unit less breakers: 
66 in. maximum depth 
80 in. maximum depth 

34 in. wide breaker unit less break.er 
21 in. wide auxiliary unit: 

66 in. maximum depth 
80 in. maximum depth 

30 in. or 34 in. wide auxiliary unit 
66 in. maximum depth 
80 In. maximum depth 

Std. transition unit (liquid transl.) 

Drawout Elements 

DS-206 Breaker # 
DS-416 Breaker # 
DS-420 Breaker # 
DS-632 Breaker # 
DS-840 Breaker # 
DSL-206 Breaker # 
DSL-416 Breaker # 
DS-3200 Fuse Truck 
DS-4000 Fuse Truck 

-1300 
-1400 
-1500 

-1000 
-1100 

-1100 
-1200 
- 300 

-175 
-1B0 
-185 
-300 
-405 
-205 
-255 
-325 
-430 

# Manually or alee. operated. For approx. impact 
weight, add 50% of breaker weight. 

Shipping Groups 
Each shipping group includes a maximum 
of five ( 5) breaker and full size auxiliary 
units, plus one or two standard transition 
units (Typical Unit 1). 

3. 1.1-185 

NOTE: For DS-206S and DS-4165 space 
requirements, dimensions and weights 
usa thosa shown for DS-206 and 
DS-416 respectively. 



General 

Specification Guide for 
Power Centers and Type OS 
Low Voltage Switchgear 

This specification includes an (Indoor) 
(Outdoor) secondary unit substation com
plete from the incoming line terminals to 
the feeder terminals. 

The secondary unit substation shall be de
signed, assembled and tested in accord
ance with applicable standards of NEMA, 
IEEE and ANSI. 

The following sections shall be included 
and arranged ( left-to-right) (right-to-left) 
when facing the control side of the switch
gear and the nameplate side of the trans
former: 

Incoming Line Section 
Transformer Section 
Outgoing Low Voltage Switchgear Section. 

Incoming Line Section 

Air Interrupter Switch-The HV switch shall 
be manually operated and rated at 600 
( 1200A) continuous, load break with fault 
closing rating of ____ amperes asym-
metrical and a momentary rating of __ _ 
amperes asymmetrical. The switch mecha
nism shall provide quick closing and open
ing, independent of the handle speed. When 
the switch access door is open. a plexiglass 
or screen barrier shall exist over the area 
where energized parts may be readily 
touched. 

Switch shall be cable connected to the 
transformer terminals to prevent transmis
sion of sound to the switch. The switch 
case shall be made of a minimum of 13 
gauge steel. 

3-Pole 2-Position-The HV section shall be 
provided with a gang operated 3 pole, 2 
position air-insulated load interrupter 
switch. The switch compartment shall have 
a sight window for visual inspection of 
switch contacts. The switch handle shall be 
operable from the front of the unit. 

Selector Switch-The HV section sha 11 be 
provided with a gang operated 3 pole, 3 
position (open. feeder 1 - feeder 2) selec
tor switch which will consist of a no load 
selector switch for switching from one feed
er to the other on the line side and in series 
with an air-insulated load interrupter 
switch. The load interrupter switch must be 
open before the selector switch can be 
changed from one feeder to another. The 
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switch compartment shall have a sight win
dow for visual inspection of switch load 
contacts. The switch handles shall be oper
able from the front of the unit. The selector 
switch handle shall visually indicate line 1 
and line 2. 

Duplex Switch-The HV section shall be 
provided with a gang operated 3 pole, 2 
position duplex switch which will consist of 
2 air insulated load interrupter switches 
connected together on the load side which 
shall be used for connecting the transformer 
to one of 2 available feeders. The two 
switches shall be interlocked to prevent 
both feeders from being connected to the 
transformer simultaneously. Each of the 2 
switch compartments shall have a sight 
window for visual inspection of switch con
tacts. The switch handles shall be operable 
from the front of the unit. 

Fuses--(Three - current limiting ___ _ 
El (three RBA boric acid _____ E) 
fuses are to be provided on the load side of 
the HV switch in the HV switch compart
ment. __ Kva interrupting capacity re
quired. The hinged access door shall be 
interlocked with the switch so that the door 
cannot be opened until the switch is in the 
open position. Also the switch cannot be 
closed until the door is closed. The fuses 
shall have a continuous rating to protect the 
transformer. 

Three spare fusee are to be supplied. 
(Optional) 

Cutouts-The HV section shall consist of 
3 - single pole _____ ampere gang 
operated oi I fused cutouts. 
Optional equipment available: 

1 . Provide 3 _____ spare fuse 
links for oil fused cutouts. 

2. Provide _____ key interlock(s) 
to interlock with ____ _ 

Terminal Compartment-The HV section 
shall consist of a terminal compartment for 
cable entrance. The terminal connectors 
shall be located so as to give sufficient 
space for stress cones. 

Lightning Arresters-Provide 3 ____ _ 
Kv (station type) (intermediate) (distribu-
tion) arresters for _____ Kv (ground-
ed) (ungrounded) service. 

Interlocks-Provide _____ key inter-
lock ( s) to interlock with ____ _ 

Terminals-Provide (potheads(s) I (clamp 
terminals) for termination of the (single 
feed) (loop feed) _____ MCM cables. 
_____ per phase. 

-

-

-
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Power Center Coordination-Dimensions in lnc:hes 

Indoor Power Center with 
Liquid Filled Transformer 
Top View 

Rear 

Front View 

C: 

iD .g 
E ·.; 

C: 
6 .. ... i= <II 
C: "E .. 
~ .. 

"O 
C: -., ·-
- C: C/l ::i 

-, 
CD 

l 
2.25 -· 
92 

Indoor Power Center with Gas 
Filled Sealed Ory Type Transformer 
Top View 

Rear 

D 

\ 16 - _] 
Front View 2.25 

-'-.. 

T 
CD 
E 
2 

'- "' Cl) C: 

E ., 
.2 i= 

-~ .c "' C: -~ 92 C: 
:J :!: ., 

~ C: 'tl 
0 ., 

·.= .c 
·;;; -~ 
C: C: ., '-
'-:, 
I- LL. 

Outdoor Power Cent• with 
Liquid Filled Transformer 

Top View 

Rear 

Front View 

C: 

-~ 
·;;; 
C: .. .. 
I-

"E .. ... 
"O .. 
C: 0 .. .. ... .r: 

Cl) I-

117.12 

l 

Outdoor Power Center with Gas 
Filled Sealed Dry Type Transformer 
Top 

Front View 

.. 
"' Cl) 
C, 

.,:; 
~ 
3 

~C/l 
0.,:; ... -i= 3 
C: 'tl 
0 G) 

·.;; .c ·- "' ., ·-c: C: 

~ :5 
I- LL. 

Rear 
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117.12 

l 
116 

Indoor Power Center with Ventilated Dry 
Type Transformer 
Top View 

Rear ---- -I 
D 

l 
Front View 2.25 

_j_ 

1 .. 
CD 
E 

92 ~ 
<II 
C: .. 
~ 

Notes 

Units are shown with Lv to right, Lv right is standerd and will be supplied unless otherwise specified. Any unit substation may be opposite hand or double ended 

CD Depth D 

54 or 62 
60 or 68 
66 or 74 
72 or 80 

Dim. E 

19.25 
25.25 
31.25 
37.25 
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Insulation 
The transformer will be of the non
explosive. fire-resistant, air insulated, dry 
type construction, cooled by the natural cir
culation of air through the windings. Solid 
insulation in the transformer will consist of 
inorganic materials such as porcelain, glass 
roving or Nomex in combination with a suf
ficient quantity of a high temperature binder 
to impart the necessary mechanical strength 
to the insulation structure. Such insulation 
is defined by ANSI Standards as Class H 
materials. 

Case 
The knockdown case for ease in fitting 
through limited openings will be formed of 
13 gauge sheet steel construction equipped 
with removable panels for access to the 
core and coils on the front and rear with 
ornamental ventilating grills. A bolted cover 
section will be supplied for access to the 
core and coil lifting loops for lifting the 
complete assembly. 

Paint Finish 
The case will be phosphatized and finished 
in manufacturer's standard light gray. 

Lightning Arresters (optional) 
Three low ratio lightning arresters will be 
mounted in the transformer case and con
nected to the high voltage leads. They will 
be for use on a _____ Kv grounded 
(ungrounded) system. 

Impedance 
The impedance of the transformer at normal 
rating and frequency will be manufacturer's 
standard ±7½% tolerance. 

Gas Filled Sealed Dry Type Transformer 
Section 

The indoor (outdoor) transformer will be 
rated as follows: 
_____ Kva, 3 phase, 60 Hertz, gas 

filled sealed dry type, 150° C rise, with a 
220°c insulation system. 
H.V. _____ volts. 3 wire, plus two 

2½%, minus two 2½% no load full capac• 
ity taps, delta connected. 
LV. _____ volts. 4 wire (3 wire) wye 
(delta) connected. 

High Voltage Lead Facilities 
A flange will be provided on the end wall of 
the tank for attaching the incoming Line 
Compartment. Flange will be located on the· 
left (right) when facing the front of the 
transformer. 
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Cable Entrance 
The cables shall enter the terminal compart
ment from the top ( bottom I . 

Low Voltage Lead Facilities 
A flange will be provided on the end wall, 
opposite high voltage flange, for attaching 
the low-voltage switchgear. 

Accessories will include the following: 
I-beam base for rolling in any direction. 
Cover will"be welded to the tank flange. 
Yukon cooler ¼ inch thick. 
Lifting hooks-4 total. 
Jack pads- total. 
Vacuum pressure gauge. 
Dial-type gas thermometer with alarm 
contact. 
¾ inch filling plug-2 total. 
Diagram nameplate. 
Welded handhole cover for access to 
high voltage and low voltage bushings. 
De-energized tap changer, externally 
operated. 
Ground pad. 
Welded-on main tank cover. 

Impedance 
The impedance of the transformer at nor
mal rating and frequency will be "%±7½% 
tolerance. 

( "5.0% for 500 Kva and below. 5.75% for 
750 Kva through 2500 Kva). 

Sealed Tank 
The transformer will be of sealed tank con
struction to prevent breathing. Tank will 
be hermetically sealed with metallic seals 
throughout and will be tested at 15 psi 
pressure. It will be provided with welded-on 
¼" thick Yukon coolers. 

Shot Blast 
The case and coolers will be cleaned by 
shot blast and phosphatized before the 
paint is applied. 

Finish 
Paint finish will be manufacturer's standard, 
applied over a properly prepared surface. 
The color will be light gray ANSI No. 61 
(indoor) or drak gray ANSI No. 24 (out
door). 

Insulation 
The transformer will be of the non
explosive, fire-resistant, fluorocarbon insu
lated, dry type construction, cooled by the 
natural circulation of fluorocarbon through 
the windings. Solid insulation in the trans-

-
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Liquid Type Transformer Section 

The Indoor (Outdoor) transformer will be 
rated as follows: 

_____ Kva, 3 phase, 60 hertz, QA/ 
FFA, oil (Silicone) insulated. 65°C rise 
(55°C rise) (Complete with 230V 1,t, fans, QA/FA, for increased rating to ____ _ 
Kva). 
HV _____ volts, 3 wire, plus two 
2½%, minus two 2½% no load full capac
ity taps. delta connected. 
LV _____ volts, 4 wire (3 wire) wye 
(delta) connected. 

High Voltage Lead Facilities-A flange will 
be provided on the end wall of the tank for 
anaching the Incoming Line Compartment. 
Flange will be located on the left (right) 
when facing the front of the transformer. 

Cable Entrance-The cables shall enter 
the terminal compartment from the top 
(bonom). 

Low Voltage Lead Facilities-A flange will 
beprovidad on the end wall. opposite high 
voJtage flange, for attaching the low-voltage 
switchgear. · 

Accessories will include the following: 
Combination drain and filter valve and 
sampling device. 
De-energized tap changer. externally 
operated. Cover mounted operating 
handle. 
Pressure test connection 
1-inch filling plug and filter press con
nection in cover 
Thermometer. dial type, without (with) 
alarm contacts 
Liquid level gauge. without (with/ low 
level alarm contacts 
Provision for lifting 
Provision for jacking 
Pressure relief device, without (with) 
alarm contacts. (Silicone only.) 
Instruction nameplate 
Ground pad 
Pressure vacuum gauge 
Welded-on main tank cover 

lmpedanc-The impedance of the trans
former at normal rating and frequency will 
be"% ±7½% tolerance. 

(
0 5.0% for 500 Kva and below. "5.75% for 

750 Kva through 2500 Kva.) 

Sealed Tank-The transformer will be of 
sealed tank construction to prevent breath
ing. Adequate gas space will limit the inter
nal pressure due to normal toad cycle oper
ation. 

Shot Blast-The case and cooling tubes wi II 
be cleaned by shot blast or pickling and 
phosphatized before the paint is applied. 

Finish-Paint finish will be manufacturer's 
standard. applied over a properly prepared 
surface. The color will be light gray ANSI 
No. 61 (indoor) or dark gray ANSI No. 24 
(outdoor). 

Future Capacity-Each 750 Kva through 
2500 Kva transformer shall be QA/FFA 
rated, i.e .• include all design and construc
tion capacities for future addition of fans. 

Ventilated Dry Type Transformer Section 

The indoor (outdoor), standard or (tamper
resistant) transformer will be rated as 
follows: 

_____ Kva. 3 phase. 60 hertz. venti
lated dry type, 150° C rise. 220° C insula
tion system. (Complete with fans for in-
creased rating to _____ Kva.) 
HV _____ volts, 3 wire. with plus two 
2½%, and minus two 2½% no load full 
capacity taps delta connected. 
LV _____ volts. 4 wire (3 wire) wye 
(delta) connected. 

High Voltage Lead Facilities 
Provisions will be made for connecting the 
transformer case directly to the high voltage 
switch housing and the high voltage leads 
to the high voltage switch. 

Low Voltage Lead Facilities 
Provisions will be made for connecting the 
transformer directly to the low voltage 
switchgear housing and low voltage leads 
to the switchgear bus. 

Accessories will include the following: 
Diagram instruction plate 
Provision for lifting and jacking 
Removable case panel for access to high 
voltage taps 
Drip proof cover 
Ground pad 

High Voltage Taps 
Tap leads will be terminated at the coils 
and equipped with provisions for changing 
taps. 

3.1.1-189 



Type DSO Outdoor Switchgear Dimensions - Inches 

Plan of Typical Units 

Rear Doors 

F 

45 

-il 
Transf. 117.12 

ti~4.3a-J l-w+w-J f+-4.38 

Front Elevation ---... 

116 

-----· -- - --- -- --- --
@ 

-~;; ---~;;--

Descriptive Bulletin 
32-860 

Page 47 

@ Standard Transition Throat for connection to Liquid Filled Unit Sub
station Transformer. Also available for location on right end of Switch
gear, facing front, and on both ends for double ended unit substation. 

© Cutout in base of Switchgear for power and control cables, with remov
able bolted cover for drilling by purchaser. 

Dimensions F and G 
Unit Width W F G 

21 25.25 17.50 
30 25.25 25.25 
34 25.25 25.25 
Minimum recommended front clearance- 24 in. 
Minimum recommended rear aisle for 21 in. wide units - 24 in. 
Minimum rear aisle for 30 in. wide unit - 30 in.; for 34 in. wide unit -
34 in. 

Each shipping group includes a maximum of four (4) breaker and full size 
auxiliary units, or a maximum combined length of 84 in. exclusive of end 
trims and transition throats. 

Outdoor Switchgear Weights-Pounds I Approximate I 
Stationary Structures 

End Trims (One Set per Assembly) -1500 
21 in. wide breaker unit less breakers- 2600 
34 in. wide breaker unit less breakers - 2700 
21 in. wide auxiliary unit -2300 
30 in. or 34 in. wide auxiliary unit - 2400 
Standard transition throat - 800 

Drawout Elements 
Same as in Indoor Switchgear 

Section of Typical Unit 

-----------117 .12---------

Breaker 
Lifter 

116 Walk-in 

Switchgear Details 
Similar to Indoor 

0.82 Bolt 
4" From 
Sides of 
Unite 

113 

-===· --==·-=== == 
=== -== == 

-+--41.62 

1-1--35-+1 11 Front Aisle 

Door I 
._ ___ _._ ___ _. __ __.~Space 
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former will consist of inorganic materials 
such as porcelain, glass roving or Nomex 
in combination with a sufficient quantity of 
a high temperature binder to impart the 
necessary mechanical strength to the insu
lation structure. The transformer will be 
insulated and cooled with C2 F 6 fluorocarbon 
gas. It will be shipped filled with this C2 F 6 
gas to a gauge pressure of approximately 
1½ P.S.I. at 2s•c ambient. 

Bushings 
The transformer will be equipped with 
rolled flange, inert arc welded bushings for 
the HV and LV connections to insure that 
the tank is hermetically sealed. 

Outgoing Low-Voltage Switchgear Section 

General-Type OS indoor (outdoor) low
voltage metal-enclosed switchgear will con
sist of a stationary structure assembly and 
one or more removable "'De-ion" air circuit 
breaker units fitted with disconnecting de
vices and other necessary equipment. The 
switchgear will be suitable for 600 volts 
maximum s_ervice and wiU receive a di
electric test for that voltage class in ac
cordance with NEMA standards. It will be 
designed, manufactured and tested in ac
cordance with the latest standards of IEEE. 
NEMA. and ANSI. 

Stationary Structure--Each steel unit form
ing part of the stationary assembly will be a 
self-contained housing having one or more 
individual breaker or instrument compart
ments and a rear compartment for the bare 
buses. and outgoing cable connections. 
Each circuit breaker compartment will be 
equipped with primary and secondary con
tacts. rails. stationary levering mechanism 
parts. and required instrument current trans
formers. A blank formed steel door equip
ped with ventilation openings in the tower 
flange, an emergency trip buton. and sup
ported on concealed hinges will be pro
vided for each circuit breaker compartment. 

The top of the unit will be enclosed with 
removable steel sheets which include nec
essary ventilation openings. 

The structure will be so designed that fu
ture additions may readily be made at any 
time. The steel structure will be thoroughly 
cleaned and phosphatized prior to the ap
plication of the priming and finishing coats 
of paint. 

A black. anodized aluminum. engraved cir
cuit designation nameplate 1 ¼ inches high 
and 3½ inches wide will be provided on 
each circuit breaker door. 

Buses and Connections-Each circuit will 
include the necessary 3 phase bus and con
nections between the bus and one set of 
circuit breaker studs. Solderless type termi
nals on silver-plated copper extensions for 
the outgoing cables will be provided on 
the other set of circuit breaker studs. 
The buses and connections will consist of 
high-conductivity bare aluminum bar mount
ed on heavy duty glass polyester supports. 
The main bus joints will be welded. Ship
ping breaks and provisions for future bus 
extensions will have silver-plated bolted 
connections. Moldarta™ terminal blocks 
with integral-type barriers will be provided 
for secondary circuits. The terminal blocks 
will be mounted at the rear of the units, and 
will be accessible through a removable 
cover. 

Disconnecting Devices--The stationary 
part of the primary disconnecting devices 
for each circuit breaker will consist of a set 
of contacts extending through a glass poly
ester insulating base. Buses and outgoing 
cable terminals will be directly connected to 
them. The corresponding-moving contacts 
will consist of a set of contact fingers 
suitably spaced on the circuit breaker 
studs. In the "connected" position, these 
contact fingers will engage the stationary 
contacts forming a current-carrying bridge. 
The assembly will provide a multitude of 
silver-to-silver high-pressure point con
tacts. High uniform pressure on each finger 
will be maintained by springs. The entire 
assembly will be full floating and will pro
vide ample flexibility between the stationary 
and moving elements. Contact engagement 
will be maintained only in the "connected" 
position. 

The secondary disconnecting devices will 
consist of floating fingers mounted on the 
removable unit and engaging flat contact 
segments located at the rear of the com
partment. The secondary disconnecting 
devices will be silver-plated to insure per
manence of contact. Contact engagement 
will be maintained in the "connected" and 
"test'" positions. 

Removable Element-The removable ele
ment will consist of a type OS De-ion air 
circuit breaker equipped with the necessary 
disconnecting contacts, wheels, and inter
locks for drawout application. The remov
able element will have four position features 
and will permit closing the compartment 
door with the breaker in the "connected", 
'"test", "disconnected", and "remove" 
positions. 



Air Circuit Breaker._ The air circuit break
ers will be type OS ( DSL) operating on the 
Westinghouse De-ion arc interruption. 
These breakers will incorporate specially 
designed circuit-interrupting devices which 
provide high interrupting efficiency and 
minimize the formation of arc flame and 
gases. 

The air circuit breakers will have silver
tungsten butt type contacts which operate 
under high pressure. The arcing contacts 
will be of arc-resisting silver-tungsten. The 
breaker will be equipped with "De-ion" arc 
chutes which effectively enclose the arcing 
contacts and confine the arc to reduce the 
disturbance caused by short-circuit inter
ruption. Each breaker will be equipped with 
a position indicator, mechanically con
nected to the circuit breaker mechanism. 

Include when DSL breakers specified above. 
(Circuit breakers shall include current limit
ers, integrally, or separately mounted co
ordinated with the breaker trip device so as 
to avoid unnecessary blowing of the current 
limiters. Breaker shall include an anti single 
phase device that will trip the breaker in the 
event of a blown limiter, indicate from the 
front of the breaker which limiter is blown, 
and prevent the breaker from being re
closed on a single phase condition, due to 
missing or blown limiters.) 

Each breaker will be equipped with an Amp
tector II-A (Amptector I-A) solid-state trip. 
The adjustments will be Long delay pick-up 
between 50% and 125% of the trip rating, 
Long time delay between 4 and 36 seconds 
at 6 times trip rating, Short delay pick-up 
between 4 and 10 times trip rating, Short 
time delay between 0.18 and 0.5 seconds 
at 2.5 times Short delay pick-up, Instan
taneous pick-up between 4 and 12 times 
trip rating, ground fault (Amptector I-A only) 
pick-up approximately 20% of trip rating 
and ground fault time between 0.22and 0.5 
seconds. Adjustments will be of the contin
uous type and each will be independent of 
all the others. All components will be cov
ered with a sealing compound to prevent 
deterioration in corrosive atmospheres. 

It will be po11ible to test and calibrate the 
time and current characteristics and trip 
circuit by means of a portable plug-in test 
device. 

Note: Only those characteristics as required should 
be specified. 
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Both electrically operated, and manually op
erated breakers will have stored energy op
erating mechanisms. Only one stroke of the 
operating handle will be necessary to charge 
the stored energy spring when operating the 
manual breaker. The release of the energy 
to close the breaker manually will be by 
means of·a mechanical pushbutton which 
insures positive control of the closing oper
ation. Electrical close will be initiated by 
means of a release solenoid. 

Factory Assembly and Tuts 
The switchgear will be completely assem
bled, wired, adjusted and tested at the fac
tory. After assembly, the complete switch
gear will be tested for operation under sim
ulated service conditions to assure the ac
curacy of the wiring and the functioning of 
the equipment. 

The main circuits will be given a dielectric 
test of 2200 volts for one minute between 
live parts and ground and between opposite 
polarities. The wiring and control circuits 
will be given a dielectric test of 1500 volts 
for one minute between live parts and 
ground. 

Detail Specification 
1-indoor (Outdoor) low-voltage metal
enclosed switchgear assembly including the 
following equipment: 

a. 1-Set of n·ecessary provisions for throat 
connection or close coupling to the trans
former secondary. 

b. 1-Set of necessary bare main bus and 
ground bus connections. (Including full 
neutral) (including 50% neutral). 

c. _Current transformers __ /5 am
pere ratio. (2 for 3 wire, and 3 for 4 
wire with neutral bus in switchgear.) 

d. _Potential transformers __ / 120 
volt ratio complete with primary and 
secondary fuses. (2 for 3 wire, and 3 
for 4 wire with neutral bus in switch
gear.) 

e. 1-Ammeter, 0- __ ampere range. 
2% accuracy class. 

f. 1-Ammeter switch for reading each 
phase current. 

g. 1-Voltmeter, 0- __ volt range, 150 
volt coil. 2% accuracy class. 

-
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h. 1-Voltmeter switch arranged for reading phase to phase (phase to phase.and phase to neutral) voltages. 

i. 1-Watthour meter 2 element, 3 wire 
(2½ element. or 3 element, 4 wire) 5 
ampere, 120 volt coils. 

j. ___ Main secondary breaker(s). __ _ 
ampere frame, - Amps sym. int. cap. (manually) (electrically) operated with Amptector II-A (Amptector I-A) solid state trips with long delay, short delay (and_ wire ground) characteristics. 

k. ___ Tie breaker(s). ___ ampere 
frame,_ Amps sym. int. cap. (manually) (electrically) operated with 
Amptector II-A (Amptector I-A) solid state trips with long delay, short delay ( and _ wire ground) characteristics. 

Single Line Diagram 

t 
3PST 

Switch 

Current 
Limiting 

Fuses 

I. ___ Feeder breakers, ___ ampere 
frame,_ Amps sym. int. cap. (manu
ally) (electrlcally) operated with Amptector II-A (Amptector I-A) solid state trips with long delay, instantaneous (and _ wire ground) characteristics (with 
integrally mounted current limiters for max. 200,000A int. cap.) 

m.Control power transformer complete with primary and secondary fuses for space heaters, lights, receptacles and circuit breaker control as required. 

n. Sets of clamp type terminals for __ _ __ MCM cables per phase and __ 
___ MCM cables for neutral entering 
from the bottom (top) of the unit. 

o. 1-Set of engraved black anodized 
aluminum nameplates. 

DS-632 t 
3200 Amp Frame j Manual Operated, 

mp Trip 

~ DS-416 
1 600 Amp Frame 
Manual Operated. 

mp Trip 

t 
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p. 1-Set of necessary small wiring, wiring accessories and terminal blocks. 
q. 1-Set of space heaters, light and re

ceptacles as required. (Standard for outdoor}. 

Caution: 
1. (bl Be sure to specify current carrying capacity and arrangement of neutral bus if one is required. Normally 50% capacity will be supplied if full capacity is not specified. 

2. (j-k-I) If trip characteristics other than shown are required please be sure to specify them. 

Accessories 
a-1 Top of assembly mounted circuit breaker lifting device (optional) 
b-1 Test plug for wanhour meter. 
c-1 Levering crank. 

Note: Arrangement sketch and single line diagram similar to following samples should accompany the written specification. 

1') DS-416 
1600 Amp Frame 
Manual Operated, 

f 
mp Trip 

1') DS-416 
1600 Amp Frame 
Manual Operated, 

Amp Trip 

~ 

1') DS-416 
1600 Amp Frame 
Manual Operated, 

mp Trip 

~ 

1') DS-416 
1600 Amp Frame 
Manuaf Operated, 

t Amp Trip 
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TYPE OS LOW VOLTAGE POWER CIRCUIT BREAKERS 

Raeinp and Cwacteristics 

Breaker Type DS-206 DS-2065 

600 

800 

DS-416 DS-416S 

Voltage Rating (AC only) 600 600 600 

Frame Size (Max. Continuous Amp) 800 1600 1600 

Interrupting Ratings, IUdS Symm. Amperes at System Voltages: 

A. With 0-240V 42,000 S0,000 6S,000 

Instantaneous 241480V 30,000 42,000 50,000 

Trip 48I-600V 22,000 42,000 42,000 

B. With 0-240V 30.000 42,000 50,000 

Short Delay 241480V 30,000 42,000 50,000 

Trip 481-600V ::,ooo 42,000 42,000 

Operating Characteristics-Same for All Types 

Controi Voltage :4 DC 48 DC 125 DC 
(l) 

Close Current (SR), Amp. NA 5.0 2.0 

Shunt Trip Current, Amp. 6.0 5.0 2.0 

Spring Charge Motor, Amp. (3) NA 7.5 3.0 

Cose Voltage Range 40-50 90-130 

Trip Voltage Range 14-30 28-60 70-140 

(l) Not a recommended voltage. 
(2) Check Westinghouse for application at this control voltage. 

(3) RuMing current; inrush approximately 400%. 

Spring Charge Time • 5 seconds maximum 
Time for Spring to Close Breaker, until contacts touch• 4.S cycles maximum 

Opening Time ~th Shunt Trip • 5 cycles maximum 

Interrupting Time, at 200% or more of Inst. Pickup • 3 cycles maximum (4) 

Interrupting Time, l 00% to 200% of Inst. Pickup • 4 cycles maximum ( 4) 

Arcing Time, Below SO% of Continuous Ra.ting • 6 cyclesimaximum (4) 

65,000 
6S,000 
50,000 

65.000 
65.000 
50.000 

DS-420 DS-632 DS-840 

600 600 600 

2000 3200 4000 

65,000 85,000 130,000 
65,000 65,000 85,000 
50,000 65,000 85,000 

65,000 65,000 85,000 
65,000 65,000 85,000 
50,000 65,000 85,000 

-250 DC 115 AC 230 AC 
(2) 
1.0 3.0 1.5 
1.0 2.0 1.0 

l.5 3.0 1.5 

180-:60 95-125 190-:250 

14--280 95-125 190-250 

(4) Add approximately 2 cycles per shunt trip and approximately 4 cycles for instantaneous undervolt::ige . 

• 
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Instructions for 
Low-Voltage 
Power Circuit Breakers 
Types DS and DSL 

READ AND UNDERSTAND THESE INSTRUCTIONS 
BEFORE ATTEMPTING ANY ASSEMBLY, OPERATION, OR 
MAINTENANCE OF THE SWITCH 

Westinghouse Electric Corporation 
Switchgear Division, East Pittsburgh, Pa. 15112 
I.B. 33-790-1 E Effective September, 1979 Supersedes Issue Dated April, I 977 
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PURPOSE 

This instruction book is expressly intended to cover the installation, operation and maintenance 
of Low Voltage Power Circuit Breakers, Types DS and DSL. 

For application information, consult your nearest Westinghouse sales office, see Westinghouse 
Descriptive Bulletin 32-850, or appropriate ANSI Standards. 

SAFETY 

All Safety Codes, Safety Standards and/or Regulations as they may be applied to this type of 
equipment must be strictly adhered to. 

All porrible contingencies which may arise during inrtalllztion, operation, or mJZintenance, and all details and IIQrl/ltions of this 
equipment do not purport to be CO'IH!red by these instruction,. If further informJZtion is desired by purchaser regarding his particular 
installation, operation or mJZintenance of his equipment, the lOCtll 'We,tinghouse Electric Corporation repre,entative 1hould be contacted. 

-

-
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CAUTION 

The circuit breakers described in this book 
were designed and tested to operate 
within their nameplate ratings. Operation 
outside of these ratings may cause the 
equipment to fail, resulting in bodily injury 
and property damage. 

3.1.1-705 
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Introduction 
These instructions cover the description, operation and 
maintenance of Westinghouse Type OS and Type OSL 
Low Voltage AC Powe~ Circuit Breakers and Type OS 
Drawout Fuse Trucks. These breakers are usually supplied 
as part of low voltage metal enclosed switchgear of the 
four-position drawout type. These instructions apply only 
to the circuit breaker and its auxiliary drawout details 
which have been designed as a completely integrated 
drawout unit. Type OS Breakers (not OSL) may also be 
supplied in a fixed mounted version. In this case the sec
tions of this book referring to the levering device, posi
tion interlocks, and spring discharge interlock will not 
apply. 

DS and DSL Breakers are available for application at -
voltages from 208 to 600 Vac; with continuous currents 

The DS and DSL Circuit Breakers operate on the mag
netic De-ion principle of interruption. In these breakers 
the arc rises into a series of insulated steel plates. The 
plates break the rising arc into a series of smaller arcs to 
cool and extinguish them and funnel the heat to ambient 
air. 

of SO to 4000 amps; and with interrupting capabilities up 
to 200,000 amps. Ref er to the breaker nameplate for the 
complete rating information for any given breaker: Break-
ers conform to NEMA, ANSI and IEEE standards. 

TYPE DS AND DSL BREAKERS ARE PROTECTIVE 
DEVICES. AS SUCH, THEY ARE MAXIMUM CUR
RENT RA TED DEVICES. THEREFO~. THEY SHOULD 
NOT UNDER ANY CIRCUMSTANCES BE APPLIED 
OUTSIDE THEIR NAMEPLATE RATINGS. OPERA
TION OUTSIDE OF THESE RA TINGS MAY CAUSE 
THE EQUIPMENT TO FAIL, RESULTING IN BODILY 
INJURY AND PROPERTY DAMAGE. 

The available DS and OSL Breakers and their rated per
formance capabilities are given in Tables 1 and 2. 

Table 1 - Type DS Breaker Ratings 

Interrupting Ratings, RMS Symmetrical Amperes 
Breaker Frame With Instantaneous Trip 
Type Size, Amp. 208-240V 480V 600V 

DS-206 800 42,000 30,000 30,000 
OS-206S 800 50,000 42,000 42,000 
DS-416 1600 65,000 50,000 42,000 
DS-416S 1600 65,000 65,000 50,000 
DS-420 2000 65,000 65,000 50,000 
DS-632 3200 85,000 65,000 65,000 
OS-840 4000 130,000 85,000 85,000 

a> Also short-time ratin11s. 
Q> Short c:in:uit ratings of non-automatic breakers except the Ds-840 which is 65,000. 

Maximum voltages at which the intenupting ratings apply are: 

System Voltage 

208 or 240 
480 
600 

Maximum Voltage 

254 
508 
635 

Interrupting ratings are based on the standard duty cycle consist
ing of an opening operation, a 15 second interval and a close
open operation, in succession, with delayed tripping in case of 
short-delay devices. 

The standard duty cycle for short-time ratings consists of main
taining the rated cunent for two periods of 1/2 second each, with 
a 15-second interval of zero current between the two periods. 

3.t.~.206 

With Short Delay Tri 1> ©{!) 
208-240V 480V 600V 

30,000 30,000 30,000 
42,000 42,000 42,000 
50,000 50,000 42,000 
65,000 65,000 50,000 
65,000 65,000 50,000 
65,000 65,000 65,000 
85,000 85,000 85,000 

l.B. 33-790-lE 

-



-

-

2 

Table 2 - DSL Breakers • Current Limiting Type Breakers and Combinations 
Type 

Frame Size, Amperes. 

Max. Interrupting Rating, 
RMS Symm. Amp., System 
Voltage 600 or Below 

DSL-206 

800 

200,000 

DSL-416 DSL-632 DSL-840 

1600 3200 4000 

200,000 200,000 200,000 ---~---------L--------"-----Notes: DSL-206 and DSL-416 include limiters integral 
with drawout breaker elements. DSL-632 includes DS-632 breaker and DS-3200 drawout fuse truck, in separate interlocked compartments. Ma:itimum continuous rating 
limited to 3000A when fuse compartment is above 

GENERAL DESCRIPTION 

Westinghouse DS and DSL Circuit Breakers are horizontal 
drawout magnetic air circuit breakers. They are designed 
for use in Metal-Clad Switchgear assemblies havmg maxi
mum voltages of 635 volts AC for DS Circuit Breakers 
and 600 volts for DSL. They are equipped with spring
stored, energy-closing mechanisms. All primary insulation to ground is glass polyester. These breakers have many 
common features, but they will vary in size and detail 
depending on the specific breaker type number and ratings. Figure I shows Type DS Low Voltage Power Circuit Breaker shipped inside its own compartment. Fig
ures 78 and 79 show Types DSL-206 and DSL-416 Circuit Breakers. 

Each DS and DSL Circuit Breaker consists of a basic breaker assembly, three interrupter assemblies (arc chutes), 
barriers, and an Amptector solid-state trip unit. DSL breakers have added current limiters to extend their interrupting range to 200,000 amps. Various accessories are also provided. 

Basic Breaker Assembly 

The basic breaker assembly includes a chassis, a control panel, an operating mechanism, a levering-in device, 
various interlocks, and three insulated pole unit assemblies mounted on a base. 

On the front of the breaker are the control items needed for proper operation of the circuit breaker. They 
are: breaker position indicator, breaker open/closed indicator, levering device shutter and shaft, breaker trip plate, 
closing spring charged/discharged indicator, Amptector 
trip test terminal access, Amptector trip controls, closing spring charge handle, dose bar and padlock plate. 

LB. 33-790-!E 

breaker compartment in same unit. DSL-840 includes D5-840 breaker and DS-4000 drawout fuse truck, in separate interlocked compartments. Maximum interrupting rating limited to l S0,000 amperes when 6000A fuses are used. 

Arc Chutes 
Each arc chute contains vertical steel splitter plates, in
sulating spacers and plates. These are all assembled in an 
insulating arc chute jacket. The arc chutes mount on top of the pole units and are vented to atmosphere. 

Optional Components 
Optional components provided upon order are: undervolt
age trip attachment, overcurrent trip switch, high-load trip 
switch, latch check switch, auxiliary switches. 

Accessories 

Levering crank and Amptector Test Kit are supplied as 
required. 

Since the major components and the accessories de
pend on the particular type and rating of circuit breaker, 
packing lists provided with each shipment and more detailed sections of this instruction book should be referred to for special information. Any questions about the cir
cuit breakers may be referred to the nearest Westinghouse 
Electric Corp. Sales Office. When making inquiries about type OS (DSL) circuit breakers always provide the specific 
type number, continuous current rating, mechanism type, 
applicable order numbers, breaker shop orders or style numbers, date of manufacture and other pertinent infor
mation as shown on the circuit breaker nameplate. Inquiries can be handled faster when complete information is provided with the initial inquiry. 

Special Circuit Breakers: OS-206S and DS-416S 

Table I gives the interrupting rating of DS-206S as 42,000 amperes at 600 volts AC. It is an improved model of 
DS-206, which has an interrupting capacity of 30,000 amperes at 600 volts AC. Yet, the maximum continuous 
current rating of 800 amperes is the same for both types. 

J.1.1~201 



Also, their parts are similar except for these differences: 

I. DS-206S uses the three piece base of the OS416 type, 
instead of the one piece molded base of the DS-206. 

2. DS-206S uses the OS416 arc chute. 

3. DS-206S main disconnects have 50% more fmgers than 
the DS-206. 

4. DS-206S has twice as many main contacts and arms as 
the DS-206. 

5. The pole unit hinge joint of DS-206S is a forked con
struction or a miniature version of the OS416 hinge. 

3 

6. Fifty ampere sensors cannot be installed on DS-206S; 
but they can be put on DS-206. 

Similarly, the parts of OS416S are almost identical 
to those of DS420. Their interrupting ratings are the 
same: 65,000 amperes at 480 volts AC and 50,000 amperes 
at 600 volts AC. But, the maximum continuous current 
rating of OS420 is 2,000 amperes and for OS416S it is 
1600 amperes. 

Compared to Type OS416, OS416S has higher in
terrupting ratings, giving it improved operating flexibility. 
See Table l. 

1.8. 33-790-lE 
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safety Features 
Type DS (DSL) Breakers are manufactured with several 
built-in interlocks and safety features to reduce hazards 
and provide proper operating sequences. UNDER NO 
CIRCUMSTANCES SHOULD. THEY BE MADE INOP
ERATIVE AS THIS MAY RESULT IN BODILY IN
JURY OR PROPERTY DAMAGE. 

I. Positive mechanical indicators on front panel show 
whether the breaker is open or closed, and whether the 
closing spring is charged or discharged. 

2. Closing Spring Automatic Discharge - Mechanical in
terlocking automatically discharges the closing springs 
when the breaker is removed from its compartment. 

3. Mechanical interlocking prevents levering of breaker 
unless its contacts are open. Contacts cannot be closed 
until the breaker is levered into TEST or CONNECT po
sitions. 

4. Mechanical interlocking prevents closing of breaker 
contacts while it is being levered into or out of its cell, 
or while it is standing in any intennediate location be
tween the TEST and the CONNECT positions or the DIS
CONNECT position. 

l.B. 33-790-lE 

S. Provisions for Padlocking-Breakers can be padlocked 
open to prevent electrical or manual closing. This padlock
ing can also secure the breaker in the connected, test, or 
disconnected position by preventing levering. 

6. In the CONNECT position automatic mechanical in
terlocking prevents the disconnecting or withdrawal of 
a closed breaker. This avoids drawing dangerous, destruc
tive arcs on the disconnecting contacts when the circuit 
is energized. 

7. In the REMOVE position mechanical interlock system 
prevents the closing springs from being charged or remain
ing charged. 

8. The integral fuses on Types DSL-206 and DSL-416 
breakers are inaccessible until the breaker is completely 
withdrawn from its compartment, thereby assuring com
plete isolation. 

Likewise, the Type DSL-632 and DSL-840 fuses are in
accessible until the separate fuse truck is completely with
drawn and the fuses isolated. The fuse truck is key inter
locked with the breaker to prevent withdrawing or in
sertion unless the breaker is open. 

( 
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Recommended Safety Practices 
Type DS circuit breakers are complex electrical devices 
containing high speed, high energy, operating mechanisms. 
They are designed to operate within the current and volt
age limitations on the breaker nameplate. Do not apply 
these breakers to systems with currents and/or voltages 
exceeding these limits. 

I. To perform work on Type DS Circuit Breakers re
quires personnel with training and experience in high volt• 
age circuits. Only qualified electrical workers, familiar 
with the construction and operation of such equipment 
and the hazards involved, should be permitted · to work 
on these circuit breakers. 

2. Only Qualified Persons as defined in the National 
Electric Safety Code should be permitted to assemble, op
erate or maintain these breakers. 

3. The breakers are equipped with various interlocks. DO 
NOT MAKE ANY OF THE INTERLOCKS INOPERA
TIVE AS THIS MAY RESULT IN BODILY INJURY OR 
PROPERTY DAMAGE. 

4. Never put a breaker into a cell without barriers and arc 
chutes. 

S. Always be sure that all switch hardware is in place and 
bolted tightly before inserting breaker into cell. 

6. Do not lift breaker with ordinary crane hooks, ropes, 
chains, etc., to avoid possible damage to parts or dropping 
the unit. Use breaker lifting adapter. 

7. Use handle on front panel of circuit breaker to move it 
into or out of cell. Keep fingers and hands off top, bot
tom or sides of breaker when moving it into or out of cell 
to prevent bodily injury. 

8. When operating breaker without arc chutes and bar
riers, keep hands, arms, head and tools out of area where 
contacts travel. Severe bodily injury could result from be
ing struck by the moving contacts either as they open or 
close. 

9. Be sure circuit breaker contacts are open iµid closing 
springs are discharged before doing maintenance work. 

10. Be sure circuit breaker contacts are open and closing 
springs are discharged after completing maintenance work. 

11. Never leave breaker in an intermediate position in a 
cell. Always have the breaker either in the disconnect, 
test or connected position because control circuits may be 
either improperly connected ( or disconnected) and may 
cause electrical failures. 

-

12. Avoid trip-free type operation because it causes more 
shock on some parts of breaker than normal closing op-
erations. Refer to last paragraph in Item 4.1. 4lt 
13. Before operating breaker in test position, be sure that 
closing the breaker will not cause another electrically in
terlocked breaker to inadvertently trip. 

I.B. 33-790-lE 
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Section 1 • Receiving, Handling and Storing 
1.0 RECEIVING AND HANDLING 

The circuit breakers may be ·~pped completely assem
bled and inside their respective compartments. 

Receiving and handling of this equipment is covered in 
Westinghouse Instruction Book 32-690 for Low-Voltage 
Metal-Enclosed Switchgear, Types OS and DSO. 

If the circuit breakers are not shipped in the switchgear 
assembly, they will be packed separately in individual car
tons or crates. These packages must be handled with care 
to avoid hidden damage to the circuit breakers. 

If the circuit breakers have been shipped in the switch
gear assembly, proceed as described in Section 2. If the 
breakers have been shipped in separate packages, remove 
them from the crate or carton carefully so as not to cause 
damage. Place the breakers on the switchgear extension 
rails. (See Section 2.3 before attempting to lift breakers.) 
Remove the insulating barriers and arc chutes. Inspect the 
contact structures to be sure no damage has occurred dur
ing shipment. Replace the arc chutes and insulating bar
riers and proceed as described in Section 3. 

l.l STORING 

If it is necessary to store the equipment before installa
tion, keep it in a clean dry place, protected from dirt and 
water and with ample air circulation and heat, if neces
sary, to prevent condensation. Like all electrical appara
tus, these units contain insulation. Although it is of high
est quality, it, like all other insulation, must be protected 
against dirt and moisture. Refer to Instruction Book 
32-690-C for details. 

I.B. 33-790-lE 

NOTE 

Breakers that have been stored or have infrequent opera
tions shall be operated a minimum of fwe times before be
ing placed in service. 

1.2 WEIGHTS: CIRCUIT BREAKERS AND 
FUSE TRUCKS 

Table 3 gives the approximate weigh_ts of OS and DSL 
circuit breakers. They will vary slightly due to the dif
ferences in functional components of the individual OS 
Breaker, and the size of the current limiters supplied on 
DSL Breakers. Fuse truck weights will vary due to dif
ferences of fuse sizes. 

Table 3 -Approximate Weights 

Drawout Elements Pounds 

DS-206 Circuit Breaker ............... 150 
DS-206S Circuit Breaker .............. 160 
DS-416 Circuit Breaker. . . . . . . . . . . . . .. 195 
DS-4 I 6S Circuit Breaker. . . . . . . . . . . . . . 200 
DS-420 Circuit Breaker . .............. 200 
DS-632 Circuit Breaker ............... 300 
DS-840 Circuit Breaker . .............. 400 
DSL-206 Circuit Breaker .............. 200 
DSL-416 Circuit Breaker .............. 260 
DS-3200 Fuse Truck ................ 325 
DS-4000 Fuse Truck ................ 430 I 
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Section 2 -First Removal of Breaker from Compartment 
2.0 GENERAL 

To examine and become familiar with the construction 
and operation of the breaker, it first must be withdrawn 
from the compartment. There are rails provided which 
permit the breaker to be rolled out of the compartment so 
that it can be examined on all sides and operated. First 
unlatch and open the compartment door. 

2.1 SETTING THE RAILS IN FRONT OF 
THE COMPARTMENT 

Refer to Figures 1 and 2. There are two rails for each 
breaker compartment which, when not in use, are stored 
on the inside of the compartment in a back-sloping 
position. Withdraw each rail completely and let it down 
into a horizontal position, as shown in Figure 2. 

The first movement of the breaker toward the front of 
the compartment must be done with the levering device. 

a ~ i 
• • • I ! 

l 

Fig. I The Type DS Low Voltage Power Circuit Breaker 
is Shipped Inside Its Own Compartment ( 388880"') 
"PHOTO NUMBER 

3. M-212 

--, 

Fig. 2 Rails are Stowed away in the Compartment. 
Withdraw as Shown ( 383027) 

2.2 REMOVING SHIPPING BRACE 

Before the circuit breaker element can be withdrawn from 
its compartment for the first time, two shipping braces 
must be removed from t~e lower part of the breaker front 
panel. These braces are small steel angles bolted to the 
front of the circuit breaker and to the' bottom cradle of 
the circuit breaker compartment. 

During shipment, the front wheels of the breaker are 
lifted approximately 1/16 inch above the compartment 
rails, and the unit is held part way between DISCON
NECT and TEST positions by means of its levering device 
and the shipping angle. 

1. With a screwdriver, remove the two (2) outside .25-20 
panhead screws with captive washers from the bottom leg 
of the two angles. Do not discard, as later they will be 
returned to their tapped holes. Do not remove the center 
screw from the bottom cradle. 

2. The levering device is now used to release the breaker 
from the shipping position. When the breaker is part way 
between DISCONNECT and TEST positions as described 
above the breaker levering device interlock will hold the 
shutter down and the trip plate depressed. 'The hex shaft 
of the levering device will be exposed and ready to receive 
the levering crank handle. See Figure 3. Insert the crank 

J.B. 33-790-IE 
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Fig. 3 Levering Device Crank Handle Installed. Read 
Section 2.2 un this Operation ( 391177) 

and turn in a counter-clockwise direction and observe the 
action of the drawout position indicator. The indicator 
will move down to the REMOVE position at which time 
the load on the crank handle increases because a stop has 
been reached. 

NOTE 

DO NOT APPLY FORCE ON THE CRANK HANDLE 
AFTER THE STOP HAS BEEN REACHED AS THE 
BREAKER IS NOW FREE. 

3. When the position indicator shows the levering device 
to be in the REMOVE position, remove the hand crank. 
Pull the breaker out onto the extended rails. This will 
require more effort than normal as the rear wheels are 
Jammed into the cradle hold-down hooks by two lengths 
of plastic tubing. Refer to illustrations in the stationary 
structure Instruction Book 32-690 covering shipping 
braces. 

4. Remove the two (2) .25-20 panhead screws holding the 
two shipping angles to the front panel of the breaker. Care 
must be exercised to prevent marring the front panel. Two 
or more flat washers are used between the angle and front 
panel for shipping. Discard the angles. 

5. Immediately replace the two panhead screws discard
ing all washers. 

Fig. 4 Use of Breaker L,fting Adapter ( 391187) 

AACCHUT(S 
J R(CUIIIIEO 

,OLYEST(III 
BARRIERS 
t REQUIRED 

1.EVER114a 
DEVICE A.RM_ 
CMSCQN--,ECTEO 
flOSJTIOllil 

6. With the breaker pulled completely to the end of the 
rails, remove the two (2) six inch long pieces of split 
plastic tubing that are on the rear of the stationary rails 
immediately below the hold-down hooks. This tubing is 
for shipping purposes only and is to be discarded. 

7. The stationary secondary disconnecting contacts are 
covered by a sheet of insulating material during shipment. 
This must be removed and discarded before the breaker is 
moved to the TEST or CONNECTED position. 

8. Push the breaker back into its compartment, and 
replace the two (2) panhead .25-20 screws at the front 
edge of the cradle. 

2.3 LIFTING THE BREAKER 

When it is necessary to lift the breaker off the rails, all 
lifting should be done only with the accessory lifting 

adapter. DO NOT ATTEMPT TO LIFT BREAKER WITH 
ORDINARY CRANE HOOKS, ROPES, CHAINS ETC., 
AS VITAL PARTS SUCH AS WIRING, BARRIERS AND 
ARC CHUTE PARTS MIGHT BE DAMAGED. Figure 4 
shows a view of the breaker with the lifting adapter in 
place. The lifter consists essentially of two sheet steel 
hooks specially shaped to hook under the top edges of the 
large openings on each circuit breaker side sheet, or in the 
specially provided lifting Jugs on some breakers, and a 
spreader. Actual lifting may be with a crane, chain block 
or with the optional lifting mechanism which can be 
supplied for the switchgear. The breaker must be pulled 
completely to the end of the rails. 

l.B. 33-790-1 L 3.1..1-213 
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Section 3 -Preliminary Examination of Circuit Breaker 
The remainder of the drawout element includes the -

following auxiliary components: 
3.0 GENERAL 

Read these instructions carefully and look at the breaker 
as it stands out of the compartment before trying to 
operate it. Refer to Figures 5, 6, 7 and 8. 

The complete drawout element includes the circuit 
breaker itself and its auxiliaries. The circuit breaker 
consists of four major components: 

1. The operating mechanism. 

2. The contacts, operated by the mechanism. 

3. The arc chutes, which interrupt the arc which always 
results from opening the breaker under load or short 
circuit conditions. 

4. The Amptector® solid-state overcurrent tripping sys
tem. 

AMPTECTOR TRIP-------------

AMPTECTOR TRIP TEST 
TERMINAL ACCESS 

SHUTTE Rt------

DRAWOUT UNIT 
POSITION INDICATOR 

PADLOCK PLATE 

SPRING CHARGE----
INDICATOR 

Fig. S View Showing Controls on the Panel ( 391066 J 

1. lnterphase insulating barriers which isolate the arc 
chutes from each other and from ground. 

2. Drawout element frame and rollers. 

3. The levering device, for placing the element into its 
various positions inside the compartment. 

4. The main disconnecting contacts, for connecting the 
breaker to power source and load. 

5. The secondary contacts, for connecting the control 
circuits to the electrical operating parts of the element. 

6. The interlocks, which increase the safety of operation. 

7. Drawout element position indicator. 

EMERGENCY 
~~~!-----CHARGING 

HANDLE 

13.-1.1-214 
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INSULATION 
BARRIERS 

LEVERING DEVICE ARM 
(REMOVE POSITION! 

ARC CHUTE 

~~I 

ROLi.EA 

:--1e 

ffEEL 
FRONT PANEL 

Fig. 6a Left Side of Breaker with Levering Device Arm in 
REMO VE Position ( 391065} 

_c 
I 

' " 

ARC 
CHUTE , ___ _ 

"l9il~-~::. .- ---

ONE INSULATION 
BARRIER REMOVED 
FOR 1NSP£CTION 

LEVERING DEVICE ARM 
/TEST POSITION I 

Fig. 7 Right Side Showing levering Device Arm in 
TEST Position ( 391068) 

l.B. 33-790-1£ 

RATCHET 
WHEEL 

LEVERING 
DEVICE 
SHAFT 

AMPTECTOR SHUTTER 
TRIP TEST (DEPRESSED! TERMINALS 

L.H. SPRING 
CRANK ARM 

RIP 
ACTUATOR 

CLOSE 
CAM 

EMERGENCY 
l+AROINO 

HANOLE 

OHNING 
Sl'AING 

HOLD 
PAWL 

Fig. 6b lJS 416 Breaker with Front Panel Removed 
(391070) 

SENSORS 

SECONDARY 
DISCONNECTING 
CONTACTS 

) j 
I :, 
I I 

i: 

/1 
u j ~, 

-- .-_·j) /,-- ~ 
··";,;- l 

( 

,c .. ··, 1 .., 

J- I),// 
~/ 
? LEVERING MAIN DEVICE ARM DISCONNECTING /CONNECTED CONTACTS f'OSITIONI 

Fig. 8 Rear View Showing Levering Device Arm in 
CONNECT Position ( 39106 7) 
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8. Open-Close indicator. 

9. Spring charge indicator. 

10. The close bar and trip plate. 

1 I. Steel front cover. 

12. Nameplate with complete rating information. 

The Type DSL-206 and DSL-416 drawout elements 
also include the following components: 

1. Current limiters. 

2. Isolating transformers, connected in parallel with the 
limiters. 

3. Combination "Blown limiter Indicator" and anti
single phase device, connected to the isolating transform
ers, actuated by blowing of one or more of the current 
limiters. This device has individual phase indicators and a 
common "RESET' button extending through the front 
cover. 

Each breaker is equipped with a spring-type stored 
energy closing mechanism. This mechanism closes the 
circuit breaker contacts with the necessary speed and 
force, independently of the operator. Basically, the 
closing springs must first be charged or cocked before the 
breaker can be closed. The spriJ'lgs are then released by 
releasing the spring release latch. The breaker is opened by 
releasing the tripping latch. 

3.1 INDEPENDENT MANUAL AND POWER· 
OPERATED BREAKERS 

3.1.1 Cosing Facilities 

On manually operated breakers, the closing springs can be 
charged only by hand, by means of the spring-charge 
handle. The actual closing of the breaker is done only by 
hand-push on the close bar. As optional equipment, the 
electrical spring release attachment normally supplied 
only on power-operated breakers can be supplied on 
manually operated breakers. 

3. 1. 1-211? 
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On power-operated breakers, the springs are normally 
charged by an electric motor. Closing may be done 
electrically by an electro-magnet which lifts the closing 
spring release latch. Both of these operations can be done 
by hand if the control power source fails. 

3.1.2 Tripping Facilities 

The breaker can be tripped open by hand by pushing with 
the finger on the trip plate on the breaker panel or the 
trip plate on the breaker compartment door (the latter-is 
operative only when the breaker is in the connected 
position). 

The breaker can also be tripped electrically by the 
following devices: 

1. Shunt trip device, optional equipment on manually 
operated breakers. 

2. Trip Actuator, energized from the Amptector trip unit. 

3. Undervoltage Trip Device (Optional on all breakers) 

4. Blown limiter Indicator (for DSL breakers) 

-

3.2 LEVERING DEVICE -

The drawout element has four normal positions in its 
compartment, determined by the levering device: 

l. The REMOVE position, Figure 6. 

2. The DISCONNECT position. 

3. The TEST position, Figure 7. 

4. The CONNECT position, Figure 8. 

The REMOVE position is the first position in the 
compartment as the element is pushed directly by hand as 
far as it will go. The DISCONNECT, TEST, and the 
CONNECT positions are reached only by means of the 
levering device. This is hand operated with a removable 
crank handle. This handle is placed on the levering device 
worm shaft, which is exposed by depressing the shutter. 

I.B. 3 3-790-1 E 
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Section 4 -Basic Operating Instructions 
4.0 GENERAL 

The breaker is now ready for -trial mechanical operation. 
Keep the breaker standing on the compartment rails, out 
in front of the compartment. Examine it externally for 
any signs of obvious damage or foreign material. When 
everything appears to be in order, perform the following 
operations as "dry run" practice. If any malfunctioning is 
found during these operations, see that it is corrected 
before further operations or before pJacing the breaker in 
service. 

r 
! 

Fig. 9 Method Used to Press Trip Plate and lower 
Shutter with One Hand, Preparatory to 
Inserting Crank ( 383028) 

4.1 LEVERING DEVICE 

If the circuit breaker was shipped in a separate package, 
the levering device was probably left in the REMOVE 
position. If not it will be necessary to return it to this 
position. Push in the TRIP plate and depress the shutter 
over the levering shaft, using one hand. as shown in Fig
ure 9, and insert the levering crank as shown in Figure 3. 
Turn the crank counterclockwise until the position in
dicator is in the REMOVE position, at which time the 
load on the crank handle increases because a stop has 
been reached. Now rotate the crank clockwise to simu
late levering the breaker inward toward the CONNECT 
POSITION. Watch the movement of the levering device 
arms. At the start of cranking the arms are horizontal, 
with roJlers toward the rear, Figure 6. As the crank is 

turned clockwise the levering device arms rotate down
ward. When they have moved approximately 40° from the 
horizontal, the shutter will rise until it touches the crank 
socket. The position indicator will be opposite "DISC" 
which is the DISCONNECT position wherein the breaker 
is held in its compartment with both main and secondary 
contacts disengaged. If the crank is withdrawn, the shut
ter will close completely, and the breaker may be locked 
in this position as later described in Section 5.1.8.5 of 
this instruction book. There is very little movement of 
the breaker into its compartment between the REMOVE 
and DISCONNECT positions. 

Continued rotation of the crank in the clockwise direc
tion moves the arms downward to the vertical position, 
and the indicator will show "TEST" as in Figure 7. The 
shutter will rise. 

Further clockwise rotation of the crank handle rotates 
the arms to the CONNECT position. This is about 65 
degrees from the test position, as shown in Figure 8. When 
this position is reached, the crank suddenly becomes hard 
to tum. At this point, stop turning the crank, as the worm 
shaft bottoms in the tapped hole of the stop nut. 

NOTE 

Further turning effort is useless. The breaker will be 
secure, even if the stop is only lightly touched. Remember 
this when actually levering the breaker into the connect 
position. 

Rotation of the crank counterclockwise will turn the 
levering device arms to withdraw the unit from the CON
NECT position to the TEST position and then to the DIS
CONNECT and REMOVE positions. Then, when the 
crank is removed from the worm shaft, the shutter will 
remain down and the trip plate will remain trapped by the 
shutter. 

NOTE 

If the breaker is levered out from the TEST position to 
the REMOVE position with the closing springs charged, a 
trip-free "closing" operation automatically will be per
formed but the breaker contacts will not close. When a 
power-operated breaker is removed from cell, it must go 
through a trip-free operation. 

4.2 CHARGE THE CLOSING SPRINGS 

The closing springs must be charged before the breaker 
can be closed. To manually charge the closing springs, the 

LB. 33-790-IE 3. 1. 1,217 



levering device arms must be rotated away from the RE
MOVE position to the TEST position. If charging is at
tempted in the REMOVE position, the closing cam will 
rotate past the charged position and go through a trip-free 
"closing" operation, i.e., the springs will discharge with
out moving the breaker contacts. Do not attempt to 
charge the springs in the DISCONNECT position as the 
same action may occur. After turning the levering device 
to TEST position, manually charge the springs. On man
ually operated breakers, the springs are charged by a single 
stroke downward on the spring-charge handle, rotating it 
about 90° toward you until it suddenly becomes very 
easy to move and then tends to run away from your hand. 
At the same time, you will hear a metallic "click!" as the 
over center closing spring stop is reached. Note that the 
spring charge indicator now shows "Spring Charged." 

ii-i'ilM~-
0o not release the handle before the charging operation is 
completed. To release handle before charging completion 
will return handle upwards with such velocity that it may 
break the handle knob or cause bodily injury. 

11-i'OM~• 
Hold breaker to prevent tilting forward when hand charg
ing closing springs with the breaker on the extended rails. 
Otherwise, it may topple to the floor and cause bodily in
jury or equipment damage. 

On power operated breakers, a short spring-charge han
dle is included for emergency operation. This works on 
a ratchet principle, and requires 10 to 12 pumping opera
tions to completely charge the springs. At this point, the 
same metallic "click" will be heard; and the spring charge 
indicator will show "Spring Charged." The handle must 
not be forced beyond this point. 

NOTE 

Power-operated breakers, when being levered into the 
compartment, will have the spring-charge motor run and 
charge the spring automatically as the TEST position is 
reached. 

4.3 CLOSE THE BREAKER 

The breaker can be closed only when the following condi
tions are met: 

1. The closing springs are charged. 

2. The levering arms are in either the TEST position, as in 
Figure 7 or in the CONNECT position, Figure 8. 

. 1.1.1-218 
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3. The levering device crank handle has been removed and 
the shutter is closed. 

4. Undervoltage trip device (if included) has been ener
gized. 

5. Blown limiter indicator ( for DSL breakers only) is reset. 

Having met these conditions, close the breaker by 
pushing on the close bar. Note that the breaker position 
indicator shows "Breaker Closed", against a red back
ground. Also that the spring-charge indicator now shows 
"Spring Discharged." 

Some power-operated breakers are interlocked to pre• 
vent manual closing from the close bar on the front panel 
when in the CONNECT position. In this case crank the 
levering device to the TEST position to operate. This in
terlock is covered by Section 5 .1.8 .2. 

It is possible to recharge the springs immediately after 
closing the breaker. This results in increased strain on the 
mechanism, and it is recommended that this be done only 
if the operating procedure requires this condition. 

NOTE 

-

If closing is attempted with the levering arms in other 
than the TEST or CONNECT positions, with or without -
the levering crank in place, a trip-free "closing" operation 
is performed but the breaker contacts do not close. This 
trip free type of operation results in more shock on some 
parts of the mechanism than normal closing operations. 
Therefore, this type of operation should be avoided if 
possible. 

4.4 OPEN THE BREAKER 

The breaker can be opened in the following ways: 

l. By hand operation of the trip plate (on the breaker or 
on the compartment door.) 

2. Automatically by overload, short circuit or undervolt
age condition. 

3. Breakers equipped for power operation can be tripped 
electrically by a shunt trip device energized by hand 
switch or relay. 

For the present purpose of getting acquainted with the 
breaker, open it by pushing on the trip plate. Note that 
the breaker position indicator now shows "Breaker-open", A 
against a green background. W 

LB. 33-790-lE 
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NOTE 

On breakers equipped for power operation, when they are 
in the compartment and in either the TEST or CONNECT 
position, the spring-charge motor nonnally runs auto
matically and charges the closing springs as soon as the 
breaker opens. The closing springs nonnally remain dis
charged while the breaker stands in the closed position. 
Also see Section 5.1.2.1. 

Now to become better acquainted with the breaker, 
charge the closing springs, close and open the breaker 
several times. Also, place the levering crank handle on the 
levering device work shaft and rotate the levering arms to 
their various positions by turning the levering crank han
dle. Leave the levering anns horizontal, with rollers 
toward rear of breaker, i.e. in the remove position. 

The breaker is now ready to be put into its various 
operating positions in the compartment. 

4.5 PLACE THE BREAKER IN THE TEST POSmoN 

Push the breaker into the REMOVE position. 

Note that the compartment door can now be closed 
and fastened. With the compartment door closed, the 
breaker cannot be operated in any manner. HOWEVER 
YOU WILL NOTE THAT, WITH THE COMPARTMENT 
DOOR OPEN, THE FRONT PANEL ASSEMBLY OF 
THE BREAKER FORMS A STEEL PROTECTIVE 
SHIELD. 

Place crank on the levering device worm shaft. Turn 
crank clockwise until drawout unit position indicator 
shows "TEST." Remove the levering device crank. The 
shutter will close over the hex shaft. All manual opera
tions can now be performed. On power operated breakers 
the spring is charged automatically as the breaker arrives 
in the TEST position. The breaker can also be opened 
with it shunt trip device, and it can be electrically closed 
with the spring release device. 

4.6 PLACE THE BREAKER IN THE CONNECT 
POSITION 

Press the trip plate and lower the shutter. Place the crank 
handle on the levering device worm shaft and tum the 
crank clockwise until the CONNECT position stop is 
reached, as indicated by sudden increase in load on the 
crank, as previously described in paragraph 4.1. 

Note however, that before the stop is reached, an in
crease in load on the crank will be felt after the breaker 

I.B. 33-790-IE 

has moved about an inch. This is caused by the making up 
on the main disconnecting contacts. The load on the 
crank will decrease after reaching a peak. The next in
crease in load is when the stop is reached. 

NOTE 

Do not try to crank after the stop is reached. Further 
tightening of the crank does not help keep the breaker in 
position. When the crank handle is removed, the shutter 
and the trip plate should map into nonnal position. 

4. 7 REMOVE THE BREAKER FOR FINAL 
INSPECTION 

Withdraw the breaker from the CONNECT position in the 
compartment to the end of the extended rails following 
the reverse procedure described above. Inspect it thor
oughly to see that no foreign objects have lodged within 
it. If any defects were found during these preliminary 
operations, complete their corrections at once. 

4.8 FINAL INSPECTION 

MAKE SURE THE THREE (3) ARC CHUTES ARE 
PROPERLY INSTALLED. MAKE SURE ALL FOUR (4) 
INS ULA TING BARRIERS ARE PROPERLY IN
STALLED. 

l. With the breaker withdrawn, rotate levering device to 
connected position before attempting to charge the 
spring. 

2. Close and trip the breaker several times as previously 
described. 

3. Return the levering device to the remove position; i.e., 
with the roller arms pointing toward the rear as shown in 
Figure 6. 

4. This completes the "dry run." 

4.9 AMPTECTOR TRIP SETTINGS 

When the breaker is shipped, the calibrating dials of the 
Amptector trip unit are at the nominal settings. For 
specific overload tripping characteristics to coordinate 
with the load or the system, refer to Section 8 and Curves 
found later in this instruction book. 

4.10 PLACE THE BREAKER IN SERVICE 

Lever the breaker into the connected position as previ
ously described, and latch the compartment door. 
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Section 5 • Description and Explanation of Operation 

S.0 GENERAL 

The following paragraphs give a general description and 
explanation of the operation of the breaker. 

S.1 THE OPERATING MECHANISM AND HOW 
IT WORKS 

The operating mechanism is of the spring charged stored 
energy type. This means that it consists of two major 
parts: 

( 1) The stored energy or spring-charging mechanism. 

(2) The mechanism for closing and opening the breaker. 

The basic parts of these are combined into one 
sub-assembly illustrated in Figures 10, 11, 12, and 13. 
There are two varieties of mechanisms for the complete 
line of DS and DSL breakers: 

Power-Operated 

Manually Operated 

'"!"""---~IOUNCE 

,~ J'• MECHANISM 
~-----FRAME 

/ 

Fig. JO Front View of Mechanism (Manual Spring Charge 
Except for DS-632/840) ( 383035) 

EMERCIINCY CHARGE 
RETURN •RING 

Fig. 11 Front View of Mechanism (Power-Operated 
Spring Charge) ( 385301) 

RATCHET 
WHEEL PIN ----~i,i;.....,. 
MAIN 
DRIVE LINK --+-,,,...---.,--M,.-1!!11.,_ 

EMIRGENCY 
CHARGE PAWL 

TRIP SHAFT MAIN ROLLER 
IIEARING 

Fig. 12 Rear of Power-Operated Mechanism ( 385303) 
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INDICATOR ,tN 

--------SPAII\IG ANCHOR 

Fig. J 3 Rear View of Mechanism ( Left Close Spring 
Removed) (383034) 

5.1. l Power-Operated Mechanism 

In the power-operated version, the mechanism is equipped 
with a universal-type motor for automatic charging of the 
closing springs. It is equipped with a spring release device 
for electrically closing through a control switch push
button, or other circuit-making device. A shunt trip device 
is supplied for remote tripping through a control switch, 
relay. etc. In the absence of control voltage, or whenever 
desirable, the closing spring can be charged by hand with 
the emergency charging handle. Hand closing of the 
breaker can be done by means of the close bar. Hand 
opening of the breaker can be done by means of the trip plate. 

5.1. 2 Explanation of Spring-Charging Mechanism 
for Power-Operated Breakers 

Figure 14 is an isometric diagram of the principal parts of 
a completely power-operated mechanism. 

Figure 15 is a front view drawing showing the principal 
parts of the spring-charging portion of this mechanism. 
0th er parts are omitted for clarity. Figures J 6a and 16b 
show in greater detail the major parts of the spring
charging mechanism in the two basic positions: 

Closing springs charged (16a ). 

Closing springs discharged ( J 6b ). 

J.B. 33-790-lE 

Referring to Figure 15, the basic elements are mounted 
on the crank shaft (8). This is a straight shaft with four 
flats machined on it, and a crank arm (1 I) attached to 
each end. Each crank arm connects to its closing spring 
(9) by a formed spring end (IO) Figure 16b. The rear of 
the springs anchor to the rear of the mechanism frame. 
The crank arms (1 I), motor cutoff switch cam (7), close 
cam (6) and two drive plates (25) have matching flats; and 
are thus anchored to the crank shaft. The spring charge 
indicator (12) ratchet wheel (17), oscillator (30), and 
emergency charge device (26) do not have internal flats 
but are mounted on separate bushings and are free to 
rotate on the crank shaft. 

Figure 17 is an exploded view of the crankshaft parts. 

Figure 16a is a view looking into the right end of the crankshaft, and shows the position of the components 
when the springs are charged. 

Figure 16b is a partial view with the springs discharged. 

The motor crank shaft assembly (29), carrying a roller 
for driving the oscillator, is pivoted in the right hand 
mechanism side frame. The hold pawl (18) is mounted by 
means of a pin on the mechanism side frame as shown. 

In operation, rotation of the motor crank pushes the 
oscillator arm counterclockwise to make the oscillator 
pawl (28) push a tooth in the ratchet wheel (17) and 
rotate the ratchet wheel slightly more than one tooth in 
the counterclockwise direction. The holding pawl snaps 
behind the corresponding -advanced tooth, and holds it 
against the torque of the closing springs while the 
oscillator arm rotates back clockwise to catch another 
ratchet tooth. Thus the ratchet wheel is rotated counter
clockwise until the ratchet wheel pin (21) engages the two 
drive plates (25) which in turn rotate the crank shaft and 
the crank arms in the same direction until the arms are 
slightly past horizontal dead center. Since the close cam 
(6) is rigidly mounted on the crank shaft, the same as the drive plates, it has rotated the same amount as the plates. 
The close cam carries a stop roller as shown in Figure 22b. 
Just after horizontal dead center of the crank arms is 
reached, the torque of the closing springs starts to rotate 
the crank, independently of the driving motor. However, 
the stop roller on the close cam quickly stops the 
movement of the crank at only a few degrees over center 
and holds it there by coming against the spring release 
latch. This is the "spring charged" position. The motor cut-off switch cam (7) operates the switch (15) through a 
lever (13) at this time, and the motor stops. 
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At the instant that the springs snap over dead center, 
the lobes of the drive plates raise the pawl lifters (27), and 
prevent the oscillator pawl (28) from engaging the next 
tooth in the ratchet wheel. Thus the oscillator is free and 
renders the exact stopping point of the motor not critical. 

When the spring release latch is moved below the level 
of the stop roller, as later described, the close cam is free 
to rotate; and the two closing springs rotate the crank
shaft counterclockwise to close the breaker contacts. 
They assume the position shown in Figure 16b and the 
cam as in 22c. During rotation, the drive plates move 
away from the ratchet wheel pin. The ratchet wheel does 
not rotate during the closing operation thus preventing 
excessive wear on the teeth and pawls. 

1. Shunt Trip Device 
2. Trip Shaft 
3. Roller Constraining Link 

10. Ratchet Wheel 
11 . Hold Pawl 
12. Drive Plate 

l7 

Power-operated breakers are also equipped for emer
gency hand charging the closing springs. Refer to Fig
ure 21. This operation is similar to that of the motor and 
oscillator except a separate emergency charge pawl (33) is 
used to advance the ratchet wheel (17) several teeth on 
each stroke of the charge handle (34 ). This device (26) 
also pivots on the crank shaft. 

5.1.2.1 Power Operation 

The electrical operation of the spring-charging motor 
circuit is as follows: 

The standard basic schematic and coMection diagrams 
are shown in Figure 19a and b·. Device Y is the anti-pump 
relay. 

19. Resat Spring 
20. Closing Spring Anchor 
21. Pole Shaft 

4. Trip Latch 13. Emergency Charge Pawl 22. Motor 
5. Close Cam 14. Oscillator 23. Emergency Charge Handle 
6. Stop Roller 15. Crank Shaft 24. Motor Crank and Handle 
7. Spring Release Latch 16. Emergency Charge Device 25. Moving Contact AsNmbly 
8. Spring Release Device 17. Crank Arm 26. Insulating Link 
9. Oscillator Pawl 18. Closing Spring 27. Main Drive Link 

. Fig. 14 Arrangement of the Principal Parts of a Power Operated Mechanism. The Close Spring is Shown in the 
Charged Position 
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1. Shutter 12. 
2. Levering Device Indicator 13. 
3. Levering Mechanism 14. 
4. Trip Plate 15. 
5. Trip Shaft 16. 
6. Close Cam 17. 
7. Motor 'Cut-Off Switch Cam 18. 
8. Crank Shaft 19. 
9. Closing Spring 22. 

11. Crank Arm 23. 

I I 
I I 
I I 
I I 
I I 
I I 

I! 
I I 
I I 
I I 
I I 
I I 
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I& II 19 ~ 
Spring Charge Indicator 24. Thrust Searing and Races 
Motor Cut-Off Switch Lever 25. Drive Plates (21 
Draw Out Unit Base 26. Emergency Charge Device 
Motor Cut-Off Switch 27. Pawl Lifter 
Ratchet Bushing 28. Oscillator Pawl 
Ratchet Wheel 30. Oscillator 
Hold Pawl 31. Mechanism Side Frame. Right Hand 
Oscillator Buahing 32. Mechanism Side Frame, Left Hand 
Spacers (3) 
Stop Bracket 

Fig. 15 Front View Showing Major Parts of the Oank Shaft Assembly. Some Parts are Omitted for Clarity 
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a) Spring Charged 

Note: Main cam position for this crank shaft position is shown in Fig. 22a 

' \ 

6. Close Cam 
8. Crank Shaft 
9. Closing Spring 

10. Spring End 
11. Crank Arm 

Fig. 16 Power-Operated Spring-Charge Details 

\ I\ 
J I I 

V 

~ -------
-- -- ---

b) Spring Discharged 

17. Ratchet Wheel 25. Drive Plate 
18. Hold Pawl 27. Pawl Lifter 
19. Oscillator Bushing 28. Oscillator Pawl 
20. Oscillator Spring 29. Motor Crank Roller 
21. Ratchet Wheel Pin 30. Oscillator 
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1. Motor Cut-Off Switch Cam 6. Ratchet Wheef 7 7. Oscillator Bushing 2. Crank Shaft 7. Ratchet Bushing 72. Emergency Charge Device 3. Close Cam 8. Oscillator 13. Charge Device Return Spring 4. Drive Plate 9. Bearing Race 14. Spring Retainer 5. Precision Spacer 10. Thrust Searing 15. Crank Arm 

Fig. 17 Crank Shaft A ssemb(v of Power-Operated Mechanism ( 385304) 

'11 
~--- : I --~-

I 
,__ ___ 

- Fig. 18 Emergency Spring-Charge on Power Operated Mechanism 
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77. Ratchet Wheel 
18. Hold Pawl 
23. Stop Bracker 
26. Emergency Charge Device 
33. Emergency Charge Pawl 
34. Emergency Charge Handle 
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a. Schematic 

MOT 
LS 
SR 
SHTR 
V 

Spring Charging Motor 
Limit Switch 
Closi119 Spring Releue 
Shunt Trip 
Anti.Pump Relay 

TAIi' SHAFT LEVER 

COMPARTMENT 
TRIP LINK 

TRIP SHAFT 
.----RETURN 

Sl'fllNG 

TRIP SHAFT 

c. Trip Details ( 391088) 

66 

e-®-6a 

LS 564 3 

67 L@)-J 

66 8 

-67 7 

4 

AUXILIARY 
SWITCH 

-~ 

b. Connecting Diagram 

INIULATION MOUNTING COIL SPRING RELEASE 
BRACKET 

MOTOR CUT-OFF 
SWITCH 

d. Spring Release Details 

., ..... ---.,------~~~:ro 
~I , ----- MOTOR 

I 

e. Spring Charging Details ( 391089) 

Fig. 19 Standard Schematic and Connection Diagrams for Power-Operated Breakers 
and Trip, Spring Release, Spring Charging Details 
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With the breaker open and springs discharged, the 
motor is energized through the limit switch (lS) and the 
"b" contact. The green indicating lamp (G) is controlled 
by a separate "b" contact, and when lit indicates that the 
breaker is open. 

Motor runs and charges the closing springs. 

When the springs are fully charged, limit switch (lS) 
opens in the motor circuit and closes in the spring release 
coil (SR) circuit. 

When the close contact (CS-C) makes, the spring 
release coil (SR) is energized through the normally closed 
"Y" contact, the limit switch (LS), and breaker "b" 
contacts. This releases the latch holding the stop roller on 
the close cam. 

Springs are released to close the breaker. When the 
breaker closes, the "b" contact opens to cut off spring 
release coil and motor, and limit switch {lS) contacts 
reset. 

If the close contact (CS-C) is maintained, the "Y'' relay 
will be picked up by the current through the SR coil, and 
will open its "Y'' contact in the SR circuit. This allows 
only one close operation until the close contact (CS-C) 
has been reset. The "Y" coil has a very low drop-out 
voltage. 

On some circuit breakers a special closing circuit may 
be provided which permits the closing springs to be 
automatically recharged immediately after the breaker is 
closed instead of only after the breaker is opened. This is 
accomplished by separating the motor and limit switch 

®@ ® @ I 

® 
2. Trip Shaft 16. Manual Charge Device 23. Manual Charge Handle 3. Roller Constraining Link 
4. Trip Shaft 
5. Close Cam 
6. Spring Release Latch 

14. Crank Shaft 

17. Crank Arm 
18. Closing Spring 
19. Opening Spring 
20. Closing Spring Anchor 
21. Pole Shaft 

fig. 20 Principal Parts in a Manually Charged Spring Operated Mechanism. 
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25. Moving Contact Assembly 
26. Insulating Link 
27. Main Drive Link 



from the "b" contact so the motor operation is independ
ent of the position of the breaker contacts. This arrange
ment makes the breaker suitable for use with instantane
ous reclosing relays or in special operating sequences. 

The standard control ·utilizes AC or DC control power. 
For 240 or 120 volt AC equipment, the control power 
may be taken direct from the source through fuses. For 
480 and 600 volt operation, a suitable control power 
transformer is used. The transformer is optional for 240 
volt systems. DC control voltages are 48, 125 or 250. 

When the breaker closed, the "a" contact in the shunt 
trip (SH-TR) coil circuit also closed to complete this trip 
circuit. The red indicating lamp (R) supervises the shunt 
trip circuit to show that it is in working order, and 
indicates that the breaker is closed. 

When control power is turned on, any power-operated 
breaker in the test or connected position with its springs 
discharged will have its motor energized until the closing 
springs are charged. 

S.1.3 Manual-Operated Mechanisms 

On manually operated breakers, the closing spring can be 
charged only by hand, as described in Section 4.2. As 
usually equipped, the breaker can be closed only by hand, 
with the close bar. As an optional extra, a closing spring 
release device can be supplied on these breakers. 

Hand opening of the breaker can be done only by 
means of the trip plate; however a shunt trip device can be 
supplied as an optional extra. 

S.1.4 Explanation of Spring-Charging Mechanism for 
Manually-Operated Breakers 

Figure 20 is another isometric diagram to illustrate the 
mechanism in a manually operated breaker. For sake of 
clarity, the actuator has been omitted. 

Figure 21 gives the details of this spring-charging device 
which is located between the mechanism right hand side 
frame and the right crank arm. A part of this assembly is 
the manual charge cam which is rigidly fixed to the crank 
shaft, the same as the main close cam and crank arms. 

The other parts are the front crank assembly which is 
pivoted to a bracket fastened to the main frame base, and 
has a socket for the manual charge handle. The rear crank 
is pivoted to the front portion and has a cross-wise pin on 
the end. A spring forces this pin against the cam. Another 
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spring holds the front crank assembly in a clockwise 
direction against a stop, so that the manual spring-charge 
handle socket is normally upright in the unused position. 

1. Manual Charve Handle 
2. Manual Charge Handle Socket 

~ 0-H 
I 

3. Front Crank AINmbly 
4. Pivot Pin 
5. MountinQ Bracket 
6. Re•r Crank Aaembly 
7. Crank Pin 
8. Manual Charge Cerna (31 
9. Crank Shaft 

10. Claw Stop 

Fig. 21 Spring-Charging Mechanism on Manual 

Operated Breakers 

The manual charge cam is mounted on the crank shaft 
so that the crank pin hooks behind the hook-shaped 
surface of the manual charge cam as shown, when the 
handle is upright and the springs discharged. The springs 
are fully charged by a 90 degree counterclockwise 
rotation of the handle. The crank spring then returns the 
assembly to the handle-upright position. In operation this 
means a single downward stroke from vertical to approxi
mately the horizontal position. As the "Spring charged" 
position is reached, the handle becomes effortless to tum 
and the closing spring crank arms snap over center. 

It is possible to manually recharge the closing springs 
immediately after closing the breaker and before it has 
been tripped open. This results in the springs loading the 
associated bearings and latches for long periods. Also an 
extra close operation, or trip-free operation, will be 
necessary on levering the breaker to the disconnect and 
remove positions. Therefore, it is recommended that the 
springs be charged just prior to the closing of the breaker. 

I.B. 33-790-lE 

-

-

-



24 

• 

a) Breaker Open Springs 
Discharged 

d) Breaker Closed Springs 
Charged 

1. Stop Roller 
2. Close Cam 
3. Roller Constraining Link 
4. Pivot Pin 
5. Trip Latch 
6. Trip Shaft Latching Surface 
7. Trip Shaft 
8. Pole Shaft 
9. Center Pole Lever 

10. Pole Lever Pin 
11. Moving Contact Arm 
12. Stationary Arcing Contact 
13. Moving Contact Pivot Pin 
14. Main Drive Link 
15. Mam Roller 
16. Spring Release Latch 
17. Insulating Link Adju5ting 

Stud and Locknut 
18. Insulating Link 
19. Mechanism Side Frame 
20. Hardened Latch Surfaces 

Trip Latch Held 

c) Breaker Closed Springs 
Discharged 

/ 
I 

\ 

Trip Latch Released 

e) Trip Shaft Latch Details 

©©® ® 
I I .-------+--h . I . I I : 

: I I 
N\ 
\ \ 

r--.. u ---@ 
/ 

/ 

b) Breaker Open - Springs Charged ( Spring Charged 
Position Co"esponding To This CTosing Cam Position 
Shown in Fig. 20). 

- Fig. 22 These Sketches Show the Four Basic Positions of Breaker and Linkage with Enlarged View of Trip Shaft and Latch 
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5.1. S Circuit Breaker Cosing Mechanism 

Titis mechanism is of the general variety of mechanically 
trip-free mechanisms. This means that the breaker can be 
opened or tripped free from the closing mechanism at any 
point in its closing stroke. It also means that if the trip 
latch is held in the "trip" position while the spring release 
latch is released, the closing springs will make a trip-free 
operation but the breaker contacts will not close or move 
appreciably toward the closed position. 

Based on this construction, the breaker close and trip 
linkage can have four steady state conditions. The 
arrangements of the basic close and trip linkage for these 
four conditions are shown in Figures 22a, 22b, 22c, and 
22d as follows: 

Figure 22a Breaker Open, Springs Discharged, Trip Lttch 
Not Reset. 

Figure 22b Breaker Open, Springs Charged, Trip Lttch 
Reset. 

Figure 22c Breaker Closed, Springs Discharged. 

Figure 22d Breaker Closed, Springs Charged. 

1. Trip Latch 

25 

The angular position of the close cam in Figure 22a 
corresponds to the angular position of the drive plates and 
closing spring crank arms shown in Figure 16b. The trip 
latch is in the tripped position and it will reset to the 
latched position at the end of the spring charging stroke. 
The closing springs are charged by counterclockwise 
rotation of the ratchet and drive plates until the close cam 
stop roller meets the spring release latch, as shown in 
Figure 22b. 

Note in Figure 22b also that the lower end of the main 
drive link, with the main roller, has swung upward and 
toward the left, pushing the trip latch constraining link so 
as to rotate the trip latch back to the reset position. This 
occurs at the same time that the spring charge is complete 
and just before the close cam stop roller strikes the spring 
release latch. The position of the cam in Figure 22b 
corresponds to the position of the drive plates in Figure 
16a spring charged, breaker open. 

The breaker is now ready to be closed. Closing is 
started by counterclockwise rotation of the spring release 
latch. Refer again to Figure 22b. This removes the hold on 
the close cam stop roller, and allows the force of the 
closing springs to rotate the close cam counterclockwise 

7. Trip Shaft Lever 
2. Trip Latch Pivot Pin 8. Trip Shaft 
3. Roller Constraining Link 9. Trip Shaft Latch Surface 
4. Shunt Trip Device 10. Main Drive Link 
5. Shunt Trip Armature 11. Trip Shaft Adjusting Screw 
6. Shunt Trip Coil 12. Trip Actuator 

a) Shunt Trip b) Trip Shaft Adjustment 

Fig. 23 Shunt Trip Details Showing Trip Shaft Adjustment 
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and close the breaker. The linkage is then in the position shown in Figure 22c. The close cam has rotated about 180 degrees. 

The spring release latch · .can be rotated by two methods: 

l. By the spring release device on power-operated breakers, as shown in Figures 14 and 31b. 

2. By the close bar, through the linkage shown in Figure 31 b. 

S.1.6 Circuit Breaker Tripping or Opening Mechanism 

Referring to Figure 22c showing the breaker in the closed position, the breaker is tripped open by counterclockwise rotation of the trip shaft. The trip shaft extends across the left hand part of the breaker, from the left hand mechanism side sheet to the left hand breaker side sheet; and can be rotated by several devices as later described. 

Rotation of the trip shaft accomplishes breaker opening as follows: Staying with Figure 22c, the main contacts (not shown) produce a clockwise twisting force or torque on the pole shaft. This is transmitted by the center pole 

b) Tripped 

1. Trip Actuator 
2. Trip Shaft Lever 
3. Trip Plunger 
4. Trip Shaft 
5. Left P.U. Lever 
6. Pole Shaft 

lever downward through the main drive link to the main roller. The main drive link at the main roller is connected to the trip latch by the roller constraining link. The downward force on the main drive link results in a pulling force on the roller constraining link. This force tends to rotate the trip latch counterclockwise, but the trip latch is kept from rotating by overlap of the latch surface of the trip shaft. A very small rotation of the trip shaft thus releases the trip latch to rotate counterclockwise to the position shown in Figure 22a. The enlarged views of the trip shaft and trip latch tip in Figure 22e show in detail the rotation of the trip shaft for release of the trip latch. Thus the entire linkage collapses under the force of the main contacts and comes to rest with the breaker open, as in Figure 22a. Note that the trip latch is still in the released position, i.e., not reset. 

If the breaker stands open with sprin~ charged as in Figure 22b, and if the trip shaft is held in the rotated or trip position, an attempt to close will result in a trip-free operation. This is so because, with the trip shaft in the trip position, there is no restraint on the trip latch, so no force is applied to the main link to close the breaker. 

Although certain interlocking operations may or will result in this trip-free type of operation, it causes some 

Bkr. Closed 

7. Actuator Reset Lever -, v,. 
a} Untripped 

c) Actuator Reset 

- Fig. 24 Actuator 
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extra shock on the mechanism parts. Therefore trip-free 
operations should be avoided. 

The trip shaft can be rotated to trip the breaker in the 
following ways: · 

1. By hand push on the trip plate. As shown in Figure 27, 
this item has a tab which pushes against a pin on the trip 
shaft which applies a direct rotating force on the shaft in 
the tripping direction. 

2. By shunt trip device, as shown in Figure 23a. The 
armature of the clapper-type electro magnet pushes on a 
lever on the trip shaft to rotate it in the tripping direction. 

3. By action of the actuator, as shown in Figure 24b. A 
downward pull by the trip plunger pulls on a lever from 
the trip shaft to rotate it in the tripping direction. 

4. By action of the trip plate on the front of the breaker 
compartment door (providing the breaker is in the 
connected position.) A flap on the breaker compartment 
hinged door, operating through a sliding link and lever 
fastened to the cradle move the compartment trip lever 
extending from the bottom of the drawout unit. Refer to 
Figures 25 and 26. 

S. An undervoltage trip device is available as an accessory, 
and will directly operate the trip shaft. This is shown in 
Figures 67 & 68, and its operation is covered in Section 
8.7.1. 

6. Blown Limiter Indicator. See Fig. 80. 

5.1. 6.1 Miscellaneous Details 

Figure 26 shows a bottom view of the breaker drawout 
unit. Visible in this picture are details as follows: 

1. The Interference Interlocks 

These are Z-shaped brackets which prevent circuit 
breakers with insufficient interrupting ratings ( or mis
matching discoMects) from being inserted into wrong 
compartments. 

Will accept 
This compartment these breakers 

DS-206 DS-206 
DS-206S DS-206S, DS-416, 

DS-416S, DS-420 
DS-416 DS-416, OS-4-16S, 

DS-420 
DS-416S DS-4-16S, DS-4-20 
DS-420 DS-416S, DS-420 
DSL-206 DSL-206 
DSL-416 DSL-416 

DRAWOUT UNIT 
POSITION 
INDICATOR 

COMPARTMENT 
TRIP LEVER 

INTI!RLOCK 
SCREW FOR 
CLOSE INTERLOCK 

EMERGENCY 
Sl'RING CHARGE 
ASSEMBLY 

ANTI-BOUNCE 
LATCH 

Fil- 25 DS-632 Breaker with Front Panel Removed 
(391063) 

2. Ground Contact 

27 

This contact engages a corresponding contact on the 
compartment floor and provides positive grounding of the 
breaker frame. 

3. Motor Cut-Off Switch 

On power-operated breakers this switch disconnects the 
motor when the charging of the closing spring5 is com
plete. It is operated by motor cut-off switch lever shown 
in Figures 13 and 15, which also operates the spring 
charge indicator. 

4. Seismic Positioner 

Seismic Positioner increases the rigidity of the breaker to 
withstand.sideways forces due to vibrations on earthquake 
condition. As shown in Figure 26b, it is mounted on the 

-

top rear of the breaker pole unit frame and engages with a A 
spring loaded counterpart in the enclosure. W 
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INTEIIFEIIENCE 
INTEIILOCK 
CDl2DII 

GIIOUND 
CONTACT 

Fig. 26a Bottom View of Breaker Unit Showing Interference 
Interlock, Motor Cut-off Switch and Other Details 
not Visible from Above 

SEISMIC 

"""'o•'", l 

fig. 26b Rear View Showing the Seismic Positioner (75010-2) 

I.B. 33-790-!E 
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GUARO 

Fig. 26c Front View Showing Gose .Bar Guard ( 391071) 
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5. Close Bar Guard 

This covers the close bar to prevent unintentional manual 
closing of the breaker. It is mounted on the front panel to 
cover the close bar. In cue of emergency, the breaker may 
be closed by pushing the close bar through a small hole in 
the cover. See Figure 26c. 

6. Operation Counter 

Mechanical counter mounted under the top plate below 
the auxiliary switch provides the record of the number of 
breaker operations. The counter is connected through 
linkage to the pole shaft. 

S. l. 7 Mechanical Interlocking, Description and 
Explanation of Operation 

To increase safety to persoMel and the circuits to which 
the breaker is connected, the complete unit is equipped 
with automatic mechanical interlocking. nus interlocking 
is effective in various ways in the four breaker positions 
(Figure 27): 

DO NOT TAMPER WITH INTERLOCKING, AND 
IF IS NOT FUNCTIONING, HA VE IT COR
RECTED. INTERLOCKING THAT IS FUNC
TIONING IMPROPERLY CAN RESULT IN ME
CHANICAL AND ELECTRICAL DAMAGE TO 
EQUIPMENT AND BODILY INJURY TO PER
SONNEL 

a. The REMOVE position. 

b. The DISCONNECT position. 

c. The TEST position. 

d. The CONNECT position. 

29 

In addition there is an interference interlock described 
in Section 5 .1.6 .1. 

nus mechanical interlock system serves basic purposes 
as follows: 

1. In the REMOVE position it prevents the breaker from 
being closed and prevents the closing springs from being 

1. lndicat0r Index Tab 5. Indicator Pivot Pin 8. Indicator Lever 
2. Front Panel 
3. Lewring Worm Shaft 
4. Levering Worm 

Fig. 27 Drawout Unit Position Indicator 

6. Traveling Stop Nut 
7. Traveling Stop Nut 

Clamp 

9. Levering Worm Gur 
1 O. Levering Shaft 
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charged or remaining charged. The levering device shutter 
is held open. 

2. In the DISCONNECT position it prevents the breaker 
from being withdrawn from its compartment. 

3. In the TFST position it permits all nonnal no-load 
operations of the breaker with the primary disconnect 
contacts separated. 

4. In the CONNECT position it prevents the discoMect• 
ing or withdrawal of a closed breaker. This prevents the 
drawing of dangerous, destructive arcs on the discoMect• 
ing contacts if the circuit is loaded. 

5. While moving the breaker in either direction between 
the TEST position and the CONNECT position or the 
DISCONNECT position; or while standing in any intenne
diate position, it prevents the closing of the breaker. 
Therefore it prevents the connecting of the closed breaker 
to the power circuits. Titis prevents arcing on the 
disconnecting contacts as would occur in going into 
contact with a load on the circuit. 

Here are the detailed interlocking conditions which 
exist in each of the four breaker positions: 

- 5.1. 7.1 The REMOVE Position 

-

This is the position of the breaker when nearest the front 
of its compartment, and is where the breaker must be 
placed when it is installed after having been completely 
outside of the compartment. It is the farthest point in the 
compartment to which the breaker can be withdrawn and 
still permit the compartment door to be reclosed. 

In this position, the following conditions exist: 

A. The breaker is open. 

B. The closing springs are discharged. If an attempt is 
made to charge the springs, a trip-free operation will 
result. 

C. The breaker cannot be closed either electrically or 
by hand. 

D. The breaker can be withdrawn from the compart
ment by direct pull. (The levering device is not engaged 
with the cradle.) 

E. The levering device arms are in a horizontal position 
with their rollers pointing toward the rear. See Fig
ure 6. 

LB. 33-790-lE 

5.1. 7.2 The DISCONNECT Position 

In this position the breaker has moved only a fraction of 
an inch into its compartment and will be shown by the 
position indicator. 

In this position the following conditions exist: 

A. The breaker will be held in its compartment as the 
levering rollers have lowered into the slots in the cradle 
anns. 

B. The shutter will close over the levering device hex 
shaft. 

C. The shutter may be locked closed and the breaker 
held trip-free by a padlock as described in Section 
5.1.8.5, thus locking it in the compartment. 

D. Both primary and secondary disconnecting contacts 
are separated. 

E. The breaker is open. 

5.1. 7.3 The TEST Position 

This is the position of the breaker when at a point in 
between the DISCONNECT position and the CONNECT 
position, as shown by the draw-out position indicator. In 
this position the main disconnecting contacts are sepa
rated enough to permit safe operation of the breaker. 
However, the secondary contacts are made up. 

In this position the following conditions exist: 

A. The breaker must arrive in this position-from either 
direction with its contacts open. Its closing springs may 
be either charged or discharged when coming from the 
connected position. 

B. When the levering crank handle is removed, it is 
possible to close and trip the breaker by hand or 
electrically. 

C. Just before the breaker arrives in the TEST position 
from the DISCONNECT position, the secondary con
tacts make up and the spring-charge motor automat
ically runs and charges the closing springs on power
operated breakers. 

D. The breaker can be closed by hand, or electrically, 
after the springs are charged as in paragraph C above. 
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E. The breaker can be tripped open by hand, or 
electrically through the shunt trip device. 

F. The trip plate on the hinged compartment door will 
not trip the breaker .. 

G. The breaker must be open before further levering 
can be done. 

H. The overload tripping characteristics can be visually 
checked or changed. Arnptector trip devices can be 
electrically checked and calibrated with a portable test 
kit. (Accessory equipment) 

5.1. 7. 4 The CONNECT Position 

lbis is the position in which both primary and secondary 
discoMecting contacts on the breaker are engaged with 
their stationary counterparts in the compartment. 

It is the farthest position from the front of the 
compartment into which the breaker can be levered, as 
(1) shown by the drawout position indicator, and 
(2) when the mechanical stop is felt as a sudden increase 
in load on the levering crank handle. 

NOTE 

When levering in from the TEST position, an increase in 
load on the crank handle will be felt as the main discon
necting contacts are engaged. As cranking is continued, 
the load will decrease some and then suddenly increase as 
the final coMected position stop is reached. 

In this position all of the conditions listed for TEST 
position also exist, except 

IN THIS POSITION, DO NOT ATTEMPT TO 
ELECTRICALLY CHECK THE AMPTECTOR 
TRIP DEVICE WITH THE TEST KIT OR BY 
ANOTHER METHOD BECAUSE BREAKER 
WILL BE TRIPPED AND CAUSE DISRUPTION 
OF SERVICE. 

The trip plate on the hinged compartment door will be 
operative, and can be used to trip the breaker when this 
door is closed. 

In addition to the above interlocks, the interference 
interlock described in Section 5.1.6.l prevents a breaker 
of the wrong frame size from being placed in a compart
ment. 

5.1.8 Detailed Explanation of Mechanical Interlock 
System 

That part of the interlock system which prevents closing 
of the breaker while being driven in either direction by 
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the levering device, or while it is standing in any 
intermediate position between "TEST' and "CONNECT" 
or "DISCONNECT", is shown in Figure 28a and b. Figure -
28a shows the shutter and trip plate for normal operation, 
such as in DISCONNECT, TEST, or CONNECT positions. 
The breaker can be closed and tripped open by ail 
available devices in the latter two positions except the trip 
plate on the hinged compartment door. 

In Figure 28a, the shutter prevents pushing the levering 
device crank handle onto the worm shaft. If the shutter 
alone is pushed downward, it will rotate slightly about its 
pivot pin and its lower projection (See Figure 28a) strikes 
the hook on the trip plate, and;the worm shaft will not be 
cleared. So it is necessary to push the trip plate in, which 
moves the hook back out of the way of the shutter lower 
projection. This permits the shutter to be pushed down
ward to clear the worm shaft for the levering device crank 
handle, as shown in Figure 28b. 

Note that pushing the trip plate in also pushes the trip 
shaft pin so as to rotate the trip shaft counterclockwise, 
thus tripping the breaker open. If closing is attempted 
with the linkage as in Figure 28b, a trip free operation will 
be made. 

Movement of the shutter also is controlled by the 
interlock cam, mounted on the levering device shaft to the A 
left of the worm gear. The interlock cam has a fixed .., 
relation to the levering device arms. Figure 29a, b, c, and 
d show the relation between the shutter, interlock cam 
and levering device arms for the four basic positions of the 
drawout unit in the compartment. 

Figure 29a shows the CONNECT position. The cam is 
in a position to allow free travel of the shutter interlock 
pin. 

Therefore the shutter can be pushed downward, but 
only after pushing in the trip plate as in Figure 28. This 
trips the breaker and therefore prevents levering out with 
the breaker closed. 

Figure 29b shows the TEST position. Note that 
between CONNECT and TEST positions the cam will 
rotate so as to block the shutter interlock pin. This 
prevents the shutter returning to its closed position and 
releasing the trip plate if the levering device crank handle 
is removed. Thus, if a closing operation is tried during this 
part of the travel, a trip-free operation occurs and the 
breaker contacts do not close. Note that this is true for 
either direction of breaker travel so that ,;io load is made 
or broken at the disconnecting contacts. 

I.B. 33-790-IE 
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When the breaker gets to the TEST position, a slot in 
the interlock cam allows free movement of the shutter 
interlock pin, and the shutter returns to closed position 
when the crank is removed. The levering device arms are 
almost vertically downward. 

Figure 29c shows the DISCONNECT position. Here 
also the cam rotates so as to block the shutter interlock 
pin while the breaker is between positions thus holding 
the shutter open. When the exact position, as shown on 
the indicator, is reached, the shutter will close when the 

'--------1. I 

a) Shutter in Normal Position, Trip 
Plate in Untripped Position 

1. Shutter Push Tab 
2. Shutter 
3. Levering Device Worm Shaft 
4. Shutter Lower Projection 
5. Shutter Pivot Pin 
6. Shunar Interlock Pin 
7. Pole Shaft 
8. Levaring Device Shaft 
9. Trip Shaft 

1 0. Trip Shaft Pin 
11. Tripping Tab 
12. Trip Plate 
13. Trip Plate Hook 
14. Levering Device Crank Handle 

l 

b) Shutter Down, Trip Plate Held in Tnpped Position 

~ 
\j7 

I 

- Fig. 28 Relation of Shutter, Trip Plate, and Trip Shaft 
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crank is removed. The levering arms will be approximately 
40° below the horizontal. 

Figure 29d shows the REMOVE position. Here the 
interlock cam stops ~th the shutter interlock pin 
blocked. Thus the shutter stays down and the breaker 
stays tripped when the crank handle is removed. The 
breaker is held trip-free, so it cannot be closed. Also, by 
another interlock described later, the close-release latch 
cannot be released. 

5.1.8.1 Spring Discharge Interlock 

1. The purpose of this interlock is to operate the 
close-release latch as the breaker is moved out beyond 

a} Connect Position 

' 
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TEST position. This causes a trip-free operation of the 
closing mechanism because it occurs while the levering 
device crank handle is necessarily still on the worm shaft, 
and the closing springs are charged if the breaker is 
electrically operated. This is because the crank handle is 
still being used to move the breaker in the final part of its 
travel to the DISCONNECT position. Thus, the trip plate 
is still pushed in and consequently the breaker is trip free. 

2. Figure 30a, b, c and d shows the essential parts of the 
spring discharge interlock. a and b show the levering 
device in the REMOVE position. The Interlock Plate has 
two horizontal pins 7 and 8 extending from it, as shown 
in a, b, c and d. The upper on~ is designated arbitrarily as 
Pin" A and is darkened to distinguish it from Pin B. In 

c) Disconnect Position 

I I I 
1. Levering Device Arms 

b} Test Position 
\~ 

2. Shutter 
3. Shuner Interlock Pin 
4. Interlock Cam d} Remove Position 

Fig. 29 Relation of Shutter, Interlock Cam and levering Device Arms 
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levering the breaker out to the REMOVE position as 
shown in a and b the levering shaft has turned counter
clockwise until the levering device anns are horizontal to 
the rear. As it rotates, the close bar cam has been rotated 

a) Close-Release Interlock 

0 

c) Breaker in Connect Position (Without Interlock 
Screw, See Section 5.1.8.2) 

counterclockwise by Pin B, to the CLOSE position. This 
releases the spring release latch through the linkage shown 
in Figure 30, which results in a trip-free operation of the 
breaker if the closing springs are charged. This happens 

b J Breaker in Remove Position 

/ 

d) Breaker in Connect Position (With Interlock 
Screw, See Section 5.J.8.2) 

1. Interlock Plate Assembly 5. Narrow Slot 9. CloA Bar 
2. Drive Pin 
3. Interlock Screw 
4. Levering Device Shaft 

6. Wida Slot 
7. Pin "A" 
8. Pin "B" 

10. Close Bar Pivot 
11 . Close Bar Cam 
12. Levering Device Arm 

Fig. 30 Gose-Release Interlock to Discharge Springs on Levering Out of Compartment and Conn. Position 
no Manual Gose Interlock 
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because the levering device crank has the Trip plate held 
in the Trip Position. If the breaker is manually operated, 
levering out can be stopped at the TEST position. Remove 
the levering device crank handle and (I) Close the breaker 
and (2) Trip the breake~. This will discharge the springs so 
that, when the REMOVE position is reached, there will 
not be a trip-free operation. The Close bar will merely be 
pulled into the "CLOSE" position. 

5.1.8.2 Connected Breaker Maru.ull Qose Interlock 

The purpose of this Interlock is to make possible a choice 
between being able, to close the breaker by hand-push on 
the Close bar and not being able to, with the breaker in 
the CONNECT position. Some consider it undesirable to 
do so. Referring to Figure 30a, the Interlock Plate 
Assembly is keyed loosely to the levering device shaft by a 
drive pin as shown. If the interlock screw is omitted, the 

------

~---
a) Oose Bar ( Normal Position) 
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interlock plate can be rotated freely on the shaft about 10 
degrees. This is because the "wide" slot is considerably 
wider than the drive pin. If the interlock screw is in place 
in the "narrow" slot, the Interlock Plate has practically no 
play and is forced to rotate exactly as much as the 
levering device shaft rotates. 

Figure 30c shows the standard arrangement, without 
the interlock screw, with the levering device arms in the 
CONNECT position. Note that there is a clearance 
between the back of the hook and Pin A. This permits the 
close bar to be pushed to the ''close" position and close 
the breaker. 

In Figure 30d, all parts are in the same position as in 
Figure 30c, except that the interlock screw has been 
placed in the "narrow slot". This arrangement is shown in 
Figure 25. This forces the interlock plate to rotate about 

=~-

b) Qose Bar (Released Position) 

1. Spring Rel- Latch 
2. Bell Crank Pivot Pin 

5. Spring Releme Latch Link Pin 
8. Clo• Bar 

9. Cloae-Bar Cam 
1 O. Spring Release Device 3. Bell Crank 7. Close Bar Pivot Pin 11 . Closing Cam Stop Roller 4. Spring Release Latch Link 8. Open-Clo• Indicator Pin 

Fig. 31 Oose Interlock to Prevent Efforts to Oose a Breaker that is Already Qosed 
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IO degrees further than in Figure 30c, so that there is 
almost no clearance between Pin A and the back of the 
hook. Consequently the Close bar cannot be pushed to 
the "Close" position. How~ver, the breaker can be 
remote-closed by applying control voltage to the spring 
release coil through a control switch or other circuit
making device. 

5.1.8.3 Breaker Equipped for Electric Lockout 

Power operated breakers may be eqµipped for electric 
lockout. meaning that closing an unenergized circuit is 
prevented. This may be the main circuit or any other 
desired circuit. This is accomplished by making it impos• 
sible to release the spring release latch by the spring 
release device unless the monitored circuit is energized. 
The spring release coil (SR) is wired through the contact 
on the motor cut-off switch that closes as the closing 
springs become fully charged. The remainder of the circuit 
is through a front panel closing pushbutton switch and to 
the terminals of the circuit being monitored. Thus, when 
the monitored circuit is energized properly, the breaker 
may be closed through the panel pushbutton switch, 
provided in addition that the closing sprin~ are charged. 

As an additional safeguard against undesired closing 
under this electric lockout condition, all such breakers 
will be equipped with the interlock screw as described in 
Section 5.1.8.2 above. Titis prevents hand closing of the 
breaker in the CONNECT position. 

Manually operated breakers may also be furnished with 
this feature if they are equipped with optional electrical 
spring release devices. 

5.1. 8.4 Dosed Breaker Interlock 

Figure 31 shows how operation of the spring release latch 
is prevented when the breaker already is in the closed 
position. The Close Bar is connected to the spring release 
latch by a link and bell crank. The link is pivoted on the 
lower end of the close bar cam by a pin as shown. As the 
Close Bar is pushed, the pin and latch link will move to 
the right, along with the lower end of the cam. The lower 
end of the link is facing a knife edge pivot on the vertical 
ann of the bell crank. The upper end of the link is facing 
the Open-Close Indicator Pin. This pin is at the left end of 
its slot in the mechanism side frame with the breaker open 
and at the right end with the breaker closed. As the Close 
Bar is pushed, the link therefore has two possible end 
pivots. If the breaker is open the upper end of the link 
will swing to the right until it touches the indicator pin. 
The lower end of the link will then swing to the right and 

1. Padlock Plate Notch 
2. Padlock Plate 
3. Trip Plate 
4. Front Panel 
5. Shutter 
6. Levering Device Worm Shaft 
7. Projection on Shutter 
8. Bent Tab on Padlock Plata 
9. Projection on Trip Plate 

10. Padlock Interlock Lever 
11. Pin on Padlock Interlock Lever 
12. Trip Shaft 

Fig. 32 Padlock Device - locked Trip Free and 
Shutter Raised 

push the vertical arm of the bell crank to the right. The 
horizontal ann of the bell crank moves downward and 
presses directly on the spring release latch, allowing the 
breaker to close. 

If the breaker already is closed and the Close Bar is 
pushed, the upper end of the spring release latch link will 
swing free to the right because the indicator pin is not 
there to stop it. Consequently, no force is applied to the 
vertical arm of the bell crank, and nothing else happens. 

5.1.8.5 Padlocking Provision 

Figure 32 shows the essential parts of the padlock 
interlock. The breaker is padlocked in the trip-free 

3. 1, 1-241 
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condition in which the breaker cannot be closed and the 
breaker cannot be moved with the levering device. This 
figure shows the relation of parts for padlocking In the 
trip-free, shutter up condition. There are three major parts 
involved, which are interleaved and assembled on- the left 
hand side of the levering device assembly: 

1. The Shutter 

2. The Trip Plate 

3. The Padlock Interlock Lever 

The Padlock Interlock lever is located between the Trip 
Plate and the Padlock Plate, and is pivoted on a fixed 
center toward the rear of the breaker. The front part of 
this lever has a sloping slot into which a projection from 
the trip plate extends. Horizontal movement of the trip 
plate by cam action of the projection against the walls of 
the slot, causes the front of the interlock lever to move up 
or down. The interlock lever is pushed upward by a 
spring. This lever also has a short pin extending outward 
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normally into a curved notch in the bottom edge of the 
padlock plate. 

To padlock the breaker, with shutter closed, push 
the trip plate in. Pull the padlock plate forward. This 
exposes the padlock slot in the padlock plate. Insert 
the padlock and lock. 

Movement of the trip plate pushes the front end of the 
padlock interlock lever down, moving its pin downward 
and out of the notch in the padlock plate. Forward 
movement of the padlock plate and backward movement 
of the trip plate places the pin in the padlock interlock 
lever behind the notch in the padlock plate. With the 
padlock plate held forward, .the padlock interlock lever 
cannot move. The projection from the trip plate is 
consequently held in the slot in the padlock interlock 
lever, so the breaker remains locked in the trip-free 
condition until the padlock is removed and the members 
are returned to their normal positions by their return 
springs. While so locked, the shutter is prevented from 
downward travel by a horizontal projection striking a 
bent-over tab on the padlock plate. 
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Sectf on 6 - Circuit Breaker Pole Units. Description and Operation 
6.0 GENERAL 

Figures 33, 34, 35, and 36- show detailed· three pole 
assemblies of all of the type DS circuit breakers. 

DS206 has the three poles mounted on a single molded 
base of high strength insulating material, with the contact 
parts and sensors mounted on it. Figures 37 and 38 show 
front and rear views of the assembly. 

The DS416, DS420, 0S632 and 0S840 differ in that 
each of the three poles are mounted on individual 

15.75 

7.88 

I 
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insulating bases, and all three poles held in accurate 
alignment by a welded steel frame. Front and rear views 
of each are shown in Figures 39 and 40 for the 0S416, 
Figures 41 and 42 for the 0S420, Figures 43 and 44 for 
the 0S632, Figures 45 and 46 for the 0S840. 

6.1 MOVING CONTACT SUB-ASSEMBLIES 

The moving contact members of all ratings consist of 
blades hinged at the bottom to the lower main tenninal 

1. Pole Units · One Pole Only Shown 5. Lower Main Terminal 9. Main Contact 
2. Rigid Welded Frame 6. Upper Main Terminal 10. Moving Contact Assembly 
3. Molded 3-Pole Base 7. Stationary Contact Assembly 11. Insulating Link Rod End 
4. Sensor 8. Arcing Contact 12. Moving Contact Pivot 

Fig. 33 Three-Pole Assembly of DS-206 Pole Units on Frame 
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through controlled pressure rotating contacts and with 
main and arcing contacts at the upper end. The arcing 
contacts of all of the five ratings shown are essentially the 
same design. The number of blades, the size of the main 
terminals and the numb.er of fingers in the main discon
necting contacts vary with the rating. The DS206 has two 
moving blades, the 0S416 and DS420, four moving 
blades, and the 0S632 and D5840, eight moving blades. 
On the 0S206, two butt type main contacts and a knife 
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blade arcing contact are located between the two hinged 
blades. On the 0S416 and DS420 the main contact 
member, i.e. which makes actual contact with the 
stationary contacts, is a horizontal member to which all 
blades are connected. On the DS632 and 0S840 there are 
two sets of contacting surfaces, one vertically above the 
other, for making contact with two corresponding tows of 
stationary contact fingen. The arcing contact assembly is 
bolted to the top of the main moving contact blade 

15.76 ---------J-
7.88--1 

----5.Q--------~ lJ---., 
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1. Individual Single Pole Unit 5. Lower Main Terminal 9. Main Contact 
2. Rigid Welded Frame 6. Upper Main Terminal 10. Moving Contact Any. 
3. Molded Pole Bue 7. Stationary Contact Aav. 11. Insulating Link Rod End 
4. Sensor 8. Arcing Contact 12. Moving Contact Pivot 

Fig. 34 Three-Pole Assembly of DS-416 and DS-420 Pole Units on Frame 
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assembly. This has the arcing contact tips, of arc resisting 
metallic composition, permanently fastened near the 
upper end of the assembly. The moving contact blade 
assembly is operated by a stro_ng and rigid insulating link. 

6.2 STATIONARY CONTACT SUB-ASSEMBLIES 

The stationary contact sub-assemblies may be seen in 
Figures 47, 48, 49, SI and 53. All main contacts, i.e. 
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1. Single Pole Unit 5. Lower Main Terminal 
2. Rigid Welded Frame 6. Upper Main Terminal 
3. Molded Pole Base 7. Stationary Contact Assembly 
4. Sensor 8. Arcing Contact 
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10 1----.... 

,)--1--.-p,i._~_;,._..__ 

®7<0-: 
I I 

I 

4 5 

9. Main Contacts 
10. Moving Contact Assembly 
11. Insulating Link Rod Ends 
12. Moving Contact Pivot 

- Fig. 35 Three-Pole Assemb(v of DS-632 Pole Units on Frame 

I.B. 33-790-lE 3. 1.1-2.45 



those which carry the main continuous load current, are 
of the butt type composed of a multiplicity of fingers. 
Each finger is hinged at the upper end under controlled 
pressure. Compression _springs at the lower end apply 
predetermined pressure against the moving main contact 
in closing, and standing in the closed position. These 
springs are visible in the photograph of the 0S206 only. 
With this construction, the pressure on the main contact 
surfaces is increased during the carrying and opening of 
high short circuit currents because the magnetic field of 
the current pushes the lower end of the finger toward the 
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nx>ving contact. Hinging the finger at the top thus results 
in what is sometimes called "blow-on" action. This greatly 
increases the capability of the entire contact assembly to 
withstand the high fault currents associated with these 
breaker ratings. 

The stationary arcing contacts are similar for all ratings 
and consist of two parallel fingers, one on each side of the 
stationary terminal member. They are pushed toward each 
other by compression springs and have arc resisting tips. 

----------- 27 -----------------13.5 ------• 
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0 
0 
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0 
0 
0 

..-111~: 0 
\ll!Jll 0 
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1. Single Pole Unit 7. Stationary Contact Assembly 
2 Rigid Welded Frame 8. Arcing Contact 
3. Molded Pole s .. 9. Main Contacts 
4. Sensor 10. Moving Contact Assembly 
5. Lo-r Main Terminal 11. Insulating Wnk Rod Ends 
6. Upper Main Terminal 12. Moving Contact Pivot 

Fig. 36 Three Pole Assembly of DS-840 Pole Units on Frame 
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The moving arcing contact thus wedges the stationary 
contact fingers apart as the breaker closes. 

The parallel action of the magnetic fields of the 
currents in each arcing contact' finger causes the fingers to 
be attracted toward each other when closing against fault 
currents. This results in a "blow-on" action on the arcing 
contacts. 

Figures 37 thru 46 show the combined moving and 
stationary contact sub-assemblies of the various breakers. 
This shows the proper relationships, clearances and con
tact deflections of the various parts. 

MOLDED BASE STATIONARY ARCING 
CONTACTS 

ARCING CONT ACT 
SPIIING 

MAIN CONTACT 
•RING 

MOVING CONTACT 
ASSEMBLY 

~VOT _____ _ 

BLOCK 

HINGE SPRING ---

Fig. 37 Type DS-206 Pole Unit Assembly - Front View (384502) 
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INSULATING 
LINK 

INSULATING LINK 
ADJUSTING NUT 
ILOWERI 



INSULATING 

MOVING 
MAIN 
CONTACTS 

LINK ADJUSTING -...,lll~olj 
NUT luPPERI 

LOWER TERMINALS 
(SENSORS REMOVED!-----

Fig. 38 Type DS-206 Pole Unit Assembly - Rear View ( 384499) 
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l'IIOLOEDIIAIE 

STATIONARY 
IUINCO#TIICT 
PINOERS 

STATIONARV 
-----ARCING 

CONTACTS 

Fig. 39 Type DS-416 Pole Unit Assembly - Front View 
(383420) 

STATIONARY ____ ,._ 
ARCING 
CONTACTS 

INSULATING 
L.INK LOCK NUT 

ARCING CONTACT 
SPRING 

STATIONARY 
MAIN CONTACT 
FINGERS 

MOLDED BASE 

MOVING CONTACT 
ASSEMBLY 

Fig. 41 Type DS-420 Pole Unit Assembly - Front View 
(391101) 

LB. 33-790-!E 

Fig. 40 Type DS-416 Pole Unit Assembly -Rear View 
(391098) 

Fig. 42 Type DS-420 Pole Unit Assembly - Rear View 
(391099) 
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MOLDED -

ST A TIONAIIY 
'11 .. ------ARCINQ 

CONTACTS 

STATIONARY 
IMolot-------.--llAIN CONTACT 

,iNQIIIS 

AD.IUSTIIIENT 
LOCKING CLIP 

1-.iL.ATING 
LINK 

Fig. 43 Type DS-632 Pole Unit Assembly- Front View 
(383418} 

STATIONARY 
MAIN CONT ACT 
FINGERS 

MOLDED BASE 

STATIDNAIIY 
----ARCING 

CONTACTS 

Fig. 4S Type DS-840 Pole Unit Assembly • Front View 
(391094) 

IIDVINGIIAIN 
CONTACTS 

Fig. 44 Type DS-632 Pole Unit Assembly - Rear View 
(391095} 

Fig. 46 Type DS-840 Pole Unit Assembly · Rear View 
(391097) 
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0 • 

1. Main Disconnecting Contact Clu1tar 
2. Hing Contact 
3. Hinge Bearing Tube 
4. Hinge Spring 
5. Moving Arm 
6. Moving Main Contact 

6 5 

7. Moving Arcing Contact 
8. Stationary Arcing Contact• Right Hand 
9. Stationary Arcing Contact • Left Hand 

10. Stationary Arcing Contact Spring 
11 . Contact Spacer 
12. Stationary Arcing Contact Spring 

Fig. 47 Moving and Stationary Contact Details DS-206 ( 383979) 
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13. Stationary Contact Assembly 
14. Main Contact Spring 
15. Link Pivot Block 
16. insulating Link 
17. Pole LIMlf Pin 
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21 23 

1. Hinge Bearing Tube 11. Insulating Link 21. Main Contact Fingers 
2. Hinge Aaemblv 12. Operating Link Upper Pin 22. Contact Spacer 
3. Spring 13. Retainer 23. Contact Spring 
4. Hinge Spring 14. Spacer 24. Arc Runner 
5. Moving Arm - Inner 15. Rod Encl 25. Pin 
6. Moving Arm • Outer 16. Stationary Arcing Contact• Right Hanel 26. Spring Seat 
7. Moving Mein Contact 17. Stationary Arcing Contact • Left Hand 27. Stationary Contact Cage 
8. Moving Arcing Contaet 18. Stationary ..\rcing Contact Spring 28. S... Mold 
9. Cl111is 19. Arcing Contact Retaining Pin 29. Moving Contact Aaembly 

10. lnsuleting Link Lock Nut 20. Bearing Tube 30. Stationary Contact AaemblV 

Fig. 48 Moving and Stationary Contact Details DS-416(391100) (383416) -
3.-1 •• 1-252 I.B. 33-790-lE 
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1. Hinge Bearing Tube 11. Insulating Link 21. Main Contact Fingers 2. Hinge Assembly 12. Operating Link Upper Pin 22. Contact Space, 3. Spring 13. Retainer 23. Contact Spring 4. Hinge Spring 14. Spacer 24. Arc Runner 
5. Mm11ng Arm - Inner 15. Rod End 25. Pin 
6. Moving Arm - Outer 16. Stationary Arcing Contact - Right Hand 27. Sta!lonary Contact Cage 7. Moving Main Contact 17. S 1a11onary Arcing Contact - Lei t Hand 28. Base Mold 
8. Movmg Arcing Contact 18. S1a11onary Arcing Contact Sprong 29. Moving Contact Assembly 9. Clevis 19. Arcing Contact Retaining Pin 30 Stationary Contact Assembly 10. I nsularing Link Lock Nu! 20 Bearing Tube 

Fig. 49 Moving and Stationary Contact Details DS-420 (391086) 

l.B. 33-790-IE 3.1~1.Q63 



l l 

-1----CD 
-asa ---® 

©~--
& \---r---:r--""11'!"'1~ 

©---l~ 
15~----J 

©~-----' 

0 

--<D 

~ 
'------® 

~ 
A l A J\ 

Fig. SO Moving Contact Details DS-632 (3834/5) 

1. Arcing Contect 
2. Moving Arm • Outar Link 
3. Mein Contact 
4. Operating Link • Upper Pin 
5. Rod End 
6. Adjusting Nut 
7. Moving Arm - Inner Links• Straight 
8. Moving Arm• Inner Links• Offset 
9. Hinge Springs• Outer 

10. Hinge Spring• Center 
11. Spring 
12. Locking Nut 
13. Hinge Aaembly 
14. Hinge S-ing Tube 
16. Adjultmant Locking Clip 
18. Ina.dating Link 
17. Arc Runner 
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1 . Stationery Contact Cage 6. Main Contact Fi11911rs 12. Arcing Contact Spring 
2. Spring Sau 7. Locking Nut 13. Arc,ng Contact Retaini119 Pin 
3. Contact Spring • Outer 8. Bearing Tube 14. Retainer 
4. Contact Spring • Inner 10. Arcing Contact· left Hand 15. Pin 
5. Spring Button 11. Arcing Contact · A ight Hand 16. Base Mold 

- Fig. 51 Stationary Contact Details DS-632 (383414) 
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1. Arcing Contact 9. Hinge Springs • Outer 
2. Moving Arm· OU1ar Link 10. Hinge Spring· Center 
3. Main Conuc:t 11. Spring 
4. Operating Unk • Upper Pin 12. Locking Nut 
5. Rod End 13. Hinge Auemblv 
6. Adjusting Nut 14. Hinge Bearing Tube 
7. Moving Arm • 15. Adjuatment Locking Clip 

Inner Links • Straight 16. Insulating Link 
8. Moving Arm • 

Inner Unks • Offset 

NOTE 1 • Raised bearing surface on uch arm must bit in contact 
with stationary hinge surface. 

Fig. S2 Moving Contact Details DS-840 ( 391084) 
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1. Stationary Contact Cage 6. Main Contac:t Fingers 11. Arcing Contact· Left Hand 2. Spring Seat 7. Locking Nut 12. Retainer 3. Contact Spring • Outer 8. Bearing Tube 13. Arcing Contact Retaining Pin 4. Contact Spring• Inner 9. Arcing Contact Spring 14. Pin 
5. Spring Button 10. Arcing Contact• Right Hand 15. Base Mold 

Fig. 53 Stationary Contact Details DS-840 ( 391271) 
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Section 7 -Arc Chute 

7.0 GENERAL 

Figure 54 is a close-up view of a breaker with one 
insulating barrier removed to show the arc chute in place 
on the pole unit Similar designs of arc chutes are used on 
the DS416, DS420 and DS632 assemblies with a smaller 
one on the DS206 and a slightly larger one on the D5840. 

.a,a AIIC CHUTI 
ICIIIW 

r~-- --·-·--- ___ :::, ___ ... 

~ ---' -··---111!! _ ____ -> _____ -~ -J 

Fig. 54 Breaker with Barrier Removed to Show Mounting 
of Arc Chutes ( 391072) 

_______ MDLDID 
CASI 

-----TOPSTIIIPS 

Fig. 55 DS-206 Arc Chute with Details (383973) 

The arc chute fits well down over the arcing contacts so 
that the arc is confined inside the chute at all times and 
for all values of current. In the arc chute, immediately 
above the arcing contacts, are spaced crosswise vertical 

TOP 
STRIPS 

INIULATING INIULATING 
•ACIII PLATE 

STIELPUTH 

Fig. 56 DS-416/420 Arc Chute with Details (391270) 

ASSEMBLED 
ARC CHUTE 

MOLDED INSULATING INIULATING 
CASE •ACER 'LATE 

STEEL PLATES 

Fig. 57 DS-632 Arc Chute with Details ( 391269 J 
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steel splitter plates having an inverted "V'' notch to 
attract the arc and interrupt it essentially the cooling and 
stretching the arc. 

The DS206 arc chute is shown in Figure 55. The larger 
arc chute for the DS4 I 6 and DS420 is shown in 
Figure 56, the 0S632 arc chute is shown in Figure 57 and 
the D5840 arc chute is shown in Figwe 58. 

In addition to the steel plates, the larger arc chutes 
include hard arc-resisting glass polyester plates. These 
plates produce turbulence in the exhaust gases above the 
steel plates and prevent electrical breakdown over the top 
of the arc chute or to ground. 

D·Mdrntll 
ALL ARC CHUTES AND BARRIERS MUST BE 
IN PLACE BEFORE RETURNING BREAKER 
TO COMPARTMENT. IF BREAKER IS ENER
GIZED WITHOUT CHlITES AND BARRIERS BE
ING INSTALLED, IT COULD CAUSE A DIS
ASTROUS SHORT-CIRCUIT FAULT WITIUN 
THE SYSTEM; AND IT MAY RESULT IN BOD
ILY INJURY AND EQUIPMENT DAMAGE. 

-----=ED 

,... 
TOP STRIPS 

Fig. S8 DS-840 Arc Chute with Details ( 39109 2) 
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Section 8 -Circuit Breaker Automatic Tripping System 

8.0 GENERAL wide range of tripping characteristics. Not only is the -
Amptector trip unit adjustable but the sensors are avail-

The circuit breaker is . tripped on overload and short 
circuit conditions by combined action of three compo
nents: 

1. The sensors which determine the current level. 

2. The Amptector solid-state trip unit which provides a 
tripping signal when pre-determined current levels are 
reached. 

3. The Actuator which actually trips the circuit breaker. 

Schematically this may be represented as shown in 
Figure 59. This provides a very flexible system covering a 

- + 

,-- -
:- -

L/ 
---..___ ---- -

~ ---
~ 

I - + 

able over a wide range of current ratings. 

The automatic overload and short circuit tripping 
characteristics for a specific breaker rating, as determined 
by the sensor rating, are determined by the settings of the 
Amptector solid-state trip unit. This unit also supplies a 
pulse of tripping current to the actuator. Thus all tripping 
functions are performed by secondary control circuitry, 
with no mechanical or direct magnetic action between the 
primary current and the mechanical tripping parts of the 
breaker. 

The Amptector solid-state trip units are available in 
two basic versions; the Amptector II-A and the Amp
tector 1-A. 

+ 
D D 
0 0 ""7 = 

I D D 
I 

0 0 ~ 
I I 
I I 

D D ~ 

0 0 J I : : I l ...., 

~ 
+ 

Sensor Amptector Trip Unit Trip Actuator 

NOT FOR 
AMPT. 
ll•A 

Fig. S9 Schematic Illustration of Tripping System 
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AMPT 
ACTR 

Amptector Trip Unit 
Actuator 
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8.1 THE AMPTECTOR II-A TRIP UNIT 

Improvements have been made to the Westinghouse Amp
tector and the standard model is now Amptector II-A. 
Wiring and tenninal changes . were made to provide 
method of testing with a tester. Refer to Section 8. 7.6 
for testing with Amptector Test Kit. 

Another change was to modify the long delay curve to 
nearly an I2T function. The revised curve shows this 
change. See Curve No. I. 

The Amptector II-A is standard equipment on alI DS 
and DSL circuit breakers. It provides approximately 
equivalent functions as the electro-mechanical trip devices 
provided on some circuit breakers but with the superior 
operating capability of solid-state devices. The Amptector 
I-A is an optional (extra cost) tripping system which can 
be provided when ground fault protection or trip indi
cators are required. Both trip units have the same relia
bility and repeatability inherent in solid-state design. 

As shown in Figure 5 the Amptector trip unit is at the 
top front of the breaker. Figure 60 shows a close-up of 
the front of the Amptector II-A trip unit. There can be a 
total of five adjustable controls, with screwdriver adjust
ment. These are for setting the following characteristics: 
-L -Loog-del-ay- current pick-up. 

2. Long-delay time. 

PICKUP 4 TO lOX 
SENSOR RATING 

3. Short-delay current pick-up. 

4. Short-delay time. 

5. Instantaneous current pick-up. 

NOTE 

The term "pick-up" as used here means the nns value of 
cummt at which the Amptector trip unit timing function 
begins or instantaneous tripping is intiated. 

Fig. 60 Standard Amptector II-A Solid-State Trip Unit 

• l 
l 

... , 
• i • 

0 SCREWDR1VER--~'---~~IS.JIII_...,, _ _;====--~ CALIBRATION . .• \:!I SLOTS 

. ,. 

..,,. 
• 

• see section 8.4 ol Text lor Explanation 

7z 
,?: --
. r 

Fig. 61 Amptector fl-A Trip Unit with Front Cover Removed (396704) 
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Figure 61 is the Amptector II-A trip wiit with front 
;over removed, showing all of the calibration marks on 
the dials. The ranges of current settings in multiples of 
sensor rating and time d~lay are as follows: 

l. Long-delay pick-up .5 to 1.25 X sensor rating 

2. Long-delay 8 to 36 seconds, at 6 X 
sensor rating 

Over these ranges tripping will always occur within the 
time band shown on Curve No. 1, page 59. The bottom of 
the band is called the resettable delay. If the overload sub
sides in less than the resettable delay time, resetting of 
the trip unit will occur within a few cycles after the load 
drops to less than 90% of the pick-up setµng. 

3. Short-delay pick-up 

4. Short delay 

4 to 10 X sensor rating 

. 18 seconds to .50 seconds or 
11 to 30 cycles at 60 Hz, at 
2.5 X pick-up setting. 

Over these ranges tripping will always occur within the 
time band shown on Curve No. I, page 59. Although the 
time adjustment is continuous, three time bands are 
calibrated as shown on the curve. 

5. Instantaneous Pick-up ·4 to 12 X sensor rating 

Three different combinations of trip elements are 
provided. Those combinations with the corresponding 
Amptector II-A model designations as follows: 

1. Long Delay 
lnstan taneous DU(DUAL) 

2. Long Delay 
Short Delay SE (SELECTIVE) 

3. Long Delay 
Short Delay 
Instantaneous TR (TRIPLE) 

Each Amptector II-A trip unit has a terminal block 
accessible on the front of the circuit breaker front panel. 

Figure 59 shows a typical standard wiring diagram, 
which includes the Amptector II-A trip unit terminal 
block. The following table explains the markings of the 
terminals: 

A Sensor phase A 

B Sensor phase B 

C Sensor phase C 

ON Output negative• 

DN Test point (internal neutral)•• 

OS Test point•• 

N Sensor neutral TP Test point•• 

OP Output positive• DI Test point** 

3. 1, 1--262 
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*To Actuator Coil. THIS COIL HAS A POLARITY 
MARKING ON THE POSITIVE LEAD WHICH MUST BE 
OBSERVED. OTHERWISE THE BREAKER WILL NOT -
HAVE OVERLOAD OR FAULT PROTECTION WHICH 
COULD RESULT IN BODILY INJURY AND/OR SERI-
OUS EQUIPMENT DAMAGE. 

*-Terminals marked "test point" are intended to provicie 
connections for operation of the optional test kit. 

8.2 THE AMPTECTOR I-A TRIP UNIT 

Amptector 1-A trip units perform all of the functions 
described above for Amptecto~ II-A trip units and in ad
dition provide the following: 

I. Optional adjustable ground fault protection with reset
table operation indicator . 

2. All Amptectors I-A have a trip indicator that will in
dicate on overload tripping and another that indicates on 
short circuit tripping. (All indicators are reset manually.) 

Figure 62 shows the front of the Amptector I-A trip 
unit. A maximum of seven adjustable controls with screw
driver adjustments may be provided for setting the follow
ing characteristics: 

l. Long-delay current pick-up 

2. Long-delay time 

3. Short-delay current pick-up 

4. Short-delay time 

5. Instantaneous current pick-up 

6. Ground current pick-up 

7. Ground delay time 

Fig. 62 Optional Amptector 1-A Solid-State Trip Unit 
(396707) 
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Figure 63 is the Amptector trip unit with front cover 
removed, showing all ,of the calibration marks on the dials 
and trip indicators. The ranges of current settings in mul
tiples of sensor rating and time delay are as follows: 

1. Long-delay pick-up .5 to 1.25 X sensor rating 
2. Long-delay 4 to 36 seconds, at 6 X 

sensor rating 

Over these ranges tripping will always occur within the 
time band shown on Curve No. 2, page 60. The bottom of 
the band is called the resettable delay. If the overload sub
sides in less than the resettable delay time, resetting of 
the Amptector trip unit will occur within a few cycles 
after the load drops to Jess than 90% of the pick-up set
ting. 

3. Short-delay pick-up 
4. Short delay 

4 to 10 X sensor rating 
.18 seconds to .50 seconds 
or 11 to 30 cycles at 60 Hz, 
at 2.5 X pick-up setting. 

Over these ranges tripping will always occur within the 
time band shown on Curve No. 2, page 60. Although the 
time adjustment is .continuous, three time bands are 
calibrated as shown on the curve. 

5. Instantaneous pick-up --~_t<> 12 ~ ~nsor r:itin__g_ · o: Ground currentpick..-up See table on top of trip unit 
or on Curve No. 2. 

7. Ground delay time .22 to .50 seconds 
13 to 30 cycles at 60 Hz 

Six different combinations of the above trip elements 
are provided. These combinations with the corresponding 
Amptector I-A model designations are as follows: 

l. Long Delay 
Instantaneous LI 

2. Long Delay 
Instantaneous 
Ground LIG 

3. Long Delay 
Short Delay LS 

4. Long Delay 
Short Delay 
Ground LSG 

5. Long Delay 
Short Delay 
Instantaneous 
Ground LSIG 

6. Long Delay 
Short Delay 
Instantaneous LSI 

Each Amptector I-A trip unit has a terminal block 
equipped with test plug terminals accessible on the front 
of the circuit breaker front panel. This permits convenient 
field checking of calibrations and operation with an ex-

GROUNO 
CURRENT----. 
PICKUP * 

•SCREW DRIVER 
CALIBRATION 
SLOTS 

LONG DELAY CURRENT--
PICKUP 0.5 TO 1.25X 
SENSOR RATING 

INSTANTANEOUS----~ 
PICKUP 4 TD 12X 
SENSOR RATING 

"SCREWDRIVER 
CALIBRATION 
SLOTS 

•5.,., Section 8.4 of Text for Explanation 

SHORT DELAY CURRENT 
PICKUP 4 TO IOX 
SENSOR RATING 

Fig. 63 Amptector I-A Trip Unit with Front Cover 
Removed (396706) 
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:emal power supply. A specially designed power supply 
test kit, with plugs to match the Arnptector trip unit test 
plug terminals is available; and its operation is described in 
Section 8. 7.6 of this instruction book. 

Figure 59 shows a ·typical standard wiring diagram, 
which includes the Arnptector trip unit terminal block. 
The following table explains the markings of the termi
nals: 

A Sensor phase A 

B Sensor phase B 

C Sensor phase C 

N Sensor neutral 

G Ground 

OP Output positive• 

ON Output negative• 

ON Test point (internal neutral) .. 

OS Test point•• 

TP Test point•• 

OSS High load switch signal to accessory unit 

DI Test point .. 

•To Actuator Coil. THIS COIL HAS A POLARITY 
MARK.ING ON THE POSITNE LEAD WHICH MUST 
BE OBSERVED. OTHERWISE THE BREAKER WILL 
NOT HAVE OVERLOAD OR FAULT PROTECTION 
WHICH COULD RESULT IN BODILY INJURY AND/ 
OR SERIOUS EQUIPMENT DAMAGE. 

••Terminals marked "test point" are intended to provide 
connections for operation of the optional test kit. 

8.2.I Ground Fault Protection 

When the Arnptector I-A trip unit includes ground current 
protection, the type of connection to the circuit must be 
considered. If the system neutral is grounded but the 
neutral is not carried with the phase conductors, the 
Amptector trip unit has all of the equipment necessary 
for sensitive ground protection. 

If the system neutral is grounded and a neutral con
foctor is carried with the phase conductors, it is neces-

3. ,~ 1-266 
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sary to order an additional sensor, for the purpose of can
celling out any residual current in the phase conductors. 
This sensor must be mounted separately and must be lo- -
cated on the neutral conductor at the point where the 
neutral conductor connects to the neutral bus. These 
sensors are duplicate of those supplied on the breaker ex-
cept for the 2400A and 3200A ratings where a modified 
neutral sensor is required. 

The Amptector trip unit ground element may be en
ergized from an external ground current source rather 
than from internally developed ground current. Such an 
external source could be a ring-type transformer through 
which all the load current conductors would have to pass. 
In the case of a three-phase. four-wire circuit all three 
phase conductors and the neutral conductors would have 
to pass through the transformer. The sensitivity of the 
ground element for this kind of arrangement would de
pend on the ratio of the transformer used. 

The ground current pick-up dial on the Amptector 1-A 
trip unit has alphabetic calibration markings. The actual 
ground current corresponding to these calibrated points 
varies with the rating of the sensor being used. These 
pick-up values are printed on the top of the trip unit box. 

The "Ground Trip Indicator" is a metal plunger lo. 
cated at the upper right comer of the trip unit. If the 
trip unit has functioned due to a ground fault, this plunger 
will protrude through the faceplate of the unit. The indi
cator is reset by pushing in on the plunger. If it is not re
set before placing the breaker back in service, the trip 
unit will function normally but there will remain a false 
indication. 

Overload Trip Indicator - Functions due to overload 
currents less than short delay or instantaneous pick-up. 

Short Circuit Trip Indicator - Functions due to fault 
current in excess of short delay or instantaneous pick-up. 

8.3 MAKING CURRENT RELEASE 
(DISCRIMINATOR) 

All Amptector trip units which do not have instantaneous 
trip elements (Amptector II-A model SE and Amptector 
I-A models LS and LSG) are provided with a "making 
current release" which is referred to as a "Discriminator". 
This is a circuit in the trip unit which determines at the 
time of a fault whether or not there has been any current 
flow in the primary circuit previous to the fault. If there 
has been no measurable current flow previous to the 
fault, indicating that the circuit breaker is just being 
closed (or possibly that a switching device ahead of the 
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breaker has just been closed) and if the primary current 
flow exceeds approximately twelve times the sensor rat
ing, the trip unit will function instantaneously. If the 
"Discriminator" circuit determines that there has been 
a measurable current flow prior to the fault, the instan
taneous operation will not occur and the normal short 
time delay element will take over to delay tripping. The 
purpose of this unique tripping concept is that selectivity 
and continuity of service in un-faulted sections of the sys
tem can be maintained if there is any need, but if there 
is no previously operating load on the circuit, the instan
taneous function takes over to limit extensive damage 
which might occur due to a delayed tripping operation. 

8.4 SERVICING OF AMPTECTOR TRIP UNIT 

The Amptector trip unit is the intelligence of the over
current protection provided by the breaker. It is a device 
that has many solid-state components. Since the only 
moving parts are the adjustments, the Arnptector trip 
unit will give long, trouble-free service. All components 
and connections, including the printed circuit 
board itself, are coated to give effective environmental 
protection. 

In changing the Arnptector trip unit settings, the dials 
should be moved only by means of a small screw driver 
in-serted through the round -Jrole tn rife fecep1izte dii'ecllj, 
below the calibration window. The shafts must never be 
rotated by applying torque directly to the dial as it has 
only a friction fit on the shaft. 

If it is suspected that the dial has moved on its shaft, it 
may be checked by means of rotating the shaft counter
clockwise to the limit of travel. A dot at the end of the 
calibration should lineup with the index mark on the face
plate. See asterisk ("') on Figures 6 I and 63. 

If there is any reason to suspect that the Amptector 
trip unit is not operating correctly IT SHOULD NOT BE 
TAMPERED WITH; SINCE TAMPERING COULD RE
SULT IN LOSS OF VITAL OVERCURRENT PROTEC
TION. 

NOTE 

Warranty on the Amptector trip unit will be void if there 
is any evidence of tampering. 

A specially designed tester is available for checking 
Amptector trip unit operation without using primary 
current. The tester can be plugged into any convenience 
outlet; and will pass enough current to check any pickup 
calibration. Time delay calibrations can also be checked. 
Place drawout breakers in DISCONNECT position before 
performing Amptector trip unit check. 

I.B. 33-790-IE 

Special handling and test equipment are required to 
service solid-state devices. If use of the tester shows that 
an Amptector trip unit is not operating correctly, it is 
strongly recommended that a spare Amptector trip unit 
be used; and the questionable unit be returned to the 
factory for service. 

8.5 ACTUATOR 

The actuator receives a tripping pulse from the Arnptector 
trip unit, and produces a mechanical force to trip the 
breaker. Refer to Figures 64, 65 and 24 for location and 
details. The actuator is made up of a permanent magnet, a 
disc held by the magnet, a rod acted on by a spring, a 
lever for tripping the breaker, and a lever for mechanically 
resetting the actuator. The magnet cannot pull and reset 
the disc against the force of the spring acting on the rod, 
but can overcome the spring force when the disc is in con
tact with the magnet pole piece. A tripping pulse from 
the Arnptector trip unit counteracts the effect of the per
manent magnet, allowing the spring to separate the disc 
from the magnet pole piece and move the rod to actuate 
the trip shaft lever. The trip shaft lever then rotates the 
trip shaft and trips the breaker. As the breaker opens, the 
left pole unit lever pin strikes the spring finger attached 
to the reset lever; this furnishes the assistance required to 
moYe the disc so as to close the ai-r g-ap be-tween-it and-the 
pennanent magnet against the spring force. The device is 
reset when the disc is in contact with the magnet. If the 
disc is not fully reset, the trip shaft lever will hold the 
breaker mechanism in the trip-free condition; and the 
breaker cannot be reclosed. 

The actuator must be replaced if it will not stay reset 
when the plunger has been moved to the top of its travel. 

.\CTUATOR 
RESET SPRING -----;;JII,,,. 

TRIP SHAFT 
ADJUSTING SCREW---~ 

MAGNET ASSEMBLY----

Fig. 64 Trip Actuator ( 391093) 
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8.6 SENSORS 

The three sensors are located at the rear of the breaker on 
the lower studs, and (iifectly behind the main discoMect
ing contacts. Refer to Figure 66. They produce an output 
proportional to the load current and furnish the Amptec
tor trip unit with the intelligence and energy to trip the 
breaker when preselected conditions of current magnitude 
and duration are exceeded. 

The continuous current rating for any frame size 
breaker can be changed simply by changing the sensors. 
The wide range of long-delay current pick-up available on 
the Amptector trip unit makes one set of sensors suitable 
for a number of current ratings. The Amptector trip unit 
setting controls are standard, and are usable with any 
standard sensors. If sensors are changed because of chang
ing load conditions, etc., it is only necessary to readjust 
the Amptector trip unit controls to the new desired 
values. Available sensor ratings are listed in Table 4. 

Table 4. Frame Size and Sensor Ratings 

Breaker Frame Size 
Type Amperes• Sensor Ratings, Amperes•• 

DS-206 or 800 50-l 00-1 50-200-300-400-
DSL-206 400-600-800 

DS-206S 800 l 00- l 50-200-300-400-
600-800 

DS-416, 
DSL-416 1600 l OO- l 50-200-300-400-600-

or 800-1200-1600 
DS-416S 

DS-420 2000 l OO-I 50-200-300-400-
600-800-1200-1600-2000 

DS-632 3200 2400-3200 

DS-840 4000 4000 

*Maximum continuous current rating for breaker. 

•• Amptector trip unit Long Delay Pick-up is adjustable 
from 50% to 125% of the sensor rating, but should not 
be set above 100% when using sensor rating equal to 
frame size. 

8.7 OPTIONAL ACCESSORIES 

In addition to the Amptector trip unit to provide overload 
protection, the following optional accessories are provided 
as required. 

OVEACUARENT 
TRIP 
SWITCH 

ANTIPUMI' 
RELAY 

Fig. 65 DS-840 Breaker with Front Panel Removed 
(391076) 

MAIN 
DISCONNECTING 
CONTACTS 

Fig. 66 DS-840 Breaker Rear View Showing Sensors 
(391074) 
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... 
RESIT ARM----

IIOVING 
CORE 
!'\.UNGER 

Fig. 67 Undervoltage Trip Device ( 390244) 

8.7.l Undervoltage Trip Attachment 

The undervol tage trip shown in Figure 6 7 is an electro
mechanical device that trips the circuit breaker when the 
voltage on its coil falls to between 30 and 60 percent of 
normal. The standard unit trips instantaneously. A similar 
device is also available with non-adjustable time delay 
intended to ride through momentary fluctuations of 
system voltage. 

In operation, a moving core is normally held magnet
ically against a stationary core and a spring. This is linked 
to a latch carrying a roller which restrains the main 
tripping lever of this assembly. 

When the coil voltage is reduced sufficiently, the 
torsion spring overcomes the magnetic attraction between 
the two cores. The moving core travels upward, and 
rotates the latch in a counterclockwise direction so that 
the roller moves from beneath the tail of the main 
tripping lever. A torsion spring (not visible in Figure 67) 
around the pivot pin of the tripping lever then rotates it in 
a counterclockwise direction, causing a projection on the 
right side of this lever to strike a pin in the breaker 
mechanism trip shaft, and rotate the latter in a clockwise 
direction to trip the breaker. 
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~POLE \:.v SHAFT 

BKR. \ 
OPEN / '. BKR. 
POSITION \ CLOSED 

\POSITION 

/7 \? -/:----_ . _ _.. .. ,.-\ \ 
.'1- BKR. CLOSED, 

,',' U.V. ENERGIZED ,,~.....-,~ 

Fig. 68 Undervoltage Trip Device Operation 

As the breaker opens, a pin on the left pole unit shaft 
strikes a vertical leg (Reset arm) of the Wldervoltage 
tripping lever and rotates it counterclockwise against its 
torsion spring. Another arm on the tripping lever resets 
the roller latch and the moving core. A slight amoWlt of 
overtravel on the trip latch insures positive resetting under 
all conditions. Set Figure 68 for the relationship of the 
undervoltage trip device, pole shaft and trip shaft. 

Always connect the undervol tage coil on the line side 
of the breaker unless the attachment is equipped with a 
time delay device. In this case, the time delay will delay 
tripping of the breaker long enough to permit energization 
of the undervoltage coil from the load side. Do not use an 
auxiliary switch contact in this circuit. 

8. 7. 2 Overcurrent Trip Switch 

This device is available as an optional accessory on either 
manually operated or power-operated breakers of all 
ratings. Its function is to provide a signal to indicate that 
the breaker has tripped open by action of the Amptector 
trip unit due to phase or ground overcurrent. Normal 
tripping by the trip plate, shunt trip device, undervoltage 
trip device, etc. does not cause it to operate. It is mounted 
on and operates from the trip actuator of the breaker. 
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Fig. 69 Overcurrent Trip Switch ( 390239) 

Three contact arrangements are available as standard: 
(l) two normally open, (2) two normally closed, or 
(3) one normally open and one normally closed contact. 
These are independently wired to secondary disconnect 
contacts at the rear of the breaker unit. Some special units 
may have one or two additional contacts. 

The device is latch-type and must be manually reset by 
means of a pushbutton on the breaker front panel. Also 
available is an electric reset for remote operation. Figures 
69 and 70 illustrate an electric reset device. 

8.7.3 High Load Switch (available with Amptector 1-A 
only) 

This is a self-resetting solid-state device which picks up on 
an overload condition at a lower pick-up value than the 
breaker overload trip setting of the Amptector trip unit. 
Its function is to give advance notice of an overload 
condition before the breaker trips. See Figure 71. 

The pick-up point is adjustable from 60% to 100% of 
the Amptector trip long delay pick-up setting. The 
non-adjustable time delay of 60 seconds requires that the 
pick-up current be maintained for that interval to cause 
the relay contact to operate. If the load current falls 
below the pick-up point, the timing resets in about a 

65 

ACTUATOR 
CAM 

OVERCURRENT 
TRIP 
INDICATION 
POSITION 

Fig. 70 Overcurrent Trip Switch Operation 

pill,,__.,-,------
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second. The relay has one normally open and one Fig. 71 High load Switch (391087) 
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Fig. 72 Latch Check Switch ( 392298) 

normally closed contact with a common connection. Its 
built-in power supply requires a reliable sinusoidal source 
of either 120 or 240 volts AC. 

Since this is a solid-state device, no maintenance will be 
required; and the same cautions apply as previously stated 

--fer-the-Am-pteetor trip unit.Warranty wtlt oe voHJ ifthere 
is any evidence of tampering. 

8.7.4 Latch Check Switch 

The Latch Check Switch consists of a switch mounted on 
the inside at the left hand side sheet of the circuit breaker. 
The switch is located so that when the breaker trip shaft is 
in the "reset" position a normally closed contact of the 

Fig. 74 Auxiliary Switch Constro.ction Details 
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TRIP 
ACTUATOR 

Fig. 73 Latch Check Switch Operation 

C 

switch is closed: See Figures 72 and 73. When this switch 
is supplied, the contact is usually connected in the closing 
circuit of the circuit breaker to insure that the tripping 
system is reset before the circuit can be energized to close 
the breaker. 

8.T.S Auxiliary Swatches 

As shown in Figure 65, there may be from one to three 
auxiliary switches located to the right of the Amptector 
trip unit. Each switch has four contacts, which may be 
either normally open or normally closed. See Figure 74 
for construction. Auxiliary switch contacts are rated 10 
amperes at 120/240 volts AC, 10 amperes at 125 volts 
DC, and 2 amperes at 250 volts OC. The AC ratings may 
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controls. The ammeter is dual range and controlled by the be increased to 15 amperes if the circuit breaker wiring is 
increased to No. 14 on these circuits. "Hi-Lo" switch. In the low range it reads 0-8 amps, while ~ 

the high range covers 0-80 amps. The timer reads in w, 
seconds with the right hand digit (white) in tenths of 
seconds. An external ammeter may be connected in the 

8.7.6 Amptector Trip l,lnit Test Kit 

8. 7. 6.1 General 

The Amptector Trip Unit Test Kit consists of an external 
power supply, current measuring device, and a precision 
timer for field checking the operation of the unit. These 
three functions have been combined into a single portable 
device housed in a convenient carrying case. It is powered 
from a standard 120 volt, single phase, 60 Hz outlet; and 
will furnish the high secondary currents to the input of 
the Amptector unit to simulate primary fault conditions 
on the circuit breaker. 

8. 7. 6.2 Description 

A long flexible cable terminated by an 11 prong polarized 
plug connects to the test terminals of the Amptector trip 
unit. A second cable connects to the source of input 
power. Figures 75 and 76 show the tester and operating 

CIRCUIT 
SELECTOA---
SWITCH 

CURRENT 
ADJUST 
CONTAOL----

POWEA 
INDICATING 
LIGHT IAEDI---

POWEA 
SWITCH-----

AMMETER AND 
CURRENT RANGE 
SWITCH 

STO, 

output circuit through the terminals designated for this 
purpose and the shorting link removed. 

G·i'id-fri 
When using the Test Kit,. the breaker MUST NOT 
be in the connected positi~n because breaker will 
be tripped and cause disruption of service. It may 
be in either the test or disconnected position, or 
removed from its compartment. 

8. 7.6.3 Operation 

The complete testing and calibration of the Amptector 
trip unit by means of the Test Kit is covered by the in
struction sheet (l.L. 33-791) included with the Test Kit. 

SWITCH 
CMOMINTARYI 

LONG DELAY 
,-------------INDICATING 

LIGHT CCLIARI 

J 

......... _.:,...;_ - .A;,...,. J':·, 

AM'TECTOR 
PLUG 

TIMER 

TIMER 
SWITCH 

RESET 
INDICATING 
LIGHT CAMBIAi 

,, . S:.,_. __ ·_-_··_-_·_•_...•_..::=~~~==4:.__..:::=·•,=-=·=·=~:=·:.::=\7-='===;~.,..1-._(_'·_r __ :'s!::::~! 
INSTANTANEOUS----------
TEST SWITCH TEST 

INDICATING 
LIGHT IAEDI 

.__ ____________ TIMER TEST 

PUSHBUTTON 

Fig. 75 Amptecror Trip Unit Test Kit ( For Amptector I-A and JI-A) ( 3916 72) 
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Fig. 76 Test Kit in Operation (384826) 
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Section 9 - DSL Circuit Breakers and Fuse Trucks 
9.0 GENERAL 

OSL circuit breakers are coordinated combinations of 
standard OS circuit breakers and integrally mounted series 
connected current limiters. They are available in two 
frame sizes, OSL-206 and OSL-416. The primary purpose 
of the current limiters is to extend the interrupting rating 
of the OS circuit breaker up to 200,000 amperes RMS 
symmetrical current. If the current limiters are sized per 
Table 5, the circuit breaker will function and interrupt the 
routine fault currents. Infrequent high faults will be 
cleared by the limiter. The limiters protect the circuit 
breaker on faults above the rating of the breaker. The 
limiters will blow below the circuit breaker short-time 
rating if the fault currents equal the system maximum 
capacity. 

In some applications the current limiters will be sized 
smaller than necessary for protection of the DSL circuit 
breaker in order to provide protection for downstream 
equipment. When this is done, the current limiters will 
blow on fault currents which could have been satisfac
torily interrupted by the basic circuit breaker. 

Type DS-3200 aild DS-4000 fuse trucks provide for 
separate mounting of Class L current limiting fuses on 
drawout trucks for use in series with DS-632 and DS-840 
circuit breakers respectively. This separate mounting is 
made necessary by the size of the Class L fuses and their 
high temperature characteristics. 

9.1 DSL CURRENT LIMITERS 

Available current limiter ratings and their recommended 
applications are listed in Table 5. Do not replace limiters 
with sizes other than permitted by the table. Westing
house DSL current limiters have been tested and approved 
by Underwriters Laboratories, Inc. for use in DSL circuit 
breakers when applied according to Table 5. They are not 
electrically or physically interchangeable with current 
limiting fuses of any other design. 

The current limiters are held in place in an extension 
provided on the back of the circuit breaker. This 
extension makes the OSL circuit breakers eight inches 
deeper than the corresponding OS circuit breakers. See 
Figures 77, 78 and 79. The current limiters can only be 
removed from the circuit breaker and replaced when the 
circuit breaker is removed from its associated compart
ment. For this reason there is no fixed mounted version of 
the DSL circuit breakers. 
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Table S - Sensor and Limiter Ratings 

Braker Semo, Limiter Ralinp 
Type Ralina • Recommended •Minimum .. Muinwm 

DSL-206 800A 1600A 1200A 2000A 
DSL-206 600A 1200A 800A 2000A 

DSL-206 Leu than 1200A 12S%or more 2000A 
600A of sensor rating 

DSL-416 1600A 3000A 3000A 3000A 

DSL-416 1200A 2500A 2000A 3000A 

DSL-416 Leu than 2000A 12S%or more 3000A 
1200A of sensor rating 

•Minimizes nuisance blowing of limiten 
•use only when current limiting is required for downstream equipmen1. 

If long delay pick-up is set above 100'JI,, minimum limiter ratings should 
not be used. 

••Highest rating 1h11 will protect breaker. 

it 
• r-1 

. 
'\ . .. , 

I , -..J I , 

! ,., . ... .. .. .. 

Fig. 77 DSL-206 Breaker Side View ( 388138) 

9.2 BLOWN LIMITER INDICATOR 

The Blown Limiter Indicator provides a visual indication 
on the front of DSL circuit breakers when a current limiter 
in any phase has interrupted a short circuit. It also insures 
that the circuit breaker will be tripped when any current 
limiter has blown, to prevent single phase power being ap
plied to a three-phase load. See Figure 80. 

This device consists of three solenoids, each connected 
in parallel with one of the limiters. When a limiter is 
blown, the resulting voltage across the open limiter causes 
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BLOWN LIMITER 
INDICATORS 

Fig. 78 DSL-206 Breaker Front View 
(DSL-416 Similar) (388445) 

Fig. 79 DSL-416 Breaker Side View ( 391073) 
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LIMITER 

the associated solenoid to operate, tripping the circuit 
breaker mechanically and extending an indicator through 
the front cover of the circuit breaker. See Figure 78. The 
indicator will remain extended and the breaker will be 
held trip-free until the reset button is pushed. If the de
vice is reset and the breaker reclosed on an energized 
circuit before the blown limiter is replaced, the breaker 
will be immediately reopened and held trip-free. The sole
noids are isolated from the primary circuit voltage by 
three transfonners located above the limiters. See Figures 
77 and 79. 

9.3 FUSE TRUCKS 

DS-3200 and DS-4000 Fuse Trucks provide drawout 
mounting for Class L current limiting fuses when installed 
in type DS switchgear. These drawout trucks physically fit 
in the same compartments as the DS-632 and DS-840 cir
cuit breakers respectively. They are moved in and out of 
the compartment using a similar levering mechanism as 
provided on the DS circuit breakers. See Figures 81 and 
82. 
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Fig. 80 Blown limiter Indicator 

9.3.1 Installing Fuse Trucks 

LEVERING 

The fuse truck is normally installed in series with a circuit 
breaker of the same current rating. When this is done the 
fuse truck should be in the circuit ahead of the circuit 
breaker in order to provide maximum protection of the 
equipment. The fuse truck must never be permitted to 
close the current circuit or to open it when levering the 
truck in or out of the cell, because the primary discoMect 
contacts are not designed for this service. For this reason a 
key interlocking system is always provided which prevents 
opening of the fuse truck door unless the associated cir
cuit breaker has been opened, pulled out and held in es
sential disconnected position. This key interlock is in
stalled on the door of the fuse truck compartment, not on 
the fuse truck itself. 

9.3.2 Replacing Fuses 

Westinghouse type NCL fuses are normally provided when 
the fuse truck is built unless otherwise specified. However, 
any Class L current limiting fuse of the proper current rat
ing can be used as a replacement. 

After the fuse truck has been withdrawn from the com
partment, the fuses can be removed by unbolting them 

ISOLATING 
TRANSFER 
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Fig. 81 DS-3200 Fuse Truck Front View ( 391081) 

from the conductors on the fuse truck. This is a relatively 
uncomplicated procedure on the DS-4000 fuse truck be
cause there is sufficient working space within the truck. 
However, because the DS-3200 fuse truck is more re
stricted in space it will facilitate the operation if the front 
cover and levering mechanism is first removed from the 
truck. See Figure 83. 

After replacing fuses, be sure that all coMection bolts 
are tight and that any truck parts removed in the process 
have been replaced. 

9.3.3 Blown Fuse Indicator 

The same Blown Fuse Indicator is provided on fuse trucks 
as on DSL circuit breakers. However, since there is no 
opening mechanism on fuse trucks, it cannot serve directly 
as an anti-single phase device. In order to perform this 
function, the Blown Fuse Indicator is arranged to mechan
ically operate a switch, which is wired to secondary con
tacts on the fuse truck. The switchgear assembly wiring 
must be arranged to coMect this switch into the tripping 
circuit of the associated circuit breaker. See Figure 83. 
Again, the indicator must be reset after being operated to 
reset the switch; or its contact will prevent the breaker 
from being closed. 
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iP•foMMI 
FOR PROTECTION AGAINST SINGLE-PHASING, THE CONTROL POWER FOR TRIPPING THE ORCUIT BREAKER MUST BE FROM A RELIABLE SOURCE. 

Fig. 82 DS-3200 Fuse Truck with Front Cover Removed 
( 391078 J 

Fig. 83 DS-4000 Fuse Truck Side View ( 39 J 6 77) 
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Section 10 -Fixed Breakers 
10.0 GENERAL 

Fixed Breakers differ from the drawout wrsion in that 
they do not have levering device, primary disconnects and 
secondary disconnects. They do have padlock feature to 
hold the breaker in "trip-free" position. Key interlock 
mounted in the location of levering device may also be 
supplied to insure proper sequence of operation between 

two or more breakers. This insures that before the 
interlock key can be removed to be used in another 
location the iircuit breaker must be opened and held in 
trip-free position. The breaker stabs have holes for bolting 
to the bus connections. Terminal blocks mounted at the 
back of the breaker are used u secondary contacts. The 
frame is modified so that the breaker can be mounted on 
the panel. 

Section 11 -Drawout Dummy Elements 
11.0 GENERAL 

A dummy element consists of a drawout frame or truck 
with disconnecting contacts and with connecting links 
between the upper and lower terminals on each pole. 
When inserted into a compartment it bridges the upper 
and lower stationary disconnecting contacts in each phase, 
and is thus equivalent to an isolating disconnecting switch. 

It must be emphuized that a dummy is not a breaker, 
and hu no current breaking ability whatsoever; therefore, 
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it is almost invariably key interlocked with a breaker or 
other load interrupting device, to insure that it will be 
isolated or at leut carrying NO current before it can be 
levered out to the disconnected positions. 

Dummy element requires the same size compartments 
u those of equivalent type DS breakers of the same frame 
sizes. The key interlock is of the same type and operates 
in the same manner u that described in Section 9 for type 
DS-3200 and DS4000 drawout fuse trucks. 
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Section 12 - Inspection and Maintenance 
120 GENERAL 

Type OS circuit breakers are "top of the line" equipment. 
1rus means they are manufactured under a high degree of 
quality control, of the best available materials and with a 
high degree of tooling for accuracy and interchangeability 
of parts. Design tests show them to have durability 
considerably beyond minimum standards requirements. 
All of these factors give the OS line of breakers high 
reliability. However, because of the variability of applica
tion conditions and the great dependence placed upon 

these breakers for protection and the assurance of service 
continuity, inspection and maintenance checks on them 
should be made on regular schedules. 

Since maintenance of these breakers will consist mainly 
in keeping them clean, the frequency of maintenance will 
depend to some extent on the cleanliness of the surround
ings. If there is much dust, lint or other foreign matter 
present obviously more frequent maintenance will be 
required. 

li'ei&ifrh4ii 
BE SURE CIRCUIT BREAKER CONT ACTS ARE OPEN AND SPRINGS DISCHARGED BEFORE DOING MAINTENANCE WORK. FAILURE TO DO SO COULD CAUSE BODILY INJURY. 

DIMENSION A I .020 MINIMUM BOTH SIDES 

BREAKER CLOSED 

B 
L~ THESE FACES I PARALLEL 

BREAKER CLOSED 

Fig. 84 Contacts and their Adjustment, DS-206 Breaker 
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121.1 When to Inspect 

Industry standards for this type of equipment recommend 
a general inspection and lubrication after the number of 
operations listed in Section I 2.3 .1 of this instruction 
book. This should also be conducted at the end of the 
first six months of service if the number of operations has 
not been reached. 

After the first inspection, inspect at least once a year. 
If these recommended inspections show no maintenance 
requirements, the period may be extended to a more 
economical point. Conversely, if the recommended inspec-

DIMENSION A 

(:1;·-,.," ,1 .020MIN"'IM~MBOTHSIDES 

,,. ' ~!,""''"' , r, _,..._ ___ _._.....,_ '. . . ,_, 
\...-. 

1
B - THESE FACES 
I PARALLEL 

1, 

--- -, 
~ 

BREAKER CLOSED 

Fig. 85 Contacts and their Adjustment, DS-416/420 Breaker 
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tion shows, for instance, heavy accumulations of dirt or 
other foreign matter that might cause mechanical, insula
tion or other electrical damage, the inspection and 
maintenance interval should be decreased. 

When a breaker opens a heavy fault, at or near its 
rating, give it a visual inspection withdrawn from the 
compartment and with insulating barriers and arc chutes 
removed. 

121.2 What to Inspect 

First withdraw the breaker from the compartment. 
Remove barriers. Remove arc chutes. If there is a deposit 
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0.42 t .08 
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of dust, blow clean with compressed air, if available. Wipe 
accessible areas with a clean dry cloth. Inspect contacts. 

NOTE 
Switching and fault intenuptjons and the making of 
motor iruush current$ will cause some pitting of the 
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Fig. 86 Contacts and their Adjustment, DS-632 Breaker 
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breaker contact parts. A large accumulation of operations 
will give the contacts, especially the arcing contacts, a 
mottled, dirty, eroded appearance. This appearance is the 
normal result of arc burning and in itself is no cause for 
concern. 
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12.1.2.1 DS-206, DS-206S, DS-416, DS-416S and 
DS-420 

Remove the barriers and the arc chutes to expose the 
contacts: 

With the breaker open, examine the contact tips of 
moving and stationary arcing and main contacts. If the 
tips are burned or worn more than .030", the contacts 
must be replaced. Also check the dimension (C) between 
the stationary arcing contacts (Figures 84 and 85). It 
should be .42 ± .08. If this dimension is not maintained, 
the stationary arcing contacts must be replaced. 
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Close the breaker and check the contact engagement 
according to Figures 84 and 85. The main stationary con• 
tact fingers should be parallel (B) to the fixed contact 
cage. If not, adjust the contacts according to 12.2.3. Also 
check the dimension (A) between the stationary arcing 
contacts and the center section of the cage. If this dimen• 
sion is not .02 inches or greater, the stationary arcing con• 
tacts should be replaced. 

Replace the barrier and the arc chutes after inspection 
is completed. 

NOTE 
The DS-206 adjustments and maintenance apply com
pleteiy to the DS-206S. Also, the DS-420 instructions 
cover the DS-4165. 

DIMENSION A c-;p020 MINIMUM BOTH SIDES 
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Fig. 87 Contacts and their Adjustment, DS-840 Breaker 
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i 

J. 1. Anti-Rebound Latch 
2. Open Position Stop (adjustable for DS-632 only) 

Fig. 88 Open Position Stop and Anti-Rebound Latch 

To replace the stationary contacts, the disconnect 
fingers on the rear are removed and then the two bolts 
holding the upper contact assembly to the molded base. 
Withdraw the contact assembly from the front. lbis 
should be replaced with a new contact assembly. Make 
sure that all bolts are securely tightened. Cose the circuit 
breaker and check all contact dimensions as described in 
Section 12.1.2. 

12.1.2.2 DS-632 andI>S-840 

In addition to the requirements for the DS-206, DS-206S, 
DS-416, DS-416S and DS-420 above: 

The lower main fixed contacts should be inspected to 
ensure that they have adequate contact pressure. This is 
detennined by pin "X" being free to slide in the contact 
cage (See Figures 86 and 87). Unlike DS-206/DS-416/ 
DS-420 breakers, the top row of fixed main contacts are 
compressed beyond parallel position to assure adequate 
contact pressure for lower row of fixed main contacts. 

12.1.3 Replacement of Contacts 

12.1.3.l DS-206 

Both moving main and arcing contacts are held between 
the two moving arms by two bolts with self-locking nuts. 
Removal of the two bolts permits the replacement of the 
moving contacts. These bolts must be securely tightened 
after replacement. 

The fixed arcing contacts are held by a single bolt 
passing through the contacts and their pressure springs. 

On reassembly the self-locking nut is tightened so that a 
dimension of 3 .12 inches is obtained between the inside 
surfaces of the flat washers on the spring ends. 

12.l.3.2 DS-416, DS-4165, DS-420, DS-632 and DS-840 

The moving arcing and main contacts are secured to the 
moving contact assembly by two bolts. Removal of these 
bolts permits the replacement of the moving contacts. 

To change the fixed arcing and main contacts, the 
fixed contact assembly must first be removed from the 
pole unit. Remove the discoMect fingers, remove the 
screws holding the contact assembly to the pole unit base 
and withdraw the contact assembly. 

Obtain a new or reconditioned assembly and reassem
ble in the pole unit, with the holding screws finger tight. 
Cose circuit breaker and check the dimensions A (Figures 
85, 86 and 87); they should be approximately equal. If 
not, trip breaker and adjust fixed contact system until 
alignment is obtained. Tighten screws and contacts as 
described in l4.2.3. 

12.-l.4 ~ Chutes 

The V-shaped slots in the arc chutes will undergo slow 
erosion with arc interruptions. Switching operations will 
give them a pitted, mottled and sooty appearance. This is 
normal. Heavy fault interruptions will cause greater arc 
erosion. 

If the steel splitter plates have more than 1/4 inch of 
material eroded away at the top of the V-shaped slots, arc 
chutes should be replaced. This can be determined by 
comparing a plate near the center with a plate near the 
end. 

12.1.S General Inspection 

Look over all visible parts possible for missing pin 
retainers, loose nuts, bolts or screws, bent, worn or 
damaged parts. Make appropriate corrections to anything 
found out of order. 

After any inspection make sure all parts are properly 
installed on the breaker, especially arc chutes and all four 
barriers. 

J.B. 33-790-lE 
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12.2 FACTORY ADJUSTMENTS 
(Required for Major Overhaul Only) 

The type DS circuit breakers are designed and built with 
very few adjustable parts. The operating parts and frame 
mounting parts are accurately tool made for automatically 
accurate assembly relationships. The parts are made of 
material that are affected to the minimum by repeated 
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operations and normally encountered atmospheric tern• 
perature and dirt conditions. 

There are a few adjustments, made at the factory and 
subjected to quality control inspection and test. These 
factory setting., normally can be expected to hold for the 
life of the breaker. 

____________________ TRAVELING 

STOP NUT 

Fig. 89 levering Mechanism ( 384021) 

___________________ RETAINING 

• 
Q 
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Factory settings are adjustments which should only be 
necessary when parts are reassembled after dismantling. 
These are described in Sections 12.2.1 and 12.2.2. 

Maintenance adjustments should be made as indicated 
on maintenance inspections and are described in Sec
tion 12.2.3. 

12.2.1 Trip Latch Overlap 

Figure 23a shows a composite view of the shunt trip lever 
and the trip latch, as described in Section 5.1.6. The 
angular position of the trip shaft latch surface is adjust• 
able in relation to the trip latch surface by means of a 
screw located in the top of the actuator frame. (Fig
ure 23b). 

Proper adjustment procedure is as follows: 

Close the breaker 

Slowly rotate adjusting screw clockwise until the 
breaker trips. This is "no overlap" position. 

Rotate adjusting screw 4 turns in a counterclockwise 
direction. 

12.2.2 Breaker Open Position Stop (DS-632 OnJy) 

Proper Adjustment Procedure is as follows: 

Refer to Figure 88 

With the breaker open, loosen the open position stop 
bolt nuts so that the eccentric cylinders can be turned by 
hand but will stay put. 

Rotate the cylinders to obtain a clearance of approxi
mately .005 in. between the cylinders and the stop levers. 
Tighten nuts on bolts. 

12.2.3 Moving Contact Adjustment 

The contact assemblies are adjustable for the amount of 
engagement only. The lead of the arcing contacts over the 
main contacts is fixed. The correct engagement of the 
contacts is achieved when the vertical faces of the main 
fixed contacts and the fixed contact cage are parallel. 

For the DS-206 this is obtained by the adjusting nuts 
located on the insulating link stud above and below the 
pivot block. Refer to Figures 37 and 38. These nuts are 
self-locking, and must be tight when the adjustment is 
complete. 

J.B. 33-790-lE 

The moving pole of the DS-416/420 is adjusted by 
rotating the insulating link after the lock nut has been 
loosened. Refer to Figure 39. Tighten the locknut se
curely after the adjustment has been completed. 

The DS-632 and DS-840 have two adjusting studs on 
each pole, and both must be moved together to retain the 
parallelism. Refer to Figures 43 and 45. A spring type 
locking clip holds the adjustment for DS-632. For DS-840 
locking nuts similar to DS-416/420 hold the adjustments. 

Check contact system as described in Section 12.1.2. 

Fig. 90 Lubn·cation Points on Left Side of Mechanism 
(383034) 

12.2.4 Levering Mechanism 

The complete levering mechanism is shown in detail in 
Figure 89. If the traveling stop nut on the rear of the 
worm shaft has been removed, it must be replaced in the 
exact position with respect to the worm gear position for 
proper interlock operation. This is achieved when the 
threaded worm shaft bottoms in the stop nut and the 
interlock cam is in the connected position shown in 
Figure 29a. The shutter interlock pin will then drop to its 
normal position beneath the lobe of the cam. The 
retaining clamp ring also operates the position indicator 
and may be slipped in its groove in the stop nut. The stop 
nut is prevented from rotating by having a "flat" against 
the bottom of the breaker horizontal top pan. 

When reassembling, care must be exercised to insure 
that the two guide spacers are located in the slots of the 
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top pan. This allows this mechanism to float. Screws 
should be tightened and then backed off I /2 turn to allow 
mechanism to float. 

12.3 LUBRICATION . 

In general, the circuit breaker requires only moderate 
lubrication at regular intervals. The use of a special 
lubricant is required in a few places, and must be applied 
with care. Only small quantities are needed. All excess 
must be removed with a clean cloth to prevent any 
accumulation of dust or dirt. Avoid any lubricant on 
insulation or other electrical parts. Care must be taken to 
prevent any of the molybdenum lubricant reaching any 
current carrying contact surface. 

-----------19 

Fig. 91 lubrication Points on Right Side of Mechanism 
(385303) 

12.3.1 Frequency 

Type DS-206/OS-206S breaker after 1750 operations. 
Type DS-416/OS-416S/DS-420 breakers after 500 opera
tions. 
Type DS-632 and OS-840 breaker after 250 operations. 

NOTE 

Breakers that have been stored or have infrequent opera
tions shall be operated a minimum of rave times before 
being placed in service. 

iN·iilbidNi 
FAILURE TO INSPECT, CLEAN, LUBRICATE 
AND MAINTAIN CIRCUIT BREAKER AT REC
OMMENDED FREQUENCIES COULD RESULT 
IN FAILURE OF EQUIPMENT TO OPERA TE 
PROPERLY UNDER FAULT CONDmONS, 
WHICH COULD CAUSE EQUIPMENT DAM
AGE AND/OR BODILY INJURY. 

12.3.2 Location and Lubricant 
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Refer to Figures 90 and 91: The numbered references 
below correspond to those on the above figures. 

Molykote M-30 dispersion by Dow Corning or mixture 
of molybdenum disulphide and alcohol or equivalent 
should be placed on the following surfaces. Oil base lu
bricants are generally avoided to prevent the accumulation 
of dust and dirt which will cause wear and binding in the 
mechanism. 

1. The spring-charge indicator surface engaging with the 
cut off switch link. 

2. The cam surface operating the cut-off switch link. 

3. The pins on both ends of the constraining link. 

4. Shunt trip moving armature surface, Fig. 19c. 

5. The curved surface of the trip latch. 

6. Spring release moving armature surface, Fig. 19d. 

7. The trip shaft, Fig. 19c. 

8. The surface of the cut off switch link. 

9. The main spring pins on each end of the crankshaft 
and fixed ends. 

NOTE 

All parts of the levering mechanism, Figure 89 have suffi
cient lubrication, and should not require any further 
attention. 

•-••'''~!h, lh.' Ll"'IIIII 

BE SURE CIRCUIT BREAKER CONT ACTS ARE OPEN AND CLOSING SPRINGS ARE DISCHARGED AFTER 
COMPLETING MAINTENANCE WORK. FAILURE TO DO SO COULD CAUSE BODILY INJURY. 

I.B. 33-790-IE 
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Section 13 • Renewal Parts 
13.0 GENERAL 

Renewal Parts Data, listing by riame and style number the 
recommended renewal parts to be kept in stock, are sup
plied separate from this book. When ordering parts, always 
specify the part name and style number, if known, from 
the Renewal Parts Data, RP33-790-1E. If the style num
ber is not known, refer to the Figure number, name and 
item number as shown in this book, along with the breaker 
type and shop order number or style number as shown on 
the nameplate on the front cover of the circuit breaker. 

Some of the detail parts shown in the figures in this 
book will be available only as part of a sub-assembly. The 
detail parts in the figures are illustrated to show their 
function and location in the assembly; but certain parts, 
due to manufacturing procedures or installation proce
dures, are recommended and furnished as part of a sub
assembly. The renewal parts data indicates which parts are 
available as individual items or in a sub-assembly. When in
quiring about or ordering parts, refer to the figures in this 
book and the renewal parts data for identification of the 
part or sub-assembly in question. 

13:l tDENTIFYING PARTS FOR DS416S and 
DS-206S 

13.1.1 DS-416S Parts 

The parts of a DS-416S are almost identical to those of a 
DS-420. The parts shown in a proper DS-420 figure ( or 

LB. 33-790-IE 

drawing) are used for the same purpose in Type DS-416S. 
Description of these parts are the same too, but they are 
identified as parts for DS-416S (or shop order number). 

13 .1.2 OS-206S Parts 

The parts of Type DS-206S are very similar to those of 
DS-206. By reference to the proper DS-206 figure (or 
drawing) identification of their common parts can be 
made. When they are ordered for the DS-206S, it is so 
specified. The major differences are: 

1. DS-206S uses the three piece base of the DS-416, in
stead of the one piece molded base of the DS-206. 

2. DS-206S uses the DS-416 arc chute. 

3. DS-206S main disconnects have 50% more fingers than 
the DS-206. 

4. DS-206S has twice as many contacts and arms as the 
DS-206. 

S. The pole unit hinge of DS-206S is a forked construc
tion or a miniature V~tsiOfl of_the I>S-416 hing_e. 
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Renewal Parts Data 
33•790-1E 

Page 1 

Low-Voltage 
Power Circuit Breakers 
Types DS and DSL 

The following breakers are included in 
R.P.D. 33-790-1 E * 

Breaker 
Type Frame Size Amperes 

DS-206 800 
DSL-206 800 
DS-206S 800 
DS-416 1600 
DSL-416 1600 
DS-416S 1600 
DS-420 2000 
DS-632 3200 
DS-840 4000 

•oaia applies 10 Drawou1 Breakers only . 

INDEX 

Page 
Subject Number 

General Information. 2 
Common Pans 3 
Pole Units . 4-7 
Arc Chutes & Barriers. 8 
Levering Mechanism 9 
Operating Mechanism 10-12 

and Related Parts 
Automaric Tripping Sy~1cm D 
Optional Accessoric::s l .l-1.:-
DSL-206 and DSL-H6 I/, 

-
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Parts Identification 
Renewal Pans Data .1.1-790· 1 E is supplemen1ar.· infom1a-
1 i, ,n IP lns1ru~1itin 13uok .\'--790-JL /1111nictir,,;, ,,,,./_1111· 
\ "olt<1_"..:C Poll'er Circuit Breaker., T_rpe, DS and JJSL 1 he 
illw,1ra1ions in this Renewal Pans Dara show pans and 
suh-assemhlies which are identified hv name anJ st,k 
numher in the associated rab1.1la1ions.-AdJi1ional informa-
1ion and illustra1ions are shown in 1he fi!!ures in 
1.8. J.1-790-1 E. which show many sub-asse~blies and 
detail parts in order 10 illustrate their function and 
location in the assembly. Some of the detail pans shown 
in the instruction book are recommended only as pan 
of a sub-assembly IO facilitate their replacemeni or inswl
lation in the field. The availability of parts and sub
assemblies is indicated by style number in the following 
data. 

If the item in question cannot be identified by style 
number. refer to the Figure number. name and item num
ber as shown in this RPD (or 1.8. 33-7CX).1El along with 
the breaker type and its shop order number or stvle num
ber as shown on. the nameplate on the front cov~r of the 
circuit breaker. 

The above nameplate information will also be required 
when adding components, which are not direct replace
ments. to a circuit breaker. 

AMPTECTOR TRIP---------------

RECO\J:\IE:\DED SP.\RE PARTS 
Spart.· parts rl'l"t 11111111:n,ll.'u for stocking are indicated in 
1h..: f,•ll,•\\in:,: ,L1t;1 i,, th.: ,ymhol 1

[;. An adequate stock 
nf ,p;1rc p:1rh \\tll hdp minimize emergency situations 
,ind ~:an s1il,,ran1ially rl.'dm:t: production down time. 

Th~· ;1111<•11111 .,f i1l\~·,1111cnt 10 be made in spare parts 
,tl~·k ,.:;in he d,:pcnd.:ni tin a number of indi,idual factors. 
Th~· ill·m, rcl·, 1111111l·11<lcd and the quantities specified 
hcl, ,,, arc i111.:11d..-d ;1-. a guide. 

Ftir I 10 ~ Hrcakc.:rs- Items marked ®insufficient 
411;m1i1y f"r nnc breaker. 

FPr::, IP JO Br~•;1k..-r,- l1cms marked@ in sufficient 
4uanti1y for two lm:akers. 

Over 10 Breakers-One spare complete breaker. plus 
recommended spare parts for one breaker. 

ORDEIUNG INFORMATION 
I. Name item and give its style number. Specify quantity 

desired. -

2. State metho<l of shipment desired. 

3. Send all orders or correspondence to nearest 
Westinghouse Sales Office. 

PRICING INFORMATION 

Many of the sryle numbers in this data are listed in 
Price and Entry Guide 120 and PL 12L 
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Items Common to All Breaker Types 
AUXILIARY SWITCHES-FIGURE NO. 2 
When replacing an existing auxiliary switch. order basic 
switch assembly style 449D622AOI which includes 2 ··a·· 
and 2 .. b .. contacts. Style 449D622AOJ is suitable as a 
replacement on all breakers except those equipped with 
mechanical interlocks. and those wired per diagram 
figures JOO. JOE. !OF and lOG. 

When adding nuxiliary switches to an existing breaker. 
specify the number of switches required together with 
the nnmeplate information as itemized on page 2. 

SECONDARY DISCONNECTING CONTACTS
FJGt.:RE NO. 3 

When replacing an existing disconnecting contact. order 
style 591C498G06 which includes an 8 point block plus 
mounting hardware. 

When replacing an existing disconnecting contact cover, 
order style 588C729G02. 

When adding secondary disconnecting contacts to an 
existing breaker. specify the number of upper contacts 
and the number of lower contacts together with the name
plate infom1a1ion as itemized on page 2. 

TYPE DS CIRCUIT BREAKER FASTENER KIT 
Includes an assortment of retaining rings. truarc rings. 
··r-::·· rings and ··x·· wa.\hers in a pla~tic bag. 

Style JS8M86GOI 
Recommended spares: 
J for one breaker 
2 for two to five breakers 
3 for six co twenty breakers 
4 for over twenty breakers 

STANDARD HARDWARE 
Standmd hardware such as bolts. nuts. washers. etc. are 
not listed in this data. Such items should be purchased 
locally. Note: Bolts holding copper details togetht:r in the 
pole unit. nnd bolts holding levering in cranks should 
be SAE Grade 5. 

LEVERING AMPTECTOR SHUTTER EMERGENCY 
DEVICE TRIP TEST (DEPRESSED) ~ CHARGING 

SHAFT T~ERMIN~LS ,. . HA:::~l:RY 

f\~'.-.. -~-_;;$ ~- •-:~.-.en ~SWITCH '• ·;. .:--. .. . .. ~ -.... ...., I J . - ..... , . . • ·"r •. : I 
' -~~• 1 ::i' f '1; 'c• JP J .. 

~ ::..:..! c:: ' -!: ·, 

\,. - ~! 1~ !~\~ . }<'· . 
I.. ~"-~~- L ~-~'~ i : ~ ~~i,;. ~:-r- :"-' ,,. ~ • i',i ·. c:::· . ;.,_....., -, . 

TRIP / •• 1 ~ }- , • ._ • ,~,J-- ;_;' ~ 
PLATE - ~ , \.,_,, ( _ 7 

... 1 r·:·· ·• ~\ ~ .. -' .. l s 1 " 
SHUNT \ •. : ,· ,: ,. . \ •1·'\i ;_; (: 
TRIP \ · ~,tr•; ~! ~✓ ;~f ~ ) l....9 /\ I , ~; .. ~:;'-~, r '.j .. ~ ( .... ,.. f-t~~-- ~1 ~•,. /;.; 

·,. ~,: -/:l:,j:J;.~ ;p·~;NG CHARGE 
....,_ • ; --.::::: • •· MOTOR-POWER 

-...__ . t,.-"""" OPERATED 
' B~AK~S 

OPENING - ONLY 
TRIP SPRING 
ACTUATOR 

Fig. 2 DS 416 Breaker with Front Panel Remo1·ed 

SECONDARY SECONDARY 
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- Type DS-206. DSL-206 and DS-206S Pole Unit 

C . . 

DS-206 DSL-206 111 DS-206S121 

No. No. No. 
Req. Req. Req. 

Fig. Item Per Per Per 
Description No. No. Bkr. Style Number Bkr. Style Number Bkr. Style Number 
Three Pole Unit Assembly Complete 4 - 1 1400152G01 1 140D152G03 1 9145D41G01 
Following are included in Three Pole 
Unit Assembly: 

Molded Base 4 1 1 140D1 50H01 1 14001 50H01 3 553F204H01 
Upper Stud Assembly 4 2 3 591C653G0I 3 591C653G03 3 592C928G01 
Lower Stud Assembly 4 3 3 591 C652G01 3 591 C652G03 3 592C927G01 

F ollow,ng are included in Upper 
Stud Assembly: 

Stationary Arcing Contact-A .H. 4 4 3 ·~ 503B025G01 3@ 503B025G01 3@ 503B025G01 
Stationary Arcing Contact-L.H. 4 4 3 (~ 503B025G02 3 ·!J 503B025G02 3 ~ 5038025G02 
Stationary Arcing Contact Spring 4 5 6 !' 503B027H01 6® 5038027H01 6 :_ff 5038027H01 
Stationary Main Contact Finger 4 6 6® 809A263G01 6@ 809A263G01 12® 809A263G01 
Stationary Main Contact Spring 4 7 3® 5038027H08 3 'A' 503B027H08 6® 503B027H08 

Following are included in Lower 
Stud Assembly: 

Moving Arcing Contact 4 8 3 'ff, 591C651G02 3 ·:E 591C651G02 3® 591C651G02 
Moving Main Contact 4 9 6 <a: 591C651G01 6:& 591C651G01 12 ® 591C651G01 - Insulating Link Assembly 4 10 3 788A588G01 3 788A588G01 3 788A58_8G03 

Main Disconnecting Contact Assembly 3 - 6 591C655G02 6 591C655G02 6 591 C655G03 

~ (not included ,n Pole Unit Assembly) 
> 

~ RccommC"nJ~d Spar~-Scc page 2. 

I J) SC'C" p.1~e If, fi~ure Jl: for illus1ra1 ion of 1hc DSL-206. I 21 The:" DS-:!OhS r,olc unit is nor illustrareJ. Th~ D\ ~00S pole unir assembly 
,~ ~,mil.ar r0 rhc: DS-"i u, wirh 1hc:- unr,er :rnJ lo'4.'C"f scuJ as~c111hlies 
muun11.·U tlfl a -.c:p.1ra1c lll(1ldcd hasc for ~ach pole rather rhan ,1 common 
1-.,1:.c for 1he 1hn.·e pc)lc~. 
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Type DS-416, DSL-416, DS-416S and DS-420 Pole Unit 
DS-416 Pole Unit i5 illustrated. DS-416S and DS-420 Pole Unit Assemblies are s1i11ilar 

@ LOWER STUD 
ASSEMBLY 

Fig. 5 
Type DS-416 Pole Unit Assemb(i•-Fronr View 

© 

© MOVING ARCING 
CONTACT . 
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Fig. 6 
1)'Pe DS-416 Pole Unit Assembly-Rear View 

DS-416 DSL-416111 DS-416Sand DS-420 
No. No. No. 
Req. Req. Req. 

Fig. Item Per Per Per 
Description No. No. Bkr. Style Number Bkr. Style Number Bkr. Style Number 
Single Pole Unit Assembly Complete 5-6 - 3 151D064G01 3 1 S1D06SG01 3 151D06SG02 
Following are included in Single 
Pole Unit Assembly: 

Molded Base s 1 3 SS3F204H01 3 SS3F204H01 3 SS3F204H01 
Upper Stud Assembly s 2 3 591C7SOG02 3 .fl) 139D63SG01 3~ 139063SG02 
Lower Stud Assembly s 3 3 126D298G06 3 139D633G04 3® 139D633GOS 

Following are included in Upper 
Stud Assembly: 

Stationary Arcing Contact-R .H. s 4 3~ S03B02SG01 3~ S03B02SG01 3® 5038025G01 
Stationary Arcing Contact-l.H s 4 3 ~ 503B02SG02 3 ID 503B025G02 3 R 503802SG02 
Stationary Arcing Contact Spring 5 5 6 ~ 503B027H01 6 ~. S038027H01 6 • 5038027H01 
Stationary Main Contact Finger s 6 24 1! 809A263G01 36(2) 809A263G01 3612) 809A263G01 Stationary Main Contact Spring- 12 !! 5038027H05 12 (2) 5038027HOS 1212, 5038027H05 
Outer 
Stationary Main Contact Spring- - 12 (2) S03B027H10 12 (2) S038027H10 
Inner 

Following are included in Lower 
Stud Assembly: ... ···- -~. .. .... -- . -- --

Moving Arcing Contact 6 1 3 if S038022G01 3 ~ S038022G01 3 • S03B022G01 
Moving Main Contact 6 2 3 -~ 665A321G01 3 1! 79SA769G01 3 13) 795A769G01 
Insulating Link Assembly s 7 3 43684SOG02 3 436B4SOG02 3 4368450G02 

Main Disconnecting Contact Assembly 3 - 6 682C347G01 6 682C347G01 6 590C804G01 
(not included ,n Pole Unit Assembly) 

.! Rccomm('ndc:-d Spare-See pa~..: 2. 

1 JI Sc-e paa:e Jtt ri.i.:ure JJ for illus1ra1ion nf the DSL··•Uf'I. 1.l1 Chan.:mi: lht." n11h·in1t main con1a~1 i._ c.·<lmpil,:a1l·d f°'\.',:Ju": 1 •£ J dr,llini: 
•~i ,\,, ... ·mhl~· of lht." s1a11onat)· mam c.·,,n1ac.·1 hni:er~ JnJ inner anJ ,,u1er 

and plnnmi: ,,pcra1i,1n. The:- Lo"er S1uJ ,.\,-.c.·mhl, 1, rc.·,:,,nmt1.:rhkd 1,,r 
lh~ DS·-llh.S anJ DS-l1U. \f'lrlnl.!:) 1s Jiffi~ulc. The:- Uppc:-r S1ud ,\~st."mhl\ i!'I re,:nmmC'nJc:-cJ for 1hc 

DSL-llh. DS--llnS anJ OS--1211. 3.1. 1-296 
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EMERGENCY 
C><ARG1NG 
>d,NDcE 

COMPARTMENT 
TRIP LEVER 

.. 

EMERGENCY 
SPRING CHARGE 
ASSEMBLY 

Fig. 7 DS-6]2 Breaker with Front Panel Removed 

OVEflCURRENT 
TRIP 
SWITCH 

ANTIPUMP 
RELAY 

OPENING ' 
... , r1· ,-, SPR1NG 

Fig. 10 DS-840 Breaker with Front Panel Removed 

~ 

'" ~I 

f 
-- - !l J~TJONARY ARCING .,_ .. "-'r-------ARC1NG 

CON I ACT----- CONTACTS sPRING • , .,\--

I ~ ll,,6M 

'i !i 
\._IPPfR-------
s•, :> o I 

;~ 

MOVING 
,---ARCING 
I CONTACT 

. © 

J• STATIONARY !--------MAIN CONTACT 
FINGERS 

Fig. 8 Type DS-632 Pole Unit Assembly- Front View 

® 
ARCING, 

CONTACT 
SPRING 

@ 
STATIONARY 
MAIN CONTACT 
FINGERS 

® C UPPER STUD 
ASSEMBLY 

CD I 
t 

MOLDED BASE -

0) LOWER STUD 
ASSEMBLY 

0 
~ -- MOVING 

ARCING 
CONTACT 

L@ 
INSULATING 
LIN~ 

Fig. J 1 Type DS-8./0 Pole Unit Assembly- Front View 

3.1. 1-297 

C 

G ' ' 



(!) 
~OVING~-. 

ARCfNG •·'• 
CONTACT 

® ~:: MOVING MAIN , ; 
CONTACTS I 

1 

i ,· 
j 

i• 
1 

Fig. 9 Type DS-632 Pole Unit 
Assemb/y--Rear View 

Ll 
.... --~-.=.,.-_-..... ,-J' .... _,.... ·- ., .. 

' 

r~ • i~--
ll : ~ 

~ ' "10VING--·. l 
MAIN •,. 'j, 
CONTACT \ • 1 

1 l~_ ~, 
• ~.:' ~ • J ............. -·_:-

' i Lr~ ,,,,_., .. jf ii , ,,,----- •~ r ... 
'. , ' 

• 
r • .• 

Fig. 12 Type DS-sm Pole t ·1111 

Assemb(v- Rear Vie\\' 

Type DS-632 Pole Unit 

Description 

Single Pole Unit Assembly 
Complete 
Following are included in 

•Single Pole Unit Assembly: 
Molded Base 
Upper Stud Assembly 
Lower Stud Assembly 

Following are included in 
Upper Stud Assembly: 

Stationary Arcing 
Contact-A .H. 
Stationary Arcing 
Contact- L .H. 
Stationary Arcing 
Contact Spring 
Stationary Main Contact 
Finger 
Stationary Main Contact 
Spring-Outer 
Stationary Main Contact 
Spring-Inner 

Following are included in 
Lower Stud Assembly: 

Moving Arcing Contact 
Moving Main Contact 

Insulating Link Assembly 
Main Disconnecting Contact 
Assembly 
(not included in Pole Unit 
assembly) 

Type DS-840 Pole Unit 

Description 

Single Pole Unit Assembly 
Complete 
Following are included in 
Single Pole Unit Assembly: 

Molded Base 
Upper Stud Assembly 
Lower Stud Assembly 

Following are included in 
Upper Stud Assembly: 

Stationary Arcing 
Contact-R.H . 
Stationary Arcing 
Contact-L.H. 
Stationary Arcing Contact 
Spring 
Stationary Main Contact 
Finger 
Stationary Main Contact 
Spring-Outer 
Stationary Main Contact 
Spring-Inner 

Following are included in 
Lower Stud Assembly: 

Moving Arcing Contact 
Moving Main Contact 
Insulating Link Assembly 

Main Disconnecting Contact 
Assembly 
(not included in Pole Unit 
assembly). 

1,.· N: C',:ommcnJcJ SpJrc - Sci: pa"C' :! . 

Figure 
Number 

B-9 

8 
8 
8 

8 

8 

8 

8 

9 
9 
8 
3 

Figure 
Number 

1 1-12 

1 1 
1 1 
11 

11 

1 1 

11 

11 

11 
12 
11 

3 

I 

Item 
No. 

1 
2 
3 

4 

4 

5 

6 

1 
2 
7 

Item 
No. 

1 
2 
3 

4 

4 

5 

6 

7 

8 

Number 
Required 
Per Bkr. 

3 

3 
3® 
3® 

3®. 

3® 

6® 

72 (1) 

24 (1) 

24 (1) 

3® 
3(2) 
3 
6 

Number 
Required 
Per Bkr. 

3 

3 
3 -~ 
3® 

3® 

3® 

6 11 

72 (1) 

24(1) 

24(1) 

3 (Ii' 
3 (2) 
3 

12 

4 l t A~emhl)· or 1he ~,a1ionary main con1ac1 finl.!C'r'S .anl.J inner anJ ou1er \Jlrin~" is diUk·uh. 1 he Upper S1uJ Assembly is m:on,menJeJ. 3.1.1-298 

Style Number 

567F962G01 

553F205H01 
126D299G02 
1400091G05 

588C736G01 

588C736G02 

503B027H01 

809A263G01 

5038027H05 

503B027H10 

588C735G01 
794At05G01 
680C792G03 
682C347G02 

Style Number 

567F991G03 

567F501G01 
1400779G01 
t400778GOt 

588C736G01 

588C736G02 

5038027H01 

809A263G01 

503B027H05 

503B027H10 

588C735G01 
794A105G01 
680C792G04 
591C100G01 

f 2) AMcmhly or 1he mo\'in.: main con1ac1 Is JiUkult. The Lower Stud A~,c."mhl)· i'li rt!l"4.Jnm1cnJ~cJ. 
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Arc Chutes and Barriers 

J OF THE 4 2~ 20 ARC CHU!E 
lr>.SULATl~G ______ .,....__, SCREW 

BARRIERS • 1-L•~#,f'///1-"//// I 

3 ARC 
CHUTES 

r. . ,,1 _ ... r;i'lr'.,11. 4'11/// . 
. ,-... k ·/, ,·,I.'•' Ir//. s'Ir .. _,.- .. "·I .. ,.. I --

- r ,,~ 111 ... 1
• • 1 r,. . .·-1 

\ t 'r.- ' . ~ • .., "'f ., .... _ 
~ ,. • ,I 

••}' .. 
...... 

. J 
Fig. 14 DS-206 Arc Chute 

= 

Fig. 13 Breaker with Barrier Removed to Show Mounting 
of A re Chutes 

Breaker 
Type 

DS-206 
DSL-206 

DS-206S 
OS-416 

DSL-416 
DS-416S 
DS-420 

DS-632 
DS-840 

Fig. 16 DS-632 Arc Chute Fig. 17 DS-840 Arc Chute 

Assembled Arc Chute and 
Mounting Screw 

Figure 
Number 

14 

15 

16 
17 

Number 
Required 
Per Breaker 

3 

3 

3 

3 

Style Number 

449D508G01 

151D018G01 

151D018G02 
140D164G01 

Removable Insulating Barriers -
Fig.13 

Number 
Required 

Outer 

Per Breaker Style Number 

2 349A578H01 

2 349A578H01 

2 
2 

3.1.1-299 

4368108H02 
803A735H01 

Number 
Required 
Per Breaker 

2 

2 

2 
2 

Inner 

Style Number 

788A586H01 

349A578H01 

4368108H01 
803A735H01 

I! 
~ 

r 
~ 
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Levering Mechanism 

ELASTIC 
STOP NUT 

Fig. 18 Lei·en·ng Mechanism 

---------------------TRAVEL!r~G 
STOP NUT 

--------------------RETAINING 
CLAMP 

Levering Mechanism - Fig. 1s 

All Type DS/DSL 
except DS-840 DS-840 

Number 
Required 

Description per Breaker Style Number Style Number 
Levering Mechanism Assembly 4490224G04 4490224G05 
Following are included in Assembly: 

Traveling Stop Nut 1 791A674H01 791A674H01 
Retaining Clamp 1 791A679H01 791A679H01 

Following are not included in 
Assembly: 

Crank Arm with Roller ·2 786A586G01 567F993G02 
Special Solt 2 (11 794A024H01 794A024H01 ( 11 
Elastic Stop Nut 2 ( 1) 70220ERN18 70220ERN 18 ( 1) 

• 11 For DS·H-IO four are required per bre:iker. 
3,1.1-300 
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Mechanism and Related Parts 
I 

ir.;; : ;
~-

I 

\ 

./ 

t __ •a ,f - -~ ----~R~:tlSM 

•. ~ ~ ·' 
~~ A~-- I 
~ 0~ / i..!J . ,t1 . ,· ~MAIN DRIVE [ I 10~ -, .··. LINK 

~, I f J! .---.'I, . . 

1
,. . ,_ ,, -
., '.~! ~; " 

C i!r /~~~, 
~ ti L .l~t· t-" ,,,.,~ . 

•'.l~ :~t:;.t:., f / 
~ ~..;:,,/·• ~--__ .,_,.. ______ R.H.SPRING 

-__, CRANK ARM 

Fig. 19 Front View of Mechanism (Manual 
Spring Charge) 

All DS/DSL except DS-632 and DS-840 

Description 

Mechanism Assembly 
(Without Closing Spring) 
Following are included 
1n Mechanism Assembly: 

Main Drive Link Ass'y. 
(With Roller) 
Oscillator Ass·y. 
Oscillator Reset 
Spring (Not Illustrated) 
Emergency Charge Device 
Spring Release Latch 
(With Bearings) 
Trip Latch 
Lever (for motor cut
off switchr 
Trip Latch Reset Spring 

Following are not included 
in Mechanism Assembly: 

Manual Charge Ass'y. 
(Without Handle) 
Manual Charge Handle 
Emergency Charge Handle 
Trip Shaft 
Trip Shaft Lever 
Trip Shaft Return Spring 
Opening Spring 
Motor. incl. Crank & 
Connectors 

Closing Spring Ass'y. 

DS-206 
DS-206S 
DS-416 
DS-416S 
DS-420 

Number 
Required 
per Breaker 

2 

Fig. 
No. 

20 

21 

20 
-

20 
22 

22 
22 

22 

2 
23 
23 
23 

2 
23 

21 

® Recommended Spare-Sec pawe 2. "No, Required 

Fig. 20 Front View of Mechanism (Power-Operated 
Spnng Charge) 

Power O~er11t_Qd 

Item 
No. 

1-2 

1 
-

2 
1 

2 
3 

4 

-
2 
3 

4 
-
10 

3-4 

Style Number 

567F759G02 

4378146G03 

4368923G01 
® 5038601 H 1 1 

4366925G01 
795A855G01 

3755A 19G01 
791A516H01 

® 795A077H01 

. 

. 
349A669G04 
788A502H01 
4376381H01 

·'.& 4366621 H05 
® 5036601 H04 
® See Page 12 

349A521G01 

791A671G02 

791A671G01 

3.1.1-301 

Fig. 
No. 

19 

21 

22 

22 
22 

22 

23 

23 

23 
23 
23 

2 

21 

M11nual Operated 

Item 
No. 

1-2 

2 
3 

4 

8 

9 

2 
3 
4 

3-4 

Style Number 

567F759G01 

4378146G03 

. . 

. 
795A855G01 

3755A19G01 
791A516H01 

® 795A077H01 

591C385G01 

349A669G02 . 
788A502H01 
4378381H01 

® 4368621 H05 
® 5038601 H04 . 

349A521G01 

791A671G02 

791A671G01 

0 
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Mechanism and Related Parts 
I 

@ MAIN ROLLER 

I 

MAIN 
DRIVE LINK 

Fig. 21 Rear of Power-Operated Mechanism 

DS-632 and DS-840 

Description 

Mechanism Assembly 
(Without Closing Spring) 
Following are included 
in Mechanism Assembly: 

Main Drive Link Ass'y. 
(With Roller) 
Oscillator Ass·y. 
Oscillator Reset 
Spring (Not Illustrated) 
Emergency Charge Device 
Spring Release Latch 
(With Bearings) 
Trip Latch 
Lever (for motor cut· 
off switch) 
Trip Latch Reset Spring 

Following are not included 
in Mechanism Assembly: 
Manual Charge Ass'y. 
(Without Handle) 
Manual Charge Handle 
Emergency Charge Handle 
Trip Shaft 
Trip Shaft Lever 
Trip Shaft Return Spring 
Opening Spring 
Motor. incl. Crank & 
Connectors 

lsing Spring Ass·y. 

Number 
Required 
per Breaker 

1 

1 

1 
1 

1 
1 - -

1 
1 

1 

1 

1 
1 
1 
1 
1 
1 (2) 
1 

2 

.!) R.ecommen&Jcd Sparc-S.:c paa.:~ 2. •No1 R~4uirci.J. 

(1) 
Fig. 
No. 

20 

21 

20 

20 
22 

22 
22 

22 

7 
23 
23 
23 

8 
23 

21 

.. ,..~ : ~ 

/ \ -I I ,; .. ~ .:-:,., 
J - 'c";;./~-- ~,. ,,~..,,,_.... ~~ . 

i --: ·. · r , 
\ l t ·~.,/i~JL@TRIP LATCH 

) ~ • "' ·: RESET SPRING - J, 1 , .... : ' 
., ·J <~ 

RH CLOSE] . ,1~~~&4~ .@TRIP LATCH SPRING . :,1,;~,. I ,f. , ; • _.. , •IT <d •.• ·a;.:,?J' . s,.:,,.. ~~)i; . ,. ·,. $~ :.j it ~~ii 
~:,,·l\11!1" / ,~} ·:~-.;jl•• ,[,~"!_···; ~/;1:::_,,;,•!l~}ft-2:..._·@ IIIOTOR CUT-OFF 

--~':' ·, .• -.u,// _; . SWITCH LEVER .. .. .., .......... 
'•)~• ~~"°-· · , (D SPRING RELEASE LATCH 

•. ':::,. \~ ~ _: SPRING ANCHOR 

Fig. 22 Rear View of Power-Operated Mechanism 
(Left Close Spring RemoPed) 

Power Operated Manual Operated 

Item 
No. Style Number 

- 567F759G04 

1-2 437B146G04 

1 436B923G01 - ® 503B601 H 11 

2 436B925G01 
1 795A855G01 

2 3755A19G01 
3 791 A516H01 

4 ® 79SA077H01 

. 

. 
- 349A669G04 
2 788A502H01 
3 437B381H01 
4 ·Ji: 436B621 HOS 

I ;, :>v~OOV I l"'tlJ~ -
10 '.! See Page 12 

3-4 791A671G03 

( 1) 
Fig. 
No. 

19 

21 

22 

22 
22 

22 

23 

23 

23 
23 
23 

ti 

21 

Item 
No. 

-

1-2 

2 
3 

4 

8 

9 

2 
3 
4 

3-4 

Style Number 

567F759G07 

4378146G04 

79SA855G01 

375SA19G01 
791A516H01 

® 79SA077H01 

591C38SG01 

349A669G02 

788A502H01 
437B381H01 

~ 4368621 HOS 
(IJ} b038601 H04 

791A671G03 

1 l I t-iL'urc~ l':111hru 2~ 1lh,,1r.uc.• nlc.'L'ham,m fur all OS l>SL hrc:a"-i:rs C\(.'l.!'pr l)S~J2 :and DS·,.,--10 o:,.11J2 and OS-~1 mcchan,.ms arc ,imilar. 
12) Two opc:nini sprin~• arc: rc:11uirc:,J fur DS·ll-lO. 

3.1.1-302 

-

-
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Mechanism and Related Parts 

Spring Charging Details. 

Fig. 23 Tnp, Spn'ng Release. and Spn'ng Charging Details 

Shunt Trip (11 
Fig. No. 23 Item No. 1 

Spring Release (1 l 
Fig. No. 23 Item No. 6 

Voltage 

24 DC 

32 DC 
48 DC 
125 DC 

250 DC 
120 60 HZ 
240 60 HZ 

For Use with 
Capacitor Trip 

Complete 
Assembly 

OS/OSL 
except 
0S-840 (2) 

3752A02G01 
3752A02G02 

3752A02G03 
3752A02G04 

3752A02G05 
3752A02G06 

3752A02G07 

3752A02G08 

Coil 
® Only 

151 D786G01 

151D786G03 
151D786G04 
151D786G08 

151D786G11 
151D786G04 

151D786G08 
151D786G08 

Complete 
Assembly 

DS/OSL 
except 
DS-840(3) 

-
-

3752A03G01 
3752A03G02 

3752A03G03 
3752A03G04 

3752A03G05 

-

F Motor Cut-off Switch-All breakers-Style 450D818G02 Fig 23-ltem 5 

Coil 
® Only 

-
-

151D786G04 
151 D786G08 

151D786G11 

151 D786G02 
151D786G05 

-

Spring Release Detail:; 

® Anti-
Pump ® Motor 
Relay Kit (4) 
Fig. No. 23 Fig. No. 23 
Item No. 7 Item No. 10 

- -
- -

140D930H03 449D431G03 
140D930H04 449D431G01 

140D930G05 449D431G02 

l 40D930H01 449D431G01 

140D930H02 449D431G02 

- -

111 Shum Trap JnJ Sprinc RC"lea~e 1.;"ompk11! a~,c-mhl~ incluJc~ ITlllu11tinl.! 

hardw;Jre and wars: kaJs fL)r fidd rcplJct:mC'm. \\ hen J.UJin\t shunt trap 
tlr ,1>rinc rc:li:J!!o(' to mJnu~il hrc."alc:r,. Jn au,1lian '"" ih,:h. ~cconJary 
cont:.it..-f\. anJ po,~ihly other nJmponc."ms ;,1ri,jJI he rcL1u1i-cJ 

i •• \1111nr K11 inL'lud1..·<, c.:ranl .Jnd n1ikr ;,i.nJ ..,·,1nncc1t1rs f\•r f1t."ld 
r,.;pl.u.·t.·nh:nr 

3.1.1-303 

r~: 
V 

0 , 
j 

0 
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Type DS Circuit Breaker Automatic Tripping System 

1 ..... t:;t~-}f • ~~,-~~:~ ,., :. ·--.. -.-f -iJ.':"i ' :;..:..,,.;-.-',~:;. '. . . ~~~~ 1 . tf 1 '. : '"" r; , ,:";' '.li j , 
--l:.:. . . ' 

:f_~--:--,~ ~-- : . ,: ---,~ i_: m t, n-... \~,:. 1 ii_'.':i~,.'. -, j 
-·' •.· ,· .--: : :~ 1 'ir ·.• OS .. ,:-,o•; ,. _,;- 'l 

..tf':'f• _.,.._ :•t.:- ·1 

1 
~r;:;,.:' f ~, -~- ----·t:: l 
9.~.-- ---! ;._ ) 

t",,, ~ :! - . ,_1,·. 
,_,,, .-.. 4 - .-- .. ~• ~--'.- . . . ) -· ~ ..... ~. . \, Fig. 24 -- ----.::;~~- " . . -,-- .: ,:-,j . 

Amptector 1-A So/id-State Tnp -...:..~~~~..,_/ 
Amptector I-A can be supplied 
in various combinations of four 
independent continuously adjust
able overcurrent tripping 
functions: 

Long delay (L), Short delay (S), 
Instantaneous (I). Ground (G) 

~he following combinations 
.. re available: 
LI. LIG, LS, LSG. LSI. LSIG 

Model 

LI 
LIG 
LS 
LSG 
LSIG 
LSI 

Style Number 
-60HZ 

6998002G01 
6998D02G02 ( 11 
6998D02G03 
6998D02G04 ( 11 
6998D02G05 ( 11 
6998D02G06 

I 11 For DS-l>J2 and DS-k-lO use Groups 
62. 6-J. 65 and 112. 84. 115 respec1ively. -- ..... - •------ --... ·~·-·-- ~ 

'II,'•· 
~-~-

_ .. ,. ... 

I ..... 

. -- . --- ~-.-y 

l 
~ 

! 

j 
-l 

..a..... "J 

Fig.25 ., .... -·-··-----·-··---:i..:.:- ·1 

Amptector JI-A Solid-State Tnj, 

Amptector II-A can be supplied 
in three models or combina
tions of three independenr con
.:.,uously adjustable overcurrent 

iJping fun~tions: long deby. 
hon delay anJ insranranel111s. 

fhese models are: 

DUIDual- Long delay and 
instantaneous 

SE1Selecth·e1-Long delay 
and short delay 
TRffriplel-Long dday. short 
delay anJ instantaneous 

Style Number 
Model -60 HZ 

DU 6997D20G41 
SE 6997D20G42 
TR 6997D20G43 

ACTUATOR ~ 
RESET SPRING --- " 

'· '\~ ~\'·,_ 
-~,. ',, 

PLUNGER-------@ ,-' ~> _ 
i \ - _, __ :~ ·-;;: 
' ii:..--- ,I~-1/') - - ',\ TRIP SHAFT ~ .✓ • • J, 

ADJUSTING scRewT·~""' -~ ~ •. 
: :-~-::: J' I 

I ' 

I 
MAGNET ASSEMBLY ll . . ; 

--. ; I 
·~16'. ' 
d.Y[ f:· 1 - . . ~- ._"':'•'-:. .. ~ ,., .,,,.,,/_....,,;,.. __ : .-,-... 

Fig. 26 . -~;_,_; '/ 
Tnp Actuator 

DIRECT TRIP ACTUATOR FIGURE NO. 26 
All type DS Breakers use Style Number 592C 114GOJ 
(with Black Magnet Ass"y) 

Exception: If a breaker is equipped with an earlier 
Amptector II Style 1510792G series, use actuator style 
592C114G01 (with Red Magnet Ass·y) . 

SENSORS 
See Figure 3 for Typical Sensors 
Refer to I.B. JJ-79(HE. Table 4. for application 
of sensors. 

Sensor 
Rating 
Amperes 

50 
100 
150 
200 
300 
400 
600 
800 

1200 
1600 
2000 
2400 
3200 
4000 

~OTE: 

Sensor 
Style 
Number 

794A170G01 
151 D995G01 
1510995G15 
151D995G02 
1510995G03 
151D995G04 
151D995G06 
151D995G08 
151D995G12 
151D995G16 
151D995G20 
151D995G24 
151 D995G32 
588C734G01 

For infonnation on application and operation of the 
automatic tripping system refer to Section 8 of 
Instruction Book .:n-790-1 E. 

3. 1. 1-304 

-

-
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Optional Accessories 

., 
. ' 

l -------___ _J 
i 

_Fig. 27 High Load Sw1ich-Style JSJD006G04 Fig. 28 lAtch Check Switch-Style 140Dl6JG0J 

Fig. 29 Auxiliary Swirches-See pa,w.? for 
1denuji"catio11 of a1L1:i/iury switches. 

3.1.1-305 

A 
'vi" 

0 



,· 

Optional Accessories 
I 

• 
RESET ARM ----

\ !--. ______ TRIP ARM 

·/ 

Fig. 30 Underwattage Trip Device 

UNDERVOLTAGE TRIP DEVICE-FIGURE NO. 30 

Voltage 

120 60 HZ 
208 60 HZ 
240 60 HZ 
460 60 HZ 
48 DC 
125 DC 
250 DC 

Undervoltage
lnstantaneous 

All DS/DSL 
Except DS-840 (11 

3752A05G01 
3752A0SG02 
3752A0SG03 
3752A0SG04 
3752A0SG05 
3752A0SG06 
3752A0SG07 

Un dervoltage
Time Delay 

All DS/DSL 
Except DS-840 (21 

3752A06G01 
3752A06G02 
3752A06G03 
3752A06G04 
3752A06G05 
3752A06G06 
3752A06G07 

I 11 For OS-840 use correspondinw ¥roups oi J7:'2A25 

121 For OS-840 use correspondinw 11roups ot J752A26 

Special All DS/DSL All DS/DSL 
Voltage including DS-840 including DS-840 
24 DC 3752A45G01 3752A46G01 
115 50 HZ 3752A45G02 3752A46G02 
208 50 HZ 3752A45G03 3752A46G03 
230 50 HZ 3752A45G04 3752A46G04 
400 /50 HZ 
415 3752A45G05 3752A46G05 
460 50 HZ 3752A45G06 3752A46G06 

NOTES 
- ·· styles include mountinw: hardware and wire: leads (or field replacemen1. 

n addinll lO e:..istin.: hre3ters. seconJary con1a..:,s will be re'luired. 

The unJen·olraL:e 1rip de,·ic(' i!. an1ilahlr.: a" a i.:1Jn1plcfc a!a.sc-mhl~·- The= 1.·oil 
,,~- is no1 recommc:nJr:J .&!I ir i, ri,l.!'lcd lnh1 1hc J!l~e,nM~. 

Fig. 31 Overcu"ent Tnp Switch 

OVERCURRENT TRIP SWITCH-FIGURE NO. 31 
For all type DS/DSL except DS-840 (1). 

Manual Reset 

2 Contact I 3 Contact I 4 Contact 
3752A04G01 I 3752A04G02 I 3752A04G03 

Electrical Reset 

Voltage 2 Contact 3 Contact 
48 DC 3752A04G04 3752A04G09 
115 AC 3752A04G05 3752A04G10 
125 DC 3752A04G06 3752A04G11 
230AC 3752A04G07 3752A04G12 
250 DC 3752A04G08 3752A04G13 

111 For OS-8-10 use corrcspondin11 ~roups ot 3752A2~. 

All ••~·lcs include moun1in~ hardware and wire leads for field replacemen1. 
When addinu 10 e,is1in~ breakers 01her components ma>· be needed. 

For replacement ot swi1ches only or<Jer style 689!1O52A01 which consis1s 
of iwo swi1ches. a switch bracket and rivers. 
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DSL-206 and DSL-416 Breakers 
Parts for pole units, arc chutes. mechanisms, etc. 
for DSL breakers are identified on preceeding pages of this R.P.D. 

BLOWN LIMITER FRONT LIMITER 
INDICATORS PANEL 

r -- -- -- ---- ,. , ... ~. iir---__ .:-;, ·• · ·it] 
: ~ _,-e, • ;.;. _!;. •~•• ~ I• •i• 

~-' -~. ~ .-.i ... .• I 

I 
.,·-· :_,:, ! l1L.... •,'f-- -·' "I . . J -.]ff: ·-~~~ .. - :· : . ~~;;, 

•. j !, . ; :,,..~~ 
C r ~ '. 1 ... ~ ~-.,.-~ .'~~- • ~~:;t. 

•~- • - 0-..!i .[J:~ b: ! e - .... -··-'--- -r ~- ' :c1 
t . a,.-, 1 I ,_._, ;,.:,<' :'" 1'l i,_'i,;; j, 

I ~ •~ ; S- / ': •• \ 1!'~!' 
-~ ,ll c ·: '.(-_-: • 1•· 

. :,:,:\ t t:: M -~ ; ; ; .. ~ 
f ... ,,u -...: . ~ t{ '-i-,J- : f 
I • 1 - f I I II~ "'~ , , ;_~ , ~:~ ; q,,~ "": ,._, ·[pl . :,,· ' 

~-=-~:u. -..... --,11<--s,,. I ✓-. 

----=-=--.~-·- . 
Fig. 32 DSL-206 Breaker-From View 

.., 
LIMITER 

Fi~. 33 DSL-4/n Breaker-Side\ "ie11· 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh. Pa. 15112 U.SA 

Number DSL-206 and 
Fig. Required DSL-416 

Description No. per Breaker Style Number 
Blown Limiter 32 1 1400777G01 
Indicator Ass'y. 
Isolating 33 1 591C755G01 
Transformer 
Ass·y. (includes 
3 transformers) 
Transformer 33 3 795A823H01 
Only: 

® LIMITERS-FIGURES 32-33 

Refer to I.B. 33-790-lE. Table f>, for application 
of limiters. 

Number 
Breaker Required Rating 
Type per Breaker Amps Style Number 

3 150 140D316G01 
3 200 14003t6G02 
3 250 140D316G03 
3 300 1400316G04 
3 400 140D3l6G05 

DSL-206 
3 600 140D316G06 
3 800 140D316G07 
3 1200 1400316G10 
3 1600 140D316Gt 1 
3 2000 1400316G12 

3 800 151 D932G01 
3 1000 15i D932G02 
3 1200 1510932G03 

DSL-416 3 1600 1510932G04 
3 2000 151 D932G05 
3 2500 151 D932G09 
3 3000 151D932G10 

ft Rci.:nniml.."nU ., \Pi..lrt' l1m11cr, or each curr.:ni r;.111n:.: 

3.1.1-307 
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Ref. 
No. 

Fit. 56 

It. 7 
It. 8 
It. 16 
It. 17 
It. 18 
It. 21 
It. 23 
It. 23 

Volts 

24 
32 
48 

125 
250 
120 
208 
240 
480 

Unit 
Quantity 

3• 
3• 
3• 
3• 
s• 

36• 
12• 
12• 

1 
1 
1+ 
1 

1 
l 

TYPE DS-420 AIR CIRCUIT BREAKER 
Motor or Manual Operated - 2000 Ampere 

Recommendations for Stock 

Refer to I.B. 33-790-IB for Maintenance and Parts Identification 

Style 
Number Description 

\ 

tQLi I.mil lABD 
795A769G01 Movint Main Contact 
503B022G01 Movint Arcint Contact 
503B025G01 Stationary Arcint Contact • L.H. 
503B025G02 Stationary Arcint Contact · R.H. 
503B027H01 Stationary Arcint Contact Sprint 
809A283G01 Stationary Main Contact Finter 
503B027H05 Main Contact Sprint· Outer 
503B027H10 Main Contact Sprint · Inner 

DS · SWITCHGEAR 
COMMON PARTS 

MECHANISM SPRINGS 
438B621H05 Trip Bar Reset 
795A077H01 Trip Latch Reset 
503B601Hll Oscillator Reset 
503B601H04 Openint 

SWITCHES 
449D622G21 Auxiliary 
450D818G02 Motor Cut-Off 

Sprint Release Shunt Trip u.v. Trip Cycles Coils Coils Coils 

D-C 151D788G01 
D-C 151D786G03 
D·C 151D786G04 151D786G04 300P896G01 D-C 151D786G08 151D786G08 300P897G01 D-C 151D786Gll 151D786Gll 794A214G01 A·C 151D786G02 151D786G04 300P044G01 A-C 1491 404 A-C 151D786G05 1510786008 300P896G01 A·C 1491 405 

+·For Power Breakers only. 

. 

Complete-Anti 
Pump Relay 

140D930H03 
140D930H04 
1400930005 
140D930H01 

140D930H02 

Renewal 
Parts Data 

32·250 
Type DS-420 

Motor 
Kit 

449D431G03 
449D431G01 
449D431G02 
449D431G01 

449D431O02 

-

-

• · The quantities specified are those required to replace both a.rein& and main contacts of one breaker. A Parts indented are included in the part under which they are indented. Order part by name and identification number--,ive complete • nameplate readin1. 

November, 1976 

Westinghouse Electric Corporation Printed ,n U S. A 
Supersedes Issue Dated January, 1975 3.1. 1-308 
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Ref. Unit 
No. Quantity 

Fil- 56 

Jt. 7 3• 
Jt. 8 s• 
It. 16 s• 
It. 17 3• 
Jt. 18 &• 
It. 21. 24• 
It. 23 12• 

1 
l 
l+ 
1 

l 
l 

Volts Cycles 

24 D-C 
32 D-C 
48 D-C 

125 D-C 
250 D-C 
120 A-C 
208 A-C 
240 A-C 
480 A-C 

TYPE OS-416 AIR CIRCUIT BREAKER 
Motor or Manual Operated • 600 Ampere 

R11COmmendations for Stock 

Refer to I.B. 33·790-IB for Maintenance and Parti Identification 

Style 
Number Description 

POLE UNIT PARTS 

665A321G01 Movinc Main Contact 
503B022G01 Movinc Arcinc Contact 
503B025G01 Stationary Arcinf Contact· L.H. 
503B025G02 Stationary Arcinc Contact · R.H. 
S03B027H01 An:inc Contact Sprinc 
809A263Go1, Stationary Main Contact Fincer 
503B027H05 Main Contact Sprinc 

DS · SWITCHGEAR 
COMM01' PARTS 

MECHASISM SPRI!SQS 

436B621H05 Trip Bar Reset 
795A077H01 Trip Latch Reset 
503B601 li11 OsciflatOT Reset 
S03B601H04 Openine 

SWITCHES 

449D622G2l Auxiliary 
450D818G02 Motor Cut-Off 

Spring Release Shunt Trip u.v. Trip 
Coils Coils Coils 

151D786G01 
151D7B6G03 

151D786O04 161D786G0.l 300P896G01 
151D786G0S l51D786G08 300P897G01 
151D786Gl l 151DiR6Gl 1 794A2l4G01 
151D786G02 151Di86G04 300P044G01 

1491 40.l 
151D786G08 151Di86G08 300P896G01 

1491 405 

¢ · Use after June, l 971. 
+ · For Power Brea ken; only. 

Complete-Anti 
Pump Relay 

140D930H03 
140D930H0.l 
l40D930G05 
140D930H01 

l40D930H02 

Renewal 
Parts Data 

32-2&0 
Type_DS-416 

Motor 
Kit 

449D.l31G03 
449D431 G0l 
4.l9D.l31G02 
4.l9D.l31 GOl 

449D.l31G02 

• • The quantities ,pecified are thoH required to replace both arcing and main cont.acts of one breaker. 
Paru indented are included in the part under which they are indented. Order part by name and identification number""1"ive complete 

nameplate readine. 

November, l 976 

WeS1inghouse Electric Corporation 3.1.1-309 
Printed in U S A 
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Application Data 32-BIO A WE A 

CURRENT IN MULTIPLES OF SENSOR RATING 

~ • ~ m OI • ~ 4J ,._ _, OI - ,r -, ~ ,._ ID OI Q 2 ~ ~ ~ ~ £> ~;? ~ ~ ~ ~ ~ ~ ~ ~ §~ 
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CURRENT IN MULTIPLES OF SENSOR RATING 
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November. 1977 
Supersedes Descriptive Bulletin 36-553 
dated January, 1972 and 36-553A D WE A. 
dated September, 1975 
Mailed to: E. D. C'196S.'08 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh. PA 1 511 2 

Indoor frame mounted 2.4 kV to 34.5 kV. 

Indoor and outdoor enclosed non-fused 
2.4kV to 15 kV. 

Indoor and outdoor enclosed fused 2.4 kV to 
15kV. 
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Type AWP Load 
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Oesc ·,on 
n,e, load Inrerrup1er switch, frame 
mou"ted. ,s a full rated quick make-quick 
l)(ealc spring stored energy operated switch 
wt,,ch provides. fast and reliable protection 
•:, n,qn voltage circuits 2.4 kV through 34 5 kV. 

Application 
,>,.WP ,nterrupter switches are available 
,n umt1zed three pole, frame mounted 
ccnstruct1on for mounting in enclosures 
or assemblies. These units can be applied 
separately or in conIunction with fuses. 
They pr0¥1de non-automatic switching for 
secuanahzing primary feeders. and isolation . 
tor transformer banks. capacitors. voltage 
r99u1arors and similar applications. When 
used ,n series Wtth expulsion or current 
1om,tIng fuses, the combmauon provides a 
'1,gne, Interrup11ng rat,ng against faults. 
wun,n the capability of the fuse rating. 

Front Operated 
n,e front operated type AWP switch is 
ava,Iable ,n open frame mounted design from 
5 ~V through 34 5 kV, and is available tn both 
r gnt or left hand operation. In this design the 
'.loera1Ing handle Is removable and Is intended 
:o oe stored wnh1n the access door of its 
enclosure 

Sid• Ope,-ated 
This switch design is available in open frame 
mount,119 from 5 kV through 34.5 kV. and is 
ava« In both right or left hand operation. 
r~e c.~ .,atIng handle is fixed and requires no 
storage facility. On side operated units 
.;:aerating handles are available for either (1) 
'1anel operation or (2) hookstick operation. 
;,g. 23. 

;:,ame mounted AWP switches. SkV ro 15 
• v canoe supplied w11h a 600 or 1 200 ampere 
~cnt,nuous current and load break feature 
.i.I 23 0 and 34 5 kV the continuous current 
,a1I,,g can be 1200 amperes, but only with a 
61:JO amoere load break feature. 

~Jul! close of 20,000, 40,000 and 61.000 
trn~•es •s available in the voltage range from 
5 11V 10 23 0 kV, and only 20.000 and 30.000 
,,...c,e,es at 34 5 kV 

"'• ooen frame mounted AWP switches are 
dH><Jned for indoor applications and must 
!,,a mounted in a suitable metal enclosure of 
~uo11e strength to withstand the short 
c,reu,t forees. 

Refe.- to Component Sales East Pittsburgh 
~ fra'"9 mounted motor operated AWP 
-c:ne.. 

......... 
M-r, 

Mu. Nam. II\. CoMln.-.. tn1enupu119 10Hz. 4SEC. 
Volt Volt IIV, Ampa Curnnt Aaym.kA Sym, kA 

T..,_A, 51,y 

50 ,.8 80 800 800 40 25 
so 4.8 80 800 800 40 25 
5.0 ,.a 80 1200 600 80 38 
5.0 48 80 1200 1200 80 38 

T- •: 8.ZIIIIV 

8.25 72 75 600 600 40 25 
8.25 72 75 800 600 40 25 
8.25 7.2 75 1200 600 80 38 
8.25 7.2 75 1200 1200 80 38 

T.-C, 15W 

150 132 96 600 800 40 25 
150 13.2 95 800 800 40 25 
150 13.2 95 1200 600 80 38 
15.0 13.2 95 1200 600 80 38 
15.0 132 95 1200 1200 80 38 
15.0 13.2 95 1200 1200 80 38 

TaaleO: 25.811V 

25.8 230 150 600 600 40 25 
25.8 23.0 150 600 600 40 25 
25.8 23.0 150 1200 600 40 25 
25.8 23.0 150 1200 600 81 38 

TllbleE: 38W 

38.0 345 150 800 800 40 29 
38.0 34.5 150 600 600 40 25 
J8.0 3'.5 150 1200 800 40 25 
38.0 3,5 150 1200 600 81 38 

© AU tau,r ctas,ng rests,.... done., max,m~rn ¥ott•ge retina and wnnour anv protective fusing. 

Special --••ad .a WP swilcllea .,. •peciticelly 
dNitll'l9d far n,ount1r19 within 30 inch mine rect1flerl 
but ...,. be ....,i;ed -- limitad - I• reqi.11'1111 
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Fauttc1-© 
kA 

20 
40 
81 
81 

20 
40 
81 
81 

20 
40 
40 
81 
40 
81 

20 
40 
40 
81 

20 
30 
30 
30 

• --
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• -



De• ign Features 

Stored energy nechanism: 
The AWP quick make-qu,ck break stored 
energy mechan,sm provides constant high• 
speed opening and closing and is capable of 
closing and holdmg on ,ts rated fault current. 
The speed and force of opening and closing 
the contacts are both independent of the 
handle operation stroke. 

The energy for the operat1on of the switch 
is provided by a spring that Is compressed and 
released through a mechanical linkage. 

Operation 
Closing the from operated switch is 
accomplished by inserting the handle into 
the handle casting. Figure 1. An upward 
motion of the handle starts the rotation of 
the handle casting assembly. Through a 
mechanical linkage this operates a spm,g 
lever. Figure 2. 3 and 4. which compresses 
the spring. When the spring lever reaches the 
over toggle posittoo. the spring releases its 
energy and closes the ma,n contacts. 

The opening cycle is initiated by a downward 
motion of the handle with the mechanical 
sequence repeated. 

ln_thec,a_se Qf tt,~ s,ge opi,ratet;! ~witch the 
handle Is "fixed'" and travels vertically in an 
arc of 120 degr=s. approximately 60 degrees 
on each side of the operating shaft center line. 

F;g.,,_ 2 

Figu,91 

..,.., t· 
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' I 
f 
,· 
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Design Features {Continued) 

Main Contact 
The main contacts. break and hinge end. 
are made of high conductivity hard drawn 
copper. For 40,000 and 61.000 ampere fault 
closing. the break end is provided with a 
copper tungsten alloy arcing tip, Figure 5. 

The hinge end consists of two pieces of 
copper fastened together. Proper electrical 
contact is maintained when the blade is 
attached to the hinge contact with a bolt 
and spring washer. To funher assure good 
electrical contact at 1200 amperes. the hinge 
end is also provided with silver rings at the 
moving point, Figure 6. 

The blade consists of two high conductivity 
hard drawn copper bars in parallel. Figure 7. 
Since the electrical contact point for 600 
amperes is silver to copper, the blades are 
provided with a silver ring at the hinge end 
and a copper embossed silver plated main 
contact point. On 40.000 and 61.000 ampere 
fault close ratings. copper tungsten alloy 
arcing buttons are provided to prevent 
damage to main break contact . 

The two bars are fastened together to form 
the single blade at the hinge and break end. 
To assure permanent high contact pressure, 
self-ad1usting slotted spring washers of 
phosphorus bronze are drawn tight over 
machined spacers. This provides flexibility in 
meeting stresses from distortion due to load 
or from uneven mounting. Figures 6 and 8. 

Arc Chute 
The arc chutes consist of two pieces of 
UREA formaldehyde fastened together to 
produce gas under high current conditions 
to extinguis,1 the arc. Contacts within the arc 
chute restrain the flicker blade assembly 
until the spring is charged prior to opening, 
Figures 5 and 8. 

Insulators 
Glass polyester insulators are standard 
equipment on switches rated 5.0 kV and 15 
kV. Porcelain insulators can be furn1sheo as 
an optional feature. Porcelain insulators are 
standard on 7 2. 23.0 and 34 5 kV. 

•• 
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.)ffign Features (Continued) 

Ricker Bladct 
The flicker blade 1s connected to the 
Side and parallel to the ma,n blade. It 1s 
constructed of hard drawn copper with an 
arc resisting silver tungsten alloy tip, Figure 
9. In the opening sequence as the main blade 
separates from the ma,n break contact. the 
CUITent is transferred to the flicker blade 
which is being restrained by the high pressure 
contacts w1th1n the arc chute. Once the 
maximum angular movement between the 
flicter blade and marn blade has been 
reached. the flicker blade starts to move out 
of the arc chute contacts. The additional pull 
of the torsional spring on the flicker blade 
assembly snaps the blade into an open 
position at high speed. 

The heat of the arc releases a blast of 
deionizing gas from the arc chamber This 
combanat,on of the quick break and De-ion 
action quickly e>e11ngu1shes the arc de
energizing the ciru1t. 

For maintenance purposes or replacement. 
only the flicker blade portion need be removed. 

Terminals 
,,.. The terminal pads for both the 600 and 

~!i~;;'!~r:o~6:t~~=~ !:~h h~~ahn~:~~~cl~f 
.- 1lling. Figures 5. 6 and 9 For the mine 

application AWP switch the terminal pads 
are shortened to provide for ,nsulated cable 
cunnect1ons. (See page 2) 

Slade Alignment 
Blade and contact alignment for maintenance 
purposes can be checked with ease The AWP 
Swnch 1s supplied with slow close feature 
Inserting the operating lever into the hub 
located on the shalt and using an upward 
mo11on. Figure 10. the switch blades can be 
readily moved for alignment ,heck with main 
conracrs The sw1rch cannot be fully latched 
with this slow close feature and once the lever 
1s released the switch will always revert to 
the open pos1t1on 

Barriers and Drive Rods 
The barriers and drive rods are made of flame 
retardant glass polyester. The ,jr,ve rods are 
dlso track resistant. Figure 11 

Standardization 
The AWP was designed to be as tlex1ble 
and 51mple as possible Parts may be readily 
added or removed for changing appl1cat1ons. 

Term;.,., 
Pad 

Figure 9 

Figure io 

Figure 11 
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Proviaion for 
Krt lmerloclla 

--Door Interlocks and Special Features 

Since the speed and force of closing the 
main contacts are independent of the lever 
closing operation. the AWP has an inherent 
built-in anti-tease mechanism. Each switch 
has two mechanical interlocks. The door 
interlock is a hook lug arrangement on the 
shaft which engages a ring mounted on the 
enclosure door. Figure 12. This prevents the 
door from being opened while the switch is in 
the closed position. The other interlock 
prevents the switch from being closed while 
the door is opened. The latch. Figure 13. must 
be pushed forward by a latch lug mounted on 
the enclosure door to close switch. For 
maintenance purposes only, this latch may be 
disengaged. Prior to such maintenance all 
sources of power to the switch must be 
de-energized. 

To prevent contact with live parts through 
the mechanism cover plate. abarr,er surrounds 
the operating mechanism. ,solat1ng It from the 
main current carrying parts of the switch. 
Figure 14. 

In addition to the built-in interlocks. on 
front operated switches there are provIsIons 
for two kirk key interlocks. Figure 1 5. which 
will allow the switch to be locked in open 
or closed positions. plus provision for one o~ . 
padlock. F.igure 13 Similar prov1s1ons are -
available on side operated switches when 
mounted in an enclosure. 

When a key interlock (s) Is required. on front 
operated switches holes are provided iFigure 
15) for lock mounting. Add1t1onal material is 
required to complete the lock mstallat1on. 
Refer to .. Accessories" In price list. 

Padlock provision. Figure 13 & 23. will 
accommodate one padlock. An adapter is 
available to accommodate additional pad· 
locks if required . 

e -
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Operation of Electrical/Manual Stored 
Energy Mechanism 

The electrical/manual stored energy 
mechanism portion of the AWP Switch is 
located on the right s,de of the switch Iust 
above the operaung shaft and handle casting 
assembly, Figure 16. 

The unit is a mechanical linkage consisting 
of a teeter bar. double toggle assembly and a 
shunt trip coil. Closing of this switch is 
accomplished by inserting the handle Inro 
the handle casting. An upward morion of the 
handle stans the rotation of the casting 
assembly. Through a mechanical linkage. this 
operates a spring lever which compresses the 
spring. When the spring lever reaches the 
over toggle positron. the spring tends to 
release its energy and tries to move the 

Figure 111 

operating shaft. The movement is restrained 
by a linkage which transfers the energy 
into the double toggle assembly. 

The switch can now be closed by tripping 
the double toggle assembly using a manual 
release located in front of the switch or 
remotely by the shunt trip coil. 

Once the switch is closed. the opening 
cycle is made ready by a downward motion of 
the handle: the double toggle assembly Is 
reset after each open or close cycle allowing 
the mechanical sequence to repeat. Again 
the switch can now be opened manually or 
electrteally. Shunt trip coil voltages can be 
48 volts de. 125 volts de. 250 volts de. 115 
volts ac and 230 volts ac. Shunt trip 
attachment Is available on 2.4 through 
15 kV unrts only. 

Shunt Trip Coil 

M anuet Lever 

3.1.1-319 
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Figure 17 

Special Features 

Shaft Lock AaMmblV 

Indicators located at the operating end are 
provided to show 1f the spring Is charged or if 
the switch is opened or closed. Figure 19. 

A shaft lock assembly Is provided on the 
left side of the switch to prevent the switch 
from operating when the door Is opened and 
the swttch charged for operation. Figure 17. 
For maintenaru::a_pur_pOSlionly. this latch 
may be disengaged. Prior to such 
maintenance all sources of power to the 
switch must be de-energized. 

On this type of operating mechanism. Kirk 
Kev Interlocks cannot be provided: however, 
there ,s provIsIon for padlocks on the nandle 
casting. Figure 16. 



Acc:esaDoor 
An access door Fig. 18 to the switch operating 
rnecnanism can be provided for mounting on 
cao,net door. This door assembly can be used 
for erther indoor or outdoor application. 
Drawing pertaining to cutout requirements 
for mounting may be found on page 5 of 
Technical Certification Section 36-573. 

Test Cata 
Tests were performed on 5.0 kV through 
34 5 kV 600 and 1 200 ampere switches in 
accordance wsth NEMA STD SGS. ANSI 
C37-32 and Canadian Standard C 105- 1960. 
These certified tests are available upon 
reQuest 

Pertinent data. such as 1nterrupt1ng 
capab1ht1es. fault closing and momentary. 
are listed 1n Table on page 2. To funner 
h1gnhght rhe design features of the AWP. it 1s 
capable of interrupting magnetizing currents 
of transformer at low power factor, and at 
23 0 kV.cable charging currents. This data 
,s also available upon reQuest. 
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Enclosures 
Enclosures for the rype AWP switch are 
available for sidt operated. wall mounted. 
unfused units. Figure 19A. as well as the fused 
units which can be side or front operated. 5 kV 
through 15 kV These enclosures are made of 
11 gauge steel and are of bolted construction, 
Figure 20. All steel used 1n the enclosure 1s 
cleaned and phosphat1zed in preparauon for 
painting. The pa int used In standard production 
is light gray ANSl-61 for indoor applications 
and ANSI- 70 for outdoor applications. 

Each enclosure door contains a window 
through which the switch unit can be 
observed. The window 1s tempered reinforced 
glass which meets all applicable standards 
and 1s free floating 1n a rubber molding. /See 
Figure 20) The door of each enclosure 1s 
mounted on three 131 hinges and latches at 
three(3) points with two (2) handles. Figure 21. 

Each enclosure door of the front operated 
unit 1s equipped w11h an access door through 
which the sw11ch may be operated. Figure 20. 
Each enclosure door 1s equipped with a door 
interlock which prevents opening the 
enclosure door when the sw11ch contacts 
are closed. F,qure 21. and utilizes the open 
door interlock as described on page 6 under 
door interlock features. 

~IT fuse mountings designed for use 
,,.thin the enclosed AWP sw,tch are of the 

non-disconnect type. 

Fuse units used 1n con1unct1on with these 
mountings can be either the RBA-200. 400. 
800. CLE. CLE-1-2-3. CLT or CX. dependent 
upon the proper appl1cat1on 

q \ .. 
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.u ..-,cto,1ures whrcl'I incorporate fuses 

..._ ,,, rne,r deSIgn a h,nged shield over the 

. .,,w, ,omoanment to prevent contact with 
- ;...,. c,ans while working in the fuse 
:Dt"'~ment. Figure 22. 

Su...S.rd 4"1Closures provide for cable 
..-vane• ,n the top and out the bottom. 
c.i,,,cu,t locations are identified for drilling 
~-When the requirement arises to 
~ 11,e cables in and out either the top or the 
i,or.Offl a module rs added to the back of the 
-1cn. Figure 24. to provide space for rear 
Ol)t'lt'«1Jons. When the rear companment 
·• .oded. the rear panel of the standard 
-,c:0$<.lre ,s omitted to provide access to the 
••er con,oanment. These rwo companments 
••• sn,pped bolted together and may be 
v0.ar11eo. ,f desired f_or ease of ,nstallat1on 
JA c..aoie. F,gure 24. Each compartment ,s 
~1,•ooed with lofting lugs bolted into place 
,..., wn,cn may be removed after installation. 

&WP Switches 5.0 kV to 15.0 kV can be 
001a,ned ,n weatherproof and dust tight 
.-.closures. The standard outdoor enclosure 
, su00I,ect with a conduit adapter but roof 

:,..,sr,,t19s are available. Other equipment 
_,en can be mounted in the enclosure 
,ncludes auxiliary switches and potheads. 
AU enciosures are furnished with grounding 
•u;~ -'qure 21. 
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Outline Dimensions 5-15 kV Enclosures 
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Mounting Hole. Conduit Hole and Cable Hole Locations 
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,. ,!Sta .. o,AWP Load Interrupter Switch /Front and Side Operated) 
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Ordering Information 
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Number - r'i to 8 weeks delivery, 

Shipment 
Obtain shioment ouotation on ail non-stock 
items from Sw,tchgear Division, C::>mponent 
Sa1es. East Pittsburgh. Pa. 



Instructions for Type AWP 
Load Interrupter Switch 

I. r.ENERAL 

The Type AWP Interrupter Switch is a coordinated 3-pole 
assembly which combines the function of a disconnect 
switch with the ability to interrupt load and magnetizing 
currents. It also has a fault closing capacity which enables 
it to be closed against a shqrt circuit without sustaining 
significant damage, after the fault has been cleared by 
suitable protective equipment, the switch can subsequently 
remain in service. Its performance satisfies all requirements 
of ANSI Standard Specification C37.32. The Type AWP 
Switch differs from a circuit breaker in that it does not 
have a fault breaking capacity and that its operation is not 
automatic. The Type AWP Switch is designed for operation 
in a proper metal enclosure with or without fuses. 

Caution: It is NOT SAFE to operate the switch outside an 
enclosure unless equivalent protection has been provided 
for the operating personnel. 

2. DESCRIPTION 

The Type AWP Switch is comprised of the following basic 
components: 

2.1 Frame 

A frame for 3 blade assemblies and operating mechanism. 

2.2 Main Blades and Jaws 

The main contacts, break and hinge end, are hard drawn 
C0fper. For 40 KA and 61 KA fault closing, the break jaw 
is provided with a copper tungsten arcing tip. The blades 
are also hard dr~wn copper and copper tungsten arc 
buttons are provided for tile 40 KA and 6 I KA ratings. 

2.3 Load Interrupter 

It consists of a Flicker Blade and engaging contact fingers 
located inside a De-ion® arc chute. On opening of the 
switch the main blades open first wtuch shunts the current 
through the sprmg loaded !licker blades. Further travel of 
the main blades causes the tlick-~r blades to map out of 
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their contact fingers and arcs are drawn within the De-ion 
arc chutes. Positive arc interruption is accomplished by 
the de-ionizing action of the arc chutes in combination 
with the high opening speed of the spring loaded flicker 
blades. 

2.4 Operating Mechanism 

The main blade quick-make, quick-break mechanism is a 
compression spring operated by a rod connected to the 
spring lever which in turn is attached to the switch shaft. 
To close the switch, a removable handle is inserted into 
the handle casting which is then rotated through an angle 
of I :20°. This charges the compression spring and as the 
spring lever goes over toggle the stored energy of the 
spring is transferred to the shaft which snaps the switch 
closed. The mechanism is operated similarly for opening 
of the switch. This quick make mechanism provides the 
power to overcome blow-out forces which occur when the 
switch is closed against a fault. However, these forces are 
not transmitted to the operating handle since it is not 
rigidly connected with the blades. Therefore it is SAFE to 
close the switch under short circuit conditions within its 
rating. 

Screw Type Drive 
Rod Adjustment 
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De-ion Quick-break Operation 

I. Switch closed ... When the switch is closed, prac
tically all the current flows through the main blade. 

2. Main blade opens ... As the main contacts separate, 
current is transferred momentarily through the flicker 
blade, which is held in the arc chute by high pressure 
contact fingers. 

The main blade opens_ u_ntil the stop on the flicker 
hlade_hinge_prexents_ funb.eLangula.LmaYfilDJ!D.1 between 
the main and flicker blades. This starts the flicker blade 
out of the high pressure contacts in the arc chamber. 

3. Switch opened ... The combined pull of the torsional 
spring in the flicker blade and the main blade operating 
mechanism snaps the t1icker blade into the open position 
at high speed. The heat of the arc, meanwhile, releases a 
blast of de-ionizing gas from the gas-generating material of 
the arc chamber. This combination of quick-break and 
De-ion action quickly extinguishes the arc and the circuit 
is safely de-energized. 

2.S Ratinp- ANSI - Approved 

Amp Rating 
Asvm. Ratmg 

KV Rating Interrupting Fault 10 Cycle 
Max. B.I.L. Continuous Load i '1ag. Closing Momientary 

4.76 60 600 600 60 20KA 40.000 
4.76 60 600 600 60 40KA 40,000 
4.76 60 1200 600 60 61 KA 80,000 
4.76 60 1200 !WO 60 61 KA 80,000 
8.25 75 600 600 60 20 KA 40,000 
8.25 75 600 600 60 40KA 40.000 
8.25 75 1200 600 60 6IK.A 80,000 
8.25 75 1200 1200 oO 61KA 80,000 

15.0 95 I 600 600 60 ~OKA 40,000 
15.0 i 95 bOO 600 60 40 KA 40,000 
15.0 95 i 1200 600 60 40KA 80,000 
15.0 95 1200 1200 60 40KA 80,000 
15.0 95 1200 600 

i 
60 61KA 80,000 

15.0 95 1200 1200 60 61 KA 80,000 

3. INSTALLATION 

3.1 Storage and Handling 

These units should remain in their packing cases until 
ready to install. They should be completely protected 
from weather, building dirt, cement dust and the like. 
Reasonable care is necessary when unpacking to prevent 
damage. All dust and packing material should be cleaned 
from the interrupting chambers, contacts, and insulators. 

When welding, sanding, drilling; filing or sawing oper
ations are performed nearby, the contacts, interrupting 
chambers, insulators and mechanism parts should be 
covered and kept clean. 

3.2 Mounting 

Four holes 9 / 16" diameter for l /2" bolts are provided in 
the base of the frame for mounting of the switch in the 
enclosure. This enclosure must have a slot in its front door 
as shown on the template drawing of Fig. 4, to clear the 
mechanism cam when it is rotated with the removable 
handle. The recommended distance between the front 
aoor and the from of me swirch frame is .tn tn :!3'0 
inches. 

3.3 Power Connections 

The hinge and jaw terminal pads, with standard NEMA 
drilling, are suitable for connection to flat bus bar runs. 

3.4 lnterlocks (See Fig. IS) 

Each switch is equipped with two automatic interlocks as 
follows: 

A. Door Interlock 

The switch shaft is equipped with a hook which engages a 

hasp supplied by the enclosure manufacturer and welded 
to the back of the enclosure door so that the door cannol 
be opened when the switch is closed. 

B. Door Operated Interlock 

\',1-ten the enclosure door is opened, a spring biased inter
lock link is moved into position, blocking rotation of the 
mechanism earn and preventing the switch from bemg in
advertently closed while the enclosure door is open. 

Each switch is also equipped with the following facil
ities for non-automatic interlocking: 
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C. Padlocking 

1ne mechanism cam ·has lugs permitting the switch to be 
padlocked in the open and/or closed positions. See Fig. 
13. 

D. Key Interlocks See Figure 15 

1. A key interlock can be bolted to the mechanism cover 
plate. The switch can be locked in the open and/or closed 
positions. 

b. Another lock can also be provided on the mechanism 
cover plate to lock the switch in its open position. 

3.S Adjustment 

Each switch is completely factory adjusted and operated 
25 times before shipment. No further adjustment should 
be necessary. However, in order to ensure that the adjust
ment has not been affected in transit or during installa
tion, it is recommended that each switch be inspected 
after installation in the enclosure and before it is put into 
service as follows: 

(a) Main and flicker blades should be in proper alignment 
with jaws and arc chute openings, respectively. See Fig. 8. 

(b) Closed and open stops should be as follows: 

Closed • The shaft rod ends should be slightly over 
toggle. 

Open - The a1stance between the edge of the main 
blade and the break jaw should be 6-5/8" ± 1/8". 

(c) Upper spacers of main blades should rest approxi
mately 3/ 16" above the bottom in the depressions of the 
angular switch jaws. 

(d) Hardware must not be loose. 

(e) Automauc and non-automatic interlocks should oper• 
ate correctly. 

(f) Arc chute and insulating surfaces should be free from 
dust. 

If the inspection rcveal<!d some defects in adjustment, 
this should be corrected as outlined in paragraph 4.2. 
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Caution Note: After the switch adjustment has been -
found (or made) satisfactory, the switch should be closed 
and opened at least three times with the quick-make. quick.-
break mechanism before it is energized. 

4. MAINTENANCE 

Note: The switch must be de-energized before any main
tenance is attempted. 

4.1 Inspection Schedule 

It is recommended that each switch be inspected after 24 
months of service or after approximately 100 rated cur
rent interruptions, whichever occurs first. When the cur
rent interrupted is smaller than rated, the duty is propor
tionally lighter and more operations may be allowed be
fore inspection. After the switch has been closed against a 
fault current, it should be inspected at the first oppor
tunity at which it can be de-energized. Inspections should 
be conducted as listed in paragraphs 3.S(a) to 3.5(g). In 
addition, it is desirable to check the following: See 4.2(h) 
Regarding Safety Latch. 

(a) Check main blade contact pieces and the leading edges A 
of the flicker blades for arc erosion. W 

(b) Check the engagement of the flicker blades by in
serting the handle in the handle casting and closing the 
switch. Now, insert the handle in the blade alignment hub 
on the shaft and slowly open the switch. The flicker blade 
should remain engaged in their contact fingers while the 
main blades open. When the main blades clear the break 
jaws, they will hit the stop on the flicker blade brackets 
and start the flicker blades out of their contact fingers. 
The flicker blades will then snap open from the forces in 
their charged torsional coil springs. 

(c) Check barriers for carbon or metallic deposits. Re
place the barriers if deposits appear excessive. 

(d) Inspect arc chute sides and replace them if they are 
damaged. 

(e) Replace worn or damaged parts of the flicker blade 
assembly. Arc chute must be dismantled in order to ex
amine condition. 

(f) After a fault closing operation it may be necessary to 
dean up the arcing contacts. This may be done with a frw 
light strokes of a fine file. It is only necessary to remove 
sharp and high points; no attempts should be made to 111e -

-----------····-··-· ·- ---------------------------------
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out the pit marks. DO NOT USE abrasive material for 
cleaning. 

(g) Close a.id open the de-energized switch at least three 
times to check the performance of the operating mecha
nism. 

Note: The main current carrying contacts should not be 
@ed. Opening and closing of the switch will clean the 
contacts. However. if there is evidence of excessive burn
ing, the main blade and hinge assembly together with the 
break jaw should be replaced. 

4.2 Alignment Procedure 

Note: The switch must be completely DE-ENERGIZED 
before any attempt to align the switch is made. See para
graph (h) for procedure to override the safety latch. 

(a) aosed-open Stop Alignment 

Remove the operating mechanism safety barrier by lossen
ing the two front bolts on the right side, slide the barrier 
forward to clear the handle casting, then push it to the 

_ lefLuntil the stop holts. aie__exposed. Ihe top_ holt and nut 
adjusts the open position and the bottom bolt and nut 
adjusts the close position. In the closed position, the shaft 
rod ends should be slightly over toggle (5°). [n the open 
position the clearance between the edge of the main blade 
and the break.jaw should be6-S/8 ± 1/8 inch. 

(b) Main Blade Alignment 

Loosen the four hinge terminal bolts on top of the in
sulator. Loosen the two break jaw terminal bolts on top 
of the insulator. Insert the removable handle in the blade 
alignment hub on the shaft and close the switch. For 
safety purposes, the switch will not fully dose and will 
revert to the open position if the pressure on the handle is 
released. Hold the switch in the closed position with the 
handle and tighten up the·bolts on both the hinge and jaw 
terminals. An alternative to this method is to remove the 
drive rod from the rod end as described in paragraph (d) 
and align each pole separately by dosing and opening the 
pole with the drive rod. 

(c) Flicker Blade and Arc Chute Alignment 

Loosen the two arc chute mounting bolts. Adjust the arc 
chute so that the arc chute opening is parallel to the main 
blade. Lightly tighten the Jrc chute mc)UflWll! bolts. L::;ing 
the procedure descnbed in \b) slowly dose the switch and 
check that the flicker biadc 1s 1n line with the arc chute 
opening. If necessary, move the arc chute left or right 

until the flicker blade and arc chute line up. Tighten the 
arc chute mounting bolts and re-check the alignment. 

(d) Over or Under Travel of Main Blades 

Close the switch by inserting the removal handle in the 
handle casting and push in an upward motion until the 
stored energy spring lever goes over toggle and the switch 
slams closed. Check that the upper spacers of the main 
blades are approximately 3/ 16" above the bottom of the 
break jaw blade stop. If it is not, remove the pin holding 
the drive rod to the shaft rod end. Loosen the pal nut on 
the rod end and turn the rod end clockwise into the shaft 
assembly to decrease the travel or counter-clockwise to 
increase the travel. Insert the pin thru the rod end and 
drive rod and check for proper setting. When proper 
setting is obtained, tighten the nut on the rod end, insert 
the cotter pin and spread the cotter pin. 

(e) Flicker Blade Replacement 

To change a flicker blade, remove the two bolts holding 
the flicker blade to the tucker blade bracket. The switch 
must be in the open position. RemQve the worn blade and 
up.bu with .a new -b-lade, ~pl.we- the -two ootts arui 
tighten the nuts. 

To change a complete flicker blade assembly, remove 
the elastic stop nut from the bolt holding the assembly to 
the main blade. Using a box wrench or similar tool, hook 
the hole in the wrench over the torsion spring end and 
pull slightly forward and to the left until the spring end 
clears the stop post. Remove the wrench and pull out the 
bolt. The flicker blade assembly is now free. To install a 
new assembly, reverse the procedure. Be sure the spacer 
between the two copper bars making up the main blade is 
still there. Tighten the stop nut only enough to eliminate 
any wobbling of the assembly. Before the torsion spring is 
placed behind the stop post. a sideward movement of a 
I /16" should be present. Too much tightening will de
crease this movement and cause friction which will slow 
down the action of the flicker blade. Using the same pro
cedure for releasing the torsion spring end, put the spring 
end on the other side of the stop post. 

(f) Stored Energy Spring 

To dis-engage the stored energy spring, remove the safety 
barrier as instructed in (a). Take a 5/16-18 threaded rod 
4" long and screw it into the rear end of the spring rod. 
\Like: a spa.:l!r I .5" l11ng t"rom J pipe or tube with J 1.0" 
l.D. Put this over the 5/ I 6" rod. Take a washer with an 
0.D. as large or larger as the 0.D. of the spacer and with a 
clearance hole for the 5/ I 6" rod and place this on the rod. 
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,. Run a 5/ 16-18 nut down the rod and center the spacer. 
Now tighten the nut until the tension on the ptn at the 
front of the spring rod 1s released. Remove the washers 
holding the pin in and remove the pin. The spring assem
bly is now free from the shaft. To completely remove the 
spring assembly, remove the two bolts holding the 
L-shaped bracket to the side of the frame. To re-install the 
assembly. or to re-engage the spring rod, reverse the proce
dure. 

{ g) Shaft Bearings 

To replace the shaft bearings, dis-engage the stored energy 
spring rod as instructed in paragraph (f). Remove the drive 
rods from the rod ends as instructed in paragraph (d). 
Remove the operating mechanism safety barrier as in
structed in paragraph (a). Remove the four bolts on right 
side (front) and the two bolts on the left side (front). 
Loosen the two bolts holding the L-shaped bar to the 
bottom and sid_es of the frame. Slide the shaft and end 
brackets forward and out. The bearings can now be re
moved and replaced. To replace the shaft, slide the shaft 
and end brackets back into the frame. Install the four 
bolts on the right side and the two bolts on the left side. 
Tighten the bolts. (Don't forget to slide the operating 
mechanism safety barrier under the right two front bolts). 
Take a large clamp and put across the sides of the frame, 
preferably in line with the shaft and tighten the clamp. 
Now tighten the two bolts holding the L-shaped bar to the 
bottom and sides of the frame. Remove the clamp. Re
place the drive rods and stored energy spring-rod. 

(h) Safety I.arch 

To close the switch with the door open, the safety latch 
must be dis-engaged. To do this, install the handle in the 
handle casting and push the handle upward and at the 
same time, push the latch on the left side of the safety 
barrier downward until the butterfly on the handle casting 
dears the locking pin. The same procedure should be used 
in opening the switch except the Lundie would by pushed 
downward. This procedure must be used any time the 
quick-make. quick-break feature is used with the door 
open. It is not necessary to use this procedure when using 
the blade alignment hub for slow dose or slow open. 

(i) Completing Alig11mr.:11t 

After completing any alignment. the switch should be or
<!111,·d thru JC k:ist tlucc "(\11,,·-,)pcn" llpcration~ to in
sure proper performance ol the operating mechanism. 
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(j) M11i11 Blade. Jaw and Hinge Assm1bl_1• -

Disconnect the drive rod from the shaft rnd end as in

structed in paragraph (d). Remove the four bolts holJing 
the Hinge Assembly and terminal pad to the top of the 
insulator. The hinge, main blade and flicker blade are· now 
free. Remove the two bolts holding the jaw to the insula-
tor. Remove the jaw and replace with a new Jaw. Replace 
and finger lighten the two bolts. If the new hinge and 
blade assembly is equipped with a !licker blade assembly, 
mount the hinge on top of the terminal pad and install the 
four bolts finger tight. If the new hinge and blade assem-
bly does not have the flicker blade assembly, remove from 
the old assembly and install on the new assembly per 
paragraph (e.). Tighten the lock nut on the spring washer 
on the jaw end of the blade. When it is as tight as possible 
(using standard tools) back the nut off I /4 turn. Set the 
main blade to an open position of approximately 45°. 
The weight of the blade should let the blade fall slowly 
open. If the blade fails to fall open. loosen the lock nut on 
the hinge spring washer until the blade slowly falls open. 
If the blade falls too fast, tighten the lock nut. Now align 
the blade per paragraph (b ). Tighten the jaw and hinge 
mounting bolts. Align the flicker blade and arc chute per 
paragraph (c). Re-check alignments. if satisfactory, con-
nect drive rod to shaft rod end. Check the switch for over A 
or under travel per paragraph (d). Perform operations per W, 
paragraph (i). 

SWITCH PUSH ROD ADJUSTMENT FEATURE 
Refer to Illustration on page 11. 

The main shaft was redesigned to provide a simpler means 
of achieving the necessary switch push rod adjustment (as 
described in 4.2 (d)). The screw type rod end has been 
replaced by two fixed arms (1) which are welded to the 
main shaft. These arms have suitable slots (2) to provide 
the necessary length adjustment to the push rod (3) with 
the switch in the closed position. Disposed between these 
arms is the push rod which is free to pivot on a special 
pivot pin ( 4), the ends of which have a hardened con tour 
to provide a sharp knife edge, so that when the clamping 
hardware (5) is tightened the pin is securely fixed to the 
shaft arms. The push rod. however. is still free to rotate 
about the axis of the pivot pin. 

Therefore, the switch blade can be adjusted to its cor
rect setting with the clamping hardware (5) loose. thus 
aUowing the special pivot pin (4) to move in the arm slots. 
When the correct blade setting is obtained the clamping 
hardware is tightened (35--W ft. lbs.) and l,1cked. If found 
necessarv, further aJjustm,:nr c:m be maJc by luq;cn,n,! 

and moving the special pivot pin and retighc::ning. -
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Part's List 
Main Blade-Hinge and Jaw Assy. No. Reqd. 

p• . Switch Style Switch art Per Per 
No. Ratin2 No. Pole Switch 

l40D7l9G0I 4.76KV - 600A - 20KA Fault l40D875G03 I 3 
140D719G02 8.25KV - 600A - 20KA Fault l40D875G03 I 3 
140D719G03 ISKV - 600A - 20KA Fault 140D875G03 I 3 
l40D719G04 4.76KV - 600A - 40KA Fault J40D875G04 I 3 
140D719G05 8.25KV - 600A - 40KA Fault 140D875G04 I 3 
140D719G06 ISKV - 600A - 40KA Fault 140D875G04 I 3 
140D720G0I 4.76KV- 1200A · 6JKA Fault 140D875G05 I 3 
140D720G02 8.25KV - 1200A - 61KA Fault 140D875G05 I 3 
140D720G03 ISKV - 1200A - 40KA Fault l40D875G05 I 3 
140D720G04 lSKV - 1200A - 6IKA Fault 140D875G05 I 3 

Parts Common To All Quick Make - Quick Break Switches 
Part No. Reqd. 

Style Per Per 
Description Number Pole Switch 

Flicker Blade Assembly 437B349G0I I 3 
Flicker Blade and Bracket Assembly 449D726G03 I 3 
Arc Chute Assembly 140D883G01 I 3 
Barriers 591C620G0I 4(!) 
Main Shaft Bearings 496A760H07 . 2 
Handle - Removable 795A839H0I - l 
Barriers 591C620H0I - 4 
·!- For Bolt-On Design 

Insulators and Drive Rods 

3.1.1-336 

Part Style 
Description Number KV 
Insulator 548D224G0I 5 
Insulator 548D229G0I 7.5 
Insulator 548D235G0I 15 
Drive Rod 436B828H0I 5 
Drive Rod 436B828H02 7.5 
Drive Rod 436B828H03 15 
Drive Rod 590C91 IH03 5 
Drive Rod 590C91 IH02 7.5 
Drive Rod 590C91 lH0l 15 
Special 

Pivot Pin 795A458H0I -
.375-16 X J.75 

Hex Stl. Bolt 70100EG07N -
.375 x Wide 

St!. Washer 70500BO32B -
.375-16 Stl. 

Elastic Stop Nut 1650412 -

* For screw type drive rod adjustment. 
tFixed arm drive rod adjustment feature. 

II 

No. Reqd. 
Per Per 
Pole Switch 
2 6 ., 6 .. 
2 6 
I 3 
I 3 
I 3 
I 3 
1 3 
1 3 

I 3 

I 3 
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November, 19n 
New Information 
Mailed to: E. O. C:2071, 2072/DB 

w-tinghouse Electric Corporation 
Ory Type Distribution Transformer Division 
Greenville, Pa. U.S.A. 16125 

MTA and MTC Control Transformers 
AP Machine Tool Transformers 
SW Transformers 
Network Power Filter 

Technical Data 
~-830 

Page 1 

Control 
Transformers 
For Machine Tools 
and Panel Boards 

Type MTC 

Side/Wall Mo1.1nt 
AP 

\ 
i 
I 

l 

~ 
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7 ecnn,cal Data 
~o 

Page 2 

All MT A and MTC transforrn,rs 1000 va and below on this page are• recognized component 
by Underwriters Laboratory, Inc. 

Standard Voltages Type MTA 
Ca111og .tFrame :»Wirin; Voll- C:.8'09 (J)Fr-• ~irin; 

.:..-_:.e•f>s Numoer Number Diagram Amperes Number Number Diagram 
230 460 Volts to 115 Votta 231114611 Volta to 11&/2JO Volta 
60 Menz IOH•n:z 

~·= ! 1F0890 1310 50(1) 1F2198 1310 3 
7~ i 1F0927 1510 75(1) 1F2185 1510 3 

·oc l 1F0906 1512 IOOCI> 1FZ186 1512 3 
~soi 1F0907 1520 150(1) 1F2189 1520 3 
200 j 1F0908 1714 200CI> 1F2191 -1714 3 

250.i 1F0909 1717 250(1) 1F2034 1717 3 
JOJ.i 1F0910 1723 300 1F1113 1727 3 
350 i 1F0911 1727 350 1F2187 1727 3 
500 i 1F0912 1923 500(1) 1F2190 1930 3 
750 l 1F0913 1931 750(1) 1F2188 Cl13 3 

1000 i 1F0914 C613 1000CI> 1F11187 C813 3 
:5ool 1F0965 C614 150011> 1i:1eaa Cl1' 3 
200Cl 1F0966 C827 200011> 1F1696 C827 3 
30001 1F0967 C828 3000(1) 1F1690 C828 3 
5000l 1F0968 C829 5000(1) 1F1701 C829 3 

230.460!575 Volts to 115195 Volta Standard Voltag• Type MTC 50!60 Hertz 
240/480-120 Volts, 60 Hartz 

so~ 1F0987 1314 2A 230/460-115 Volts, 50/60 Hertz 
751 1F0988 1512 2A 220/440-110 Volts, 50/60 Hertz ,oox 1F0989 1517 2A Voll· Catalog :»Frame (l)Wiring 1501, 1F0990 1714 2A Amperes Number Number Diagram 

2001, 1F0991 1717 2A 50(1) 1f0890 1310 
2501 1F0992 1723 2A 75(1) 1F0891 1314 
3001 1F0993 1730 2A IOOCI> 1FOB92 1413 
350 I 1F0994 1923 2A 150(1) 1F0893 1517 

200(1) 1f0894 1714 
5001 ;FQ995 1931 2A 
7501 1F0996 1943 2A 250<11 1F0895 1717 

10001 1F0997 C614 2A 300CI> 1F0896 1722 
1500J 1F0998 C827 2A 350(1) 1F0897 1726 

500(1) 1F0898 1931 

208'380-416 Votta lo 11S/9tl Volb 750(1) 1F0899 1943 

50•60 Heru 
1000(1) 1F0900 2236 

501 1F1025 1314 28 
1500(1) 1F0901 C822 

.v,.; 1F1027 1516 28 
20001Jl 1F0902 C823 

,501, 1F1028 1714 28 
3000(1) 1F0903 C824 

2001 1f1029 1717 28 500011> 1FOS04 C825 

2501 1F1030 1723 28 Add-A-Part Foe Holden~ 
30Cl 1F1031 1730 28 50 through 750 va, SOil~ 1F1033 1931 28 
7~1 1F1034 1943 28 Style No. 257 A574G01 

1000(1; 1F1035 C614 28 
1000 through 3000 va, 

150011, 1F1036 C827 28 
Style No. 257A564G01 

115Vallato12V- For non-standard Type MTA transformers 
50160lwu and modifications refer to Price List46-820, 

501 1F3050 1310 4A 
page 2. 

100 1F3051 1513 4A 
Network Power Filter 

115 Votta 10 24 VolU For use on Transformer Secondary 208Y/120 
50160twa Catalog Number(!) Transformer Name Plate KVA 

50:t 1F3052 1310 48 1N20 15 

100<:t 1F3053 1513 48 1N21 30 
20011 1F3054 1714 48 1N22 45 

1N23 75 
l) TOPS stock. 1N24 112½ 
.tFor detailed dimen1K>ns by Frame Number and Wiring Di• 1N25 150 

ag•ams. refer to TCS 46-870 and TCS 46-871 re1Pect1wty. 1N26 226 
-I• Acces10rv for MTA and MTC onlv. 1N27 300 

1N28 500 
1N29 750 
1N30 1000 

© NelWOrt Power Fill• Only. 
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Type AP- Machine Tool Tr•natormas 

240/480 Volt Primary No Taps to 12Cll240 S.0-
ondary Single Ph ... 60 Hanz 

3 6F495 133 
5 8F201 • 
71/, ef202 TOI 

10 6F203 1111 
15 &Fa 131 

3 
5 
7½ 

10 
16 

6F320 
81'321 
IF322 
SF323 
SFUI 

Type SWTnnafonnas 

213 
251 
257 
251 
251 

• 5 
5 
5 
6 

• 6 

• • 8 

Input 105-125 Volts, Output120 Volts (:1%1 
Single Phae 60 Hertz 
C.Ullog Numoer Rali .. 

1M21CI) 120Va 
1M22(1) 250V. 
1M23CI) sm1t11 
1M24(1) 1000V. 

Regulation Data-Type M1C 

Continuoua ..... v ..... ,. ... 
Nominal 20%1'owwf-
Volt· seco....., vonage 
Amperes 1011'!1, 95~ 90% 85'1ro 

50 1.- 2Q1 379 456 

75 211 311 419 518 

100 254 - 547 -150 40I 795 1,079 1.39C 

200 - 1.201 T.IBO 2.121 

250 1.020 1,m 2.275 2.898 

300 1.212 2.193 3.075 3.912 

350 1.750 3,171 4.449 5.813 

500 3.315 6,0,0 8.485 10.820 

750 4.-, 8.515 12.345 15.975 

1000 7,'10 13.811 19.880 25.&IO 

1500 9.195 17,,. 25,800 33.510 

2000 10.780 20,431 29.580 38.520 

3000 19,350 38.151 52.950 69.810 

5000 27.150 54.4111 83.350 11'-2110 

II' 

~ 
:i 
i 
:i 
c:: u, 
> 



March, 1977 
Prices subject to change without notice. 

MTA, MTC, AP, Machine Tool 
Type MTCCD 

Volt- Catalog Frame 
Aml)el'n Number Num~ 
240/480-120 Volts. 60 Hertz 
230/460-115 Volts. 50/60 Hertz 
220/440-110 Volts. 50/60 Hertz 

50 
75 

100 
150 
200 

250 
300 
350 
500 
750 

1000 
1500 
2000 
3000 
5000 

1 F0890'1, 
1 F0891 rs, 
1F0892j 
1 F0893,f 
1F0894,~ 

1 F0895,~ 
1F0896~, 
1 F0897'1 
1 F0898'S' 
1F0899i 

1F0900$ 
1F0901 ·~ 
1F0902~ 
1 F0903'.t 
1F0904-~ 

1310 
1314 
1413 
1517 
1714 

1717 
1722 
1726 
1931 
1943 

2236 
C822 
C823 
C824 
C825 

(D 1000 Va and below are listed as a recognized component bv Underwriters' Laboratory. Inc, 

Kva Ca1aiog 
~umber 

240/480 Volt Primary, 

F1gun1 
Number 

No Taps to 120/240 Volt Secondary 

3 
5 

7½ 
10 
15 

' 1 

f, Normal ,nvantorv Hem. order through TOPS. 

Net 
'NI., 
lbs, 

sz 
80 

122 
133 
'.6() 

52 
80 

122 
I 33 
160 

Westinghouse Electric Corporation 
Dry Type Distribution 
Transtormer Division 

Frame Dimensions in Inches 
Number A B C (Max,) 

1310 2 .. /2, 3 3¼ 1314 2'•' , .. 3 3¾ 1413 2¼ 3¾ 4 
1510 3aA• 3¾ 3¾ 1512 311,. 3¾ 4 
1513 31/,. 3¾ 4¼ 1516 Jlft. 3¾ 4¾ 

A 

0 0 0 •1 

I I Nam1J1Jlara I 
I 

0 0 0 •I 
E 

' .:.._ "F"' Size Slot • 4 Total 

Side/Wall Mount Figure 2 

,. I I 
\ Nameplate / i 

0( 
I 

•i '. 

H 

- -----·..L ~----- G --------

3.1.1-339 

B 

_J_ 

13 

Approx, 
Wt, 
Lbs. 

2 
3 
3 
3 
4 
4 
5 

!, 

()[ 

Catalog 25-000 Page 441 

Ory Type Transformers 
Control Type 

F,-e Dimensions in Inches App,ox, 
NUll'lber A B C (Max,) Wt 

Lbs, 
1517 J3/,. 3¾ 4¾ 6 
1520 J½. 3¾ 4¾ 6 1714 3'%• 4½ 4'4 7 1717 3'1/,. 4'4 5 8 1722 3'3/i, 4½ 5¾ 10 

17ZJ 3'3/,• 4½ 5½ 10 
1726 3'3/,• 4½ 6 11 
1727 3'¾• 4½ 6 12 
1730 3121,. 4½ 6 13 
1923 4¾ 5¼ 5% 15 

1930 4¾ 5¼ 6¼ 15 
1931 4¾ 5¼ 6¼ 20 
1943 43/o 5¼ 7¾ 28 
2236 511,. 6¾ 7½ 34 C613 5¼ 6% 6¾ 19 

C614 6 61' 7½ 27 C812 6% 61' 8¾ 35 
C823 6 6¾ 8½ 38 
C824 7¾ 81/i, 8¾ 53 
C825 71' 8'1/,. 11 82 
C827 5¼ 6¼ 8½ 36 C828 6½ 5:11/i, 8¾ 52 
C829 7% 8''/i, 10¼ 79 

Tl 
Kva Approximate 

Dimension --·---·---·---A B i C ---,---
3 7"/2:: 7"/2, ; a•;,6 
5 9'~/2i : 825122 I gy;. 

C 7½ 12½ 'r 10"/,, i 9¾ 
Max. 10 12'/2, 1QIJ/:tz: 11 ¼ 

l 
15 11'/2, 11 '/2, : 12½ 

--- I 
I D 

_E_i_F __ 
-----

___ , ___ 
I 3 6½ 6½ '/2: X 11/2.z 

5 7 8 1/i, x¾ 
7½ 8½ 10¼ 1/1, X ¾. 

10 8½ 10½ 1/,, X ¾ 
15 I 9½ 10 '/11 X ¾ 

7-1/16" J/4 ~I· 4 Total Kva I Aoproximate 
Dimension '°-6-%] 

~ i 
I 

I 

I 
14, 

~ I ! 
,1/41_ 

--1·-G--i-H __ i_J __ 
-----1--,---3 f 7½ 7¾ I 8¼ s I 8¾ ' 9•;,. 91/. 

7½ I 8¾ 1 1 O¾ 11 ¼ 
10 10\-i I 10¾ 11¾ 
15 I 1 O'A, , 21

/,, I , 2" 

l 
I 
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September. 1975 
New Information 
Mailed to: E. D. O1926/0B 

vve::.~m911ous .. cie<a, ,c ,._...,,porauon 
General Control Division 
Chicago. Illinois. U.S.A. 60632 

Standardized Units Classes I and II 
3 Phase: To 450 Horsepower. 230 Volts 

To 900 Horsepower, 600 Volts 

,..:-1:,:, D Vu: A 
Descriptive Bulletin 

Page 1 

Motor 
Control Centers 
Five Star 
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Many processes and commercial buildings 
benefit from the grouping of electrical con
trols. Industries such as primary metals, 
paper, petroleum and chemicals typically in• 
stall electrical controls in centralized loca
uons· so that supervision and operation can 
be performed by a minimum of personnel. To 
meet this need Westinghouse introduced the 
Motor Control Center Concept in 1937. This 
provided a means to mount various motor 
starter units, feeder tap units and auxiliary 
controls in a flexible structure arrangement. 
Since that time the Motor Control Center 
Concept has been refined to permit greater 
flexibility, safety and convenience. Westing
house now has available the ultimate in 
Motor Control Center design - Five Star. 

The Five Star design begins with components 
of proven electrical and mechanical integrity; 
assembles them with strict adherence to the 
highest engineering practices and with spe
cial emphasis on personnel safety and ease 
of maintenance. The assembly is then wrap
ped in an enclosure which prevents acciden
tal contact with the enclosed electrical parts 
and provides an exterior of exceptionally 
modern appearance, featuring a coordinated 
control a_rea to provide easy recognition of 

. fun,;tians_in~swter unit •...•.........• 

I. Units 

Staner Units 
Motor starter units are combination type em
ploying a contactor or contactors and a dis
connect device of proven capability. The dis
connect device can be either a circuit breaker 
or fusible switch. The Westinghouse Type 
MCP motor circuit protector breaker is fur
nished as standard. 

The Five Star Motor Control Center has been 
designed and tested to comply with the gen
eral standards for industrial controls and the 
specific standards for motor control centers 
as set forth by NEMA, UL, IEEE and ANSI. The 
various state and city cod95 are generally met 
by the standard design. However, in those in
stances where more specific requirements 
must be met, the Five Star has the design 
flexibility to meet them. 

Contents Pages 
I Units ...•.••....•••••. ·................................... 2-6 
II Bus System ......................................... 6-8 
111 Structure............................................ 9-10 
Typical Specification .•••.••..•.•..••••.•.•.•..•••. 11 
Dimensions, Standard and Optional 

Specifications.................................... 12 

I Units Page: 
Starter Units···"·--···................................... 2 
Feeder Tap Units ....................... -.............. 3 
Terminal Blocks........................................ 3 
Stab Assembly.......................................... 3 
Device Panel.............................................. 4 
Handle Mechanism................................... 4 
Unit Wrapper .•.......................................... 5 
Unit Doors..................... •••.••.•....•..••••...••••. 5 
Nameplates............................................... 6 
Modificatioos ............................................. 6 

. Adrutionai fQuipmem ......... ~ ........ = ... •· ..... Q.. 

The MCP and starter combination has a 
22.000 RMS symmetrical ampere interrupting 
capacity. With the addition of a current limiter 
the interrupting capacity is increased to 
200,000 amperes. Optional circuit breakers 
for starter units are the Mark 75 and the 
Tri Pac with interrupting ratings of 22.000 am
peres and 200,000 amperes respectively. 

The fusible switch disconnect device is the 
Type OS. It is a quick-make, quick-break, visi
ble blade switch with fusing facilities for use 
with current-limiting or dual element. rejec
tion type, NEMA Class" J" or "R" fuses. 
Facilities for NEMA Class "H" fuses are avail
able. 

Both breaker and fuse selection should take 
into consideration the total short circuit 
capacity of the system to which the control 
center is connected. 

The starter units are equipped with A200 Con
tactors for NEMA Sizes one through four and 
GCA Contactors for NEMA Sizes five and six. 
These contactors have been successfully ap
plied in thousands of the most demanding 
industrial applications. Overload protection is 

3.1.1-341 
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provided by a three pole thermal overload 
relay as standard with ambient compensated 
also available. The overload relay has adjust
able hand or automatic resetting. The hand 
reset button extends through the unit door. 
All relays have a "no" stop feature as stan• 
dard. The location of all control elements con
tained in each unit has been designed to pro
vide a coordinated control area for easy rec
ognition of functions and maximum operator 
efficiency. 

Typical starter units available include the fol
lowing: 

Full Voltage, Non-Reversing 
Full Voltage, Reversing 
Full Voltage. Non-Reversing, Two Speed. 

Single Winding 
Full Voltage. Non-Reversing, Two Speed. 

Two Winding 

Reduced Voltage, Autotransformer, Closed 
Transition 

Reduced Voltage, Part Winding 
Reduced Voltage, Wye-Delta. Closed 

Transition 

At! starters through NEMA Size 5 are a draw
out design except Size 5 reduced voltage. 



feeder Tap Units 

T enninal Blocks 

Stab Assembly 

Feeder tap units may contain either circuit 
breakers or fusible switches. Draw-out 
breaker units include the fixed trip Type FB, 
single or dual mounted in ratings through 150 
amperes and the interchangeable trip Types 
KB and LB single mounted through 250 am
peres and 400 amperes respectively. Larger 
circuit breakers are non-draw-out fixed 
mounted. Adjustable seltronic breaker is 
standard. Ratings to 2000 amperes are avail
able. 

·-c, Fusible feeder tap units utilize the Type OS 
• Switch through 200 amperes. Non-auto 

breakers and fuses are furnished for 400 am
peres and above. These switches are 
mounted in draw-out units through 400 am
peres with the 30 ampere and 60 ampere rat
ings available in dual mounting. Ratings from 
600 amperes through 1200 amperes are fixed 
mounted. 

A new side mounted terminal block is stand
ard on units with NEMA Type B or C wiring. 
These terminal blocks are mounted in knock
outs on the wireway side of the unit wrapper. 
This placement provides greater access to 
other companents within the unit. 

The terminal block is available in three types; 
Standard Pressure Connector, Pressure 
Pull-Apart, and Pull-Apart for ring or spade 
type crimp terminations. The smallest starter 
unit (2X or 12 inches high) can accommodate 
upto three of the new side mounted terminal 
blocks providing a maximum of 21 circuits in 
the standard pressure types and up to 18 cir
cuits in the spade or ring type. Larger starter 
units can accommodate additional terminal 
bloclcs. 

As an alternate, terminal blocks may be 
mounted across the bottom front of the unit. 

A newly designed two component copper 
alloy stab incorporates the ultimate in 
mechanical simplicity to provide precise con
trol of contact pressure on the bus. This as
sures a positive connection yet permits easy 
unit insertion and withdrawal. Self aligning 
Magna-GriJil!I stabs are mounted in a glass 
reinforced plastic insulation block which to
tally shrouds each stab and absolutely en
sures positive alignment of the stabs with the 
vertical bus. The insulation block is also an in
tegral part of the phase to phase isolation 
system. Powerw,ring is firmly welded to the 
stabs and is totally contained within the unit 
enclosure. This means the vertical bus com
partment is completely free of wiring for max
imum safety and reliability. 
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The OS switches are supplied with fusing 
facilities for use with current-limiting or dual 
element rejection type, NEMA Class" J" or 
"R" fuses. Facilities for NEMA Class "H" 
fuses can also be supplied. 

-

Standard track mounted terminal blocks in
clude the following types: Standard Pressure 
Connector, Standard Pressure Pull-Apart, 
Straight Ring or Spade type for crimp termi- A 
nations, and Pull-Apart Ring or Spade type .., 
for crimp terminations. When mounted in this 
fashion, a maximum of 30 circuits can be 
provided by the Standard Westinghouse 
Pressure types and the Ring and Spade tvces. 
Wiring within each unit and to the terminal 
blocks is made with 16 AWG stranded 
thermoplastic-insulated wire rated 105°C. 
Power wiring is black and sized to carry the 
maximum full load current of the unit. AC 
control wiring is red and DC control wiring is 
blue. Plug-in type terminal blocks can be 
supplied for all control wiring and load wiring 
through size 2 when specified. 

Four stab assembly sizes are used; 60, 150, 
300 and 400 amperes to accurately match the 
electrical requirement of each unit. 

-
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I Units, Continued 

Device Panel 

l 
' 

·--. .J 

':" \,., •·. 

. . , ..... ·.,...il 
~ -

The new handle mechanism is designed to 
provide a high mechanical advantage so that 
little effort is required to operate any device. 
·,wo sizes are used: the smaller mechanism 
for devices through 400 amperes, and the 
larger mechanism for devices through 1200 
amperes. 

The handle mechanism is a vertical motion 
type device with three positions; ON, OFF 
and TRIPPED. It is mounted securely by the 
wrapper. breaker or fusible switch to elimi
nate alignment problems and to provide a 

sit1ve indication of the breaker or switch 
,:;1tion. even with the door open. 

The handle mechanism provides several 
safety features. 

The new device panel can accommodate up 
to six pilot devices such as oil-tite pushbut
tons, indicating lights, selector switches and 
a new line of miniature meters. 

The device panel is hinged on a horizontal 
rod extending across the front of the unit. 
With the unit door open and after removing 
two captive retaining screws at the top of the 
panel, it may be swung down. This provides 
ready access to the rear of the panel and in
creased accessibility to the unit interior . 

Molded into the panel is a knock-out for each 
device location. This facilitates the future ad
dition of devices to the panel. 

The panel is molded of a durable, chemically 
stable plastic material which eliminates cor
rosion. The textured surface of the panel pre
vents smearing and fingerprinting to pre
serve the pleasing appearance of the unit 
under operating conditions. 

In the "ON" or "TRIPPED" position an inter
lock prevents the unit door from being 
opened. However, to enable authorized 
maintenance personnel to gain access to the 
units when required, a door interlock defeater 
screw is located above the handle. 

With the unit door open and the operating 
handle in the "ON" or "TRIPPED" position, an 
interlock slides into a slot in the divider pan 
above and prevents removal of the unit. This 
same interlock prevents insertion of the unit 
(as shown below) unless the handle 
mechanism is in the "OFF" position . 

To insure that units are not energized acci
dentally or by unauthorized personnel, the 
handle mechanism can be padlocked in the 
"OFF" position. Sufficient space is available 

for a minimum of three padlocks. Where criri
cal processes are involved and to prevent un
authorized shutdown. the handle mechanism 
can be modified to enable padlocking in the 
"ON" position. 

The handle and exterior mounting panel•"' 
molded from the same plastic material at the 
device panel. The mounting panel has a tex
tured surface to preserve appearance. The 
"ON", "OFF", "TRIP" and "RESET" pasitions 
of the mechanism are molded into the panel 
and are highly visible. The operating handle 
is designed for rugged duty and good 
operator feel. Its color contrasts with the de
vice and mounting panels for easy recogni-

A tion. 
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unit Wrapper 

-. 
l , 
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The unit wrapper is fabricated of 16 gauge 
steel. After fabrication, it is cleaned and given 
a rust inhibiting phosphatizing treatment. The 
finish on the unit wrapper is a baked on 
enamel ASA 70. This is a highly durable 
enamel. off white in color to increase visibility 
within the unit and facilitate wiring and 
maintenance procedures. 

A The unit wrapper provides three sides of a 
y ·gged steel shell and the mounting base for 

,e unit components. The smallest unit 
measures 13¾ inches wide. 8 inches deep 
and 12 inches high. Units increase in size in 6 
inch increments to a maximum height of 72 
inches. 

Unit Doors 
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The unit wrapper is designed to provide _ 3 ?if 
ample space for cable entry from the wireway 
to the unit. 

The unit wrapper has four mounting points. 
two on each side, which support the unit in 
the structure. They engage guide rails located 
near the top of each unit space. This mount
ing paint guide rail system produces 
minimum friction and allows units to be in
s811Jed and .withdrawn easily. The guide rails 
also give precise alignment to the unit for ac
curate stabbing on the vertical bus. 

Unit doors are formed of 14gauge steel with 
a ½ inch flange on all four sides. The flange 
adds rigidity to the door and provides a sur
face to contain door gasketing when applied. 
Cutouts are made in the door as required to 
accommodate the operating handle and de
vice panel. The doors are cleaned, phos
phatized and given a finish of off-white, 
baked on enamel ASA 70. 

The doors will open approximately 110° and 
opposite to wireway doors permitting op
timum access to the unit compartment. The 
doors are mounted on removable pin hinges. 
This perm its quick removal of any door in a 
vertical structure without disturbi,,g adjacent 
doors. 

3. 1. 1-344 
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.. 
At the top center of the unit wrapper is a quar
ter turn latch which securely holds the unit in 
the compartment. The latch can only be en
gaged when the stabs are fully mated with 
the vertical bus. Upon release of the latch the 
unit can be partially withdrawn (as shown 
above) such that the stabs disengage from 
the vertical bus. In this position the latch can 
be re-engaged to prevent the unit from being 
returned to the fully stabbed position or from 
being removed from the structure. The latch 
can be padlocked in this position to ensure 
the stabs remain disengaged during mainte
nance. 

Each door is provided with a minimum of two 
quarter turn indicating type fasteners. They 
securely hold the door in the closed position, 
yet allow quick and easy access to the unit 
when required. The fasteners provide a visual 
indication of the latched position. 

-

-

-
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I Units. Continued 

Nameplates 
Unit nameplates are of durable anodized 
aluminum with¼ inch high white lettering on 
a black background. They are heat and crack 
resistant to eliminate the need for replace
ment. Nameplates are mounted with a pres• 
sure sensitive adhesive. Rivets or screws can 
be used if specified. 

Modifications 
Starter and feeder tap units can be modified. 
to meet a variety of specification require
ments. Some typical components which can 
be added include; control circuit transfor• 
mers - fused or unfused; control relays, MOR 
/modular overload) relays, groundgard re
lays, current transformers, extra electrical in• 
terlocks, pushbuttons, selector switches, in• 
dicating lights, circuit breaker shunttrip or 
undervoltage release and auxiliary switches. 
In most cases, these modifications do not in• 
crease starter unit size. 

Additional Equipment 
In addition to motor starter and feed.er units 
additionale_guipmentcan Ile.supplied incltJd.. 

the following: 

Single phase dry type distribution transfor
mers in ratings of 3, 5, 7.5, 10 and 15 KVA. 

Three phase dry type distribution transfor· 
mers in ratings of 9, 15, 22.5, 30 and 45 KVA. 

Lighting panelboards with 12, 18, 24, 30, 36, 
or 46 circuits with either plug-in branch 
breakers or bolt-on branch breakers. 

Current limiting reactors with ohmic values of 
.01, .015, .02 and .025 and amperage ratings 
of600,800, l000and 1200. 

Metering equipment such as voltmeters, 
ammeters, wattmeters and power factor 
meters. 

II Bua System Page(sl 
Vertical Bus .............................................. &-7. 
Horizontal Bus ....... ·.................................. 7 · 
Neutral Bus.............................................. 8 
Ground Bus.............................................. 8 
Control, Load and Incoming 

Line Terminations .................. -............ 8 

II. Bus System 

V ertlcal Bus 
The vertical bus provides three phase power 
distribution from the main horizontal bus to 
the vertical compartments. The bus is a 
unique angular configuration with an "L" 
shape for front mounted only structures and 
a "Z" shape for back to back mounted struc
tures. These shapes have the inherent 
mechanical strength to withstand fault stres
ses. They also provide a smooth stabbing 
surface for unit connection. 

~ 
·~ 

3.1.1•345 

------------------

Due to the high strength capability of the bu• 
bars, bus bracing at 42.000 RMS symmetric&! 
amperes is standard. Bracing at 100,000 RMS 
is available as an option. Bus bnlces are 
molded from a glass-reinforced polyester 
material which is non-tracking and impervi
ous to moisture and other adverse atmos
pheric operating conditions.. • 



I 

t 

Vertical Bus, Continued 

The vertical bus is available in ratings of 300, 
600 and 1200 amperes for front mounted 
only, and 600 and 800 amperes for back to 
back mounted. Standard vertical bus bars 
through 600 amperes are tin plated alumi
num with the special POL YTET-50 process. 
Copper bus is available as an option in 300 
and 600 amperes and is standard in 800 and 

{ 
1 200 ampere ratings. 

HorizontaJ Bus 

The main horizontal bus provides three phase 
power distribution from the incoming line or 
primary disconnect device to each vertical 
structure in an assembly. The bus bars are 
mounted in a vertical plane, edge to edge. 
This mounting produces an exceotionaily 
strong assembly able to withstand t.igh fault 
curn,nt stresses. 

Standard horizontal bus bracing is 42,000 
RMS symmetrical amperes. Additional brac
ing to 100,000 amperes is available. Bus 
braces are molded from a glass reinforced 

1lyester material with high strength which is 
#, _.on-tracking and impervious to moisture and 
W'other adverse atmospheric operating condi

tions. 

The exclusive.POL YTET-50 process further 
improves the corrosion resistant qualities of 
tin ~ed aluminum when used in severe en
vironments. It also provides a lubricating ef
fect which prevents stabs from galling and 
facilitates easy removal and insertion of 
units. 

Isolation of the vertical bus compartment 
from rhe unit compartments is accomplished 
by a full height barrier which is provided as 
standard. This is a single sheet of glass
reinforced polyester with cut-outs to allow 
the unit stabs to engage the vertical bus. 
Snap in covers are available for the cutout 
openings to provide total isolation during 
maintenance procedures. 

When insulation and isolation of the vertical 
bus is required, a labyrinth design barrier is 
available. This barrier is molded glass rein
forced polyester and forms a labyrinth 
around the bus bars to restrict fault propa
gation. This design provides maximum pro
tection against phase to phase insulation 
breakdown. Thermal efficiency is maintained 
by a close tolerance fit between the bus bars 
and the barrier which minimizes air pockets. 
This insures compliance with NEMA and UL 
heat rise standards. When bus bracing of 

The main horizontal bus is rated at 600 am
peres as standard with ratings of 800, 1000, 
1200. 1400, 1600, 2000 and 2500 amperes op
tionally available. Tin-plated aluminum bus 
bars are supplied as standard. Tin-plated 
aluminum or copper is available for ratings 
up through 1200 amperes. Above 1200 am
peres only copper bus is supplied. The exclu
sive POL YTET-50 process is applied to all 
tin-plated aluminum horizontal bus to further 
improve its corrosion resistant properties in 
severe environments. 

The horizontal bus is rated at 65°C tempera
ture rise in compliance with NEMA standards. 
A rating of SO"C temperature rise to comply 
with UL Standards is available as an option. 

The horizontal main bus is isolated from the 
top horizontal wirewav compartment by an 
isolation barrier. This two piece steel barrier 
extends to the full width of each vertical 
structure. The two piece design allows access 
to bus connections without the removal of 
the entire barrier. for added maintenance 
convenience. The bus bar layout permits 
front access to all bus connections. This al
lows maintenance personnel to make splices 
ana check splice bolt torques from the front 
of the structure. 

3.1.1-346 
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100,000 RMS amperes is supplied, the 
labyrinth barrier is provided as standard. 

An automatic shutter mechanism is included 
with the labyrinth barrier to provide complete 
isolation ofthe vertical bus. The shutter 
moves automatically to cover the stab open
ings when a unit is removed. This provides 
maintenance personnel with maximum pro
tection since the vertical bus is never ex
posed. As the unit is reinserted in the com
partment, the shutter moves sideways to un
cover the stab openings in the barrier. 

1111 r 
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II Bus System, Continued 

Neutral Bus 

I ; 

~ P-
:;j A ....... ~-r.-1 __ !--_?if___,·4 
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Neutral bus can be supplied one half or full 
rated. The bus bar is mounted on stand-off 
insulators across rhe bottom of each vertical 
compartment. 

Tin~plated aluminum or cop_per t:,us ii; _availa-

Control, Load and 
Incoming Line Terminations 
For NEMA Type A wiring each unit is 8SHffl· 
bled and devices interwired. Terminal blocks 
are not supplied and control and load wiring 
is internal to the unit. 

For N EMA Type B wiring, control wires are 
terminated at.blocks within the unit. Refer to 
the discussion of units for types of terminal 
blocks available. 

For NEMA Type C wiring, control and load 
wires are extended from the unit terminal 
blocks to master terminal blocks located at 
the top or bottom of any vertical structure. 
The mounting lccation of the master terminal · 
block in front mounted only structures is in 
the existing horizontal wireway space at the 
top or bottom. When mounting is made in an 
incoming line section, twelve inches of unit 
space must be used. When mounting is made 
in the rear of back to back mounted struc
tures, 6 inches of unit space must be used at 
the bottom and 12 inches at the top. 

Mast~r terminal blocks can be either fixed or 

-
i. . -. ' 

·b_.le. One half ratedJin· la.1ad~iumiru.1mwith 
~~-~ -----;-special POL YTET-50 process is standard. 

draw-.01.Ltmountadwith draw-out provided as -~~~~~~~~~~~~~~~~~~~ 

~+1 
M 

Ground Bus 

• & • 

standard. In the draw-out design the terminal 
blocks are rack mounted to permit removal of 
the entire assembly for ease of wiring during 
installation and maintenance. 

Incoming line cables entering from the top of 
the control center can be easily terminated on 
the main horizontal bus or connected to a . . 

f 
F-_ , ~ main breaker. Incoming line (more than one 

per phase) entering from the bottom of the 
structure can be easily terminated at the bot
tom of the vertical bus in that section at rat
ings through 1200 amperes. Adapters can be 
provided for up to four cables per phase and 
for crimp-on lugs. Terminals are suitable for 
both copper and aluminum cable . .. 

Ground bus is available in ¼ inch by 1 inch 
tin-plated aluminum or copper. Tin-plated 
aluminum with the special POL YTET-50 
process is standard. Mounting is across the 
Wp of each vertical structure in the horizontal 
w,reway. The bus can also be mounted 
across the bonom when the bottom 9 inches 
are not occupied by units or master terminal 
blocks. 

Copper or aluminum cables of #6-350 MCM, 
two per phase. can be terminated in the in
coming line structure utilizing 6 inches of ad
ditional space. Copper or aluminum cables of 
4/0-600 MCM, two per phase, can be termi
nated with the addition of 6 inches for top 
entry and the addition of 18 inches for bottom 
entry. 

3.1.1-347 
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Ill. Structure 

Construction 
The standard vertical structure is 90 inches 
high and 20 inches wide. Front mounted only 
structures can be either 16 inches or 21 
inches deep. Back to back mounted structures 
are 21 inches deep. 

-··· -···· i 

ID Structure Page 
Construction ............. .... ... ....... .................. 9 
Vertical Wireway ................•..................... 10 
Horizontal Wireway.................................. 10 
Special Structures.................................... 10 
Enclosure.................................................. 10 

The structure framework is made of 12 gauge 
formed steel channels. The sub-frames for 
the front and rear of each :;tructure are 
welded. These sub-frames are then bolted to 
longitudinal members to form the complete 
frame which is rigid and self-supporting. 
Side, back and roof sheets of 14 gauge steel 
are mounted with screw fasteners for quick 
and easy removal when desired. All doors are 
14 gauge steel with a ½ inch flange to pro
vide a rigid, secure closure for all openings. 
Doors mounted on removable pin hinges are 
provided on all unit compartments, vertical 
wireways, top horizontal wireways, and bot
tom horizontal wireways. 

The unit pan forms the top barrier of each 
unit space. In conjunction with the unit wrap
per this provides isolation between adjacent 
units and wireways. The guide rails are an in
tegral part of this pan and provide precise· 
alignment of the unit stabs on the vertical 
bus. 

3.1.1-348 
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All structure elements are thorougnly cleaned 
after fabrication and given a phosphatizing 
treatment to inhibit rust and prime the metal 
for the finish coating. A baked enamel ASA 70 
off-white is applied to the structure frame
work, back sheets, doors and units. ASA 24 
charcoal grey is applied to the roof and side 
sheets. -
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Ill. Sttucture,Continued 

Vertical Wirewav 

..,. ... ..... 
''· 

·"' 

Horizontal Wirew• va 

.. 

u 

. ' 

A vertical wireway is provided in each vertical 
structure. Located on the right side. it extends 
the full 90 inch height of the structure. The 
width of the wireway is 4% inches at th.e rear 
of the vertical frame members. Overall-depth 
of the wireway is 8 inches providing a a-oss
sectional area of nearly 35 square inches to 
easily accommodate control and load wiring. 
Supports are provided at suitable intervals to 
secure all wiring and cables. 

The wireway opening is covered by two 
doors. top and bottom, so that the enbre 
wireway need not be exposed to gain access 
to one section. The doors swing open no• 
and opposite to the unit doors for maximum 
accessibility. The doors are mounted on re
movable pin hinges for quick detachment and 
are secured in the closed position by two 
quarter-tum indicating type fasteners.. 

The top horizontal wkewav is 9 inches high 
· anctTrncf\es Heep iffTront mounted on.ly · 

structures and in the front of back to bad< 
mounted structures. It extends the fulf width 
of each structure and is barriered from the 
main horizontal bus. The bottom horizontal 
wireway is 9 inches high and extends thefull 
depth of the structure. This provides unlim
ited wiring space. The entire floor area under 
the control center is open for unrestricted 
conduit entry. For top entry, the top wireway 
can be increased to 15 inches high, as shown 
at left, reducing the bottom wireway height to 
3inches. 

For back to back mounted structures, the top 
horizontal wireway at the rear is 15 inches 
high and 6 inches deep. The bottom wireway 
is limited to 3 inches high for a depth of 11 
inches. 

All horizontal wireway openings are covered 
by doors for increased accessibility. Each 
door is mounted with removable pin hinges 
to allow quick detachment and securely 
closed with a quaner turn indicating type fas
tener. 

3.1.1-349 

Spec:i• I StruCIUr• 
In addition to the standard 20 inch wide struc
ture, extra wide structures are available in 4 
inch increments up to 32 inches wide. Theae 
structures can be supplied with or without 
41/a inch wide vertical wireways. They are 
used for mounting transfer switches, SPCB 
and DS breakers and other special equip
ment. 

Another special structure is a transition sec
tion between Type Wand the F'ive Star. Thia 
struct\Jre is 10 inches wide to provide for 
horizontal bus splicing. 

Encl-
The standard enclosure type is the NEMA 1 
General Purpose- Indoor. This enclosure ia 
appropriate for installations with normal at
mospheric conditions. 

The NEMA 1 Gasketed Enclosure has gasket· 
ing material around the perimeter of all doors 
and door cut-outs. It is used to prevent air
borne matter from entering the control 
center. 

The NEMA 2 Dripproof- lndooremploya1 
special roof panel with a drip shield and 
water channels. This prevents liquid from 
dripping into the control center. 

The NEMA 3R Rainproof and Sleet Resistant
Outdoor consists of a NEMA 1 enclosure 
mounted on a special base with an out-
door house erected around and over it. 8ot'n 
walk-in, non-walk-in aisle and tunnel types 
are available. 

The NEMA 12 Dusttight and Driptight- In
door has gasketing material around all doors, 
door cut-outs. cover plates, side, top and baclt 
sheets. A gasketed bottom plate is available 
with this enclosure. This construction pro
vides maximum protection against airborne 
matter and dripping liquids. 

t 



Typical Specification 
Motor Controt Centers 

1. General 

Motor Control Centers shall be built and 
tasted in accordance with: 

a. NEMA Standards 
b. ANSI 
c. Underwriters Laboratories, Inc. 
d. Other (specify) 

a. Suitable for operation on ___ volts 
____ phase ____ wire hz. 

b. Suitable for connection to an available 
faultof(42.000) (100,00) RMS symmetrical 
amperes. 

3. Incoming Line 

a. The incoming line shall enter the--,-....,.,.,
section at the (top) (bottom) (other) and will 
be (cable) (bus) connected. 

b. The cable will consist of (Number 
___ )(Size ___ ). (If bus specify de-
1ils ___ ). 

c. A main disconnect (isl (is not) reQuired. 
!Provide details if reQuired) 

4. Wiring 

a. The motor control center shall be wired 
NEMA Class (I) (Ill. Type (Al (Bl (Cl. 

b. If Type C. master terminal blocks shall be 
located at the (top) (bottom) of each section. 

5. Structure 

a. Structures shall be totally enclosed. dead
front. free standing assemblies. 90 inches 
high and not less than 16" deep for front 
mounted units (21" deep for back to back 
mounted units). Working height shall be 72" 
to accommodate starter units in multiples of 
6" increments with a minimum of 12". Re
movable lifting angles will be provided. 

b. Structures shall contain a horizontal wire
way at the top, isolated from horizontal bus 
and readily accessible. Each struct\.ire shall 
contain an isolated vertical wirewav with 
cable supports. accessible through hinged 
doors. 

c. All structure doors to be mounted on re-
111ovable pin hinges and secured with quarter '-'Ci, 1rn indicating type fasteners. 

&. Bua System 

a. Bus shall be braced to withstand a fault of 
(42.0001 (100,000) RMS symmetrical am
peres. 

b. Main horizontal bus rating to be (6001 
(800) (10001 (1200) (1400) ( 1600) (2000) (2500) 
amperes and be effectively isolated from all 
wiraways and working areas. 

c. Vertical bus rating to be (3001 (600) (800) 
(12001 amperes. 

d. Full height of vertical bus bars to be pro
tected against accidental contact by (a single 
sheet of glass reinforced polyester with cut
outs for stab openings) (a labyrinth barrier to 
provide insulation and isolation with shutters 
which automatically cover stab openings 
when units are withdrawn). 

7. Unit Compartments 

a. Each unit compartment shall be provided 
with an individual front door. Starter and 
feeder tap unit doors shall be interlocked 
mechanically with the unit disconnect device 
to prevent unintentional opening of the door 
while energized and unintentional application 
of pawer while the door is open. An interlock 
between the unit disconnect device and the 
structure will prevent removal or reinsertion· 
of a unit when the disconnect is in the"ON" 
or "TRIPPED" positions. Means shall be pro
vided for releasing the interlock for inten
tional access and/or application of power. 

b. Padlocking arrangements shall permit 
lodl:ing the disconnect device OFF with at 
least three padlocks with the door closed or 
open. 

c. Means shall be provided to padlock the 
unit in a partially withdrawn position with the 
stabs free of the vertical bus. 

d. All full voltage starter units through NEMA 
size 5 shall be of the draw out type. Draw out 
provisions shall include a positive guide rail 
system and stab shrouds to absolutely en
sure alignment of stabs with the vertical bus. 
Power wiring to stabs shall be contained 
within the draw out unit. Overload relays 
shall be reset from outside the enclosure by 
means of an insulated button. 

e. All draw out units shall be secured by a 
spring loaded quarter turn indicating type 
fastening device, located at the top front of 
the unit. 

3.1.1-350 

12-155 DWEA 
Descriptive Bulletin 

Page 11 

f. Combination motor controller and feeder 
tap units shall employ (molded case circuit 
breakers) (fusible switch with clips for 
___ type fuses) for branch circuit protec
tion, and shall be &Quipped with: (Select 1. 2, 
3, 4or5) 

1. MCP (Motor Circuit Protector) 
2. MCP with current limiter 
3. Thermal magnetic breaker 
4. TriPac circuit breaker 
5. Fusible switch 

g. Control power shall be provided as fol
lows: (Select 1. 2 or 3) 

1. Individual control power transformers 
with one secondary control fuse. The other 
secondary lead shall be grounded. 

2. Line voltage control circuits. Line
voltage control circuits on all circuit 
breaker combination controllers and fusi
ble combination controllers larger than 
Size 2 shall be provided with NEMA Class J 
current-limiting fuses mounted in the unit 
in both legs of the control circuit. 

3. Terminals for a separate source of con
trol power. A control power fuse shall be 
provided in the unit, and the main discon
nect shall be eQuipped with a normally 
open contact to isolate the control circuit 
from the source when the controller dis
connect is open. 

h. Starter units shall contain: (Specify as re
Quiredl 

1. Number of auxiliary contacts. 

2. Unit-mounted pilot devices and indicat
ing lights. 

3. Control relays and other devices. 

i. Other units to be included in the motor 
control center: (List as required) 

1. Lighting and power transformers. 
2. Lighting distribution oaneiboards. 
3. Metering panels and instrument trans
formers. 
4. Operating panels. 
5. Power-factor correction capacitors. 
6. Other 

-

-



t f 12·155 DWEA 
Descriptive Bulletin 

f 
I 

Page 12 

Dimensions 
Overatl Height ........................................ 90'' 

Width ................................................... 20" 
Depth: Front Mounted Only 

Standard .••........................••••••.......•• 16" 
Optional ........................ , •................. 21" 

Back to Back Mounted ..•..•.......••......... 21" 

Vertical Wireway Height ........................ 90" 
Width ................................•...•.•.............. 4%" 
Depth................................................... 8'' 
Cross Section................................. 35 sq. in. 

Top Horizontal Wireway 
Front Mounted Only and Front of Back 
to Back Mounted 

Height: 
Standard...................................... 9'' 
Optional ....................................... 15" 

Depth............................................... 8" 
Rear of Back to Back Mounted 

Height .............................................. 15" 
Depth ............................................... 6'' 

Bottom Horizontal Wireway 
Front Mounted Only and Fron! of Back 
to Back Mounted 

Height; 
-Standard ...... ;............................... 9" 
-Optio,m .. -.. -.... - .. -.. -. -.............. -r---- -

Depth ............................................... 16" 
r1ear of Back to Back Mounted 

Height.............................................. 3'' 
Depth ............................................... 21" 

Material 
Frame ............... 12 ga. Formed Steel Channel 
Side, back & roof sheets. doors ............ 14ga. 
Unit wrapper ...................... 16 ga. Steel Sheet 

Finish 
Frame, back sheets, 

doors and units ............... Off White ASA 70 
Roof & Side sheets............. Charcoal ASA 24 

Horizontal Bus 
Ampere Ratings 

Standard: 
600 ampere, Tin Plated Aluminum 
with POL YTET·SO 

Optional: 
600 ampere. Copper 
800 ampere, Tin Plated Aluminum 

with POL YTET-50 or Copper 
1000 ampere, Tin Plated Aluminum 

with POL YTET-50 or Copper 
1200 ampere, Tin Plated Aluminum 

with POL YTET-50 or Copper 
1400 ampere, Copper 
1600 ampere, Copper 
2000 ampere, Copper 
2500 ampere, Copper 

Westinghouse Electric Corporation 
General Control Division 
Chicago, Illinois. U.S . .A.. 60632 

Horizontal Bus. Continued 
Bus Bracing 

Standard, 42,000 amperes symmetrical 
Optional, 100,000 amperes symmetrical 

Incoming Line Terminations 
From Top or Bottom 
To Bus or Disconnect Device 
Sizes: #6-350 MCM, 2 per phase in bus 

compartment 
410-600 MCM. 2 per phase 

Top entrance 12" additional 
Bottom entrance 18" additional 

Verticat Bua 
Ampere Ratings 

Standard: 
Front Mounted Only 

300 Ampere, Tin Plated Aluminum 
with POL YTET-50 

Back to Back Mounted 
600 Ampere, nn Plated Aluminum 
with POL YTET-50 

Optional; 
Front Mounted Only 

300 Ampere, Copper 
600 Ampere. Copper 

1200 Ampere, Copper 
Back to Back Mounted 

600 Ampent, Co~r 
800 Ampere, Copper 

Bus Bracing 
Standard. 42,000 Amperes symmetrical 
Optional, 100,000 Amperes symmetrical 

Barriers 
Standard 

Isolation Barrier: Glass polyester cover 
sheet with stab CUt·OUts. 

Optional 
Labyrinth Barrier: 
Glass polyester molding for insulation 
and isolation. including a shutter 
mechanism to automatically cover stab 
openings. 

Neutral Bus (Bottom Mounted) 
Standard ....... ½ neutral tin-plated aluminum 

with POL YTET·50 
Optional ....... ½ neutral copper, Full neutral 

aluminum with POL YTET-50 
or copper 

Ratings......... 300 to 2500 amperes 

3.1.1•351 

Ground Bua (Top Mounted) 
Standard ..••...•. ¼" x 1" Tin-plated aluminum 

with POL YTET-50 
Optional... ••... :. ¼" x 1" Copper 
Ratings ............ 300 Ampe,-

Units 
Dimensions: 

Width .••• ·-·-······-··-·--·······-·········· 13%" 
Depth .............. ·-···-·············· ............ r 
Height ..................... ·--··-· 12" to 72" in 6" 

Stab Ratings: 60 Amperes 
1SO Amperes 
300Amperea 
400Ampers 

Interrupting Capacity 
Circuit Breaker Units: 

MCP with combination starter 

lncrernan11 

...................................... 22,000 Amperes 
MCP with Current Limiter and 

combination staner. 200.000 Amperes 
TriPac ........•.................. 200,000 Amperes 

Fusible Switch Units ....... 200,000 Amperes 

Further Information 
PriceList12-125 PWEA 
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1.0 GENERAL DESCRIPTION 

The Westinghouse FIVE STAR Motor Control Center 
consists of one or more totally enclosed. dead front, 
free standing structural assemblies ( 17} 90 inches 
f-t1gh which are compartmentalized to house 1n-
,vidual control units. (2} With control units mounted 

in the front side only, the structure may be 16 or 21 
inches deep. For mounting units back-to-back, the 
structure is 21 inches deep. Steer covers (7) enclose 

• 

• 

• 

@ 
Vertical Wireway Door 

• 16 
Vertical Wireway •' tu 

. I 

• I • : 

--+-+-i.--------1 17 
Structural Members 

--!---

the structure at the top, sides and at the rear of front 
mounted only, structures. 

Each control center contains a main horizontal bus 
system (9) mounted at the top and extending across 
the length of the control center. 

A vertical bus system (8) installed in each vertical 
structure, is connected to the horizontal bus to feed 
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the individual control units. The vertical bus is 
isolated by a full height barrier. (5) An optional 
labyrinth barrier provides both isolation and insula
tion. ( 14) An automatic shutter is included with the 
labyrinth barrier system to cover the stab openings 
for each control unit. 

At the top of each structure, a door provides ready 
access to the top horizontal wireway ( 11) and 
ground bus (10) (if provided). The horizontal 
wireway is isolated from the bus systems by steel 
barriers (12) which can be removed for installation 
and maintenance operations. Adequate space is 
provided for control wiring and top cable entry. 

At the bottom of each structure, a door (18) 
provides ready access to the bottom horizontal 
wireway, (19) and neutral bus (if provided). The 
bottom of each structure is completely open to 
provide unrestricted bottom entry of cable and 
conduit. Channel sills may be installed across the 
bottom of the control center if specified and an 
optional bottom plate may also be specified. 

A vertical wireway 8 inches deep, (16) extending the 
full 90 inch height of the control center is located to 
the right of each vertical compartment. This wireway 
is covered by two hinged doors (15) and contains 
rugged cable supports to secure wire bundles and 
cables. The vertical wireway joins the horizontal 
wireway at top and bottom to provide unobstructed 
space for interwiring. 

Each vertical structure provides space to mount up 
to six control units (2) with a minimum height of 12 
inches. in increments of six inches for a total of 72 
inches of usable space. Control units through 
NEMA Size 5 are drawout type ( except Reduced 
Voltage Starters). These drawout unit assemblies 
are a completely self-contained package consisting 
of a steel enclosure, operating handle and electrical 
components. The drawout assembly slides into its 
compartment on guide rails (13) to provide easy 
withdrawal and reinsertion and to ensure precise 
alignment of the unit stabs with the vertical bus. 
Each drawout unit is held in place by a single quarter 
turn latch (3) which can only be engaged when the 
unit stabs are fully mated with the vertical bus. Each 
unit has a separate door, ( 1) held closed by a 
minimum of two quarter turn, indicating type 
fasteners. 

The operating handle on the control unit (4) moves 
vertically. In the "on" or "tripped" positions, the 
handle interlocks with the unit door to prevent its 
opening. In this position, authorized personnel can 
open the door by turning the defeater mechanism 

screw. (21) With the unit door open and the 
operating handle in the "on" or "tripped" positions. 
another interlock to the divider pan prevents removal 
of the unit. This same interlock prevents insertion of 
the unit unless the handle mechanism is in the "off" 
position. To ensure units are not energized 
accidentally or by unauthorized personnel, the 
handle mechanism can be padlocked in the "off" 
position. Space is provided for a minimum of three 
padlocks. 

The device panel (6) is mounted on the drawout 
unit. It will accommodate up to six pilot devices. The 
overload reset button (20) is mounted on the unit 
door. 

2.0 HANDLING 

Lifting angles for handling by overhead crane are 
bolted to the top of each shipping assembly. 
Handling by overhead crane is preferable but when 
crane facilities are not available, the control center 
can be positioned by using rollers under the 
shipping skid or with a fork lift truck. The shipping 
skids should be left in place until the center is in its 
final location. After removal of the top lifting angles, 
the mounting hardware should be replaced to 
prevent the entrance of dirt, etc. 

2.1 RECEIVING 

After unloading the control center, a thorough 
inspection should be made to detect any damage 
which might have been incurred during shipment. If 
there is evidence that the control center has been 
mishandled or shipped on its back or sides. the 
drawout units should be removed and a complete 
inspection made of the internal structure, vertical 
bus and units for possible hidden damage. Any 
damage should be reported at once to the carrier. 

2.2 STORAGE 

When the control center cannot be placed in service 
reasonably soon after its receipt, it should be stored 
in a clean, dry, ventilated building. The storage area 
should be free from condensation or other injurious 
environmental conditions. Freedom from condensa
tion is essential and may be accomplished by the use 
of auxiliary heaters if necessary. The equipment 
must also be protected from excessive dust. Outdoor 
storage, even when protected by a tarpaulin, is 
inadequate. 
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3.0 INSTALLATION 

CAUTION - If work is involved in connecting the 
"'ntrol center with existing equipment, ensure that 
..:oming power is disconnected before work Is 

begun. Complete the work described in this section 
and Sections 4, 5 and 6 before incoming power is 
applied. 

Before any installation work is begun, consult all 
drawings furnished by Westinghouse as well as all 
applicable contract drawings for the installation. 
Particular attention should be given to the physical 
location of units in the Control Center and their 
relation to existing or planned conduits, busways, 
etc. 

Care should be taken to plan for any future conduit 
entrance in advance of Control Center installation. 

Control Centers are assembled at the factory on 
smooth and level surfaces to assure correct align
ment of all parts. The foundation furnished by the 
purchaser must be true and level, or the bottom 
frames must be shimmed to support the entire base 
in a true plane. An uneven foundation can cause 
misalignment of shipping sections, units and doors. 

existing installation, splicing of horizontal bus, 
ground bus, neutral bus and joining of the adjacent 
vertical structures must be planned with the installa
tion. 

(1) Side sheets must be removed from adjacent 
vertical structures to be joined. (These sheets will 
have been removed from factory assembled sec
tions.) 

(2) The horizontal bus splice plates and connection 
hardware will be packed in the top horizontal 
wireway. These splice plates should preferably be 
attached first to the bus in the structure on the left 
side of the right hand section, whether existing or to 
be installed. Refer to Figure 1. This method 
provides the most convenient access to the bolts, 
and eliminates need for removal of the horizontal bus 
barriers in that structure. Should the existing bus be 
oxidized, sand lightly with a fine aluminum oxide 
paper. CAUTION - do not use emery cloth or any 
abrasive containing metal. 

·•t ·)t'i? i 
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applicable floor plan drawing and then either 
installed level with, or on top of, the finished floor. If 
sills are grouted in concrete, the mounting bolts 
should be screwed in place and remain until the 
concrete has hardened. 

Refer to pages 14 and 15 for floor plan dimensions. 
The shaded area represents the open space available 
for conduit entry through the bottom of each section. 
This area may be restricted it large control or auto
transformers are mounted in the bottom of these 
sections. If optional bottom plates are supplied, the 
plates may be removed and drilled for conduit entry. 

If two or more shipping sections are to be joined into 
an integral assembly or a shipping section is to be 
Joined to an ex.1st1ng section, refer to Sections 3.1 

and 3.2 before proceeding with the installation. If 
joining is not involved, remove the bottom horizontal 
wireway doors to provide access, move the section 
into place and secure it to the floor sills or mounting 
bolts. 

"'·1 JOINING FIVE STAR SECTIONS 

If two or more shipping sections are to be Joined into 
an integral assembly, or a section added to an 
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(3) Remove the upper horizontal wireway door from 
the structure on the right side of the left f.and section 
and remove the two piece wireway barrier to provide 
access to the ends of the bus in that section. If 
master terminal blocks for Type C wiring are ll 
installed in this wireway, refer to Section 5.3. W 
(4) Move the section in place, aligning the upright 
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structural channels and bottom channels. Alignment 
of the section with floor sills and foundation 
provisions will be facilitated by removal of the 
bottom horizontal wireway doors. Using the "U" 
type frame clamps provided, clamp adjacent front 
upright channels together at the top, bottom and 
approximate center of the vertical structure. This 
operation will be facilitated by removal of the vertical 
wireway doors from the left hand structure and one 
or more drawout units from the right hand structure. 
See Sections 7.1 and 7.2. 

(5) If rear access is available, "U" clamps should 
also be used to clamp the rear upright channels 
together. In front only structures, this will require 
removal of the adjacent back sheets. In a back to 
back mounted structure, remove the vertical wireway 
doors and one or more drawout units as above. 

(6) Secure the sections to the floor sills or mounting 
bolts as provided for the installation. 

(7) Bolt the horizontal bus links to the bus in the left 
hand structure, torquing all bus splice bolts to 23 
foot Lbs. See Figure 2. 

(8) Replace all bus barriers and doors. 

3.2 JOINING FIVE STAR TO OTHER 
EQUIPMENT 

Joining a Five Star Control Center to other equip
ment such as Type W and 11 -300 Control Centers 
will usually involve a transition section. installed 
between the two varieties of equipment. This 
transition section will be detailed on drawings 
provided by Westinghouse and the applicable 
contract drawings. If provided separately, it should 

be installed first. The overall installation task should 
be reviewed to determine whether the transition 
section should be attached to the existing equipment 
or to the Five Star section, before it is moved into 
place, and to select the sequence which will provide 
best access to bus splicing and joining of the 
structures. 

4.0 INCOMING LINE CONNECTIONS 

CAUTION: All incoming line compartments present 
an obvious hazard when the door is opened or 
covers are removed with power on. When working in 
this area, the incoming feeder should be de
energized. 

Main cables normally terminate at the line side of the 
main motor Control Center disconnect or at an 
incoming line lug compartment. The design of the 
Five Star Motor Control Center provides a wide 
variety of choices in the selection of incoming line 
arrangements. Typical incoming line arrangements 
are shown in Figure 3. Before beginning work on 
incoming line connections, refer to all drawings 
furnished by Westinghouse as well as all applicable 
contract drawings for the particular installation. 
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Figure 3 (76-0156) 

Depending on the location, size and type of tne 
incoming arrangement, removal of one or more 
horizontal and vertical wireway doors, horizontal bus 
barriers, side sheets and units will provide complete 
access. 

For top entry, the top cover plates are easily removed 
to facilitate drilling or punching operations. 

Provisions should be made to locate cables in the motor 
control centers so that they will be free from physical 
damage and also to avoid overheating. The cables 
should be supported in order to withstand available short 
circuit currents. 
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5.0 MOTOR & CONTROL CONNECTIONS 
All field wiring to control units should be made in 
accordance with the wiring drawings which are 

Jrnished with the control center. Load and control 
wiring can be brought in through the upper and/or 
lower horizontal wireways. Determine the type of 
wiring installed in the control center ( NEMA Type A, 
B or C) and proceed per the appropriate section 
below. 

5.1 NEMA TYPE A WIRING 
( terminal blocks not provided) 

Each control unit is factory assembled with devices 
interwired within the unit. Terminal blocks are not 
provided. All field wiring must be brought into the 
unit for connection. All field wiring should be 
brought from a horizontal wireway into the vertical 
wireway on the right hand side of the applicable 
control unit. From the vertical wireway, the wires 
should be carried under the bottom right hand side 
of the unit and terminations made within the unit. 

5.3 NEMA TYPE C WIRING (unit and 
master terminal blocks provided) 

Each control unit is factory assembled with devices 
interwired within the unit. In addition, all control wir
ing is carried to unit terminal blocks on the side of 
the unit and from these unit blocks and load wiring 
through Size 2 to master terminal blocks located at 
the top or bottom of the structure. See Figure 4. 
Master terminal blocks can be either fixed or draw
out mounted with drawout provided as standard. 
In the drawout design the terminal blocks are rack 
mounted to permit withdrawal of the entire assem
bly for ease of wiring during installation and main
tenance. Field wiring should be brought from the 
horizontal wireway and terminated at the master 
terminal blocks except for load wiring above Size 2. 
These load wires should be carried into the vertical 
wireway and under the bottom right hand side of the 
unit and terminations made within the unit. 

5.4 
After completion of field wiring, utilize the cable 
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5.2 NEMA TYPE B WIRING supports in the vertical wireways to secure wire , 
bundles and cables. t ( unit terminal blocks provided) f 
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the right hand side of the unit. Field wiring of control and overload relay heaters must be installed by the 
_ wires should be brought from a horizontal wireway purchaser after installation of the Control Center. 

into the vertical wireway on the right hand side of This adjustment and installation at the job site, when 
the applicable control unit and terminated at the unit actual motor full load currents are known, assures 
terminal blocks. Load wiring should be carried from maximum protection for equipment and safety for 
the vertical wireway, under the bottom right hand personnel. 
side of the unit and terminations made within the unit. 
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WARNING: The opening of a branch circuit protective 
device may be an indication that a fault current has been 
interrupted. To provide continued protection against fire 
or shock hazard, current carrying parts and other com
ponents of the combination controller should be exam
ined and replaced if damaged. 

Following sections provide complete instructions for 
adjustment of MCP's and installation of heaters. In 
addition, ready reference to overload heater applica
tion is provided by a table attached to the inside of 
the upper vertical wireway door. See Figure 5. 

In fusible units, factory installed fuse clips are sized 
in accordance with order specifications. Fuse 
selection and verification of fuse clip ratings should 
be made on the basis of the characteristics of 
installed motors, order specifications and national 
and local codes. 

5.6 MOTOR CIRCUIT 
PROTECTION (MCP) 

AFTER INSTALLATION OF THE CONTROL 
CENTER, EACH MCP MUST BE ADJUSTED TO 
ACTUAL MOTOR FULL LOAD AMPS (FLA) SO 
THAT IT WILL TRIP AT ANY CURRENT WHICH 
EXCEEDS STARTING INRUSH. This provides low 
level fault protection. The first half-cycle inrush will 
vary with the motor characteristics. Motors with 
locked rotor currents of six times motor full load 
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amperes will usually require an instantaneous 
magnetic setting of 7 to 11 times motor full load 
amperes to prevent tripping when starting. 

A screwdriver adjustment is near the lower left -
corner around which are seven circled adjustment 
points calibrated in trip amperes. See Figure 6. A 
pin is provided loose for insertion at the point of 
correct adjustment. Adjustment should never 
exceed 13 times FLA which is in accordance with 
N.E.C. requirements for magnetic only breakers. 

Adjustment should be made as follows: 

1. Obtain FLA from motor nameplate. 

2. Multiply FLA by 13. 

3. Find the nearest trip setting to the calculated 
figure in Item 2. This is the maximum pin 
location. 

4. Depress and turn the screwdriver adjustment 
counterclockwise until the breaker trips in 
starting and then adjust upward one setting 
position. This will insure that the circuit will open 
instantly on any current above the motor inrush 
- usually 7 -11 times FLA. 

5. Push the pin through the Decal at the location in 
Item 4. This should always be at no higher point 
than the maximum location per Item 3. This acts 
as a stop for adjustment nearest the tripping point 
to provide maximum overcurrent protection and 
to prevent unauthorized increase from this 
adjustment without change in motor 
characteristics. 

5.7 CURRENT LIMITERS FOR USE WITH 
MCP and FB BREAKERS 

The addition of the current limiter provides interrup
ting capacity above the range handled by the MCP in 
motor starters or by FB Thermal Magnetic feeder 
breakers. 

Each MCP or FB breaker rating up to 150 amps has 
its own current limiter to provide co-ordinated pro
tection against faults up to 200,000A RMS. 

Built-in trip indicators in each phase immediately 
show when a fault has blown the current limiter and 
tripped the circuit breaker. This provides protection 
against single phasing. After interrupting a fault, the 
current limiter will require replacement. After the 
fault has been cleared, the current limiter is replaced 
by the removal of three screws. The breaker can then 
be reset to provide for subsequent high current 
protection. 

-
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5.8 OVERLOAD HEATER APPLICATION 

HEATERS MUST BE INSTALLED IN THE STARTER 
()VERLOAD RELAY ASSEMBLIES BEFORE THE 

ARTER IS ENERGIZED. 

Heaters should be selected on the basis of the actual 
full load currerit and service factor as shown on the 
motor nameplate or in the manufacturer's published 
literature. 

FOR NON-AMBIENT COMPENSATED RELAYS 
(RED RESET ROD) When the motor and overload 
relay are in the same ambient and the service factor 
of the motor is 1.15 to 1.25, select heaters from the 
heater application table on page 13, right hand 
column. If the service factor of the motor is 1.0, or 
there is no service factor shown, or a maximum of 
115% protection is desired, select one size smaller 
heater than indicated. 

FOR TEMPERATURE COMPENSATED OVERLOAD 
RELAYS, {BLACK RESET ROD) select the heaters 
according to the left hand column on page 13 and 
selection information above regardless of ambient. 

~"' r-

Figure 7 { 76-0968) 

Figure 7 shows a Type A overload relay with one of 
the heaters being installed. Heaters must be installed 
with the diagonal cut corners matching the relay 
contact area and securing screws must be drawn 
down tight. Do not rely on the code marking on the 
heater to indicate current rating. 

WARNING: To provide continued protection against 
fire and shock hazard, the complete overload relay 
...,ust be replaced if burnout of the current element 
.:curs 

WARNING: Do not ever remove heaters from Size 5 
and larger starters to check unit operation. These 
starters use current transformers to drop the current 

to the size one overload relay and operation with 
heaters removed will not interrupt voltage to the 
motor and will generate dangerous voltages in the 
open secondary of the current transformer. 

6.0 INSPECTION BEFORE ENERGIZING 

Before energizing the Control Center, conduct a 
thorough inspection to make certain that all foreign 
materials such as tools, scraps of wire and other 
debris are removed from all units and the structure. 
Any accumulation of dust and dirt should be 
removed with a vacuum cleaner if available, 
otherwise this material can be blown out with an air 
hose or manually cleaned. 

All circuit connections are tightened at time of as
sembly by power driven tools with controlled torque. 
However, the vibrations experienced in transit may 
loosen some of these connections. It is recom
mended that at least 10% of the total connections 
be checked for a tight connection. (See page 9 for 
Torque Values.) Should this spot check reveal some 
loose connections, it will be necessary to check all 
connection points. The connections include bus 
hardware, circuit breaker and switch terminals, 

~ ~co, 1 tactorand 
A necessary check in any event should include the 
incoming line connections. 

All relays should be inspected to ensure that any 
blocking for shipment is removed and that the 
armature moves freely. Power circuit fuses and 
overload relay heaters are normally furnished by the 
purchaser and must be installed in the field. Each 
fuse and heater should be checked for correct rating 
in accordance with National Electric Code applica
tion requirements. 

Finally, al! mechanical latches, operating 
mechanisms and door assemblies should be check
ed for proper alignment and operation. Mishandling 
in transit can cause misalignment. The disconnect 
operating mechanism should operate without 
mechanical interference in both the "ON" and 
··oFF"' positions. When the mechanism 1s in the 
"ON" position, the door should not open. 

Refer to Sections 7.3 and 7.4 for adjustments of the 
door interlock and operating mechanism . 

If the Control Center contains a labyrinth vertical bus 
barrier system. operation of the automatic shutters 
should be verified. See Section 7.5 for adjustments 
of this mechanism. 
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7.0 MAINTENANCE 

This control equipment is designed to be instaP,ed, 
operated, and maintained by adequately trained 
workmen. These instructions do not cover all 
details, variations, or combinations of the equip
ment. its storage, delivery, installation, check-out, 
safe operation. or maintenance. Care must be 
exercised to comply with local, state, and national 
regulations, as well as safety practices, for this class 
of equipment. 

When servicing and adjusting the electrical equip
ment, refer to the applicable drawings covering the 
specific Control Center and any other related 
interconnection drawings. Follow any instructions 
which may be given for each device. A list of 
instruction leaflets covering standard components is 
shown on page 12 of this manual. Any of these 
leaflets may be obtained by contacting your nearest 
Westinghouse Representative. 

In addition, the following items should be noted 
when servicing equipment. 

1. WARNING: Line side of disconnect is energized. 
Do not work on drawout units unless in the 
lockout position or removed from the structure. 
Do not work on fixed units until the main 
disconnect is in the "OFF" position. 

2. The equipment should be kept clean at all times. 
Any accumulation of dust and dirt should be 
removed by an industrial vacuum cleaner if 
available, or by manual cleaning. 

3. Periodic inspection should be made of all devices 
to insure that the apparatus is functioning in 
proper order. 

4. Badly worn or pitted contacts should be replaced 
as soon as possible for safety reasons and as a 
part of preventive maintenance. 

5. Lubrication should not be applied to any part of any 
electrical device, especially the contact point of unit 
stabs and vertical bus. 

6. It is not recommended that emery paper, sand
paper, or a file be used to clean or dress up any 
portion of the electrical equipment. For 
copper bus applications requiring a sanding opera
tion use Aluminum Oxide Paper. This will not leave 
sand or metal particles on contact surface areas. Do 
not sand aluminum bus under any circumstances. 

7. The silver cadmium contact points of linestarters 
must not be sanded. In the event of wear, replace 

all contacts as a group to avoid misalignment 
problems. 

8. Keep connections tight per the following table of 
Torque Values. Special attention should be given 
to the overload relay thermal element ( heater) 
connections to assure proper functioning. 

CONNECTION 

Bus (Horizontal & Vertical) 
Bus Insulator 

TORQUE VALUES 

23 Foot Lbs. 
20 Inch Lbs. 
60 Inch Lbs. MCP Bkr. or DS Switch 

A-200 Starter (Contactor 
& Overload Relay) 

Type GCA Starter/ 
Contactor 

Overload Relay 
Terminal Blocks (Control) 
Fuse Block Terminals 

Size 1 25 Inch Lbs. 
Size 2 60 Inch Lbs. 
Size 3 & 4 90 Inch Lbs. 
Size 5 25 Foot Lbs. 

25 Inch Lbs. 
18 Inch Lbs. 

100 Inch Lbs. 

r ...... _ •. 4\; 
-·• ' ._t""'""'""·'F""'""""'"'""'"·-••--.,""'·'-" .-• !1!11,~-. :, ! 
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-~ 
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Figure 8 (76-0812) 

9. Authorized personnel may open the door while 
the starter unit is energized. This is ac
complished by defeating the mechanical in
terlock between the operating mechanism and 
the unit door. A clockwise quarter turn of the 
slotted head screw located above operating 
handle will allow the door to open. See Figure 8. 

10. To positively lock the operating mechanism in 
the "OFF" position and to prevent the door 
op~ning, a metal locking bar recessed in the 
handle may be extended and padlocked with 
from one to three padlocks. See Figure 9. 

11. With the door open and the disconnect device 
"OFF"' it is mechanically interlocked to prevent 
inadvertently being pushed "ON". To defeat 
this interlock, the bar on the top of the 
mechanism should be pushed in slightly, 
allowing the handle to move upward to 

3.1.1-360 
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the "ON" position. Padlocking to prevent this 
handle movement may be accomplished by the 
same method as described above. 

7.1 DOOR REMOVAL ANO 
RE-INSTALLATION 

(76-0811) 

All doors on the Control Center are mounted on pin 
~• .. ges to facilitate removar for· TnstarFafion ana · 

,ntenance operations. With the operating handle 
in the "OFF" position. turn the quarter turn 
indicating latches, open the door. remove the hinge 
pins as shown in Figure 10, partially close the door 
and lift it from the structure. Reverse this procedure 
tor installation. 

~~·•· • W\r 
Figure 10 - 176-0608) 

Figure 11 

7.2 UNIT REMOVAL AND 
RE-INSTALLATION 

I 76-0813) 

After opening and/ or removing the unit door, the 
control unit is exposed. With a screwdriver, push in 
on the latch at the top center of the unit and rotate 
1/4 turn counterclockwise. CAUTION - wiring 
from the unit to other units, to master terminal blocks 
or to load devices must be disconnected before the 
unit is removed. Grasp the unit as shown in Figure 
1Land p11ll it m1twauL Ihe- first-inctl of-travel ~U!!s
the stabs free from the vertical bus. 

To replace a control unit, position the mounting 
points on the wrapper with the mating guide rails. 
Slide the unit inward until all four mounting points 
are engaged, then move it inward with a quick push. 
This movement easily overcomes the compression of 
the stabs as they engage the vertical bus. With the 
unit in its correct position, the 1/4 turn latch is easily 
engaged by pushing inward and rotating 1/4 turn 
clockwise. 

Figure 12 
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For maintenance and test purposes, the unit can be 
partially withdrawn (approximately 1 ½ inches) until 
the stabs are free of the bus. In this position. the 1 / 4 
turn latch can be rotated clockwise to engage the 
detent position slot, this will secure the unit to 
ensure the stabs remain disengaged during 
maintenance. See Figure 12. The latch can be 
padlocked in this position. 

7.3 UNIT DOOR INTERLOCK 
ADJUSTMENT 

Each unit door has an interlock with the operating 
mechanism to prevent inadvertent opening of the 
door with the operating handle in the "ON" position. 
When the door is closed and the operating handle is 
in the "OFF" position, the door interlock depresses 
the vertical bar in the operating mechanism, permit
ting the operating handle to move freely into the 
"ON" position. In the event the unit door can be 
opened with the handle in the "ON" position, or the 
handle does not move freely into the "ON" position 
with the door closed, the door interlock should be 
adjusted as shown in Figure 13. 

., ... . 
1\ 'i 
• t41 p? 

,.,.. ··i 
_ _.,,.. .,,. 

. ~~---' 
, .• "";~'<'', r , _, 
. ,., ... ,,-., 

\ - ~~ :.,...-., ' . 
j ' -~ ,,, ::''½ • 

,, .-.'•-~-··"•·----------iJ ' . 1 ' ; --

• dirw rfr1tsttttftdti&t:.,,.itfiMfia~ 
Figure 13 t-16-0610; 

7.4 OPERATING HANDLE LINKAGE 
ADJUSTMENT 

Movement of the operating handle in the vertical 
plane should not be restricted by the handle cavity at 
either the top or bottom of its travel. Should 
restriction occur. it can be eliminated by adjusting 
the length of the operating linkage as shown in 
Figure 14. Depending on the type ot primary 
disconnect device contained in the control unit, it 
may be necessary to lengthen or shorten the linkage. 

7.5 AUTOMATIC SHUTTER TRAVEL 
ADJUSTMENT 

When the optional labyrinth vertical bus barrier is 
installed in the control center, a shutter is provided 
to automatically cover the stab openings when a 
control unit is withdrawn. The shutter is opened by 
engagement of the left hand side of the control unit 
with the shutter arm linkage attached to the left 
hand vertical structural members. When the unit is 
withdrawn free of the linkage, a spring automatically 
moves the shutter to its closed position. See Figure 
15, and Figure 1. 

With the control unit removed, the shutter should 
completely cover the stab openings. If it does not 
cover the openings, use an adjustable wrench to 
bend the link arm to the right until the shutter covers 
the stab openings . 

If, on re-insertion of the control unit, interference is 
felt between the stab assembly at the rear of the unit 
and the shutter, the engagement of the control unit 

·,- - ----------·---

1 ~ 
Figure 15 :0B-7B) 
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with the shutter arm linkage is insufficient to fully 
open the shutter. Use an adjustable wrench to bend 
the linkage arm inward toward the unit to increase its 
engagement with the unit. An inward bend of 

Jroximately 1 / 4 inch will provide sufficient 
additional shutter travel. 

7.6 INSTALLING ADDITIONAL 
PILOT DEVICES 

The device panel can accommodate up to six pilot 
devices such as oil tight pushbuttons, indicating 
lights, selector switches and miniature meters. If 
unused space is available and the addition of other 
devices is desired, observe the following procedure. 

After opening the unit door, loosen the two screws at 
the top of the device panel. Sliding the panel 1/2 
inch left will permit it to swing down tor access. See 
Figure 16. With the peen end of a ball peen hammer 
or with a drift or chisel, remove the desired knockout. 

CAUTION - Brace the panel solidly to avoid 
breaking the hinge points. A knife or small file can be 
used to remove remaining plastic burrs. Install and 
wire the new device and re-attach the top of the 
device panel to the unit. 

2. Position the new unit door over the open space to 
ensure the hinges and latches are aligned. If the 
spaces differ, the hinges and latches on the 
structure must be re-located to match the door 
hinges and latches. Mount the door, using the 
hinge pins provided. 

3. Install the new divider pan in the notches provided 
in the rear barrier so that it is aligned with the 
bottom of the new door. Attach the pan to the 
vertical structure channels with one thread 
forming screw on each side. 

4. Remove from the vertical bus barrier the flat plate 
which covers the stab holes that will align with the 
stabs on the new unit. If an optional labyrinth 
vertical bus barrier is installed, an automatic 
shutter must be installed over the stab cutouts. 
Follow the instruction sheet provided with the 
shutter kit. 

RELATED INSTRUCTION LEAFLETS 
and reference material for devices commonly used in 
Five Star Control Centers. 

DEVICE INSTRUCTION BOOKLET 

., 
t 
• 

I 
i 

l 
' ' 

.... , .. ,,,.,--~ • OR OTHER REFERENCE 

~~---~-1,.'f"'l!l'!!'--~~_:;,~,.=_._ __ ~~-_-~-~~,;~_l~ .. _=r:._::;,~-{.£;;·· ~~C;-1~~"°~~~~1[711\l:11=~~::i\~All=zn-~rF~=J:~~RSie~ve~r~s~in~g~-~-~--~--~-=-=-~--=-~---:'--=--::_-~--==IILL:::11:33::6637::38~~--"...a~.~~ 
_" ___ ,, _ Size 2 Non-Reversing 
-.- t,.1.-.., Size 3 & 4 Non-Reversing IL 13240 

"- Size 1 Reversing IL 13194 

.,_' 
)1 

.. , 
' i 
' 

Figure 16 I 76-0890) 

8.0 INSTALLING A NEW UNIT 

It is recommended that a new unit be installed in a 
space at the top of a vertical compartment or directly 
below an existing unit Material provided with the 
new unit by the factory includes; a divider pan with 
,-•-3gral guide rails, a unit door. hinges. catches and 

~ 1 jware. Observe the following sequence of 
W operations for installation. 

1. Remove the existing blank door. 

12 

Size 2 Reversing IL 13197 
Size 1 & 2 Reversing IL 13243 

CONT ACTORS 

Size 1 Non-Reversing 
Size 2 Non -Reversing 
Size 3 & 4 Non-Reversing 
Size 1 & 2 Reversing 
Size 3 & 4 Reversing 
GCA Size 5 
GCA Size 6 

OVERLOAD RELAYS 

Size 1 and 2 
Size 3 and 4 
GCA Size 5 
GCA Size 6 
Modular Overload 

OS SWITCHES 

30A through 100A 
200A 

ELECTRICAL INTERLOCKS 
TYPE L56, Sizes 1-4 

MECHANICAL INTERLOCKS 

Sizes 1. 2, 3 and 4 
GCA Size 5 and 6 

CIRCUIT BREAKERS 

CONTROL RELAYS 

3.1.1-363 

IL 13144 
IL 13158 
IL 13238 
IL 13187 
IL 13241 

IL 15825-14 
IL 15825-15 

IL 14568 
IL 14570 

IL 15827-20 
IL 15827-21 

IL 14973 

IL 14441 
IL 13701 

IL 13134 

IL 14597 
cs 16-121 

AD 29-160 

cs 16-300 

.l 
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HEATER TABLES - BLOCK TYPE 
OVERLOAD USING 3 HEATERS 

These Heater Application Tables 1nd1cate the range of full load 
motor current to which a given heater may be applied. The tables 
represenl a 100% setting of the adIustment knob on the bottom of 
the relay. Turning the knob towards the 85% setting will result in 
the relay tripping in shorter time. Turning the knob towards the 
115% setting will result in the relay tripping at a longer time. 

Heaters should be selected on the basis of 40° C nse open motors 
with the actual full load current and service factor as shown on the 
motor nameplate or in the manufacturer's publis:ned literature. 

For non-ambient compensated relays, ( red reset rod) when the 
motor and overload relay are in the same ambient and the service 
factor of the motor is 1.15 to 1.25, select heaters from the right 

FOR STARTER SIZE 1 
Heater 

Compensated Ambient Non Compensated Code 
(Black reset rod) (Red reset rod) Marking 

.51 - .55 .48- .51 FH10 

.56- .62 .52- .57 FH11 

.63- .68 .58- .63 FH12 

.69- .75 .64- .70 FH13 

.76- .83 .71 - .77 FH14 

.84- .91 .78- .85 FH15 

.92- 1.00 .86- .93 FH16 
1.01 - 1.11 .94- 1.03 FH17 
1.12 - 1.22 1.04- 1.13 FH18 
1.23 - 1.34 1.14 - 1.25 FH19 
1.35 - 1.47 1.26 - 1.37 FH20 
1.48 - 1.62 1.38 - 1.51 FH21 
1.63- 1.78 1.52 - 1.65 FH22 
1.79- 1.95 1.66- 1.81 FH23 
1.96- 2.15 1.82- 1.99 FH24 

FOR STARTER SIZES 1 & 2 

2.16 - 2.35 200 - 2.19 FH25 
2.36 - 2.58 2.20 - 2.39 FH26 
2.59 - 2.83 2.40 - 2.63 FH27 
2.84 - 3.11 2.64- 2.89 FH28 
3.12- 3.42 2.90- 3.17 FH29 
3.43- 3.73 3.18- 3.47 FH30 
3.74- 4.07 3.48 - 3.79 FH31 
4.08- 4.39 3.80- 4.11 FH32 
4.40- 4.87 4.12- 4.55 FH33 
4.88- 5.3 4.56- 5.0 FH34 
5.4 - 5.9 5.1 - 5.5 FH35 
6.0 - 6.4 5.6 - 5.9 FH36 
6.5 - 7.1 6.0 - 6.6 FH37 
7.2 - 7.8 6.7 - 7.2 FH38 
7.9 - 8.5 7.3 - 7.9 FH39 
8.6 - 9.4 8.0 - 8.7 FH40 
9.5 - 10.3 8.8 - 9.5 FH41 

10.4 - 11.3 9.6 -105 FH42 
11.4 - 12.4 10.6 - 11.5 FH43 
12.5 - 13.5 11.6 - 12.6 FH44 
13.6 - 14.9 12.7 - 13.8 FH45 
15.0 - 163 13.9 - 15.1 FH46 
164 - 18:0 15.2 - 16.7 FH47 
18.1 - 19.1 16.8 -- 18.3 FH48 
19.9 - 21.7 18.4 - 20.2 FH49 
21.8 - 239 20.3 -- 22.2 FH50 
24.0 - 26.2 22.3 - 24.3 FH51 
26.3 - 28.7 24 4 - 26.6 FH52 

FOR STARTER SIZE 2 

28.8 - 31.4 26.7 - 29.1 FH53 
31.5 - 34.5 29.2 - 32.0 FH54 
346 - 37 9 32 1 - 35.2 FH55 
38.0 - 41 5 35.3 - 38.5 FH56 
41.6 - 45.0 38.6 - 42.3 FH57 

3.1.1-364 

hand column of the He.lier Application Table. II the service factor 
of the motor is 1.0, or there is no service factor shown. or a 
maximum of 115% protection is desired, select one size smaller 
heater than indicated. 

When motor and overload relay are in dif'ierent ambients and 
when using non-compensated overload relays. 3elect heaters 
from the table using adjusted motor currents as follows: decrease 
rated motor current 1 % for each ° C motor ambient exceeds 
controller ambient. Increase rated motor current 1 % for each ° C 
controller ambient exceeds motor ambient. 

For temperature compensated overload relays, ( black reset rod) 
select heaters according to the left hand column of the tabie. and 
selection information above regardless of ambient. 

WARNING: To provide continued protection against fire and 
shock hazard, the complete overload relay must be replaced 11 
burnout of the current element occurs. 

FOR ST ARTER SIZES 3 & 4 
Heater 

Compensated Ambient Non Compensated Code 
(Black reset rod) (Red reset rod) Marking 

19.0- 20.8 17.5 - 19.1 FH72 
20.9 - 22.9 19.2 - 21.1 FH73 
23.0 - 25.2 21.2 - 23.2 FH74 
25.3 - 27.8 23.3 - 25.6 FH75 
27.9- 30.6 25.7 - 28.1 FH76 
30.7 - 33.5 28.2 - 30.8 FH77 
33.6 - 37 5 30.9- 34.5 FH78 
37.6- 41.5 34.6 - 38.2 FH79 
41.6 - 46.3 38.3- 42.6 FH80 
46.4 - 50 42.7 - 46 FH81 
51 - 55 47 - 51 FH82 
56 - 61 52 - 56 FH83 
62 - 66 57 - 61 FH84 
67 - 73 62 - 67 FH85 
74 - 79 68 - 73 FH86 
80 - 87 74 - 80 FH87 
88 - 90 81 - 87 FH88 

FOR STARTER SIZE 4 

88 - 95 FH88 
96 - 105 88 - 95 FH89 

106 - 116 96 - 105 FH90 
117 - 128 106 - 116 FH91 

FOR STARTER SIZE GCA 5 
(300/5 CT ratio) 

118 - 129 110 - 119 FH24 
130 - 141 120 - 131 FH25 
142 - 155 132 - 143 FH26 
156 - 170 144 - 158 FH27 
171 - 187 159 - 173 FH28 
188 - 205 174 - 190 FH29 
206 - 224 191 - 208 FH30 
225 - 244 209 - 227 FH31 
245 - 263 228 - 247 FH32 
264 - 270 248 - 270 FH33 

FOR STARTER SIZE GCA 6 
(600/5 CT ratio) 

236 - 259 219 - 239 FH24 
260 - 283 240 - 263 FH25 
284 - 310 264 - 287 FH26 
311 - 340 288 - 316 FH27 
341 - 374 317 - 347 FH28 
375 - 411 348 - 381 FH29 
412 - 448 382 - 417 FH30 
449 - 489 418 - 455 FH31 
490 - 527 456 - 494 FH32 
528 - 540 495 - 540 FH33 

-
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JOI' C!INOUII 

20 Inches Wide, 16 Inches Deep 
Front Mounted Only (4710A30) 

CROSS SECTION 

TOP VIEW 

VERTICAL 
WIREWAY 
DOOR 

RfMOVABLE BOTTOM 
FRAME MEMBERS 
SEE NOIE 4 

BOTTOM VIEW 

BOITOM CONOUII SPAC[ 
SlE NOi£ Z & J 

1. Minimum length of ancnor bolt 2 inches (.36-16 recommended.) 
2. Recommended maximum conduit height above floor line 3.50 inches. 
3. Maximum conduit space with channel sills 17.5 x 9.73 inches. 
4. For multiple structure assemblies either one or both of these members are 

removed to provide maximum un-restricted conduit space at bottom 
5. This conduit space not recommended when neutral bus required. Otherwise 

available 
See stde View A, far right for vertical dimensions. 

fOPCONDUlf 
SPM:lc 

24 Inches Wide, 16 Inches Deep 
Front Mounted Only (4710A33) 

REMOVABLE COVER 

TOP VIEW 

220_jl ____ .__,' I 

12s I i-- 21sa ____j ~ 12s r- 2400 --1 

VERTICAL 
WIREWAY 
DOOR 

sonOM 

CROSS SECTION 

--------II WIRETIE 
j.;- i;:=-r,-r,s,a / BRACKETS 

~----- ,11 1' 'J 
: I : , - , ]I 

I, 

___..j -
881 

l.. ,._VfRIICAl 
WIREWAY 

l 25 21 o0 -, ,.. I 25 
CONOUI l sP.-cE 
SE[ MJTl 2 ~ J 

_. __ __ RfMOVABl[ BOTTOM 

-~• fRAMf MEMBlRS 

5.41 
/ 1 I 

1 
:,H NOTE 4 

, ~I, 13 97 BOTTOM VIEW 

G.
8

l ~ ~--- :::,:_:;:_~-:-"~ -~ SEE NOTE 5 

1s8 T/ -1-------c._ 10 

4J7 OIA !41 -~/ 20 00 --j ;... 2 00 
SU NOif I 

Mintrnum length of ,rnchor boll 2 1nr;he-; ( 36- 113 recommencjed ) 
Recommended maxir-ium com.lu1I he1q/ll above floor l1nto 3 50 1ncres 

Maximum condLif spc.1ce with channel sills 21 5 x 9 7J 1nch~s 
4.. For multiple structure assembl1e~ e11her one or both of these mernhers are 

removed to p,:ovrde ma)(imum un •resrncted conduit spdce .ii bottom 
5.. This cornju1I space riot recnmrnendPd when neutral bus required oi:11•rw1se 

available 
See ".l,1de View A, l.1r nqhl lor vurllcal dimensions 

20 Inches Wide, 21 Inches Deep 
Front Mounted Only ( 471 0A31) 

TOP CONOUII 
SPACE 

SEE NOTE 5 

5.41 

5.78 

5.41 

CROSS SECTION 

i.s8T /-, I 
437 DIA (21 ~ 10.00 

SEE NOlE I 

SH NOIE 6 

TOP VIEW 

VERTICAL 
WIREWAV 
DOOR 

REMOVABLE BOHOM 
FRAME MEMBERS 
SEE NOTE 4 

BOTTOM VIEW 
BOTIOM CONDUII SPACE 
SEE NOIE 2 & J 

1. Minimum length of anchor bolt 2 inches (.36·16 recommended.) 

VERTICAL 
WIREWAY 

2. Recommended maximum conduit hetght above floor line 3.50 inches 
3. Maximum conduit space with channel sills 17.5 x 14_ 11 inches. 
4. For muUiple structure assemblies either one or both ot these members are 

removed lo provrde maximum un-restncted conduit space at bottom. 
5. This conduit space not recommended when neutral bus required. Otherwise 

available. 
6. Top rear conduit space not recommended for conduit entry 1n FMO 

structure. 
See side View A, far nght for vertical dimensions. 

SH 
NOTE 6 

5.41 

IJI DIA !4) __ 
Stl NOi[ I 

24 Inches Wide, 21 Inches Deep 
Front Mounted Only ( 4710A34) 

CROSS SECTION 

TOP VIEW 

VERTICAL 
WIREWAY 
DOOR 

BOTTOM VIEW 

1. Minimum length ol anchor boll 2 inches { 36-16 recommended ) 
2. Recommended maximum conduit height above f!oor line 3 ~0 iriche5 
3. Maximum condu11 spJce with ch;innel 51t!s 21 5 x 111 11 inches 

4. For m11lup1e structure assemblies either one or both of •ht~se rw;moers r1re 
removed lo prov,de maximum un-res\r1cted conduit space al bottom 

5. This conduit space not recommended when neutral bus requ 1red Otherwise 
available 

6. Top re.tr conduit sp.::ice 110! recommended for conduit entry 1ri FMO 
s\ructme 

See s1L1e V1tJW A, far right for ver!1cJ.I cJ1mens1ons 
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20 Inches Wide, 21 Inches Deep 
Front and Rear Mounted (4710A32) 

2.20""]_ ,,;>,,-:·_-00 ____ /- REMOYABI.ECOVEl! 

3.22 

JOI' CIINOUII • , 
,;,ACE 

S£f 
NOIE 5 

CROSS SECTION 

TOP VIEW 

- REMOVABLE BOITOM 
fRAME MEMBERS 
SEE NOIE 4 

7.31 

FRON! 
VERTICAi. 
WIREWAY 

BOTTOM 
,111---l'-""-CONOUII SPACE 

BOTTOM VIEW 

SEE NO!£ 1 & l 

1. Minwnum length ol anchor boll 2 inches (.36-18 recommended.) 
2. Recommended maximum conduit height above floor line 3.50 inches. 
3.. Maxrmum conduit space with channel sills 17.5 • 14.11 inches. 
4. For multiple structure assembheo; either one or both of these members are 

rem0Y8d to provide maximum un-restrrcted condull space at bottom 
S. This conduit space not recommended when neutral bus requtred. Otherwise 

avadabJe. 
See sHie Vte'W B. far rtght for verticaf dimensions. 

10 Inches Wide, 16 or 21 Inches Deep 
Transition Structures ( 4710A35/ 6) 

1. M,n,mum length of anchor bolt 2 mcnes ( 36- 16 recommended.) 
2. Recommended maximum condu11 ne1gt1t above floor lln,P. J 50 inches. 
1 Maiomum conduit space with chanr1ef sills 1' 5 ,c 14.11 mches in 21" deep 

struct1u·e, 7 5 x. 9 73 •nches 1r, 16" ,.,t~C'P ,;truc~ure 
4. i:- or mlJll1ple structure .1ssemb!1es ••1th,·,, vne Qr bolh of rnese members are 

ri:-rno11ed to pro\11oe rnax,m·Jrr, un-re<.,tr1Ctl'<J conduit sµ,tce at bottom 
5. Th1s conduit space nol recommended when neutral bus required Otherwise 

available. 
I. Top rear conduit space not recommended for conduit enlry in 21" deep 

FMO structure Space not available ,n 16" deep structure 

3.1.1-366 

SIDE VIEWS r 12.12 ~ HORIZONTAL BUS LOCAIION 

t- 10.50 +,-- VERTICAL BUS LOCAIION. 

SE£ NOTE 7 

SEE NOTE 7 

SEE NOTE 9Ah 

112 

462 

452 

FLA I REAR COVER 
'-... SUPPLIED ON FRON! 
'--- MOUNIED ONLY 

SIRUCIURE 

MINIMUM RATED VERIICAL 
BUS SUPPLIED ~ SIANOARO 
IN FRONT MOUNTED ONLY 
STRUCTURE 

FLOOR LINE : [ 

/J//11)////J/J/ r ~~-~ 14_1 l--i i.... 300 ~~~~L~EiiH~~~YE~~~~S SPECIFIED 
1.00 20.11 ___j 

or 15.73 
10.50--I-- LOCATION Of NEUTRAL BUS 

WHEN SPECIFIED 

SIDE VIEW A 

Common Notes 

7. Master terminal block assembly furnished for Type C wiring only. When 
location not ~pec,lied. MTB supplied at the bottom. 

8. Rear horizontal bus barrier not supplied with front mounted only 
structure. 

9. Standard structure arrangement 

(a) In Front 
Without MTB: A & 8 = 9--
W1th MTB at bottom: A & 8 = 9" 
With MTB at top; A = 1s--, 8 = 3--

(b) In Rear 
Without MTB; C = O. D = 72 .. , E = 3" 
With MTB at bottom: C = 0. D = ss··. E = 9 .. 
With MTB at top; C = 12--. D = 60 ... E = 3 .. 

SEE NOTE 9A 

FRONT HORIZONTAL 
WIREWAY . 
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