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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. 

iii 
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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 n1aintenance 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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Facilities 

10.l 
10. 2 
10. 3 
10.4 
10.5 
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Fire Protection 
Elevator 
Buildings 
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Receiver Tower 
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Equipment 

Number 

SCE 0001 

PSS 0002 

SCE 0002 

PSS 0003 

-
Description 

Motor Control Center - A 

480v Motor Control Center - B 

Motor Control Center - L 

480v Motor Control Center - C 

TSS Main Oil Pump Controller 

• 
Mair~enance P&ID Dwg. 

Section Number 

3. 2. l 

3.2.2 

3.2.3 

3.2.2 

3.2.4 
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3.2 MOTOR CONTROL CENTERS 

-



- 3.2.2 480V Motor Control Centers Band C 

3. 2. 2. l Identification 

Tag Number 

PSS 0002 

PSS 0003 

3.2.2.2 Description 

Manufacturer: 

Part No: 

3.2.2.3 Vendor 

Abbott Power Corp. 

3.2.2.4 Procurement Specification 

Description 

480V motor control center B 

480V motor control center C 

Abbott Power Corporation 
7650 Stage Road 
Buean Park, CA 90620 

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

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

3.2.2.5 Operation/Maintenance 

See Abbott Power Corp. manual included in maintenance section 3.1. l 

3.2.2-1 
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CUSTOMER ORDER ij 4004621700 

CUSTOMER SPECIFICATION • C-21700SRF235-l SECTICN I,-II I. III 

JOB DESCRIPTION 

480 VOLT LOAD CENTER INCLLDING: 

(1) SKV, 600A LOAD BREAK SWITCH 

(1) lDOU KVA POWER TRANSFORI-ER 

(1) 480V INDOOR SWITCHGEAR 

(1) 480V 1600 AMP ~-SEGREGATED BUS DUCT 

C. E. FILE 

(2) 480V t-OTOR CONTROL CENTER Sl~arrt.:>r:.c~: .;:: 

l-V~~~H; C21700 !,·'.AR 23 '81 

SR NoF?J{. { Fila No Of 
DESIGN MECH. I 

/4J 
DAAWN !YI 

AC/MA. 
DATE CHK. !Y I 

~/12/80 

~f)o\wf~ 
76'0 STA(iE ROAD• buENA PARk • CALiFORNiA 90620 

A MEMBER OF~ 

DATE APP'O. SY : 

PRO.,, NO. I 

5049 

OWG. NO. I 5049-lX 

PAGE_l __ O~--~--

VU-COLOR REORDER NO. 1207 
'U•VEL V-16 3.2.2-2 

-

-
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PLATING 

RATING 

SIZE 

BRACING 

ALLMINUM WITH TIN . PLATED JOINTS 

AS SHOwN IN SINGLE LINE DIAGRAM 

AS SH0hN IN SECTICt,1 VIEW DRAWING 

22KA 

BELLEVILLE TYPE SPRING WASHERS SHALL BE USED Ct,I BUS JOINTS WITH 
STEEL BOLTS. 

ANSI #61 FOR SWITCHGEAR, ANSI #70 FOR LOAD INTERRUPTER SWITCH 

DRAWINGS APPROVAL 

FINAL 

4 REPRODUCIBLES, 8 PRINTS 

4 REPRODUCIBLES, 8 PRINTS 

I I I • ~CHAN I CAL NOTES 

IV 

O!SIGN fl.EC. I 

AC 

1. DESIGN SHALL COMPLY WITH UBC SEISMIC ZCt,IE tt3. EQUIPMENT 
DESIGNED TO WITHSTAND LATERAL SEISMIC FORCES GENERATED 
BY A GROl.W ACCELERATICt,1 OF 0.25G. ~IFORNIA CODE APPLIES. 

2. EQUIPt-ENT TO HAVE A SERVICE LIFE OF (30) YEARS. C. E FlLE 
3. DOORS .4/IID P.4/IIELS SHALL BE FLANGED AND ALL CORNERS SHALL BE ., 

4. 

WELDED .4/110 GROLND OR FORMED ROl.NO. OOORS ANO PANELS SHALL 
BE HELD IN PLACE BY SLOTTED HEAD SCREWS WITH RETAINEiR' • .. \ ''_ '. 

.,. I_ ic;_}: WHICH SHALL FIT INTO ADJUSTABLE NUTS Ct,I THE FRAt-E. ~ H i 1 ,~ AfR -

PROVIDE SUITABLE MEANS FOR LIFTING THE SWl~t"I! ('·, ~-:, ·· - ., 
-w &. ..... .a ...... , 

I..,. • .:. 

5. SHIPPING SECTICt,IS TO BE IN 'WATER TI~·AtllD, DU~J·PiOOE 
CCJ-,fTAINERS AS FAR AS CQVMERCIAL PRAt'liroE 'ALLOWS2 l ( 0 0 

WIRING 
SR NofiJ{. ( File No_6 'Z.... 

1. REFER TO SPECIFICATICJ,J JF16.0l.0l PAGE 5 TO 7 FOR WIRING 
DIAGRAM INSTRUCTICt,IS. 

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

0rs1GN MICH. , CRAWN IY I 

AC/r¾ 
I DATE CHK. IY I 

9/12/80 

~ ~ e~PpOfafion 
7~ S'TAGE 'ROAD • buEl-lA i,ARk • CAUFORNIA ~O 

A MtMIER 0, ~ 

i DATE AP~D. IY , 

PRO.I. NO. I 

5049 
DWG. NO. I 

5049-lx 
2 5 ~AGI ___ O~----

VU-COLOR REORDER NO. 1208 
VU-VEL V-16 3.2.2-3 



~ (CONTINUED) 

IV WIRING (CONTINUED) 

3. SHORTING TYPE TERMINAL BLOCKS REQUIRED FOR CURRENT TR.ANSFORMER 
SECON04.RIES. 

4. USE RING To-iGUE ON WIRING. 

/3 5. ALL TERMII\IALS TO HAVE COVERS. 

TEST 

ALL BUSES ANO POWER CIRCUIT BREAKERS SI-W.L U'IIDERGO A Cl-JE-MINUTE 60HZ 
DIELECTRIC WITHSTAND TEST. THE TEST VOLTAGE Sl-i,t,.LL BE 2200 VOLTS. 

C~ E. EILE 

V' 7 2 ·.; 'P 1 
..... • ,,_' j 

SR tb£z,J{. f f;le No ()3 

O!SIGH EL!C. I 

AC 
OESIGH MICH. I CRAWN IY I 

AC/MA. 
I DATE CHIC. .., I 

19/12/80 

7~ STAGE ROAO • l:JI.JENA DARk • CALIFORNIA 90620 

A MDIIEII a,~ 
VU-COLOR REORDER NO. 12011 
VU-VEL V-16 3.2.2-4 

i ~ AP,,D. IY, 

PRO.I. NO. I 

5049 
DWG. NO. I 

5049-lX 

PAGl __ 3 __ o~ __ s __ 

-

-

-
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REV. SIM 

A 5049-1 
B 5049-1 

B 5049-lX 

5049-1 

5049-1 

C 504-9-1 
I 

C 5045-1)( 

D 5049-lX 

E 5049-lX 

...... , .. ,.,_ 

~

.'' l/ ,\, . ,,,, 
.,~ ', ·: .. ' - ,. .'. 

(. -~ 

~ 

REVISIONS 

PAGE DESCRIPTION BY CATE 

3 REVISED VENDOR ITEM 8-1 AC 10/8/80 
6 ADDED ITEM 72-1 and 73-1 ac 

2 REVI~ED NOTE FOR PAINT AC 11/5/80 

1, 2 REVISED DESCRIPTION ITEMS 1-1, 1-2, & 1-3 PER 
CUSTOMER 

5 ADD ITEM 56-2 i4 11/5/80 

5, ~ ~EVISED J>£SCf.1pqo,J. IT£~ s,-1.5{.·l t> 57-1 /. 
• II /'2.<f8cJ -t--0-' 

3 ADD ~CTE- fl'S /. . 
2 REVISED fi,£0iANICAL l\()TE 11, ADDED CALIFORNIA CODE 1Lr 12/3/80] 

APPLIES. 
NOTE I TO ADD STEEL BOLTS TO BELLEVILLE 2 REVISED 12./8/80 SPRII\G WASHERS. 

t; f-1 !'. I 

,· I; ·; ,-~ L t\Hi 1 198, 

r El C': 1 i c 2 1 7 o o r.:: ~ 2 3 · 1 

SR tfo/°lJ!.( File No t>'/ 

N,bott~~tioo 
761;0 STAGE ROAD • bUENA l)ARk • CAUFORNiA 90620 

A MEMl!R OF~ 

PROJ. NO. I 

5049-
ORAWN BY I 

AC/~ 
OWG. NO. 

,._, - . ., I PAI! 

~of..5.._ 
VU-COLOR REORDER NO, 1209 
VU•VEL V-16 

3.2.2-5 



ODIC.N [L!C. I 

AC 

l-5049-1-1 

1-5049-1-2 

1-5049-L-3 

1-5049-2-1 

2-5049-1-1 
,, 

3-5049-1-1 

3-5049-2-1 

3-5049-2-2 

5-5049-1-1 

5-5049-1-2 

5-5049-1-3 

5-5049-1-4 

5-5049-1-5 

O[SIGN MICH. I 

DRAWING LIST 

O"AWN S'f I 

AC/MA. 

ELEVATI°" AAD BASE Pl.AN SWGR. 

SECTI°" VIEW SWGR. 

SECTION VIEWS SKY S\.-.'GR. 

ELEVATI°" AAD BASE PLAN t-'CC 

SINGLE LINE DIAGRAM SWGR. 

Tl-REE LINE DIAGRAM SWGR. 

THREE LINE DIAGRAM M:C-B 

THREE LINE DIAGRAM M:C-C 

\-vlRING DIAGRAM UNIT #1 

WIRI~~ DIAGRAM UNIT 2 

WIRING DIAGRAM UNIT #3 

\-IIRING DIAGRAM -OAD CENTER "A" 

\•II RI NG DI AGRAM LOAD CENTER "A" 

C. f~ ElLE 

~PR 1 19Bl 

,, f· ' 
• • C21700 I.'. J ,., ~ '8 1 

,,\,, {_ ,, 

I OAT'! CHIC. IY I 

19/ 12/80 
I DATE AP,.D. IY , 

PIiio.,. NO. , 

N,bott~~ 
5049 

DWG. NO. I 

5049-lX 
7~ STAGE ROA0 • tll.JENA DARk • CALIFORNIA 906l0 

A MtMSF:R OF~ PAGl_...,;s'---_o~ 5 

VU-COLOR REORDER NO. 1208 
VU.YEL V-16 

3.2.2-6 

-

-

-



w 
;.., 

~ 

;.., f;' . '.' -...J.:.,._.. 

• PROJECT l'O. 5049-1 -
ITEMII VEtOJR 

CATALCG I 
''"'iROTT SJOCK II) DESCRIPTION OF W\TERIAL 

' 
' 1-1 w OS-416 · 

' --

. 
1-2 w 05-206 

- . 

-.. ·-,_, 
'7 ·-0 ~ > 

~ 
r- • 

("") ,. \ 

~ 
N u ...... I 1 

~ '"'1 tl ,...., .,~ 

'" 0 r!l1 
,,_ 

() 0 
r· 

~ ' ... 
: ~ ; ( ., lff' 
I'\) 

.. 
\.>l 

en -
ABBOTT POWER CORPORATicx-.i 

VU-COLOR REORDER NO. 1210 

~-· 
--·· ,, -.. ., 
,-:~:--~ 
r·-

l:111 
-0 

-a 
SQ 

AIR CIRCUIT BREAKER TYPE OS 480V 

1600A FRAME 1600A TRIP, MANUI\LLY 

OPERATED WITH TYPE LCN; Tlt-E, St-ORT TIMI 
TRIP CW\RACTERISTICS, ALSO WITH Mt\NUAL 

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

WITH 2 1'14.0., 2 N.C. AUX. SW. AND St-WT 
TRIP @ 125V o.c.\ CAMPTECTOR I IA) 
CW FIG. 3B, llC, lic;y··· -

AIR CIRCUIT BREAKER, TYPE OS 480V 

800AF/600AT ~UI\LLY OPERATED WITH 

TYPE LONG TIME AND INSTANTANEOUS TRIP 

CW\RACTERISTICS. ALSO WITH ~llAI 

PESET BELL ALARM 1 N.O., 1 N.C. AND 

2 N.O, 2 N.C. AUX. SWITCH AND SH.NT 

TRIP AT 125V D.C. CAMPTECTOR IIA) 
CW FIG. 3B, llC, llG) 

·---
'">c.,,., 

l'l 

-
, r r 

rrr, 
vc Et-i;If£ER _________ _ 

DESIGNER EL. ___ ~•---

• PAGE I OF 7 -- --
MATERIAL LOCATED IN UNIT f-.(). TOTAL 
I 2. 3 QTY. 

I I 

2. 2 a. 
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w 
i-J 
i-J 
ex, 

ITEMij VEN)()R 
CATALCG. 

,,ARROTT STOCK II) 

1-3 w OS-206 

2-1 w 

~ ~~,, ---~ - -;,, 

7 
- rl'\ 

0 

4dl+A217G01 2-2 w ....... (") 

~' I~' f l 
'~ ....... q 
; ' ---.J 

; ' r-.-: - 0 (:) : .. ---.... 
0 • ~:-C; ~~J .. r:.-,_ 

L4ftD7 l 9G04-· 3-1 w 0 

... ---

~ •;.• ~ 
t .. 1' ;o 

-... ;, __ , 
,_ --~ ...... 
c;-:. i __.. 

ABBOTT POWER CORPORA TI°' 

VU-COLOR REORDER NO. 1210 • 

PROJECT t-0. 5049- 1 PAGE 2 OF 7 -- --
MA.TERIAL LOCATED IN UNIT fl(), TOTAL 

DESCRIPTION OF MA.TERIAL I 2 3 1t.J< QTY. 

AIR CIRCUIT BREAKER TYPE DS I I 
480V 800AF/600AT MANUALLY OPERATED 

WITH TYPE LO'IG Tlt-E AND SI-ORT TIME 

TRIP CHARACTERISTICS, ALSO WITH MANUAL 

RESET BELL ALARM 1 N.O., 1 N.C. AND 

2 N.o., 2 N.C. AUX. SWITCH AND St-Ltfr 
TRIP AT 125V DC (AMPTECTOR I IA) 

(W FIG. 3B, llC, llG) 

CELL FOR ITEM l.;,;l CIRCUJl BREAKER ' I 

CELL FOR ITEM 1-2 N',fJ 1-3 PLUS I 3 ~ 7 
2 FUTURE 

5KV LOAD SWITCH 600A 30 3W, 40KA I I 
FAULT CLOSE lll<l'-4-FUSIBLE (89) 

\. ~ .. 
i • I 

-r-
Et-l;INEERrn VC 
DES I GNER EL. __ ----'t-E • __ _ 

- • 
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• -PROJECT f-.0. 5049-1 

CATALCG # 
DESCRIPTION OF MATERIAL ITEMff VEl'-OOR r.aR,BOTT SrOCK H'l 

5-1 ABBOTT 350-162 C.T. 1600:SA WITH ACCURACY CLASS OF 
MAGNETICS .3 AT B-0.l (CT) 

7-1 ABBOTT 450-480 ~ P.T. 480/120V, 750VA (PTl, PT2) 
MAGNETICS -----:-f 

,.,,..r_::_. -.... -_, 

.... -
' 

V 
-0 
~~-• 

,-

, 8-1 w 6F495 ~ C~ROL POWER TRANSFORMER 480V: 120/ 
~ 240V SINGLE PHA.SE, 3 KVA .. 
~ (FOR TRANSFORt-ER F.AN) 

(.I\ 
::.<J 

-,, t,, ,._ 
L--1 0 

10-1 ABBOTT 2102-02\:!\ C'J 
~ER 0-1600A WITH 5A COIL (AM) J\J 

POWER \:it t-' r. '· 
--.) f;!_ 

i~ C t'l 
:-1 (- ::; ,, 

' ' r ~· ,._ r·, 
2102-05 I 

V 

:vdt..Tt-ETER 0-600V WITH 0-150V COIL (VM) 11-1 ABBOTT 
I'll,. 

-:-

POWER ~ 
. -

t'i'C? 
" ,_,.. rm 

-
--" ~ -

ABBOTT POWER CORPORATION 
r-

Et,t;ll'E~ VC 
DESIGNER EL. __ ---'~. __ _ 

VU•COLOR REORDER NO. 1210 

-
PAGE 3 OF 7 

MATERIAL LOCATED IN UNIT I'-¥). TOTAL 

I 2 3 QTY. 

1 3 

14 4 

I I 

I I 

' I 
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~ 
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ITEMM VEt-OQR 
CATALCG. 

r11~ROTT STOCK II) 

24-1 G.E. 12IAV53K1A 

24-2 G.E. 12 IAV51DlA 

34-1 Ot·tHTE AS DESCRIBED 

41-1 G.E. 10AA009 .T:fl' ... 
w--:-.. _- ---,.., 
"" -7 

0 

"" C, 

E~-6 
1, .... I ._, 

50-1 FPE 
-~ 

._. 
. ~ ~ 

r-.. 0 

Q I._.) 

,_ 
50-2 FPE JCL-3 0 

•-, .... '' ... 
['\._) 

\_:-.J 

(;'_) 
_. 

ABBOTT POWER CORPORATIO-, 

VU-COLOR REORDER NO. 1210 -

PROJECT t-0, 5049-1 PAGE _4 _OF __ 7 _ 

MATERIAL LOCATED IN UNIT !'I). TOTAL 
DESCRIPTION OF MATERIAL I 2 3 QTY. 

TYPE IAV l.J\lDERVOLTAGE RELAY, 55 TO I I 
140V (27W) 

IAV OVERVOLTAGE RELAY, 199V AC I I 
LIDJUSTABLE 16-64V (59G) 
-----•-· .... ... -_ 

-· 
! --

,:-,,200 Ol-f,1 250 WATT GROI.N>ING ADJUSTABLE I I 
:v 

RESISTOR FOR USE WITH ITEM 24-2 (R) 
~ 

. 
...., 
0) .... 

SBM Af,f,ETER SWITCH 4 POSITI~ ' I 
(1-2-3-0FF), ROl.W HAN>LE (AS) 

r-, 
l- I 

0 
f'.l 
1c ~ AMP FUSES, 250V ~ 
i•-.Jlo 

t~ 
r·:. ~ 
~. J 

-3 AMP _..bOOV FUSES 5 .... 
• 

.,·._: -~ 

l T --r-
M 

ENGINEER VC 
DESIGNER EL. ______ f-E • __ _ 

- -
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Mi\TERIAL LOCATED IN UNIT r,..(), TOTAL 
ITEMff CATALCGrJk DESCRIPTION OF MI\TERIAL I l ~ QTY, VEtOJR r•---•• s· 'I{ II) 

50-3 BUSSMAN JHC 15 CPT PRIMA.RY FUSES, 600V 15A 2 

50-4 FPE EON-20 ..... ~ CPT SECO-VARY FUSES, 250V, 20A 2 ·--!-..:_~ 
. 

--.. -

53-1 G.E. 116B4078 ~ 2 POLE PULL APART FUSE HJLDERS 30A 2 ~ 

'::l:J 
600V 

,-,. 

~ 
c.) 

Pl,) 53-2 G.E. 11684075 3 POLE PULL APART FUSE H)LOERS 30A I i:-> .... .... 600V 

~ 
_., 

r:·•· 
'(/1' -· ~-

53-3 MI\RATl-00 f30A2S z mA 2 POLE FUSE H)LDERS 3 
~ 

,. 
(") f· 

~ 
-

' ~· I' .. 
" --- _,_,. 

C' t-··, ..,., 
0 

.._.. 
;~ . ~ 

!~ 56-1 MI\RATl-00 1512. -· 1B! POINT T/B 600V WtrH. CDI/E.RS LOT o· "' 
-:::· ( 

:,') ~ ~~.:; 
I , 

r" 
I•.• 

l I I 3 f;'j 56-2 MI\RAHON \,_•J 2 POLE POWER BLOCK w, TH couf~~ 
-n 0) -.-

ABBOTT POWER COR~ E~ll'EER. ___ v_c _____ _ 
DESIGNER EL. ___ r,£ • __ _ 

VU-COLOR REORDER NO. 1210 
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CATALCG f 
ITEM# VE"'X)R r t..RROTT S roc.K ti~ DESCRIPTION OF MA.TERIAL 

57-1 MI\RATt-0-1 lS0l+SC St-ORTING T/B 4 POINT (5TB) WITH eovus 

60-1 BURNDY YA26 -2N 2/0 LUGS INCOMING CABLES 

·- ,. 
- . -~ ... 
•-. 

r . -
63-1 ANIXTER 7315 ~ FLEXIBLE CONNECTOR 550A 

ROYAL 

72 1 FPE PHT-1 u THERMOSTAT 22A 
;:.-;, 

73-1 -··--·,,1.ox OT-1225 HEATER 120V 250W 
90-1 w BREAKER LEVERING-IN CRANK ...... 

' ' 

~ .. 
~ ·---

90-2 ' {', w z BREAKER LIFTING YOKE 0 .,.,ca 

~ 
(") 0 
I'\.) f;J 

""' ....... 11 
~ ""1 'l 

90-3 ABBOTT - 0 n TRAVELLING TYPE LIFTING DEVICE --, 
r-, I ,, 

t J POWER 7- I.• CJ 
V r~~-\ -

... ,., rn -- . -- V p . ' - • -n " 

! 
-~ -

ABBOTT POWER CORPORATION Et,l;INEER VC 
DESIGNER EL. __ --'~'---

VU-COi O.OROER NO. 1210 -
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ITEMM VEt\OOR CATALCG-r& rA--~n s· I( II) DESCRIPTION OF M«\TERIAL 

100-1 ABBOTT 600 VOLT 1600 AMP NO-J SEGR'-GATED PHASE 
BUS DUCT ALLt-'IINLt-1 BUS WITH STEEL 

-..--; 
--..: ENCLOSURE OF 11 USS GAGE SHEET STEEL ·---,.,.,) .-.., 

:i-~ 
-

100-2 "l, LOAD CENTER TRANSFORt-£R LIQUID FILLED ;u 

....... 1000/1150 KVA 4160 TO 480Y/277V ALL 
I PER SPECIFICATION S-Rf2351. C-21700 

PAGES 11-DS-4, 11811 11-DS-8,9 11B11 ; 

I I-DS-10-11 PAAA 6-A-A; ALL ATTACt-ED 

'" .- ..,j., ...-~ -,,.- .. 
;;,"J .. 
7 

.. 
r~~ 

u t· :• 
100-3 w ~ n () 5 STAR t,'OTOR CONTROL CENTER 't80V 30 

~ 
I'-' .,_. 
~ t1 3W 60HZ N~ 12 ENCLOSURE,--.. FRCHT OP. .... " 1r.l 

BOARD, CLASS 1B WIRING At-0 PER ~ 0 LJ 
,~ '-' (:1 - CUSTOMER SPECIFICATI0,1 C-21700 S-Rf235.l 
0 '' SEC I, II AND DWGS. E2-3 AND E2-4 , ': 

V ... • 
' : '_J - . ( 

r' ,•J i .,, 
\.,..J I 

o5 :'T' __. 

1-rl 
~ . rn 

ABBOTT POWER CORPORATICJ\I E~lf'EER VC 
DESIGNER EL. ___ f,£ • _____ _ 

VU-COLOR REOROER NO, 1210 
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LETTER OF CLARIFICATION 

1. CUSTOMER SPECIFICATIONS-RF 235.1 CALLED FOR TIN PLATED AND 
SILVER PLATED BUS JOINTS. ABBOTT POWER WILL FURNISH TIN PLATED 
ALUMINUM BUS JOINTS FOR SWITC!i'.iEAR, BUS DUCT AND MJTOR CONTROL 
CENTER. CUSTOMER APPROVAL REQUESTED. 

2. CUSTOMER GENERAL SPECIFICATI()\I JF16.0240 REQUIRES WELDED 
ALUMINUM BUS JOINTS, t-OWEVER, ABBOTT POWER'S STANDARD USES 
BOLTED JOINTS. CU5To,,£R APPROVAL FOR USING ABBOTT POWER'S 
STANDARD IS REQUESTED. 

3. CUSTa-1ER SPECIFICATl()II S-RF 235-1 II-DS-10 CALLED FOR BREAKER 
LIFTING DEVICE. TRAVELLING TYPE LIFTING DEVICE AS~ ()II 
DRAWING 1-5049-1-1 WILL BE PROVIDED. 
CUSTO'-ER IS REQUESTED TO CHECK AND APPROVE. 

4. SWITCHGEAR AND BUS OU:T WILL BE PAINTED ANSI tl61 LIGHT GREY AND 
t-OTOR CCM"ROL CENTER WILL BE PAINTED WITH t-'ANUFACTURER'S STANDARD 
n«:> T()\IE GREY ANSI tl24/70. CUSTOMER APPROVAL IS REQUESTED. 

s. Sil'JGLE LINE DIAGRAM OF THE t-OTOR CONTROL CENTER IS PART OF 
CUSTOMER'S SPECIFICATI()II. ABBOTT POWER WILL NOT FURNISH SINGLE 
LINE DI.~GR.AM FOR Tt-E t-OTOR CONTROL CENTER. CUSTOMER APPROVAL 
IS REQUESTED. 

6. CUSTOt-'ER SPECIFICATI()\I S-R F235.l - III DS-4 SPECIFIED FOR STARTER 
OR CIRCUIT BREAKER DESIGNATl()II w-ilCH IS DIFFERENT FRa-1 
MANUFACTURERS STANDARD. A CROSS REFERENCE NL.MBER IS PROVIDED ON 
THE THREE LINE DIAGRAM FOR CUSTOMER REFERENCE.FI; I ·,. ~ '· 

SIZE OF THE t-OTOR CONTROL CENTER WILL BE AS Sl-0\t.N ()II DRAWING 
U-5049-2-1.CUSTc»'ER IS REQUESTED TO CHECK AND APPROVE. 

8. t-OTOR CONTROL CENTER WILL BE WIRED ACCORDING TO CUST()f,ER 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 WIL~,ijE fU~l.SHEO fo.S ?1-PwN 
°'-THESE -WHHNG O IAGRAMS-. -"€UST-OMER IS REQU!STEO TO CHf:CK ~ 

. f \" APPROVE. . : 0, 

,.,,;• ; '.') I 

,..-.,,. 
',· I l,:,1, I 

l. IL•1- f, ! . '··· , j , 

: .. "L. r I\..L 

'-, , r_:-35'"./ t:! _-. 

OESIGN [LEC. I 

AC 
O!SIGN MICH. I ORAWN IY I 

AC/~ 
PATE 
/15/80 

QIK. IY I l OATE APP' 0. SY , 

1tbbott ~ eoPpOr-attoo 
7~ STAC.E ROAO • bUENA PARk • CALIFORNIA 906l0 

A MEMBER OF ~ . 

VU-COLOR REORDER NO. 1208 
VU-VEL V•l6 3.2.2-14 
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Modern design Ty;Je OS Low '·/oliage .Vletal 
Enclosed Switcr:gear ana Circu,t 3,ea.:ers 
0rov1de 

• !ntegr3 1 solid-state rvoe breai<.otr moping 
svst'!ms 

• .. Matal-clad .. safet'( features 
• Two-steo srored-;inergy oreal<er closing 
•. Glass polynter 1nsulat1on 

. ""-

h,e,,; dlf 

rJn1PcC ,e:J/Z. Jr ,4 
.8/M 

~escriouve au1l-et1n 
J2-8S0 

Page 15 

and many otner teatur'!s tor coordinated 
sale. conven.,~nc. :rouble-free ana ~cone;.,,_ 
c~I control and ororect,on of low-vo,:age 
d1smbut1on sysrems. 

//~~. ~-/ I - ::Z. t ./-3 
I 4/Cb // /;>E .0 

5t' o/?·I 

(Rer 
,I / 

/="/LE ; tJ/ ¥ 7-"IL!V .,# dZ '/_) 

OR CON!kA(.fOI< uo .. 11;,v ... Sl11lllf fO• (.QMfLl•i•-l ,r,UH .irtc, 

lflC_.1,c;,,, O• ..,,•~ •LL Oll'ttl <.0,-IIA<.I IIQ.,.111-'&NU, 

RE.lURN TO . I 

F\NAL 

----·---·----•·---

Siear11s-BC"ger 
INCOAl'Olt.VE0 

ON OR BEFORE 

MAR 3 ·t981 

C. E. FILE 

C 2 1 7 0 0 SEP 2 2 'ao 

SR£ 2 3 5,lF:ls No 14 
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ating5 
JCO vo!~s ac 
~u ~o 4-CCJ ~rrc~r~s c::irir,m...:ous 
, ".2.:J'JO to 20O.COO arrc~r~:; 1n:errupt1ng 

,pac11v 

-=eature5 
-wo-Tone Standard Indoor Finish-?~arl 
:ray (ANSI No. 51 i ·N1'C\ cor.:ras11c,g cc,ar
:oalgra·v on brei:<tr ;cm;:.anment cocrs. 

=our Position Oraw~ut-3reai<'.:HS ::an i:ie 1n 
:onnec~ed. t~s~. cisc::inrec:-?'.l c,r ·err.ov~ 
.:'Jsit:on with companm~nt :::::crs :::,sea. 

Standard Welded AluiTiinum Main Su~e,s
~eCfUCe m-,ir nte-nJnce-.- -P-.-,rrC"r":j ~·er-s c:.r riec: 
:;ens are sih,er :,1atied c::1:;~er. lAli-coooe!" 
;jUSes op tier.a!\. 

Niring Protec:ion---;:,,.ov1 1~~a ·::)y slctt:ed 
Jlastic wiring cr-,arnels w;~."l remov20,e 
~::,\,ers. and enclosed s:ee1 :r::ugrs ior inter

..:n,t cress w1ri;-~g. 

Isolated Incoming C.:nnec~\ons-~-~,:-:...:ce 
-:css.hii ry ot 'aul' ·~J,-,-:;r.s~.o."'l ::~-:,t,,~~n 
:--,::cm1ng '.iCur:c ara .,.~air· ::::;i...;,: 

;;!OU~c::on Dur:ng Lc:•,~r•nq O~~rdt1on
.\ren 1~·.:er1nr; :re ::r~:::/(•~r -,~·-.-,~~ ... --~ 
:onrec:~:::. :~s: Jr:C: .::.::::r, .... <: 1

::-~,: :::..:,i~:-::~s 
-~e ooe:-.at:.r •s ~u1 1

·• :r-:~'!'::~ec :i1 a 2:ee: 
:arr1e:- ~JCC?:J J:~ ~::m :.::,r:3c: .-1,:::i '.1,ie 

:an::. .:1no 'rom ar:s ar.~ -·~r ;3ses 

Two-Ste;, S,cred Energy C:os.ng .. ,le::,a
.,,.sm-S;:r:,..-; •:~j;-::; ;-7 ;;r.: ::::r :--.; -~
ea.:e :o c:o~= :,-r~J =:- : 3r-:: --c-=::e.--::;'=::-it 

~cerat1::r;s, Jii~ c: , ... 2·1s; ,e :,:s.: ,e ::.r:r'Jt 

~r :""le 1:is:ant cf :1::is:~g. 

-V.otor Ocerated St~rec. :.n1::r:;·1 C::os:ng 
"1ecr!an,..lms J!"2 s·_::,..; -~·:: : .... -: -=::· :J 
ccerat-=!a ,j~~a-.e,:s :·_3.-.-::.:-:: ::~:·-:. 
a~es ar~ i.t8. 1 :5 an:::-:=:. ,;r . .:: · :J 3;-Q 

2.10 ac 

~:-s. :iy c:~ar;;1r.g :··'.:!: CJ,r~ ~·e:.;=.- s:-:-i 

-nar.uai!y, cind :::,cs,:---:; -2'"'.c ·· :--:.1,..,g .: ·oe
~ct~1v thr::L.:~n -:i-::;.::~: .:.: ~ -,·; ">: ~2:;~ ~.--.~ 
i,-,ur.t :r,:i '.:81:s, a .,_~1::21~ :-.c; .:oc cru ..:·:Jc~-

c:os1ng Sor}r·9 ~u~Or."1".~\c o,sc~ar~<?-
\,1,ec-,a,,,c3t 1.-,ie~ ,:,c<.·...,-; ?l_~:r ::: . .:J I ~-S· 

... e r 311S. :Jr~?"'-::; 15 .: :;'7"' :~·-2:e·; : .::..~~~.:Joe 
·er v,s:..:21 ,r.2::0::.:· S:'7, :. : ~-.: .:., ,..:.: .... ~:~,;-

fl:;·_~,.~:,·; Ox .-.·,•,.. •ll 01Mt?. CO..,.,.R_.,.,: ! ilt..:.u,~l-,·t·,: 

CurTent Transformers for me:e ing Jli~:;tU Rf's1aI001yester lnsula1ion--'Nestirc;ncc;se-
s:rum~ntar1on or~ mcunt-eJ in e :)rea,<,er proauced glass 001yester. with excel1ent 
comcartments. and are 'ront 3 cess1t1e. ~fc..P'~\,:~qttri_~a "1et.Qa~ •ooer-
Acccirac:es meet ANSI StJnCJtJ C:i7 2'.l. ~~.'"!\ ~~ ;1'~~ l"rtftM~re,•"'· -
Section 20·.J..6.3 for Low \/air 2 e 1V1ctal ,r :),1;01u,'fo 
Enclosed Sw1:chgear. Ooubl....S.!_ee~~e'c't ~>lit Jll front cf eacn 

break.if durir'ttj rlc~ln roi,ira~n prov ices 

Integral Sol id-State Type Breai.kee~,~9~,.,,.,,_ ___ ""_•w•'"i"'"'"'u""'i:ni:n...s.a.-i eaitt:.\i'------------
current Trip Svsrems-~rO>Jtce ma.(H7ium 
reliaoditv ana e;c:cetlent :-eoeataoitity, ano 
require minimum :T1a1ntenance. !'l.~o ~xternal 

con:,c1 sour:e is required. C:intinuous 
ste::il~ss currPnt 01CJ..LO ar.d t,me deia•, ad
;ustT.er'ltS are mace with 5ea1ea ::,otenti'.)m

eters. w 1!h re ~,xed ~aos or :Janes ar,c ro 
:::r1:2ct c8rros10:i. 7'NC ~-ices avatlab1e: 
S:ar;card -' mo'.ectcr [ 1-A ar,d Oot,onal 
Amotei:tor i-A 

Ground Fault Tripping 1s avaiiaole ocricnal
:•, as an .ntec;ra1 cart or Amctec:or i-,l.. 

Change in Trip R.Jt1ng-7c.e overcur 0 ent 
:r:p 01ckup range 1s es:ac1isr.ed bv ire rat.rig 
of the curpent :;e-,sors en ~~e :ir~af.~r ~ 
-:::in~11"\uou-:. 1orq -::eta 1 'J•-:11:. .. :: 1c ·.,.j:r~r-t 
::.::.,),:) :o ~ :;-~·~ 07 .>=~s'.)r PJ:-,~~~s or: ,,,::e·d 

~:-ie .>eris,:rs :J:-~ ::~ •~3 ~1·, :-,:11"':i.;':?J ··J :.ro
·11ae a ~:io:rer.: ::ic.<.:..;::J r3r.:;e. 

Solid-Stare Trip 

lnterphase Barriers--<Jn breakers :,rovic e 
maximc:m :nsu1at1on securit·,. "i:1e oarrie,s 
are easily ,emovao1e for ~reai<.er inspection. 

Provision for Padlocking-All brea~ers ,n
c1uce orovis1cn 'or ;,aoloc~ir,<c ooen :o ore
•,e:it eiectr:cal er manual ::osing. 7his :iad
locking also secures :,.,e ore3i<er 'n :c,e 
connected. :est or oisconnec:ed positior, by 
prevent,ng levering. 

Ease of Inspection and Maintenance-7·1:ie 
OS S'Ni~cngear aro C:eJf(ers ~re J~s•~.""'-!C 
for :T1ax1r.i;.l...., ac:~ss1:11lity ar:-:i ~:ie "...!:"T"lCSt 

facility of inspec:1on and ma1n:enan:e. 

Conform1tv to Stanoards-7 ."=-'e DS J·.-. tc.~
~ear J'"ld :>rec ... ~rs :~r·:>r..., '.O :.,.,e ro118-..., r.1 
;~3~car,:s "•E.\ 1 ..-\ 3GJ ~ 3:35 ,;..tJ':., .~ 
C3/.;6,C37 ~i ~::J7~01:E==~o ::-. 

:=>•o•,11ces ·.::J:-t1r: ..... c 1.JS. .v1ce

·ar,-;e .:i= ·~s:::,::.:11:·,- 3-~~
·•,;:f! a-::::_L..:,:'T'e:rir .s ~ .. .-:"'i
.--a-~.: ::-o:~i;1 .1:-c ':;,~--ia1 
:.r-:..i·C:~"j ~\/ :...,r:--~""! s-::~scrs. 
- : :'.:'~'.~':: ~1 ::.:..-- .... ~:·.::,C'.:S. 
'_c,"I,'; :;e 1 1 ,. s:·:,~ :-: a~. 
5~3.1:J:ii?.C.l...S Ji,.,: ;~ :·.J;".:
'a...,P. ::rci4:r..:":'C:' 1r Jclr'OUS 

.::,-r.~ r,a:,crs 

~-- _.// t~~--::·~.1· -~~7--· •=·=_:-·::-::- ___ ;:;..., 
. . -~ } i . l 

' . 
' . 

·• . 

~

,··J ' ~. -, 
i i L; - _J ~ j- ·., 

• ..: ___ :.....::::. _·_.. !. - r--.:, r 

C21700 

l l • i '. ,, '",::. ,~c ·'. F 2 3 5~1. 
SR No_ ..• ____ , :,e 

. 1 r t-!oo~_ 
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Metal-Clad S<1ie Features 

Jut er ::cor .v,rh ,:L:::l<.·co-:-,...,"":S ao:::::.--es 
,:!oses co:-7"1:::a'":i':"""er.~ ::::r-.c ~:ei, n·:."'l 
br'!Jii<.er ::" o~ C:J:. ,,:.'! ::::r.:r,:,is '3r-e -:·:> 
tecteo ~rc.'TI u1a...i:....,,:r,l-=-:: :r 3,:::CE""':al 
:icera~,on =•J:1-j,z.~,: '7'.~-:.31 s:-i-~·.c ::r 
t:,r~a,:,er ~ace :rc~~,:•3- ~;:-=:-37:r ··::.--: r·.,~ 
parts. arcs anc .... o~ -;a~es .•.-i'O:: ::::~ra .. -
1ng, racl(1ng or :ie-::K,rg ;..,~c:-=c·:,. 3et-

Glass Polves:er Insulation 
C'.'fers iar ::ie:ter '""'.~c-,1r,c3, :-t.·-31 
and ele-::r:cal :,rcce:·.:~s :-2:- :,re
r,olics. !t '"'as :-:e -r~:~,~-,-:.~: s:~~,...;:-; 
:-::> res.st s,~or:::r:'..,; ~ •~~ci: ;· 3 ~•-:;-;, 
r~s1s:ar.: :o ...,-e.:~. ~:aJT,e :!-c -c1:;:~r.t::. 
anc 'r:as :if"!.- JC?S :;;.-.e: ,v•:~ :;~~~r.J'JS 
:-ee::at;;e,:: ::;~2. ... ,c':'s. :·:-:>-i ·_se'l -:,., 
5 <·, .:ra 1 S < i .,..e~3 .-·: .;: :: s .T~(:--:

~ear-'/·/es·. ,,':;'"':O•J .:"=. r:: ~, -::s :-~-:e ""7' ~
:~ria 1s :c ·,c.L ~., a-1 .'"'\:~ -~- .""1.; :::••3 
in voe :s 6:'J -10 • 5· • ..,1~--=-;~:i:--

' ' ,:,;._/,;. •',t 

\~ 
t I r . -· 

'' 

C 
;_;· 

··ri~'.'i. 2:ouo!-! 1:r-~,. ::c,~c .:~•,tc~ :Jr~
,1eri:s ra:".1rg ·..:nr 1 1 ::.-;~..:::.3 Jr~ .:oe., 
:;:r-,t2c:s :::in'· :..,e -:·cse-: -_;-:_ 1 ·a.:.i< ,""lg 
,::;rr-,:;~re S-e::araill?' :,:;c.e ':':'~:-a:·!c= ;J,'"l.C 
:iu5 :::::r--car:.'"':""er!S car=~ ::r:·1·,:~c 
·eTC'13::1e :;3r-1ers ;:· .. e ~~::~:.:::: :::, :1.:s. 
:.v;"T"'.car·.-nent ~or .r:si:;e:::·c,.... Jr :1ear.ing 

I 

j 

OescrlotJ'1e 3uo!e:.n 
32-850 

Page 1 7 

Two-step Stored-energy C:osing -~•:-_-.-
' . 

[· 

~ = ~,I .- -. -. 

• 

• 

I I 

G:ves coe·~:or :i:s :--ii:: -::r:-:-::, ~i 

c:cs;~g an~r sor•.~; '"!"";~s:--.a:".3,.,.., ~ 

:~,arr;ec. :..-ea<e!'" ::3r:: .::-=~~ .•• -,-: 
,au·.·-=? Stil' :-3r-; -;; :::-?•3· .~~ 5 ::J
::ona1-1u1! "";d""'.Lat ~_:i -::·e-::.-.:. :~ 
rr.anuai c:--,ari;e ar--,~ ·e--.:~~ :.'=:::- c 
release 

On rnar.uai ::re.:l(e:s ~.-:es:-- r-:: ;""-::c:-.
anism .s .-ra,...,.J~•''-' :.:--2:r-;~:. ~, ~- .. : 
Zownwa;~ s:;--:1(~ :~ '';e ":,'":'.· .f·:-.:.•..1: 
:iur--.01:--,c;, arc -~,~ese,:: :·_, --.~ -e
c:,ar,,c31 ·::t .. ::::-,-·:,•: ;:;;e ·=:~2:::~ .:. .. :
ton. Cn ele:::r.~Oi ·, :::e~c'.-=:;: ::,~-::~11'.
ers, ~ne rr,~c:-:ar.1s~ s -sr!":'.~.:,,.. 
cnarged 3nd ·.::•-!as,::!-:'!-?-:·:-::.::: '.y ::,.,.~ 
can :>e ::~ar;~c ~2:-1.,3 .,, :: 1 .:(_.'.~= ,.... .... 
an ac:es.-;or 1 ~•,~r · :, ·:• : .-e:i 
a~,d r~!ease= ;1e:.:--.-3'"'.11:c::··~ 

I 
i. . 

,:-:_; ,..."" ~ _,, ---;- .. -. • .. _. .. , ..,, .. ,,, ,_. .. --- _, _;_ :: -:- .. ·.~ 
1, •· 

\\ I'.""'" 

(' 
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Extension rlails 
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I l · '",. ,, '· 

I 
I 
I 
I 

I 

... .... -
·, .. · 

CS Br,:a.:er Facec,1,11e 

0 . 

CSL Breakers and Combinai,ons 

·•·· ·-, .. -. 
,· ., . 

7 (~e :s;.. 3r~a!(':f~ ~r~ c::cr,:-r.a:ot:~ 
:;::CT::).,...,3t·::r:s ~T 7•,:J": :,s ~-~.3.-.,-::,r:; 

3,'lC ser·~s c~rin-e::1:..:: .,;:.;rrer.t 1r-,1~:~g 

'uses. ""."i-:o1:v ar.1: :r-:e<;::::'::J "o!" ::::1 :3-
::~r-s ~'!:~~,~:rq ·~.e .:i•~"".-:,3.::) -:r-::1::c
~:,:r-, a,...,c ~.-.,~:."'1,-; ~ ........ c· c:s J'r 3 • 

~:rCw1r :_1r~,;-..ers :-,., s. ::~'T,s ,...,r,,,:5e 

J•.'a1i2::,·~ :;,J:t :'...:'"P-.'.j ~'(':I:'::'..'.:::-~ r, 

:err·...:::r,rg ·.:;~re;:;~·--= ::-~.:•=r> 
:! .:,..,€: J, ... .: Jr :~i::> .-... ·.-.:~2. ... .:. :! .... ~ r
:::-·~:...=-~1n~ ·a:1r.r;:-:. .:: :o.v"i~~•e,3r, · 

('i:-J ~ 1 
•..,,'i-.t .._ '- '[J 

_, 

I\ 
') 

.; 
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.,- jscs101ive _t5v 
P,ge 19 

f~L I L;i-d~ ro' ""f (C"<fllA.(r kf1,,,,, , .. ,,,1, 

Arc Chute and engages slots in :he breaker comoart- onracrs 
There are three oas1c r:iea s of ~:c1ng 1Ji~h::.1 

,:, ."'!1_e~t. ~\ -~emova~,:crari\rs useo t::> ~ever II air circuit bre 31<.ers have solid :llocK. ing an arc: lercgthPn1ng ::, arc car,,; cool~• ~a~~1-.~-r?. f' '."-~~0- 1 est- ilver :un".)sten .. nla1a main ccnrac:s, 7,,,s by gas blast or cor.r~ac~.o : c.e1on1z:rg or D 15C~nnec-:.ed ;:>0S1tiOns,,:,i "'··· ~ onstructicn insures iast1rg c:Jn~r.t-a:arrying physically rerr,c;,ng :~e c nouct,c,i :;;arti- .\1ecnanIftil~feltking is 1rranged so rhat bilit·r. wn,cn ,s nor ser:ous,·, i1"caire~ 
cles from !he arr: :,arr,. it· as ~he c'.3c::very 10t\Jr.~~neJ~F&,?r"Dl1si7cC un,ess the ven af:er reoeatea fat..:I! :nter:-:.;ptrnr.s or ~I!· 
by Westingnouse oi '.h,s :~~~~:~m~nL_~b~r'.,:e:,:a::"'.:.e~r~,~s~,:n~t~h~e~t:ri~p~p~e~d~',:o:s~,1~10:n~. ______ _j eared momentar·r overload. made the first large power air circuit tis not necessar·r to ::ircvice a S\JCS'ant,al breaker possible Stored Energv Mechanism margin oi sai'!ty above tne 3c:ual c:rc:;;it The De-ion 51 princ:01e 1s 1, ... ,c~r;:;orat€!d in ail ~ cam•t'l::;e closing n-:ec~anism closes ~:,e load current to orev-ent contact deterlor-
of these circuit :>reaxer'5. ~h,s ;"""nJll.~S ::;as• brea,<er. ,t rec~I•1~s its ~:-,er-:;y 'ram a 3or1r,g atron. 
sible faster arc e:xtInc::,on tor giv~,i c:intact wh•ch canoe c.,aq:;ec by a ,"nanual hancle The "'ain c:rnrac:s are oi :~e ':it.ti ty~e and trav~!; assures :::,0sI~J'1e inrerrLot1on and on :."'le front of ~he brea!<.er or ':JY a universal are compcst:!d of a ,'"'nuJt::,l'.C:~v of 'in;!rS ~o 
m,nimum c:in:act burnir.g. electric motor. give man·( points of conrac: ·.v1t.'1out a,ign-

Aelease of the stored ener;v ,s accom· ,-,.,ent be,ng critical. Levering M&ehanism 
The worm gear 1e'1~r 1 r.t] "'T":eC~1ai'l1"m is 5e!f
con1ainea on the ~reaKer arawout eiement 

plished by 'l"anually ce:,ress,ng a bar on 
'.i'e ~ront of ~r.~ breake." or "!ec:ricJlly ien
erg,zIng a reIeasIng sclerio,d. 

All Type DS breakers are avaiiable as either 
manually or electrically ooerated. 

."'1olc:ed 

Arcing Contact 
Spring 

Siat1onary Arcing 
Conracrs 

~~=;;""'"> 
- •,lj' .,--, -.:---i ~ l j 

~!_: f.'i"J~ 
-~I ~-- : ,--~~-~:J 1 _.r: I J --1 •• ----..J.~' 

Base --- .. p,.;;__...,:;..- ~ 1•- ! 
- j ~~ ,. --~ ~-./,>; :c;,,~ r J ~j f! . 

~" , . l 'i ~-·-\ """ . • :,,i 

~---· ..... , ). I ', t t · ' ( ... - \1o•,,,,g f. '- c..:, t I t \ f -.- :rc:ng 
Stationary • \ :- I I l , , , / ,_ont~c! 
Main ------ \ ~~ '. I. J_/, ; 1 Coritac: , ·• :..__\-_ a - _ -;j. ,' I 

Fingers J~ • .. ~ \ -

1
. ,-; >~ -~ It\ 

' j . \ \~, (- - l , ..,. _--::-, , "'7 t-: 1 i :' -., ' .¢ .. ~-~ -.. ·' 
Moving I: - ·., ': , .... [ ··,, _ _;--:_-J;; 
Contact--· ' · : __ ,_. -; • ,...;_..-. / 1; 
Assembly \_ •i.-✓ i ,:j ·. \ J _. I 

, i - : · ' j Y 1 I ;nsu13:ing f' . ~ j·:,-. f;' J -rT Link 
,'· t ..,. .. !',· .. ·--- ,· 

• ·,. ·.1 .... . . 

I. "J :. --'~ ; -• ~~j - ,.; ·,,-J 
d Tcr--~: ~ (.J 
OS S:., •• , ?oi• .;n,• I 

lnsular,rig Link 
lock Nut 

lnterphase 
Barriers 

. , . 
--✓ 

C. L 1-/Lf 
•,/'.a1n 

Secondar·, 
Disconnec:ing 
Conracts 

Qp·.;ice ;.rm 
( Conn~c:eo 
Pcs1t10n) 

Oist::r.n--:::: r:r 
C:~-?r::;~s...._~ - -:-- -.. _;·~~i..;::.:i .-3 ~ C <.. ... .1. - .. ... 1 ,_ • • ~ __, .:.. ------------------------------------------'-" ---- -------.-..-------·------

[ • ,Ki t 

I I; ,h:., 
I, . :. 

~~· 19R 'I 

~ ,.,. ' 

•- i• • n 
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Standard Amptector :I-A Solid-State Trip 

T>ie Westingnouse Amote::<Jr [[-A is a sc,,c:-s1a1e dev,ce :hat oro
viof!s ao;ustac!e 01,1ercurrent tr:00Irig ~or /✓ esting:-,ouse 7•y;::,t!' QS 

:ow-~olra;e a-c :iower :irc~,t ::>rea<e,s. On•v one "-"'Otec:or 11-A ,s 
reouireo oer brea..:er. ar.a 1r rei:erv'!!s a.ii its e~er,;·1 from a set of 

sensors-1:)ne mcunh,_j er. eac:, :c,e vf :~e ':lreai<.er _ It de·,e100s an 

::>u::ctJt ·or an assoc1a!eC ~r·:: ac:~atr::r ...,,.e~ ::r~se1~c:~o cor.a r:cns 

.:;f curren! .,,agnItuce a:-d CL.!ra~!On ar~ '!;(:.eec~c 

The de,,,.,ce can :>e SL..P:>11ed 1n ~r.r-ee "!"lCCe1s ;:,r ::omo1rar1ons of 

:nree .:id~oer.cen, ::::rH1r.u:::us:•,1 ac,us:acie ::iv~,,:~rrent rr;op1ng 

~unc:ioris. 'or.g -:eta'/. sriort -:e1a, a!""C ns:antar.eoL-s. 

These models are: 

JU ,:Dua1)-Long ..:eJav anc ,nstanra-,ecus 

S: · Se1ect1ve!-Long ceiav and sriort celay 

7P?Tr,01et-Long CP•av. s~or~ 'je·2-, J:id 1ns~antan~ous 

\i1odef OU ·s ~r~ oas:c stanaarj .:1r.:1 N11! :::,e s:..ioo11ed ·N!"'le,, rot 

-;·"":!'~W,'j,~ 1na1cated or requ:rec. 

Amp!&ctor J.A and II-A 

Each ,l,motec~or includes ~~r.,.,1nal rec!::,1:ac!@-s •o perTT"lit '!asy 

field cr;eck1ng of operancn and caid;ratlon 'Nllh an e~ternal 

:io-.N'!r s~:;:,t'f.,:.. s:iec:ali•t i:es·;n'?C i:::cr~aole ~est cev1ce ·.-.,1:~ 3 

01ug :o ma:ch :!"le ,l.,:-r.orec:::;, :-eceo:Jc:~ ,s a11a11ao:e to ,0rov1ce 

i:.t-,e ut:-nost in s1rr.;.tic1t'f ~or c;-1e-:,(ir.g ,l.motector o;:ieration. 

Available Sensor Ratings 

:;s. :-:5 ::SL ':-s ~, 
:::s-n€s 

:::s ... , s :, 5l ~, 6 or 
:is-~, 65 

:)S.J.:.O 

::,5.,;32 

'.:S-a4'.l 

aco 

1600 

2000 

:?200 

.cvec 

::J ~co •:,J 
ZCJ) :;co . .svo. 
,;oo. aoo 
TOO. ~5C. ::'.). 
JCO . .SC.J ":,:;) 
aoo. 1 ::20 · -,::•) 

:ooo 
2,00. 32 oc 

.l'JOO 

___________________ ._ ________ _ 

0~ CONIIA, •.:>k 110 .. 11:.,0 .. 111,un 10, ,o,.,~., .... c1 WIIH W'!c, 

IHCAIIOM O• ~-n .. •ll 01 .. u tO..UACI Rl0.1,,1 .. 1,-.1s. 

pte~i-W 8tlilradt0stics 

000 

•oo 
500 -------...,.,:--1"".'<-:===-:-.·=--~~---
- -------'r-'l;-.....,,..,,.===.===----:-------
JOO 1--------V·-Jr;;'f"lll~tl'tf'-

•oo 
,o 
!O 
<O 

7 
lO -:--------"'."""----'1':i,--'1'~";:--- Lonq .:,tti•..- 7:me -

:Ji1br1:ed 

I 
1 .A[ 13 ";°1r-i~S 

1 1 , S•nsor q1c1nQJ 
.lt 3, :C. J~O 

zo 

,o ~ J 5 s~~n~s 

---ra...--,~tSno,: :l•lay-:',me, 

2---

~
·'' '/·. .· ' ./'_//. ~:1 . ,f 't 

....::__.::_, /' : . 
-. 

C 2 1 7 0 0 SEP 2 2 '80 

SR ! 2 ) 5• \ila N~ Q 1 9 
The na:-ro.-.,.t;and,i:~arac:~r:st:c C.Jr•,es -;ra:r-.1c:iilv l1i.Js~:-ati: ~r,e 

C1.Jse c::;o:~ ~a-: on cr.:am-3.:::,i~ ,n ~re;K.cr .s,-s:~:r.s ,1.~n ~rr~~ec~=r 

!ricoir.g c-~v,ces. F,:~~ea!ao1J1!y w1i:r.1n 2°·o. 

The can·c..;1ar orea1i,.er. cur:-~rit ,.Jtrrg t::,r ar.·,, :irea-<ier 'rarT"e .>.~'! ,s 

cete~m,ne:: o-.., :h~ rJt1r.~ ot :!"-4:! .. ;en-;::,r J:.":ea. 

ihe brea1c er c:..;rrent rJt1ng for :trv irame s1.ze t:Jn QI:? c~an~~d :::>v 

s1mpiy ch,ang1rig t~e sen:::...:;rs. hri1cn .:=or~ i:as,I·✓ re-jc•,'=''j :ror,, ..... ~ 

\:;re3~t!r =rJ·.•:cut ~ie:':'er1. - ... ~ w,,:e ·~n;;e a: lor~ ;·,-:-eiu·, :,-::< ;:::;; 

maKi:.i cne '.i-:t ot scn:jnrs '.:L:'tJCI-? !Or 3 iL:r."":•~r ·.:· ,: ... r:-~r: · ?··-;s . 

ihe Ar-,cte(.tOr 1:!:eif :-:ee~ nut ce-::~c!:r~c;ed ·.vr.-?n :~.11: a~~cc:J:-!::! 

sense rs are C;""'Jn~ed. 
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Optional Amptector I-A Solid-Stat Trip~t:.1 UH; 1' l 0 Ampreclor 1-A Characteristics 

Olfers all al the features of 
Stanoaro .Arr.ptec:cr li-A. plus: 

• :niegral c;round fauit protec::on 
(op1,cnal), with ad1us:able 
;:,,ck.up anc delay. 

• Resenac:e ooeration irdicators 
for Ground. Overload ano 
Shon circu,t. 

Amptector I -A 

D:al 
S•tt:"~ ;) ~=c 1;0 

A 13 37 :0 
8 18 67 75 
C 22 75 85 
D 33 100 . ::, 

A:t ;>•ct u:i ..,.,._es ~il\l V3N = 'c~·:1 

u·----'.fa.t•~wm C•11or3!1C:I 1 j i / 
la,i,....;..,.;:lifll .. ~.._...,....,.-.-.;..;.;."'.f-----'T'-~-:'t"""!-,~""i""T-lt--~-\-"r':-r-3and CJrv9 

Amptector 1-.A can be supplied in 
-1ar 1cus .:cmc1nations :,f four 1r.Ce• 

;:~:··=-nt cor:tinuous1v 3C!us:a.cie 
overcwrrenr :!":coing ~unct1cns: 

Long ::!elay IL I 
Short ae1av ·is) 

:r.s:ar.taneous , I I 
Grour.c •. G: 

The ioJJow,ng combinations 
are avail~ble: 

LI UG 
LS LSG 
LSI LSIG 

1; 11 i t l t Ii 
·.tin1T11.,m C.a11!'lrarea :::i 

Oan..'.1 C..in,e 
so 1----+-+--............. _._ ..... 4..,._ __ 4_,,_ _______________ __ 

'°l--+.+--------..... - ..... _..,.-'i ___ .,,.."c-__ _, ___ -----1 ,--· 
lO l-_;_,~f-J-i...!..;..;-4,,-~~~!--~tt'.------:-+--:-~~ 

L
0

:I""!_.~ J._ ,a~ 7i~~' '\ 
lo 1--+.+-----------'--'<>-..;..--'P+- 1:J: -:ra1ec 1 

1--+.+----......... .._ __ _..,__, __ __.....,,,_ ~: ,; -· r""lfl1 'H 
•o 

5, 

3'!,~~or rl.at:'"';, 
..:..c J. .• :?. ,:,:), :s. 

,, ., 
3 

r--+-+...- Snor: ::)e,a·, ,:t1cJ(.uc-1-4-.,..,..-++--....,...,..-----, 
, I :.111bri1ted 4 6. · 1 

' • 
1 1 1 T1 

! a and 10 71mes ~t,::..r: ~et.av Time I! 
l ·, Sensor Rat1no -,--;--+..1+--• + ..,.l',:ira,~o at 0.5. H 

·J.JJ ,lr":0 0.18 I 

,--+.+------'-----H---+-+- .:i.: :. 5 """ 

J ... 
::::::t:::::;::::~=:::~;::::::::::-~-

~ f' 'r,s:ar,tal"'!e!J•Js ::'·c,c:u:, 
_ :.111br1r10 3l .&,S,3. ~:) 

ano ~ 2 ':":mes Ser,,cr ?aw··q 
ll ~, 

-• 

I ! ! ! ! 1 ! I ! I ' I 
ll '°: _______ _;,:-, 1-, _ _.I.....,,--,-+~! -,-1 ------+----~ 

I j '111 l !i 
• ! ·o ·- •0 ·~ -~ ·,o 

Model LI is :he basic standard and will be 
supplied ·Nhen not otr:erwise indicatc:a. 

C 2 1 7 0 0 SEP 2 2 '80 

:co 
~5 
85 

:oo 
',.5 

::., 
ao 

~, 0 
: JO 

110 
150 
·es 

Sensor i=lat,.,g 
~:JO iCO '. ::o 
:45 
205 
::o 
:s; 

130 
:eo 
:!25 
sea 

SR 

.-Ou 
500 
;so 

12~') 

::)J 
7i0 
3EO 
'I A. 

,.io 
·coo 
~:co 

Seoccr:-:arv 
~:co I :,.r~e.""lt :' 

.:o 
12~0 I ...... 
.... A. i 

1.0 
1.5 
, .3 
3:, 

'.! C:..rrent or ::-::s -..,ah . .ie ·r~.'T1 :;1e stc::;-,:;~rv ;Jf ,1n '!II:e~--a, -;.·ct..r.a :~a:,:,,t.:rl'T"er w1ii .:a ... ,1 :~e ;.•,:a.mo ce:e.,,e~r :o f~ric~1cn s,c:u~a eleme~t ~ic,c:,-•..,1:J :ar. a,so t• 
t1s:1d uS1r"!Q :r:is va:ue . ...:.ii ,~nsor:. mus; :;e aisc=-,r,ec:~c :.:: 1.Jr1n; '!"SL 
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Optional Breaker Attachment:; and 
Acce3.Sorie:; 
(.ai Shunt :r,p on manuallv operated !:lreaw.

ers. for any standard control voI1a,;e ,l.n 
,.auxiliary sw,rcn is also requireo. 

(b) Auxiliary contacts on marually operated 
brea1<ers. usually consis:,nq ::if one 4 
contact auxiliar·-1 sw1tc~. ,\1axi:iium of 
three 4 contact auxiliary sw,:ches a·,a,1-
aole on any brea~er. manua,ly or elac
tr,cally ooerareo. ,he contact ranng ,s 
10 amperes. ( T NO 4 con tac: ,wi:cnes 
are s:ancard on eacn '!lec:rica11y oper
ated bre.sker. i 

(c) Compartment pos,r,on switch ( "TOC'"). 
8 or 12 contact. actuated by movement 
of drawout breaker oetween the con
nected and test ;ios,t,cns . .',1ost com
mon uses are tor di s::onnec:,ng remo:e 
control circuits of eiec:,ical!y operat20 
breaker. and for o·,pass,ng '!:)" inter
locking auxiliary conrac:s. Nnen breaker 
is wi:hdrawn 10 :est ;:ios,t,on. 

(di Uncervo,ta,;e :,io ac a,~a cc avaiiaolel 
Acts to rrip :ne ::reaKer Nnen :ne 
Vo1~age on :ts ~clenoia cod 1s insuffi
=ien! ~0 restra,n a sor 1 ... t;- 1oad.:?O CO"e 
The drcoout =01nt :s 111~.-.:n 3: :-:, 60 
percer,t of :ne r.crr,1ra1 -:::iii 1O1ta~e arid 
is not ad,ust~ole. ,:..,va1,aOte as '!,tner 

instantaneous :Jr ~:me ceia·1 t'1pe. T~~ 
~1me aeiav 1s ~\1'1rr,n 2 ~o 7 :;iec:;,...cs Jtt-! 

:ere vo,tac;e -:cc:.us, ar.c •s r.ot ac 1ust
a0fe. 7iie -:'evice ~u:o~a!1c.ai1v rese:s 
wnen the :;)rea,;,er :,:,er.s; a::-orox.1matetv 
one minute ·S ,..~~uired •or ~'!ser:1ng :ir 

,ne time ce:av ~-;;:::e. 

,e, O"ercurre~t tr:p swit:!"" 101S). A iatcn-
1ng type sw1rc~ wi:r. :·..-..o ncea~ncent 
ccntac~s e:t.-.er rcr~a.lv ~cen ~!" nor
mally closed. ::,e:-ares or.1•,• ·,n,en ~re 
breal(er 1s trip:,ea a1..1to;"1a:1c3tiy on an 
over lead or fault cond!:,cn ( 1nc11.,C1r-g 
Amptector I·A inte,;,.a! grcuna f3u,t ~r1:,

ping) lt mav be '.JSe::: f:,r alarm and ,·er 

interlock:ir.g ::rc-...:1r3. ~eset::r.g is ::one 
bv a ousnou:~:;n )n ::7-'! :;,~~a,c:~~ ~ace ... 
plate, or oy a re:;:..:.~e s·.-v1•.c:i : .... .-ougr. ar 
op,iona, reset :o,I. 

\fl Hign :,:ad swnc~ \HL3-avada:::>Je ·Nith 
Amotector :-~ 2n11). ~ s':'!f re~e:~1r'J '~
lay •.vh1cr, o:c:<.s ;JP on an o·,er·oaC c::r.Cl:
ticn at a lower value :nan ;,ie :cng ceIay 

-R:SU~MIT FOR REVIEW •~-~ lRANSMITlAL 
fNG. DEPt. Br~ CAnOCT l 4 l980 ,...,,., ... ~ .,,.,.( "°"" t ---------

. • • "' "''· "-o,)fi U,i~10,, ~fl.hi~ M~l,~IA, IU•I• 

ig) 

QI 'l,IN""''""' ,.o .. ll!.PO"l!IB1L11r JO, ,o,.,,,i.Nll 
k•1 Y✓IIII ~PIC, 

1(£ 7C;~- •;;t or.,u co"'•~ klOuti1 .. o,rs. 
picku:, etting of the tr:ppi~g~evice. ~~) .p. 
thus. g v,ng ad·,ance 't,a,';Jitn'.l of an _ ; ;./ 
over:o d condition. Te,•eapn S , . 
pletel independent of tne ov~rcurre~• _. _ . 
trippin system. does not :rip :he brll!IIIIP"'o••rfO· ·: t,. :. 
er, an does not replace a~y ON:rll~ BEFQ .-_. · 
,n any . .l.d1ustment ,s from o~ - ·- , 
:o 100 percent of t e 
setting. The time delay is fixed ano is 
approximately one minute. One normal
ly open contact is provided. 

Eiecmc Lockout ( Manual Breakers). 
In order to close rne brea1<er aiter 
manually charging the closing mecha
nism. it is ,iecessary :o ooerate an elec
trical cushbut!on on the breaker face
plate. This ous,ibutton is in series with 
any requtred external interloci<ing. The 
mechanica, '"ol-sh-to-close" bar is 
made inoperative when ihe breaKer is 

Key Interlock-Blocking P0111ion 

in :he connected oosition. An e!ec:ric 
;;:mng release 3ttac;-,ment (ooerareo b·, 
the e1ectricai ;ius:-:bur:on). a c,iar;ed
spring limit sw,rcn, and an auxiliary 
switch are rec:uired. 

!h) Elec:r:c close celease on manually oo
erateo breakers. 'or any s:ar.dard con
~rol ,,o!tage. ~;f!a,cer can be -::!osea :>v 
rerr;cte :::ontro1 s·Nitc~ or :Jusncut!or 
af~':?r sor,:--:g ,s :-ri.,irually C""'arge-:!. ~ 
i:narqed-s:,ring lim,t switc!i and an 
aux1iiarv S"N1tc:i .Jre also recuired. 

disccnnec:ed :,osition. 3Iock:; any 
breaKer from be,rg levereo into c::im
;iartment. i3reai(er can be s:oreo in 
compartment. and can be compre:e!y 
removed for maintenance or for use as 
a s::are ·N1thout ::lisn.r:::irg :nterroc<.. 
No 'T'!Odificat1on oi brea1<.er reo:.1irec. 

1 J <:ev ;nteriOC!c. :oerauve only at~er 
:::rea1<.er "as :ieen w,morawn beyor,O 

I ;I Ooeration counter. 

rl(_; ...1c :acac:tor !rip. 

1 I I Latcn <:neck sw1tcn 

:m, \Jlec,,anical interiocK. C. E. FILE 

,) 

Standard C.;ntrol Diagram S,. r. ~c----iLearn;,,• ... .;. ..., .. . - .._, 
ooerateo crea..._! .... '!'Or ac :::r I 

-
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Term1n•I Blocks 

Cunen1 Transform11trt !nsu1arin9 8001s 

Insulation Bus Isolation 
All insulation is Westin9<'0US! g1ass poly- The ,r:corring line is isolat~d !rom :he main 
ester. wnic:i has been comoour~ed :o 1n~ tus :o reduce !!"",e ::ossi:).li!y of fault :ra~s-
clude the dic:!ec:r:c era :-nec~anica: sn~:"':•;tn m1s:.1on ::,et·1,;e-:~ !n'!m. 2L.:~ sect:ons are 
necessary tor :n~ a:oiicJ::Jon. 1r .s ~ig,,ly als:, iso,ated lt a bus tie br-eal(er. 
resistant to r:eat. 7'.ame ar.o mc,s:ure. anci 
has been des;gneo w,th generoc;s creeca<;: 
distances. 

Oescrict1ve o\Jilet,n 
32-850 

Page 23 

Wiring 

.LI 

Enclosed :-ias11c wiring trouc;ns are •Jsed 
:hrou;ncu: ~:-,i! sw1tc!"'lsear. C:,r,tr~I circuit 
:"!rrT":1na1 blc-:<s are ~-:H.;n:o:?d on ~r-e r~'3:r 

frame ·.vnere ~~e·, ar~ r~ac:tv ~c:essiole for 
purc:ia ser ·s conrect: o:,s J:"la in~oec~'. :in. 
Main circuit ti1?rmir:a:s ~a, oe crien:ed ~o 
SL:it ::.3b1e ~r.~r3r-:e C. E. FILE Stea;::1s-:::o,.,..,::z .... ") 

FJNAL MIJ.R 
~t11i1 1 C21700 SE? 22'80 
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~USN.!T FO~ REVIEW 
0 SH UTlfR OF TRANSMOo,t.1 4 ING. "OEPI. h--• DATE 1980 

Nt,INtll U¥il'nl, ~CM,Yit 1•1. ,_.Vk lih·1::.1C)hi RlL!hl.!:1 111\A"-~f~'-.l\J~iit 

~- ,ON!IACl;)x ,.o ... lhPO,;iJBILIIY FOa (O'-IPU•,«t WJIH ~fc, 

Optional Accessories 

~~~ .... _, .... 

·~t-·-~-;~--•--
• :- I 

-· •· -. ---
... -._... 

'I -s4 . ~ ·,. -·., r. - . \ · ... ,. -, .... ~ 
--.., 

·\ . •.':1' 
• ••r .,)...:...C..!. 

• T·aveii,-g t'fP~ c;r.::~it brea~cr :i!:er, rail 
.,,ountec on :op or sw,rc:i:;ear. 

• ricer runnir:g ::iortable i:1rc:..:1t tlre!a:.er 
!rarister ~:•".;CK ·.vi:--. "":"'la'1wa1 '.:ft:.""g .-i1:c:i• 
1n1sni. ~eC::..ireS a::.:,ox,mare Cv :ee:, 
!roM aisle 1pace. 

, 
1 
I 

t 
I 

) 

• ':"est c1b,11e1 !or electrically coe•a1ed 
~re1i<.ers. Ntth :,jus:iouttor.s, ~::il"':"'".:1 .:]Ole 

u,d receptacle. tor seoaraJe m-:.Jr,:,c-g. 

T·fpe DSO ou:coor switccs,;ear consists o1 
srandard Tvpe D S ;ndoor s:r..:c:~ses assem
bled in a heavy gau;e comp1e:ely .vea:r.er
;,rcof enclosure, witn a ;ene,ous ir.ter:ial 
"walk-in" ironr operatir.g aisle '!x:er.o'ng 
!hrou,;h all units of t:,e assemblv.,), rein
forced access deer with holc:er. ;,rov•sion 
!or padlocking and ";,anic" hardware is 
provided a! eacn er-d of :he aisle. 

Standard features also ir.c!ude: 
• Bolted hir,geo re3r coors !or access to 

cable and ~us COn"oartm~r.ts. 

l 
• Traveling :Y::>e geared break.er litter. 
• S.::ace heaters. 
• L'ghting ou:lets and convenience ,eceo

tacles. 
• Rigid base struct:.ire: no channels r!!

Quired. 
• 'Naik-in aisle witr,in sh:ppi:,g ,;rouo 

shipped comple:111v aserr:01e0. 

The interior finish is s:milar to indoor 
switchgear. The s:an::ard e~:erior :inisn is 
ANSI No. 2.! oark ~li.;e--;ray . ..:.n as:::r.a;t 
:oating is orovic:e'.l :r. the i.mcersiee 3nd 

• L.aoyrirnh Coor ")O~ni~~s. 
• 1=i1:ered ventila:ior. oper.ings. FYNAL MfiR 3 1981 

• Portable rest kir for !e~ting ar,d cJliora
tion of .:...r.i;te:~~r ~rio .:-!-.·ices. U!i11z~s 
stancJrc i 2G ·10.t. ~a =-~c~~~ sir;;le 
.:nase 60 Hz suc~ly, a',a1 :ao:e ~~om any 
out1e1. 

Metal Enclosed Sus Runs 
For :onr.ect1rg c:..:taccr ~ra:--:stormers 
7hro~<;-'1 "=udcin,; wa!ls to incc::r s·...vitch. 
gear. lc·.v ·,o;rac;;~ me~JI e:ic1ose-d bt..isEs rn 
ratings from o,::o arr.:;~r~s ~o 5C.:)0 .:.:-'!'.011?res 

,,_... ~- ••(l_te ~_va!l2t,l~. 7!1~~e C.L:se<i ::Jri als.J ~~ ·J~l?:1 Stearns._........ •or :>us t.e c:rc·1ir, o-,:·.-.-,,~n ,~Oor3'.cl lcw 
'-- .,,of•age swi~c~c;~.?r a5serr:o!ies. 

~-· 1, C 2 1 7 0 ~ ""'SEP 2 2 '80 __ C. f. F~ ~- ~ 
--·----··-F--2-}5--J--.-~~-0-2J--.. ~~-~~--SR ~o ____ .:,-> :,o,____ 3.2.2-24 

Oesic;n arid constr 1Jction follow lo•.v Vc·tY~e 
Swi:chge3r S:anci3rcs . .vith :.ar'! .;l•1m,rum 
~r ccccer cor:C:.:crors with s.iv-!r :, 13~e~ 
!::01teo j:,:r~s and ~:ass ooh-!ster st.::i:o~~s. 
\1cr~entar·✓ :-atir:-;:s ( r.,inimu:--n 30,CCO ~:Tl· 

=P~C?~) .. He 3S reC'J1r1:d. s~~n.:;:-j :'°::"":!!;~ 

co;ors ~re A:-:s: No. 51 :?b:::"I J:-3v ir,Gocr 
a;id No. 24 car<. blue-,;r:iy out::or-r. 

'
.. .,,:;, 
; :J I.-

' ) 
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-----~•--,.... ... ~-- ':~~-'-_• • • •.,,r•;.:_-.+ ,fa,':.•,,.,~:•-::.. .. -__ __ If !I I 

0~ (0,Wl•A(.IOw IIOM llb"0,.,11811.HY ,o~ t0 .. f(i.N(t WIIH !.ltc, 

TYPE OS LOW VOLT.-\ E PO-~ ~fR'Ct!H"'!! ~.11tJ:U;tMto1tt.1s. 
RE.'IURN TO 

nd Cl:inc:esrearns-Bo£er 
Breaker Type DS-206 

600 

800 

::06S DS-U6 DS~b:>wl'!lDS-4~ DS-63::: 
ON OR BEFORE 

Voltage Rating (AC only) 

Frame Size (:\lax. Continuous Amp) 800 1600 

Interrupting Ratings, R.\1S Symm. Amperes lt Syste:n Voltages: 

A. Wi:h 0-240V 42,0CO 50.000 65,000 
Instantaneous 241-450V 30.000 42,COO , 50,000,. 
Trip 481-600V ::.oco 42.0CO 42,000 

B. With 0-240V 30.COO -n.cco 50,000 
Shon Deily 241~80V ]0.000 42,000 " 50.000,. 
Trip 481-600V ::.coo 42,000 .. :.oco 

O!Jer:itin~ C-.. 1rac:eristics-Sa,;7,e :'er-~ T:,;;es 

Contrci Voit:ige ::4 DC .!.8 DC l :,: DC 
i i) 

Cose Cur:-ent (SR). A.:n::,. ~A 5.0 :.J 
S"nunt T;ip C-,r.enc, Ar.;,. 6.0 5.0 :: . .) 
Spring C!"::irle :'--!ocor, . .\.'7:p. ,3) :-,;A 7.S 3.0 

Cose Voltage R.inge 40-50 '?0-1;0 
T:i;:i Voltage R.lnge l+-30 :S-60 ":'Q.t.!.0 

(!) :-.ot l recomrr:enc:!d ·rni::::.·?'!, 
(:) Deck ·,1,est:n;.':ouse :·:r ::~,;lic:i::on 1t :..'.is ,:cntrol •1cltage. 
(3) RurJ1ing current: mru:c.'1 l~pro·c.'71JCe!y .i.occ-;. 

Si;mng C,.:ir~e Ti:r:e • 5 se::oncs :-:1l.w--n~:-n 

1600 :coo 

55.000 65.0CO 
65.0GO 65,COO 
50,000 50.000 

65.COO 65,000 
65 .COO 65,0CO 
so.coo 50.000 

,,, 
:so DC 

(:) 
l.0 
1.0 
1.5 

1 so-:sc 
: J. --::so 

Time for S~r:ng :0 Cos.e Bre:::.l.:e~. ,~n!:l c::nr::.cts :ouch• 4.5 cyc!es '.':':J.-ci:nu:n 
Opening Ti.me w~:.,'l Sr.um T:i? • J_ ;::.:::e~'71:i.-c:.r.iurr. 

fJNAL 
Inte~ru;:,cir.g TL"'71e, :i.c :ooc-; er .-:.ore -:::r" L,st. P:ci<u;:- • 3 -:yc!es m:::.x:mu:n !.!. , 
Inter:u?ti:1~ Ti:-:-:e. tCO~ ta :so:.:: :f i:::>:. ?ic'.<~..:;, • J. :y.:!~s :"!;:?...'<.::rn·..1rr. ,·.:.) 

600 

:;:oo 

35,000 
65,000 
65.000 

55.COO 
65,SGO 
65.0CO 

l 15 . .\C 

3.J 
:.J 
.3.0 

C. E. FILE 
(4) Add aooroximatelv 2 c-.•,:!es :er sh,rni ::io :me 1o~roxirn:itdv .l. :vc!es :·or ins:;;.nt:.:ieous ·.Jnde~·,01(::.::e. . . . ~-~ . . . . . ..,__. -

Stearns-Ec-r:_rc;: 
Q 

D -340 

600 

...000 

130.000 
ss.ccc 
35,CDO 

55.CGO 
35.S-CO 
35 ,COO 

::.30 AC 

I.S 
1.0 
1.5 

'. ?0-:50 
:9c-:::o 

~lhH4• C2 17 00 SEP 22 '80 
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Indoor frame mounred 2 4 ~v to 34 5 ~V 

Indoor and outdoor enclosed n,on-fused 
2.4 kV to 1 5 kV, 

Type A'l/P Load 
Interrupter Switch 

.- ; l 
,n. I 
!~5',~~-__.__ 
'~; 1' 

I' r.-l 
I I 

0 REVIEWED/NO CQMM•~. '._ 
0 RfV.JfWtD/SfE CO.MMi , rs - ~H:S 
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Description 
The AWP !oad interrupter switch. tra"'e 
mounted. Is a lull ratea ,:iu1ck ,r,a<e-cuIc1< 
break sprir.g storea e"ergy aperatea swItcn 
which prov1ces. ta~t anc re11ao1e ~ccrec::cn 
for h1gn voltage circuits 2.4 kVthrougn 34 5 kV 

Application 
AWP 1n:erruoter swI1cr-.es are ava1Iaole 
1n un111zed three pole. frame mounted 
construction for mcun11ng ,n enclosures 
or assemOlies. These units can Oe aopl1ed 
separately or In con1unc1,on w1rh fuses 
They provide non-aurcmat,c swIrcnIng lor 
sect,onal1z,ng pr,marv reecers. and -solat1on 
for transformer barks. c2oacItcrs. vona~e 
regulators and s1m:lar ~::,p1Icat,ons '/1/t-:en 
used in se!"1es w1rh exculSiOn or current 
limiting fuses. the ccmb1na11cn provides a 
higher 1nrerruptIng rating against faults. 
w1th1n the capability of :ne fuse raring 

/ Front Operated 

-
The front opera red rvoe ~WP switch ,s 
available In ooen frame mounted des19n from 
5 KVt~rougn 34 5 'ot..V Jr-a rs ava11ao!e ,.., .:orh 
r,ght or le'T hanc ccP.rarion ·n ~~,s r::es·gr: ~~'! 
ooeraung hanol~ 1s r€'mova::1e and ,s ,ntencea 
robe s~ored w1tt11n the 3c::ess cOor ot •ts 
-enclosure 

Side Operated 
7h,s switch :Jes,c;n Is a,~ ·"'-''" ·n .:icen frame 
r-nounnrg from:, <.V ::i"cu~n :.:..s <1

/ . .3rd s 
avatlatle ,n tern r•:;r.t Qr er. ~Jr,C ccer3r,cn 
7he :icerar,rig rarc:-e .s ~::a.e: 3r~ .. ~c·..:·,.-:s ,.,o 
s~orage fgc:1;ry ·:•n s:c= ,:::e":r~::: ~r,•:s 
:icerat,ng nanCles are av~11ac '=' tor '='r--49r Ill 
hanc operztIon or ·.2: hocii;!:1cJ( ~Ce"a:10:i. 
F'g. 23. 

Frarre rT'IOunted A'.,,,V.O sw1tC.,':'S 5 .. '/ ~o i 5 
lc'J canoe SL..COh~1 wttri 3 58C c;r '::C ::1:TiC@re 
cor::riuous .:ur"~.'it 3nC1 ,02:: :ir~al( ;~.3,~· ... ~1: 
At 22 ~ ana 3.! 5 f(,v !"'i~ .:::H,:·rl.ic:.;S ,.;·Jrr~nt 
r;Jt\!""g r:ar-: ~e: ::,c a."T'!oe:-es :Jur :riv ,,•,q""I a 
600 =1mpP.r~ load break ~~a:ure 

Fault close of ~O IJ'J'1 ..io :-cc 3.-a 51 C:CO 
a"Tlperes ,s avait;io1e 1r: rne vo1:J~e ra ... r;P ~,(\,..,, 
5 "v ro 23 0 k'I Jr"ld Grily :0 CC'] 3~C J'.J CCC) 
amoeres at 2-1 5 1o.. 

1
/ 

The open frame mounted AWF' sw11c:il"• are 
designed for indoor apol1cat1ons and r,,tJst 
be mounted in a 5u1tatl~ me,al ~nc!csur~ of 
adequate strength 10 •.•,1thstand the short 
c,rcu,t forces. 

Reter to Comoon<?nt Sales c:3s t P'tt!:>uqh 
fer frame mounr~d motor opera red;..'/,? 
1w1tches. 

) 
"•rin9• 

Momenury 

"••- Nom. ··~ Conr111uoue lntem.,onng 10 Hz. 'SEC. F• u11 Clase (!) Votr Vok kV. Amp• Ci.trHfll A1ym. k.A Sym. l&A kA 

Tobl<IA, 5kV 

5.0 •a ISO 500 500 40 25 20 _,,.. 5 0 ,a 60 500 500 40 25 40 50 ,e l50 1200 500 80 JS 81 50 ,e l50 1200 1200 80 38 51 

Tet,ie S: 8.25 kV 

8 25 72 75 600 500 40 :s 20 8 :s 7 2 75 600 500 40 25 40 8 :5 72 75 1200 '500 80 38 51 a 25 72 75 1200 1200 80 38 51 

Table C. 15 •v 

15 0 13 2 95 600 600 40 25 20 15 0 13 2 95 600 500 40 25 40 15 0 1J :! 95 1~00 1100 30 JS -IQ 150 IJ 2 95 12:l() eoo 80 38 51 1! 0 :J 2 95 1:00 1:00 dO JS .&O 1 5 0 1 J 2 95 1200 12co 80 JS 51 

Tabl• 0 25 a •v 

:~ ~ 2J ') 15.:, 600 ~00 40 25 w 15 3 23 0 !Su d.JO iOO 40 2S 40 :s e ;_3 'j 150 1200 EOO "° :5 -1() 25 B 2J 0 150 110C 600 61 36 51 

Teo•• E. 38 kV )-
39 C Jol 5 1 50 S-)0 600 •c 25 :r :~ 0 )4 5 150 ,oo !CO .>C :: n :a~ :.:. 5 ~ !U '=:.)Q ;oo •O :s JO :a'.) J.S 5 ·!o 1:00 '-00 51 ,a JO 

J; ~n :a,.nr e1csir,Q 1e1rs •'• oor,e 11 ma.imt.m vona~• r1111,9 ,,.,a w,rr,c'-r .,.,,. crorecr;v• 1u1111q 

Sc;e,:i•I ,,d• oo•,,,•d .lWP 1w••el"!•11,e tre-c.f•~ai•v 
.Jes,qn.-u to, rnc,t_. . .,r1r,q w11-.,n JO 1ncP1 ,n,na r•,:•,'·•rs 
bu1 can be apc,11t11a _.,.,.,. hm11ed •D•C• ,, t•Qt11,~ 

D R[VlfWE0/NO COMMENTS 
D R(V,: V✓ ..D!S f COMMfNTS 

- - :, i.. . -·.. ": : ~ REVIEW 

lNC",. OEP 
[J S,wwf: Of ll<t,r;St,•la~1° J 4 1980 

~"1 •t1 • ~vi.: Alw1~I\)-. ,-H,1 ... t. M,,._,~"'1,,,.1u-h. 

hcllJRN TO 

tilearns-Roger 
INCO~Poa .. rto 

ON OR BEFORE 

Fl' '\I/~ I 
IY11l .. 

' ~ti't.H1t C 2 17 0 0 SEP 22 ·so _) 

.. F 2 35,J I o? SI ~o. ____ Fil~ t1o ~ 
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Design Features 

Stored energy mechanism: 
The AWP qc;1ck make-ou,c• orea• srored 
energy mecnan,sm prov,ces cor.s:ari1 n,c;h
speed open,ng Jnd closing ar.o ,s caoao1e ot' 
clos,ng and hold1nc; on ,rs rated fault CCJrrent. 
The speed and force oi ooening and closing 
the con1acts are co:h ,ndeoenoent of :rie 
hanate operar,on s:roke. 

The energy for the opera1,on ot !he swncn 
rs provided by a spring :hat ,s comoressed and 
released througn a mechan,cal lrnl<.age. 

Operation 
Closing the Iron: operated swncn ,s 
accomo11sned ::iv ,nsemr.g tne nancle ,nro 
the handle cas:,ng. F,gure 1 .l.n uowaro 
matron of :i--e nar.ole s:ar:s the ro1at1on of 
the hancle casr,ng assem::i,v ihrougn a 
mechanical lrnkage this ooera:es a spr•ng 
lever. Figure 2. 3 and 4. wn,ch comoresses 
the soring. When the spring lever reacnes the 
over toggle 00s11,on. rhe soring releases ,ts 
energy and c:oses :he main conrac:s 

The ooen,ng cycle ,s rnrtrared by a c:ownward 
motion of ~~e r.anGle v,:1t:i :nt? mecnanica1 
sequence repea1ec. 

In the case ct the s ce :::cerated sw,tcn rhe 
har,c!e ·s ·•r~ed" a:id ~ra...,e!s venrca1111 ,nan 
zrc ct 1 20 ce;~ees. aocro":C1n-, ~: · ~~ Cc?~ .. ~es 
on eac:i s10~ Jt ::-:e operat,ng s~aft :en~er .re 

Fu;ure 2 

Figure 1 

_ ... ·--------- 3.2.2-?8 

£NG. 

Descripuve 9ulle!rn 
36-553 
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It V~\'/.-D/S'.E COMMENTS 

'';IIIT FOR REV,[l,y 
, , ,;:;Ml1TAL 

,.. ~ ·1 l980 
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s,i~::i-rn1~~,t~ger 
Main Conta~N:ORPOV. 'ID 
The ma;Qf9"~~- Q.C,~iµ,o..!U',!.[)9e end. 
are ma!i.110f !"l~olkat:cti~c drawn 
co er. For .10.COO and 61.CCO 3rr~ere iaull 
closing, :he creak end ,s provided with a 
copper tungsten alloy arcing 11p. Figure 5. 

The hinge end consists of two pieces of 
copper fastened together. ?roper electrical 
contact 15 maintained when 1ne blace ,s 
attached 10 tne n1nge contact w,tn a co11 
and spring wasner. To further assure :;ood 
electrical contact at 1200 amc:eres. :he n,nge 
end ,s also provided w11h silver rings at the 
moving point. Figure 6. 

The blade consists of two h1c;h conduc11v11v 
hard drawn copper bars 1n parallel. Figure 7 
Since the elecmcal contact po,nt for c;;Q 
amperes ,s silver :o cooper. :he claCes are 
orov,ced with a s;Jver ring at ,:,e hinge enc 
and a cor;:cer emoossed silver 01a1ed -na,n 
contact point. On 40.0CO and 61.CCO ampere 
fault close ratings. copper tungsten alloy 
arcing buttons are provided to prevent 
::arna;e :o main Orea~ conrac:. 

J 

The two bars are fastened :ogetrie, '.o to,,,, 
:he single bl ace at :he :,,nge ano break enc 
~o assure ::>erman-er:t 1""\rg:--: ::::nrac~ :r;ssl.,;re. 
seif-ac;ust,r.g slotted soring wasriers oi 
;:,nospnorus br,;,f'lze a:-e crawn :,;r.t over 
mac~,neo scacers. 7'h,s :,rcv1:es ~lex:,:::11,tv 1n 

meeting s::resses from d1stor:ion cu~ :o 1-:iad 
or from uneven mounting. F,c;.;res o anc 3. 

) ., 

~re Chute 
The arc chu~es :ons,st .Jf ! 1No :i1eces ~f 
1..,1RE.A ;~r~aice"'P,c~ !aste:"".ed :c~~:~er ~a 
;:,roduce ;as wf"'lcer "'!1gh currer.t ..:orC1i:1or,s 
:o extIn<;uIs,1 the arc C:::intac:s 1,N::.,:r-: ::-.ear: 
~tiwte r~str3,:i !I"':"? ~1-c><ar 01.a-:e 333-E~c!v 
u!"'itt! r:""le .s;ri,-.g ·s :r:argeo or;or ;o -.:o~n1nc;, 
F,gures 5 anc 8. 

Insulators 
Glass ;iol~esi~r ,r,su1a1ors ;;re s:andaro 
equ,pment on svv,tc!"les ra12c 5 C '<V 3rc 15 
<V Porce:a•n :nsL.1atcrs can Oi:! ~Li."'~1s:-e-: 3S 

3n opt1cna1 ~l!atur-a ?orce1a1n :nsulators are 
s:3ndard on 7 2. 23 0 and 3-! 5 kV 
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Oesign Features (Cont,nuedl 

Flicker Blade 
The flicker o!ace ,s conr.ec:eo to :he 
side and oarade1 :o : . .,e r'i"'a1n ctaa~. it 1 

construc:ed of hard orawn ccc:::er w,1 an 

RE.i 

arc res,s?1ng sd'-1?' :u~gsten adcv tip. igure 
9. In the ooen,ng so,auence as tne ma, ::ilaae 

REVIEW 
i,ag1t ~ 

1 4 1980 
,1 ,.,. ,.,, . ....:1.-c1u~u 

separates fr or,, :'7e ma, n c-reak ~o nt ac·'.•· ~.,'l'l!l'---+------,t-:t--"--=-~....,_,.....,..~-.~..;,r..~~.,,,,.__..;.._-'~ 
current ,s trar.srerred to trie ;licker :1ace 
which 1s be,nc; rJ?s~:-a,ned cv the 'i•gn or~ssure 
contacts wrth1n rne arc C!""lute Once tr:e 
maximum angular r.iov~rr.11:!nt be!ween the 
flicker b:aee ano .,,a,n :•ac~ nas ~e~n 
reacned. :he 'lrc,er ~lace s:ar•s :o "'ave out 
of the arc c!"'lute c::Jr.t3c:s ir.e aco,t1ona1 :,ult 
"Jf :he tors1on31 spring on !:'"IC' !l1c:<er OlaC:e 
assembly sna;,s tne blade ,nto an open 
i,os,t,on a: h,gn s;:eee 

The hC!at of r,,e arc .. e•~.Jses a c13sr of 
de1on,z•,..,g J.35 'rr:>,..... ·rt' .He c-,amcer T"!"-1s 
comb1na~1on ')! ..... ~ :Ju1c11. '.:'11!2" a,-,o S.~•,on 
ac11on Gt...:cklv ~•:1nguisres r:""'e arc ce

er:erg•z1ng r~e c1ru1l. 

F~r !'T"a:r.tc1r-ance :a.::-ocs-!s ·:r ,.~:1aceme~r. 
on1\t tl'ie flic-.er :>:ac-: ::~r·:or- ~eec oe ''!r""Cvect 

Terminals 
Tr-e !er:-ro1:,a1 ;,acs ~,, :ct'"' r~e CCC ~nd 
12:0 3,'T>C"-:;'re s.,_..._,,:c:-i':'s ;r.:: ... q- :::,,-.01. .. c:·v•tv 

narc C"a\'\-r"' CCC'C~" :>a• -v::- s:a~c3r~ \~\.1,l. 

-:,r:lf,r.;. =:;...:--~s: 3 '3""-: ?1 =-:.: --~ ,_1l"'e 
.Jcc11cat·ot· . ...:.·..-. P s·."' :i:-. : ... e :=,.~ir .. ai :;a.:s 
are snor~er-?~ : . ., ::·.:·,·-:e ·:,r rs1.;1c:it-a-:i c2c:e 
C1.Jr:riec::o,..s S'!"!?; :.;-? .: 

91.ad .. .llrc;nrr~nt 
9iaCf! 3,...C -::r·-1-: ; ·,;,..,.....~..,. · :· -.a1 ... -~ ... 1.""'r:-~ 

owr:-cse-s ":J'' :--:> :--..,-:,...,: .·•· - ~;,:;~ -....,~ .l'.'." 
5-..... ·f:.., s ;_.;:::- ·-::'-: .·• ·~ .;.,.:.w.: ,:Si'- -~3~ ... r~ 

lr,s1:.•"~•n.; '. ... "! -:::.f-•-· - : ~·,~- ~'..) :~1= ----...t> 
OC.Jl~O ..:n .... -? ~- .:·· j ... ·: _5 ... ~ jr'I .. :-w~' J 

:-r---:,•:o"' ; 11..rJ · .: --~ ,;.•. r ~ ... :1ac~<; :3r =-~ 
~eac,iv ;"c,~r: ·-::r :1 .:---~---~ :---:!c(. ·.·,~-;'a ~ 
co:--,c::c:s --:'=' s.·. ·-:- :~:----c'. :""." ··_;r'•· 3:.::~"!~ 

"V\,1'.'i t~1s 5,cv., ..:::cs': ·~2r...:·,e, ~,....:J :.re'?:~~ 1ever 

rs re 1eascc :,--es"· -tC'"' ·N .. 1 ;;,·.·~ 3\ s re" 0 rr ~c 
:r:e :icen =,vs,r:cr. 

Barriers and Drive Roos 
Tne barri'=rs .::re cr 1\·e •.-,,:s ,~"': rrace of • 1arr1? 
re,tarCa~t :: 1 .?SS ::,c1v~s:e: ... :'.~ ,:Jr: ..-e roes are 
a1s0 trJck ~--~s.5~31: . . =·~ ... ;re.:·· 

Srandaralzation 
7,,e J.. 1-VP 'NCJS ::e:. ,;r:1:-: :•J =-~ JS ,·~·"'~ie 
ar.c sirrp:e .a.s ~oss.::-: ,:::3r:s --:--.:i•: :~ .. "'.'.JC 1v 
adceo CJf remo"Ved :o~ c~•ar.-;:"",; a:i:i:1ca:;cns 
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Door Interlocks and Special Features 

Since the sceec and force of closing t~e 
main con~3cts are 1nae-::>t"?n0Pnt vf rric lev~r 
closing 0;J.-!'.Jt1on. trie ~1/vP has .1n 1nne• ~nl 
bu1lt-1n art1•fec1::.e mec~an•sm ::Jen sw11ch 
has two mechanical 1r.terIoc,s ihe door 
,nrerlocll ,s a hooK !ug arrangement on ttie 
shaft wh1cn engages a rir.g mounted on tne 
enclcsure door. F:gure 12 This orevents the 
door from be1r.g 00€-n~d whde tne s,Nt?cn .s 1n 
the, closed pos1t1on The orner :ntericcJC 
prevents the S'Nitc:i from :ie1f"'lq c!csec Nnt1e 
tne deer Is ooened The .aIcn. ;,gure 13. -rius1 
be oushed forward be a la:c~ I~; moun:ec on 
u,~ ericlosure door to ciose s•,,.H!cn =or 
maintenance ourpos~s on!v rn,s la!c""! may bi
disen<: l½':'d Prior to such ma1nrenarir.:~ all 
sourr:es of power to the switch must be 
de-enl!rg,zed. 

To prevent cor,1ac1 wI:h live cacts :cirou,;n 
the mechan,sm cover o,a :e. a =arr1er surrcu ncs 
the operating mechan,sm 1soIaring ,r from tne 
ma,n current carrying parts of the switch 
Figure 14 

In add1t1on to the oudt-,.., interlocks. on 
front ooerateo swttc~.es :.'"'er~ are ;,rov 1s1ons 
~or rwo le.irk -<.ev ·r.~~!":cc~c;, F·,:;1..:re 1 5 wn,cn 
-.vdf ailov.- :re sw1tc:i :::i be oci<ed r:i coen 
O• closed :::>os,::ors :::1t....:s :.ro...,.1s1on !or or"e 
paClock F,gur"? 1 J s.:-::ar ::rCI/IS,c,;s 3i~ 
avadac,.:e en s·ce- -:-oera:'=c 5·..,.,ntc:-.es ~-~.-:'=n 

mountea in an e~c 1csur~ 

'Nhen a !(e•, ,nt-:"'"CCK si s r~au1r,ed en ;rcn: 
ooerate~ sw1:c:-ies -::1':'s ar~ :ir:iv·cec 1F·,;t..:"~ 
151 fer ,ock ,.,.,c:.;ri~·r-;i .:..c~r·:ona1 1;,ater•ai .s 
re~u1rec !O c,:i-.p12:e :""e 1ocx ·nsta,'.ai.ior. 
~eter ~~ ··.l..c:essor1':"s · . ..., :ir,ce 11s: 

?ar:!lock pr-:,rs:un '= c;;·.-r~ ·3 & ~~- w,il 
accomme,cate -:ine ":)a=·ccl(, -l.r acaoter ·s 
avadabie :o acc:r"""lrr1eica:e ~cd:t:oriJ! :,ac-
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Operation of ElectncaL'Manual Stored 
Energy Mechanism 

The ell!ctr1cal/manual stored f;'nerqy 
mechanism oor:·on or :ne AV-i? Sw11cn ,s 
located on :ne rig hi side of t:ie sw1tcn 1ust 
above the opera11ng s:iait and handle castrng 
assembly. F,gure 16 

The unit 1s a mec·:ianical hnKage cons1strng 
of a tee:er bar. douole toggle a$semblv and a 
Shunt trrp coil Clos,ng or tn1s switch is 
accompl1sheo ov •nsernng 1:ie nanole into 
the handle cas11ng. An u;:ward motion or the 
handle starts :t-e rc1a1,on of :he cast•ng 
assemoly Througn a rnec;,an:cal 11,""!kage. :ri1s 
operates a s::,r:l"'g lever wn,c:i co~p,~sses tt'!e 
spring Wh_en the spring !E"ver r~ac:--es tr·":a 
over toggle pos111on. the sp11ng tends :o 
release its energy anc tries to move ttie 

F,gur• ti 

00era11ng shaft. The mo,ement is res:ra,ned 
bv a 1,nkai;e wnrch tr aris:ers :he ener',Y 
rnto the doub•e 10ggle assemoly. 

,he swrtch can now be closed by trr0p1ng 
the double toggle assemblv using a manual 
release located 1n front oi the swrtcn or 
remotely bv the snunt trip corl. 

Once tne switch 1S closed. :he ooen,ng 
cvcle 1s made read~· by a cownwaro mo11on of 
:he nancle. :he couole 1ogc;le as.semb•~ ,s 
rese! arter each open or close cycle allowing 
rhe mec~an,cal secuence to re~~at .1'4~31n 
the sw11cn can now be cpeneo manuallv or 
electr•cailv. Si,un( trio con "01tac;es r.:3n be 
.;5 volts oc. 12S volts oc. 2:i:l vc::s cc. 115 
vo11s ac and 230 vol rs ac Snunr :r·p 
attJcnmen1 ,s available on 2 4 througn 
1 S kV un,rs only 

Shum Trio Cod 

Pac:Hoclil Prov111on 
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Specral Features 
Indicators locarec at :he coe,a11ng !!nd are 
provioeo 10 snow ;I 1..,e s;:ring ;5 cc,argea or ,t 
:he sw11c~ 1s opened or ciosec. ;:,gure 19 . 

.li s:iait lock asse"'o1v ,s ,::rov1ceo on '.,..,,e 
ieft side of :P"le sw 1tc:i ~o ;:,reve!'it :!"'e switc!"'1 
tram 00.eraw,g wr,en t~e coor ,s coer,eo and 
:ne s""'tc~ c:iar;ec ~or oo~ra:1on. :=1-;Lre l i 
For :-na1!'it':'r,ar.ce :..J!"::::icses ~~1v "'"'':1:i :a1c:i 
mav :,~ cise~ga-;ec Prior to such 
mainte.,anc'! ail s:,urc~s -,; :,ewer to the 
switch must be ce•-:'ner;1zetJ. 

On 1"11s :v;:,~ er oce•3:·ng .-e:-.ar,,s,.. Kir• 
:<ev 1n!e--,ocKs ,:J:l""'ct -=~ ::-:,v·r:'!.: -o""~·,~~ 
:..,-e"~ 1S :Jrov:s;vr- ~::;r :ao:oCAS ~ r"' ::-~ ""a;'.i:::e 
casti!"":;. ;:,i;~re · S 
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Access Door 

An access door F,g ; 8 to rMe sw,tcM ooerat,ng 
mechanism can be :irov,coec for cnounr,ng on 
cabinet door. Th,s door asser.io1v ~an be useo 
for either ,ndco,- or ourccor aooi,cJt:on. 
Drawing perra,n,ng :a ci.;tour ,equ,rernents 
for mounr,ng mav Ce fauna on :iage 5 oi 
Technical Cemficat,on Sec:,on 36-5,J. 

Test Data 
Tests were ::,ertcr.-nECl on 5 0 -.v ,.~rougM 
34 5 ~V 6CO anc i 2CO 3r.--::ere S'N1tcr-es 11, 
accorcance w,r,.., ';E\1.-l. S7J SGO ~:'\Si 
C37-32 anCl Canac,ar Sranca,d C '. C5- 1 960 
These certif,ec: resrs are avadaole uoon 
reouest. 

Pert,nenr data. sucn as ,nrerrupt,nq 
capabt!1t1es. fault cics,r.i; and ~omer'l!3r•,. 
are listed ,n Taoie en oa-;e 2 T~ twr::ier 
h1ghlighr tMe ces,c;r •~a:ues of :he ,l\JJP_ 1t •s 
capable of 1r.terruor1r.g mai;r,e~i.::nig c...;rrents 
of rransto,r.ier ar G\.v oow-':'r •3cror. and at 
23.0 kV.cable c~arg,ng currenrs P11s aata 
1s also avadable upon reauest 

·J 
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Enclosures 
Enclosures fer tne type A'NP sw•rch 3re 

avatlaole for s1ce o;i,:iratea. wail mour,ted. 

unfused u,,,ts. F,,;ure 1 9A. as weii as :ne i1,;sed 

un,1s which can be s,ce or rront ocera1ea. 5 •I/ 

through 1 5 ~v These enc:osures are mace of 

11 gauge s:eel ano are or :io11ed ccns:ruc:1on, 

Figure 20 .:i.11 steel used ,n rr.!! enclosure ,s 
cleaned and phos~na1,zea •n precara"on for 

pa1nt1n9 ihe ;:ia1nt useo ;n s:anca ra ::r::C:..Jc:1on 

1s 1tgt"'!t grah~~S!•51 'or ~ndoor ?.;:::011cJt10f"IS 

and ANSI- 70 tor cc;:aoor aoo11cJr1ons. 

Each enclosure ~oor cor.!a,ns a wrnoow 

througn 'N~1c:-, n-•,e sv11tc:i un:t car. ':e 

observed ir.e w1rcow ·s !-e"!"l,er~a r-:',rforced 

;lass wh1c~ :--:ee:s a 1! aco11c3c1e i:ancarcs 
and 1s free i!ca!:ng ,n a :-i....t:~~r r'T"o:c,rg ,See 
F,gure 2~, The CaCir ':>f e-ac~ ~r"C!Osure ,s 

mounted on ·,:-iree 13\ ""'.1n-:-;.~s ar,a 'at-:r~£ at 

three I 31 points w,: h two, 2 i ~and 1es. F -~ure 2 1 

Elch enciosure coor oi :~e front oo~rated 

unit ,s eou1opeo '-"1tn .?."'I ac:ess -:ccr tnrough 

which rne switc., :-:--:J-... ~e co,eratec:L,C,:gure 20 

Each enclosure ~oar s ..i?C~:o:-ec ·.-,11rn a ccor 

1nrer!ock 'Nr.:c~ Pft''d.~r1s :-c~f"',1rg ~~e 

enciosur-e soor .sv-~r :-€' s·.,,11!::i :ori~3c\S 

are close~. F1<;1.,;r~: ~ ~"'a ;..t·!·z~s :r.~ -::,er. 

Coor 1n:erluc,c as :~s::- ~~c .:n ::izge 6 unoer 

Coor 1ritertoc< '.~a:L.:-?s 

All f:.ise rno1..i:""1:1r;s ,::~s.,-:-:ec r-;r , ... se 

w1:~in :re -:?ric 1cse-: ..:..·:.;,, s·.•,11::::i are .:,f ;!'--e 

non-a,s::of"I r.ec: :·, c~ 

Fuse wn1'S 1-•:ie~ ·n .:-:,r,~ .... c:·cr. ·.vrti :~ese 

mountings ::J,i ~e ~.~-e:- 7r~ :is..:.-:s::> .:oc 
9C0.C:.E :::.=-:-:.3 ·::.-;,::< Je::e,"ci!nt 

upon r~e ::,roo~~ 3;;;:: ,:3r·o,1 

' 1---------------

Figure~ 9A 

Non~Fus.-d Sode Op'!uted Er,c.i,-:,~~ w,11 Moun:"~ s ..... ,cr, 

---- --
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I,,;) 

C 2 1 7 0 0 SEP 2 2 '80 
3.2.2-34 

SR J 2 '3 t;~lie Nl, 0 3 3 

-
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) 
All enclosures which ,ncor;:,orate fuses 
have ,n their ces,gn a n,nged snIeId over the 
switch comoartment :o ;:,revent conrnc: with 
the live parts while vvor~,ng In rne fuse 
companmenr. Figure 22. 

Standard enclosures provide for cable 
entrance in rne rop and out :ne bottom. 
Condu11 locar,ons are 1denr1f1ed for drilling 
'purposes. When rhe reouirement arises 10 
have the cables In ano our either t~e roo or tne 
bonom 4 rnQSlule ,s..aQ,;~ to :ne bac~ oi ine 
sw,tch, Figure 24. :o crov,oe s::iace f;;,r r-:ar 
connee1Ions When tr-e rear compar:menr 

_.;.-~ 

is added. the rear t:anel oi tne stancard 
enclosure ,s omitted to provide access :o the 
rear companment. -:-r-.ese two compartments 
are shipped borted tc<;ether and may be 
separated. if desired !or ease oi 1nstallat1on 
of cable . .t5_u~acn compartment ,s 
equipped w,th l1ft1ng lugs bolted In:o place 
and which may be re,.,,oved after 1ns1alla11on. 

AWP Switches 5 0 kV :o 1 5.0 kV can be 
obtained In vvearherproof and dus: '1i_ht 
enclosures The s1ar,oarc o;:;i-door enc:osure 
1s suool,ed w,n, a concuit ada:,r~r ~u: roof 
busnar.Qs are availaole Ct~P.r_~ou1or.-:ent 
·Nh1c~ :an=-= mounted :n rr,~ er.closure 
inc!udo?s au.1.1!,arv sw1tc.-i~s and :>Oti'"l~acs 
All enclosures are lurn1sneo w,tn grounc,ng 
~5. F,gure 2 1 -

··---~:· 

F',gure 22 

-:I J s., .... 
-sn,.,d 

---.-,~p-,--... , .. 7 ... .. ~~ ............ ..-1::1,...- .• 

~.~~£:~-~ 

Oot,onal Honol4 fo, 
koo .. .suca O~r•t,">ft 

T'-,,5 1!"'-r1tl~I ti 
.;... __ ...,_ r.a.-.c.ard •or 111 

,.,.;~ .:c, ... r3r~. 

w~:1-TIOUf't~ 

rioo•'l•,cir. 
:'Clll?Fll~O 
cw,,cr-es.. 

Rear Cover 
Om,ned 

Switch end FuM 
Comp•,,m..-it ----• 

" 

Cable Comoeriment -----------

.. ,.1. I 

o .. l°""'•A 

IPfl.A1.v., v~ 

kc:. ilAl'.i ~ 

· -~ .. 1:ioger 
"°':·.~"POR~f!O 

SR No 

s.o. co~"·" ' i? BEFORE 
l't:-<e :.•.-,? S""'C""°"n •-r----:::-::-::~;>,:--::::-----,..-----..;;,,..:.J p~c:oc111e-J ./'I :~e 
,,cstrl'>J oo~.::o" 5w,1crr ,..,d F•.11.e 

/''""?: 
:.:,, 

''9'-',. 23 

1t C.Jrl ~ s,r·11.H1v C..>moa~rnent 
'oc,~ .,._ •--~ 
ooeri C0';:.,:.01~ 

3.2.2-35 

'j 
I 

• I 

) 

C. E. FILE 

arns-Roge 

SEP 22 '80 

034 No ---+---

) 



,. 

uN,USEO -
S. Oper•t-:C- Onty 

fiv- 21 
C•Ot• in r oo-
0111 8on0/T'I 

,. ...... 2, 
C.ore In Tc:,o
Ou, Too 

,"1 .... 29 
C.01e 1n aono,,,. 
Oul l!onc(f'I 

,usro- ~ .• -... .,_ .. ~ Ti ~ I · · 1 
''9"" 2S 
C.101• ,,.. 7'00-

C\.11 ao:-rom 

Flgu,. JO 
C.ti,e .ri Teo
Our Too 

J°igu,• J1 
Catie 1,i 8or.cm
C1,,,1 3o!'1c'TI 

Front Vi....., 

F'9ure J2 

,0 !LtlJ~ t --- -I IQ-
' f ~ 

~! t ~J65 

~•2~ 

. ' 

Oescri 11ve Bulle:,n 
36-55 

---•---:...--....... ~-·--.... ----~, ........... _.~,.,. ... -.... - .... -.---.;._.:.., 

3.2.2-36 
Jr•t·. 

SR 

C21700 

F 2 354 1 
No -· f:!:.1 

" , .-:-·-··-

i 
; .... 

SE? 22 '80 

035 No ____ _ 
--. . .. 

_'f .. 

-

-

-



-

-

-

... ! 

page 12 

• .REVIEWED/NO COMr.w:rs 
0 R Vl(V/1 D/:i. t CC>f.A/l~'.ITS 

Mounting Hole. Conduit Hole and Cable Hole Locat,ons 

leek 

Too 

--r 
0 . 

' 

•bl• C:"c~,t 
Loc.•ticn 

a2 o, •. 
Moun1,n,g Moles 16) 
(I,, M•~r o' Enelo•ut•I 

C1Dl1 Conduit 
Loc:•non 

0 - ' 
___,_o 

a.ca '- Secondery Wi,ino 
Condur1 LocettOft 

,'9.,... 311 
w..- Mo1,,1,a1•d - UnfuMd - C.ael• In Too - Out Sonom 

Top 

Front 

Baell ----r---•---.-
~ 0 

----!--<.-

·, 
I 
I 

' ' 
C•Ole Conduit 
Loe.anon 

62 O•• \4ount1nq 

I: t r. -~~•~.:; ol Eac,osu•Ot 

Ir , j - ~ 38.SO 

I . ..... 
3 Q -.-

--19.i5-
l""-3950-

lonom I 

F·qu,.. 37 

9 0 
----'~-...J.__.L. 
Beck 

W111I Mc:n..1r,1•d - Ur,,u!l"!d · ·-',,th .-le11r E"c'o1,..,,e CJibl• In 

Top - 01.tt Teo o, In Sc:-tor.i • 0~1 ~or:otT" 

Further Information 
Pr,ce L,sr 36-3:J. 36-s: .. 
T.C.S. 36-573 

Westinghouse E!ecric Corpe>ratton 
Sw1tctiqe.Jr J .. ~1s1cr 
East P,~~s:iur,;:i. PA ; 51 1: 

-Jl.50--: 

Bonorn 

Jl.&O 

I 

C1o!e Conduit 
L04:•t1on 

J 12.0 ~.eci<--=~--.1__i.. 
',_ S~onQery W1t1n; 

Conduit Loc• uon 

,i,qv,e .JS 
Wall \itlour.1e-d · ;:1Jaaa ·,-.11f'lout 't••r ~.Jl't"lpar-::men, 
C4'DI• In Top· Out 9onc,,, 

.,.. ___ .,,... __ ., --r 

1 ,so 

Top 

F,,gu,e 39 

C•b1• Co"d1,,11t 
Loc.•uon 

_,,,, 62 01 •. ,\4oun11n9 
Ho•ec 141 

Poor Moun,ed - ;v~d - '-A'11t'lout Peer C"moenm•n• 
Cao,. lri roe,• Our 9onom 

f'NAL MJI.R 3 1981 

t ,.,.\ 

3.2.2-37 

-· 

Sonom 

1f"ill1 -lj 
l't\?t.':~\_.,-1--4-

i 
38.50 

.. r ...;,-

5.0 
--1975_-. 

- 39 SO- I 

il=,q~ ... -10 
WaU Mcun1.a - FuM~. 'N,,r i:18•' Comoerimen, 
CaD•• ,,, ar<J Cu1 Too o, I" ana CJ1,,1t Sonvm 

Top 

___ 'T' ___ ---r 

90 
-~;\--....;1---1~ 

26.0 

i. 

'"" 

; 
t 

· I 

-,_ __ c.01• C.:.na~•• 

8onon, 
-.iOO-

I 

1: 
32.50 ,' 

; 
f 
-/ 

loc.1tron 

6~ o,. 
/ __.o,.Jn11nq 

No1e, 1a, 

I I .-. ,l , 
, • jsO-: '.:-

•.o...t.__~ / ......_ 2&.o . . . ~ 
15.0 ~: ..._____ 
2~8•c• 

. ''3= ~ ; -'! 
- J • - ----1... 

I 

Stearns-Boger 

C21700 

F 2 35~1 
No-____ 1,Je 

SEP 22 '80 
-· N! __ Q""""""3_6_ 

) 
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~bborr 
CURRENTTRANSFOR~E~ 

Model 350 
.... - --=-===.= . .==.:-_-- - ---- ----• ---·---=. 

.. ..,_ ... __ 
·--··~~ 

C f' r,,1,.~/' .-,1 r,-· ,, 
, ~. V I ,, • • , • \,.., , '-, 

I ~ ~ " • ~ • '•. • 

. ~ 

£NG. D 

REVIEW 

... .......... -..,. 

• CASE: 
e APPLICATION: 

• INSULATION CLASS: 
• FREQUENCY: 
• IMPULSE LEVEL: 

• CONTINUOUS THE:;:;MAL 
CURRENT RATING FACTOR: 

..llfvAL 
MAR·· fir,?/ 

C. E. FILE 
Molded Re;nforced P!astic. 

MeterinQ, Desianed to fit over bus beSr-earns-Ro("fer -
West1ngr.o~se ~S breaker. c W 
600 Volts 
25-60 Hz t,- · C 2 17 00 SEP 2; 
10 KV 

SR J: 2 3 5 .. ¾le No Q 3 / 
1 .33@ 30'C Ambient:1.0 at 55°C Amb. 

ANS1;.cc~RACY I ANSI ACCURt\CY 
CLASSIFIC;\TIOIIJ I CLASS I FICAT!G:,1 

CURRENT - 60 Hz CURRENT - 60 1-iz CAT. NO. I C.H.~,O. ·-RATING RATING 

I (amper~•l 8-0.1 B-0.2 (ar,ipcres) S-0.1 s.0.2 

350.101 I 100 5 1.2 ! 350-,51 150:5 1.2 ::c;o s:1 £0•J·s C.3 0.3 
350-201 I 

~CQ 2 1.2 1.2 c,o 102 ~cc,o.5 O.J I 0.3 l ! 350-301 I 3C':;:5 IJG 0.6 25)·122 . ?~iC,:5 0.3 0.3 
35C'r'101 4J'J:5 0.6 0.6 2::8·1~? · -i'.::00:5 0.3 I 0.3 
350-501 

I 
500:5 0,5 0.6 3::0-,e:2 I 1;:;c..J:5 i 0.3 

i 
0.3 

350-60 1 CJ0:5 I 0.6 0.5 I 35C·202 . 2G~IJ:5 I 0.3 I 0.3 

-
3.2.2-38 
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Stanc:ard .l.\'/? Lcaj ln:em .. :it;r Swi::h ,F~on: :ind s;ce Opera:ed) 
,:-ic:,or. 2 . ..l ·<v T:--:rc~g, iJ 3 ,..;,,. , 
\11.i "'"""u"" 
::'ll!'S--.:;1"1 
·,:,:1r• 

·: J 

' 

., -.. 
:. 

'\c~1ra1 
l-J,ta,;~ · 

J.3 
• 3 
J 3 
,13 

(V 

:.:ll""~:-.,;c•~s 
~.-:;s 

·::c 
'. ::o 

::ic 
· ::o 
·2~ 

. :·:c 

. ::o 

,,..~~r:-u:!1r'g 
C...,r:-,r:t 

. ::o 

~o 

. ::c 

,:.-:. • S•o 
.l.sv""" <a 5..,-,_ <a 

:0 

so 
s,J 
30 
!O 

Z5 
ZS 
B 
l3 

:s -· :a 
:a 

;s 
:s 
l3 
la 

:s 

0 P• V'.[V! Di O COM'•.'.>!iS 
L v.: 1

• ·,· .•• ~ ~_. ~S 

'' '~ FOR REVIEW 
, ,U-.L 

01 1 4 '9Bn 
Ok ,u,.,.1,..0,1,.,,_)r 11,t.•,,. ;.·t.PV...,,Slt•ll'f FO~ t(.),,·.Fd-11,d: vdlH ~fC, 

.. 1,~1 u: ... :. O, :'1 ""LL -Jft1t•. C0"41i.ACI M.l\JiJ1,-t,..\tNIS. 
:,,ee,1CfJ11,0:1i,1•,~-'I Ir'\ Gia,s P'!,''°'tr"r .r.!.J:a:0,.1 
'."~ 5:,:d :::.:,.:._•.;.::;i ~.tt 
..... ~~•" P~•c• 

a,;o;·Y.:-' 
J,:01::c: '. 
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5:'.!~F,Jl JG~' 

·.:..~0;•3":~: -~01·~== 
•.:.cc;2:G,;2 
'4C07:·~~2 

.• _ _, ... - .;.J ............. -.. --- ..... -...~-

3· ;;,: 
3·,,2 
>2:3'. 

.;2:~2 

.1,:;:.1 

.:::as 

.... , .... 
' • ,I. 

·:'. ': 

.; . :~: 
! ::s: 

ON 

~c,:c:::~.:~.J. 
':.!ICl'"'":,':1,,,;,.,;

0 

!IIOT 
A\/AiUBcE 

.... o, 
A.1/.IIUBl: 

:::- _..., :...:. --
'::::- ... :.· .. : 
~:. . .... .I. --: .• 
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:-:;~r :;.., ..:'!'~:· ;· ..::~ ::- ,: 
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":-"ii,:'!':.!~-'-::• C'~ -.;- .:: ,i,;:·-:·: ~--;1·;·, _,-'!·:·;· l
,11,, '.""ii'".-;··: 1--..:·.·•: !_~ .,.-·,: ... :.:·~.: s~-? .. .; .. ·;. 

s .. ,:.:: ~-:- ··-:. ·-:• =\:~ 
s.\, :..: :)";. ,:-:---.: .. ·.- :·,:.., :i :--:,-..,, < ... "~~v .. .,;.,:~ - .:~ 

:' .... ~-.. :·.:: =.,;: :--

-

i ... ~ ••• ,- - • ~ ------- ..; ...... 

.t)J',AL 

.!,, 

.1 

3.2.2-39 

.. :-. ·----_, ... .;..: .. .; 
:;F:•:::a 

- ..... --~ - . -.......... 
=~c=: : ... : :.J 
::<.."'::-:_; • ...; 

List Price ?rices :nc:ud:: 
5525 

137 
130 
80 
20 

65 
85 

--:-~: :.:,i:-. ;.~,; =: ..... -:,.·, ;,.:-,..: ;:r--~c:-2~ 
;.·c .... :--::-: .. ~:~: ..l.'..::i '!I-.·.::-·,·,:;-=-='=-~~~ 
=arTers 5-,c -3.-1...2: :::-: .. ,:: -.; --::'"',3.- 5--. :r 
3 ,;:::,-::"""",::;n ;:-~-~- =· :2s :.: "":: -;·_c':- ::~
~1r.a1 :=r:---=-:::·s. --=~- :-a ::."':;e,:::~5 :a:
~e er=-=;-:,::,• .. "':~-2° .... ~ :: : 3 :.:..:::, ;r,: 
P .":c~ L:s~ :.:.-3 2~. 

Ordering lr,fcrm3:'on 
';\'';e.'"l :irC~,. ,"':; ;;•.•, \,:--: :-3: s :2--•·-;::: n '//. 3? 
s:cc:-:. :'"•:::::,.::, 3:·.·::- ~• ... ,-::.-:- .. S.·. ~:-;s -1:.c 
car:-1,;o ·r. ~:c:< ~,..:~,- :-:-- \\. ·? :·., ;3:,, . .:a 

:\iur.-i::-::- - ~ :c.:, .·.-e:-,s =~ :·.-:~'/. 
Shiprne'1t 
Cbr.3i~ 3--::=~':'_,: :~-:tc~;:-: 'J."1 ---:-n-.5\.;,:,c 
iter.is ~.-~"T: S.·.:·-:~:;-=s." :.•.•s·.:,- ~;..:,..-,::,:1--::-.: 
Sa 1es '.:ss::, !:~::---;.: .=;.. 

SR 

Stearns-~f f ILE 
C21700 

t-tf 2 3 5-lk, 
SE? 22 '80 

0 38 No, ____ _ 

or~ 



~bbott 
POTENT1AL TRANSFCRf11ER 

Medel 450 

The Abbot! Magnetics Model 450 is designeo for use with all types of electrical indicating, 
metering, recording instruments and protective relays in electrical power systems. The 
magnetic core and coils are rnol.!n:ed in a reinforced plastic case with a metal mounting 
base. The unit is epoxy filled to insure insulation qualiti"'s 

Secondar1 and primar1 windin<;;s are fully insulated and terminated at :rireaded studs. The 
units are supplied with terminal covers. (' £ 
Winding ratios are indicated on the r.ameplate as well as on the side of eacl"'s• ·~it as sh~t:v ·n· Fl LE 
in trie outlined drawing above. learns• oger 

-
• FREQUENCY: 
o STANDAROSECONOARY'/OLTAGE: 

60 Hz 
120 V 

C21700 SEP 22 '8l 
O INSULATION CLASS: 
• ACCURACY CLASS: 
• CONTINUOUS THERMAL 

CURRENT RATING F.A.CTOR: 
e WEIGHT: 

~ ... ' . ..:,,,\ ;--•.,·--- .. 

600 V, 1 0 Kv, Fu 11 VJ a.·✓ e 3 'f ") 3 5~1 Q 3 9 0.3 class at W, X, M,SRi N2f:7 Jile No....._ ___ ...___ 

DK. 
750 VA at 30°C Amb., 5CCVA at 55°C Amb. 
22 lb. 

_'._"'.::.tcAT: No.·'_- l-. 
.· : ·. (with ~over)·_. i P?.11:~ARY VOL TS · l 

. : .... -: . ,'.' ', . 

1NINCING RATIO . ' . 

450-120 · I 120i 2C8 ''( 
.. 45C-2-:0 , .... ~24J/416Y 

450-233 x-· 2231:C0 Y 
~ 450-3~0 ~ 3001520 Y 

t' 450-460 I - 480/ 4c0 y 
I ·. 450-6CG ECG/ ECO Y 

Other ratios and burd'"n :=i:::ac,1,es av:.1I:atle ~pon re:::ues:. 

Continued on reverse s,ce. 

3.2.2-40 

1 :1 
2:1 

2.4:1 
2.5:1 
· 4:1 

5:1 
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a: 
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0 
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POTENTIAL TRl-.NSFOR~J1E~ ~10DEL 450 

RATED 0.3 AT W, X, Y & Z BURDENS 
TYPICAL PERFORMANCE 

CIRCLE DIAGRA~, _0.3 ACCU ,-......_..z..:L:...;A.::::.S=-S ___ :__ _____ _ 

:: RCVIEW 

4 le86 
~ --~~ .;,L~ '..\,• •~-t•,~i~,tlr 

c ... ,0, ... 1,1,,,~!.J, f __ ,..,.:1.P-J'l,j!/l•Ll'r ;;,(..C.) f.d 1>11..l\-',ITM~rc, 

ltt...~l ,,:,•.·, '••" ' ' .\LL ..Jlrth. <.CN!A .;;, k~~Vu'l"""'H,t!S, 

Rl.i Ui<N O 

1 .003 --~-----------""""---+-+---=,-.~ ..... -:r_,-..... -t ... -.-~ ----1,, ~ r _.,. 
.._.. ... "- ... "· .. .:J ... :. i •. : '.•· C • u .. 

IN~O.PO 4'!0 

ON OR EFORE 

., .002 

1 .001 

1.0CO 

· 0.3PF 

0.999 

0.998 

12.5VA 

0.997 
0.3 ?ARALL:cl0Gr1A.',1 

-15 -10 -5 0 +5 +10 ~ 15 

PHASE ANGLE: lN MINUTES C. f. FILE 
Stearns-Itoger 

~-~1~: C2 17 00 SEP 22 '80 

3.2.2-41 
Ii 2 3 5 .. ~ ..' 0 4 0 SR ~o, ___ .. ~ .,~ 

OK:. 



. . "] . I 11 ~- ~-...]: 
l -~ .J J C. E. FILE 
me,JE]Jjo • 

S-SlJBS -- -•-·-"•- --· - -

Stearns-Roger 

~--"' C 2 1 7 0 0 SEP 2 2 '80 
"'>R REV1Ef Nf 2 3 5• iie No O 41 #K. ~ 

Model 2101 
OC Amps 

GENERAL SPECIFICATIONS 
Principle of Operation; See descriotions below. 
Accuracy: See accuracy spec:fications below. 
Position of use: Ven,cal 1Sc::;ie) 
Full Scale Deflection Angle: 250' . except 

Syr:chroscc:::es: 360:) 
Full Scale Langth: Acprox. i' J.": 123 -nm) 
Pointer: Sword type, black 
Scale Plate: .=> 1atfcrm t1pe. wn1te 

Case: . .:..=s. ::;i2c'.<. ~·..1e~~s 1
_

1 LS..!. ,-lS'7\1 s:-;5 .. -33 
Cover: '.1-:::iacrytic ac:c :-2s,n ·.v::;; 2.r:,t-:;:2,ic prccess-

1.';~ .::i :;c~r. siCes 
Star'!ca.•j Color: Blac.:.. (.\1"':-:se:! 'i ; .5. :) 

• C 
~ ' ~ : W' J:. i' 

Model 2105 
AC Power (single phase) 

Terminal P!ate: :it-,,enol resin, black. Meets UL94/ 
ASiM 625-68 

Mounting Screw: 5 mr., in diameter 
Measuring Terminal: 5mm in diame:er (nut type) 
Dimensions: See ;::age 12 

Weight: .',:cce! 2101 Approx. 0.31 ·os. ·c . ..:. <g) 
Model 2~C2 ,l.r::meter. Approx. ~-3 :t:s. 1·:.5 <.g) 
Model 21C2 '/c,::ne:er .... A.pprcx. i .i :bs. :0.5 kg; 
Mee els 2; 05 & 2105 
Moce,s 2~C'." & 21ca 
~locei 2 • :9 

. Ac:::rcx. 2.2 ::::s. /1 ;.;;) 
Apcrox. i .3 ·:s. :G.3 ,;g: 
Approx. 3.:- ::s. ,i.7 .-<;;J 

Dielectric Test Voltage: 2.:C0V .!-C 'or -:re .-:inu:e :,e
:ween :te elec:~:ca 1 c:rcu,: anc :t--.ie :ase. ·---·-------..-- .. --.~--.. ------------"'---~----.......... _. ________ ~---...,..,--·---·-------~-=------... --.-·---··-.. , MODELS AV Al LA9LE fl'!\1 ~r " ... ..; 

MOC'.:L 
.. . . 

DESCRIPTION 
- r,~11 •nrn 

ACCURACY 
210 Cl.=lCULArl SCALE S\VITCHBOARD 

INST,:::;Ul..=0o 7S -l 

1 

2 

5 

6 

7 

8 

DC AW./ETE?.S & VOLTM::TEnS 
(Movir;g Coif Type) 

AM~.1ETE:=iS 3. 1/OL i:,1E7ERS 
(RMS Sensi:ig Transducer iype) 
WATT~.lE7c:=lS 

:: 1.0% of fu:1 sca!e vaiue 

~ 1.0% of full sca!e value 1 

::: 1.0% of fuH scale vaL.1e (Pu/ se-wi C:t"i --~~culc_"' t_:c_:1_T~:•_·o_e_1 ______ __,.. ___________ --1 

::: 1 .o~:, of fuli s.;:;.a!e ·,12:ue 

AC Po 1:,ER FACTOri i.'.E7ERS :::4, in phas: angle (Phase A~,;!e S-?:isir,g Tra:,sdu::sr Tyc~l 
Fr.::QUE.'JCY .'.'.::-:-~~S ::: 0.5% of full sc3/e ·due (Frec1.:2nc-_, Sen~:r.i:; ,rz;,scuce, T:;;:e) 

9 S'f~~C~?C2COP=S -(~.~cving ir::-;; 7'.:::~) 

E.xamp!e: \-1cGe! 21 CS .... Crrc~f:::- S.:aie S·,-..,itch~ :ar:i AC '..11!::i~!~eter 
EXTEP.!';;.,L. Si:!.}1"-4TS & \~UL.T;?L!=".='.S ................ P2.,;£s ~2.?:. 1..! 

__ _, __ _.__ ~,-- ----• ____ ·······-·-·~-~!.~?~:~-~ ~~~ ~~-~;~~-~- ~~?T~_:.'_i!.'.:\_L_ ~~\1~J~-~~~~ ~·': ~:~.~ _·_:._~_2~:._~ -~ :_ ~ _1 ~- ____ ... _ ~· 
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C. E. FILE • 
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C 2 1 7 0 0 SEP 2 2 '80 

30V 
50V 

~ ~av -~ :. o ~1 s£) r 
• ~01/ 

f 2 35•i .. l 0 0 42 
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ElNAL .. 
MODEL 2101 DC AMMETE9 (Movina Coil Tvoe) 

MAR 3 1981 
-

I I Appror. lntemal I I 
/Aporor. In1a,n1I I 

Full S~.al• rles,,unce I F1,1II Scale ~es1s:anc1 
Catalog No. 'Jalue 

I 
Or Volta;, Oroo ' c,1,109 No. Val-Je i Or Voltage ::>ro0 -

I 
I 

2~ ·'Ji-01 i 5GC :.,.A I --r"'ln J 2~ C1-"! 1 i ;A , o, ..... 
21 C1-J2 ~ -~'°' I '9C:! ) 2'. Ci-" 2 I L5A 
2101-03 2mA j 1i:! 2~01-13 2.~ 
2101-C~ 5mA 6.2!1 210i-14 3A 11 Volta(;e 
'.c"CHl5 

I 
·:mAi 

} 
2101-15 SA >orop 

2101-C6 i z-:."!"!Aj 2101-,5 i ;CA I :OmV 
2, 01 -,J-

I 
==~..:.1 vc,:age 21c:-~, '.5A i z: :1.c3 ~CC~AI Orce 2101-· 2 i :c..; 

2'.Q; .,:g 2:om..:.: 5CmV ! 21 01-; 9 JOA I 
' I i '2: c~ ... , ,:, ::-:-:. I 2" :· .:1; I . =,:- I ~-~ ____. . . . . -- .. Hot•1: •1. ·-:r--: ;-e" ·3-~es ·-ar- ~,..A • ... se ::i:e·--a1 .;,•:..."'• ""i - 3 : ... -.. __ --.;~ e· .;.":! :~-;e ,.., 

2. ~ ,::air :I iC~:.41 ~;," J.:5~~:t.:: '!2.':S 1'4! s:..:::i,-:::: 1¥ ... ~.JC:"' :.:- ; :c ,l~-e!t· 
For indi.:str,al :~2r:s:":"1;,:::1rs. ~-20 r:iA with a C-'.CC'o scaie s a·,a,;a::;,e :er SS6.:G. 

MODEL 2102 /..C VOL T~lET::R 1r'i~lS Ser.sing Transct.:cer Ty;::e) 

, :~c ~-

::J - . -

C:.TALGG ~UY3:: 
i.i1J.::>-~ 

2102~6 
21 C2-C9 
2102-07 
2102-C'3 

( 

tc::.·1 

FULL SC)LE 
·;uur 

':::x:2r.ce,j sc:::e 70 :o ':::cv· 
·c:.1'.:3""::-::,j s~::!~ ~o i.!c, ~o '2.~cv• 

APPF.CX 'iOLHMP:R 
LOSS 

..... :. ./,.... 

1.SVA 
i .21/A 
0.5VA 
:.C\/A 

s 

Notea: 1. ~-,r :·i.i;:-ier ,ar . .;e1 : .. a..,-:~:•:. •Jia =·J:~-::a: 7rar,s~::·-H~'"! 5e'! :a;e ~-') Nt',, a · ~JV ,lC Volt,.,,"!'.er. 
•2. Ae:urJ:y w::~!n e.";:a:-:c::ec ;·.:rt.on ot ;:-.e .s::a1e. :.!~o-

I 
C)T>LO•~ 'iU'.!3c.'<1 

2'. :2-01 
2~:2-:i2 
2'. ::--:3 ... .. ,..,,, -. ,:. .__- ........ 

-;-.vo '::.-:-w~,:~:--=~c .:i :o 1 ~.-4.) 
7·--:--=.=e 0 ::·.:--:i,1'.:.".l~.:-2-·: :; ::- ·:~. 
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PROTEC71Y: ~EU ':S 

- -------- -i:::::::.....:.=.-----

DESCRIPTION 

The basic mech:rn1sm oi :i.11 mode:s is an 

induc11on-disic ur.11 with eicha J ::iopet± .;:oil 

or a tap~ res;stor for seam~ pickup. 

[ln the overvoltlile :nocels. ,he rebv is 

ealibr:ited on inc~=;ng volt;i?e :o close ·the 

nortnally open conuct .it tap semna\. T:ie 
rime dial adjusts the 3n1:ie rhrou~h which 

the disk routes :ind. hen~e. the t1~e delay.) 

In the unc!ervolta~e modc!s. the r:l:iv is 

QJibrated on dc:crea.sin 5 volta~e to .:lose ·:he 

normally clo;ed contact .it tao ;emne. The 
time dial ld;us:s the :i.ngle t~rcugh -,•,htch 

the disk rotates :i.t voit.1g;; J.oove :.1-p setting. 

In the combined overvolta2e :i.nd under

voltage mocds. the reiay :s ~:iiibr:i.td ~n 

incre:i.s1ng voita~es :o .::!ose :he norm:iily 

ope:, .:cntJc:s Jt :J.? se~rtng Jn..:. )n ~e-.:~e..:is~ 
:ng vo:t:iges :.:, .;:!cse :he norr:-:::.i!:: .;:'. ,,ed 

c:ont:icts at vJ.r.cus ;;er:entJ.~~ .,f tap set

ting. 

For :he 1Jnde:--cit;i;e ~:id :::-~b:n,=,J ur.
dcr,.,citl£:~ ir.(! O\-::r,oi:J.?e :--'!:J.•:~. ~~e ru;::, 

ccnn~t!;2. -:,1'..lz s: ::.'.!se ~s usc=-.J- :o ('re\ ~:1t 

fals~ t~~~~:-:-~ .... ·~~~ ::':t: i~!:.!y ·~ :-~~~ .. ~ 0r 

repial.':~C- ~;~!"'-~:- ;,u~ .:...:-r.-::,i-!:::-s :~e :ell..:::-

cult 1r.c :h.;s 0:xr.s :he no~J.:, -:lo,ed 

:on~.lc: '.Jsr!'Ci ·.-.·1c, ;n~i:r~·c-it..1 :.-: ,,:-,e1~r::!t:on. 

Both ;,iu~s .1:-e '."l.~ec~c :..:, ~o:-r~,(!tf!. ~he: .:cn

t:i.ct ;;:r:t.:1[S. 

APPLICATION 

Type IAC .:,,e:--olt::;e ~e!J' s lre use:: :·or 

protect?on .l~:11r:st Sit:;r'it: (:\~=---cit.1.:::~. ~•J! 

other l~piic~r:cns 1re ·~is0 ~ :r.:::-um~ Th~v 

arc Jpoi:ed ro ;rci~r.d de:e;::tn. :;oth c~ 

feede~ :rnd J!1 JC ~~:1er:1tors. J::j tr.:v 1re 

Jl.so u.sc!'O in ~~rr . ..:d 5·,4·1~.:::i;-:~ ..:.:.1:-:;-:!~c~h. 

\l,'herc £!1-::1r -=~~~=--.~.l~l~:ty .1;.,.: ~..:.:-..;r~•.:~.-
mJ.ki:! th~rr. ;:r!~-~::!bic: ~Q ;::ur;..•,:. ::.~.=:1:!:---,!·::.!i 

111~11ng rd::ys. 

For the circuit oi Figure 4. use Type 

IA V5 i D. a low pickup reby which h;is its 

op,:rJtmg c:rcu1t tuned to the r:irea :·requen

cy. The ;:,orenual tr:insiormers used in this 

c:rc:.i11 are connec:ed ~rour.d~d-Y pnmary, 

broken- deiu secondary. The ;,rimJ.nes 

should have ratings equai to the line-to-line 

voluge of :he system. Jnd the second..lnes 

can have r:itings oi e1ther 6i or 11 S volts. 

Select l relav mocel ,-.·11h l continuous 

rating oi three· nmes the ;xnential crans

:·ormer secondar.· ·-oitne. TI:is 1s nec~sarv 

because, . .,r.en i grou~d occurs. :he :er~ 

sequence vol:.Jge rn:iy t-e up to three times 

:he nor.r.J.I ,r:.ns:·or.ner s¢;ond..1r.· voltl2e. 

T:.t.:s. '-"tth :i ;:-•Jte:.::.11 :~Jn,rorm;~ secori°d

lr:' r:i.:e:i ~ ~ ·. ol:5. '.lse .1 199-volt re!av :oti. 
F.)r ~r;;und (ll!it ;,r:-c~~:10n Ji .!C ~o-t:H!l'lg 

rn:icnJr.l!'S. 'JS.: J c:rcuu sirr.ti.lr to lhat sho~ n 
in Fig-ure o lppi~ing Type IA V5 l D or 

IA V~ I K re!:iys. These Jre :cw-r1ck'.lp 

ie~;.iys ·.i.. r.cs.e ..:oil .:irc~Hs 1r! ru:iec! '" 
.:-::i;:-;1ca0~ !I.'.> th~:r :acc!:.l :·requ:::::ii.:1c:s. Th~ 

.::~...;:.iu:, J:"'! ::i~s ~::;.~i:::"~.l vn:y cne-e1g:i.t~ .is 

sc=:isit:-...e ~.) !:':~ ~:,::-.:! :'?.li:110n1.: JS tt:::"· lr~ ~o 
:h~ :"lf:!j fr:!~u.::ii:y. . 

In Fig~:: 6. l .:!:st:-:bu!icn !r:ir.s~·ori7l'!r :s 
.:onnec:ed :etwe~n rhe m:ich1r.~ ;ieu:rJ! Ji 

the generator lnd :~cunJ. ,orm;ilh thee 1s 
no ,·oltage .:,n the ·t,J:i,furr.ier but ·aunng ,1 

fault. :~~:-~ is l 1,-oitJ.~-! ,.1,-!ch l ~·llr:5t-.:3.5.-;:

mapilt".1~e ec;uJ! ro :he ;,hase-to-5rou::d 

'•11:.ie. 

Grc:ater s.enwi"it·, c:i.n be obt:iind bv 
:h,:xJs1r.g J jist:-:i::ut~!)r. r:-:insfvnnc=:"" w1~h 
'.7";:°:~r .>~conj:!0 ·-oitJ5:! In ,;u.:h .1..;..1sc:. ::-:~ 

~:~~~~~-:\'. :~~ ::;:::1~~ t~u~;t -~~:;~;~~~~ 
cc-energize :he opcr:itin? ccd us1n 5 ,rn :iu~-

Sl e arllS •R ~ ~-:~l' C. E. FILE 
t ,., )I C21700 

_ .... ~_,_,e,..._c•""__,f......._R .A:c:'Mf...~ 3 5•ia 
V, 7~0. ::1. 

SEP 22 '80 

043 
t~O·---~ 

3.2.2-44 EJNAL 

i; 
I· 

I 

Ii 
!I 

7331 
Page 1 

.~ug. t ~- l 9i~ 

----.---:,__.. --- --=-::::: 

,_Pt,oto ac.J2181 

Fig. I. Typ• IAY71A 
oweNoUc.,ge relay 

(out of <OH) 

iliary relay. The short-time r:1t1n11 for both 

IAVSID lnd 1AV51K LS 360 ,;its for 10 

seconds. 

The IA V~ l~i relav mav be used for 1 

-ie:"lntte :i:ne delay :inc· t~e time 1s :i.d1us1:1ble 

:·rom 3 :o .:0 s~onds bv m~ns oil :im~ c::i.i. 

Opcr:1t1ng lime 1s de;ined :is the t,me :.:, 

do'ioe :hi:: .:ontJ.cts '-\.'t:h voltJ.1-! :i:.aidi!nl,
r.us.:d (rom zero to the rated ,·:iiu~. 

UNOUVOL UGE RELAYS 

For simple ur.der,oit:1ge ;,rot!ct1cn. ,~
le::t :he IA V :e!ly .icc,·r::,r.g to the .i!Tle 

,.·cit.lie ..:nJr:i.i.;::::ist1c r!q'.!l:":~d . 

[n l ~Y'.Jl~Ji ~UtOm:!tl•>~r~:~~ri~d '!~C::"· 

;-::--:1.:':• Lhrc-•40\er s..:!°l::!:Ti~. :hc:- 1..:.r.~o::r.c1r.1~-~ 
~ont:i.::s .,;r :::e !A \'5.1E r!i.1y lr~ ~sc: :J 
:r.p tr.e c:r:t:11 !:-r:~SC:~ :n :~e '.':Or..;.l: SC.!,:: 

c:r~uit. lr1J !he lY \:ii:.ir; "'°' ::;~ 1 ~:~ 1 0:· :!'l~s 
~~r.Tt1L 'i0:.1r:::::: :>ri:~i,.:,.-!:- ::i~r:-n.:~~ ::'.~ ·.-o;~j~~ 

..:ios,:,g .:.:-rl:3c~;; Jf .1n I...\ V~ : . ..\. --~;.,1~,.- :~ ~:-:::: 

~me~Jeri.:y sour.;:e to .;:Jo,;e ns c:r;u1t bre:ii.-

'!r. 

COMBINED UN0ERVOL TAG E 

ANO OVERVOLT;..G: ~:LAYS 

TY?o IAV5:, lAVo9. I.-\ v-o. J~d 

l.~ V ... 3 :-~1:JyS> ar~ :1r.:~-..!~::1~. ov!!r• J:,d J~• 

::!t!r,·olr:,.g,: :-:-!::iy'l :1Js1r? ~· .... ·o ..:or,tJ..::5. ,'r.~ 

.:r" ~ :':1~:-: ..:t,:sl!'.) ~r. o.,·~~~-oi:Jgi:: JnJ ~tc!' cc.'"'.c:r 

v~ u:-.c~r,T1:J:;~. 

RHERENCES: 
!)i:ne~s,<'r.s ......................... Sec:;,:,~ -;50 
HowroOr~c:r ................... ,. ........ :3c:.::;l·,:, .. :·; 

?:-:ces ·····•·········· s~.;~:0:-, -: '.: 
lr.slruc:1on 3v,.,·._s.... Sc!"..:~.2.1 .. :,",--: 

71riet 1:--.d C .. --~:1_: D:!:.1...... ~l!.;:.c:: -:·!~ 
R~::i~· 5:~:"'.~J:.:.s. ... ........ Sc!.:::G~ --:.•< 
R:nc:·.1,.-:3i ?1ns !;:.:";:-:-:-::.:,,::un .. S.:-:.:::,:;r, -,:-.;.~.:.-.:. 
5.Jh:S 0:"':":.::. ... ~..::.:~.,.1:1 :.5_ :Li..:.•.·.._-:\;:.· 

:;:.·.::: ,.,e,~.• ·:, :·-=.-r.f! ·••'":: .. , •:,• ., 
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Type IAV 
Time Delay Voltage Relays 

------,- - __ - - --~.2-~_cc-=~~~-==-=-~---==c=c=~-==~~,-=,-c=c-=,.,.-____ -•-_--,-~-~~-::c::-:.:::-·-::;-.-~-~---~--~-:;:--~--~-.;:-~--~-~-~=:~~-~-~~~-~~~~~-~-~~~---

FREQUENCY co,i-,9:NSATJON 
The foilowing T~!'.'.: 1.-\V rel:.~s Jre fre-

quency comper.s.Hc:d: 
Overvoltag'! :e!a:-s-lA 'rl. IA Vi: 
t:ndcrvolc.:ig~ relay-IA v~ ~A 
Undervolta?'! '1r:Q O,ervoitagc:: relay-

IA V73A. IA Vi3B -
, These re!.:iys have •Jnifo~ c!-iar:icte!1S!lcs 

over :i frequency r:ir.:se or 30-~0 He:-tz. A 
typid appiicanon 1s on syste:ns suppiic::d by 
bydro-gener3tcrs. where :he fr~uc::ncy 
tends to mcre;.,s~ ,.·he'.'! fa:.iits ~"\Ccur. Frc
quocy compens.;it,on is pro,id'!d b, an R-C 
circul! ac:css thee ,..ound siud,.i 5 ~oils ci the 
induction .:ii,k o~r:!Cln~ .;;•,J Jr.d :ore untt. 

CHARACTE:(fSTlCS 
Type !AV rebys ·,1:tll cO.itlnuous!:; "N1th

stand rated volt:!·,~ on Jil t:i!'.'S. 3nd :ap voit
age on all :aps acove rated volt.1;~. For the 

SELECTION GUIDE-Type IAV 

OVUVOLTAGE (DEVICE Ng. 59) 

rr.:nimum Jr.ti :-:u.,1mum taps ;ho,..-n in :he 
!:st belo,..-. :he foilowrng :ntem-:c::diatc taps 
are :iva;lable: 

Tap Range 

5.-1-.20 
lO---IO 
I 6-1>4 
:s-112 
5~-1~ 

110-:30 

Taps A,·ailable 

5.4, 7.5, l:!.5. :o 
10. 15, :!5, 40 
16, :!4. 40. 64 
23, -n. 70, Ii: 
55, 64, iO, 32. 93, IOS, 

I :!O, 1-1-0 
110. l:!3. 1-1-0. i64, 186. 

:!10. :!-l-0. :so 
220. :56. 180,.j:!S. 37'2, 

420, 480, 560 

The ovenoltage re!:iy, and !he under
,ci::ige rd::iys ue provided w1th time d1:ils 
for :iaiusrr.,ent of ume delay. 

Gifl't.-c,I durv. ~• .. ""W'o,•0;e -:ro :::i~rrcl • 13 ~.!i '"'0 121.li'i51.l:A 

=~~q;a,",~; ~~;,v. ·o ·o ~5~ , :J ~~g J.::2 '·"' :> ~;: 

The ;orr.bm~d under- and o,e:.cit::.?~ 
rebys are made both •.i;1th ar.J "'!thout :irr.ce
dclay adjustment. ~iode:s IA Y53, -69, ind 
-73 have time delays which are fun.:t1ons or' 
the setting of the unden·oit.1ge contacts. 
~.focel IA Y70 has a time di:il which p:nn1ts 
Jdjustment of ,1me delay independce:itly or 
the voltage semngs. 

TRIPPING CIRCUITS AND 
CONTACT RATINGS 

The current carrying r:rnng oi :he cont.:ict 
circuit is determined by whether r!1e re!ay 
has a se:i.1-m unit :ind by the rap usc::d en the 
seal-in coil. Without a seal-in unit :he re!ay 
contacts will .;Jose and carry 30 :imr>.:res icr 
tripping duty and 2 lmperes cononuously :it 
cor.rrol volra-ses or :!~0 volts de er i=. Re
fer Sec:ion 733 I for ,iatll on target ;;eal-m 
unics. 

•21,;,v51.-,,. ,.9,. 
,.5,. 
~. IA s; ·c:i w,-:r,g .1c:C ---"" .!60 .&..3A 

• -,-,~,.-v...,5-;-,.------------.-.-5---_-, j--.-_.-0------------:-,_.-.,...,5-:-_.-,-_.---:----:-:---- '2 ., ... , '5 
(6.3) 

.:-,-....:;,. (~rHCC1'1 ~99 ;-Q ',6Q Q 2 2 :?-,"'-1 ::. ,),j,l 

.... , s.-oi-•"· ::c i1c :30 ;il ... ~..i 

:;...01.1,..d :e,-c...,o., .Jr, J-::r-c:1C1 
,,.,rl'~\ :,<10 -:,,,,, ;eo.,~r~•e, .·:-1or 
•fPtO•r,91. -,,,.,., ,:~•cv ; ,""5 'O ,"" .5 
-:A-::.Of'C1 ;~ ~:G 0 o =-• -.:,:, ~•---g 
::t" -' ,.c=t1c1 0,, ....... o. • ': ·::.s 

. ~ 
:s 

,o ·~ '·2 

:c 
5-c,....• ::n ..l v 5 · J ~, •, -,---,,--,.-,-,o--------,~.~.------,-4-
:, '-IC :~,cic, o7• 

Timing Appl1ca~ion, 

1 ..... _Q 

2,N ~-

'1'..AV5 l :2-"' 
J!• 
:9 .. 

· :1• v! '. < ·_.,. 

s ! 
• 1 

. ! ~1 

SI 
5,·t 

'.,l 
e 3i 
"6 

-7 Jl 

, 
.7 ::1 

5,,,c,.: "Cl~ '.'.'CU\ - ......... " =~ CV .5.5 ·:· ... v~. ~1 ... 

=xfY-.:,o_:>•o•~c;e--·-.~:.l!'c1 :-:.g •:c J12 '..N:) 'wli.&.a, 5; ._, ·5 
J ·o ::. i•::o"C\ -:: ·::-•-.J •=-_•_, ______ __:_·:.:-:.:• ______ ' ..:'~:__ ____________ "...::cJ-" _____________ __:_·~-_•..:1 ___ _;' e-_•c,.I __ 

Freqv•n<y Com049nsoted 

'...-o~--("'f ~•"'\,'·-., ::i::c -:-:•or, :--.,..._ u• 
,,:.,,,.., ~• ..a·,5· .. ::: .... c~"'\,:"'!"': :~-~-:. ... I!' .... ; 

=•.-c:..•'"cv ::~-ce.,,e.•r-:· ... ,·,:,-·,:,-'!"01.1\ ~-••f 

i:cc•:::. ~•!O ;,"!-:: .. '!'-C1' :=,-i;•,...~c•~,:; ""'.:' -..,c.-o-- · · 5 
;tt-n<f1""Jlc, -::co,,<:::••0"1. ;t,..,'!'•-:. ::.~--, ·--:., :c: :::'J 
;.-.•~·o, :i,....,.....c,•,. ,_ - -· ,.. ,..,,. -,- ~-,,~,..e :::o ''0 

',o 
:ao 
:ea 

INCOi-l'OR•rFD 

ON OR BEFORE 

1.N.Q. :21.A'9'7'!2.A! 
!.lA: 
!OA.:_ fJNAL MAe ,~ ~ 1t~."' 

s i 

2_,.,._ 0 _ ::1 ... , 2~1•! ::1x•7:?i~~! 
REVIEW ________ _ 

SR 
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C2 17 00 
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c:;_,,1 ~"'.d 
fco ,lc,.g• 

?'cr-;er 
0eKt'1£)f'IOft \lo,ri 

\lo,,, s~o•- c.,.,tocn .. , .~;,, ..... • 
UNOut'w'OL1' AGi: :=>•¥ice No. 27) 

5-_S.C 7":m• Ue•CY 
' 

07 J2 30 
Of Z• l"Q •Q.lfl . , 115 " 1,0 
if let on No 10 '!'O :cs 110 :so r...,. ~Cl"t;• l •o ;J ie< no I '0 :so 
Of ao•. a, roo ,oa 220 5,!,0 
30 S.C: 1";m• ~~•a1 115 55 1.:.0 
at Jef"O •01n 230 110 :so 0.2/2 
if Mt Of'I ,o 10 70 "60 :::20 040 
75 S- •;_,..., :;9•C:Y 'l 5 ;.l :,o 

' 
1 N.C. 

Of E•N> ,..-,1t1 O" Nt). , o r:, -'00 220 5o.J 
~a,,.._..,.~ .. : ; 15 !5 ' 1'0 
eac.• pr t'\O Z..al·tf"I =~o 1•, BO N..,e 

-'60 :20 ;~o 
S Sec 7'im• :i.,oy l ',5 55 :,.o 
IO"'- as 1..,V5AE 230 110 230 
e,111:•o• 2 :o-.i. -:. .-oc z:o !co 
JO S.C Tiffie C•1a7 l '5 55 . "° 0.2/2 2 N.C:. 

1~0 11 0 290 
75 S« r,.~. :e:ay : '5 5.l 1 .. 0 

,requency Compentaled 

S Sec r,,... Oe-iov .,, uro -,01t1 
115 55 1,0 0.2:2 1 N.C. on No. l Q '7:5. ~~"':=.<!r<i,ct~O ~0-'n ~1 

OVU- ANO UNCE;iVOLTAGE (Oevtc• '<o. 27159) 

~ dur,; e•e-:.r~•c-:,:-, ;e:,,: .. -,r• ,:::,,,. 
fac"!'1 _,,h •c~•' ·,•c,-,n ·"'' ., \~'"'""' 1 • 5 55 1 .. 0 
W1rPI t-CCl'I COl"l'O'"'; ,.; V 0,:,i'..11,r-::,11 •~o .... ~ 2:l0 110 I 280 0.2/2 tQi 90~. of cv ·oo "'-"9 -·.,..• -:,,oy 
1.1 MC.. o• r•ro •01~; ,: .& 1e::. 4¢0 220 !60 :2) 
o• 2 I 'OCI. :A~•"';-

AMtOMG~( ,:.~•,-ol ·.;;_-,t•t!'I: .~,-,:- :1 ~ ,,~~I( ·5 5.5 . •0 
••c.or ~rg•r ...C•••n ·..,1t,1t1 .Jr• -;,,11~e<1 

2J0 : 10 230 
•60 :,o I !60 No.,e 

S>f"luof' ·o :,1,v~:ac ~.c,:11_•-:---;@i .. 5 55 :,,,c 1 ... c. 
y,o, ... .Jr·, ·• ~"•u~~c . ,....e -:4 ev •60 no !60 ' -..o. 
~.5 -- ,, =•'""' ,,,:,,r1 

.J9"~•-:tt :·.J,.... ::-- ........ "";,. :-:_,-,..,4,_ · C'" ::, ............. 
':O,,l'QC""-,. .::, ..• -.,.., 

' ,-,::.~•-·-=•"' , . ,~ .B ~ .. a 
aa,u,:-m•,-,• ,·, :;:J -..,·.,ri•• ·-::- ' ~'J ... :~8 .. J ;so J: ~ 
;it c:v •-:,:, , ..... /'I~ ·e·-~•· ,,.c , . .,,.,,, ,'1tl ,., .,. w,,., -··" •CC"\ ::..,.•-:c• :,o 'IQ :9= 
.&i,;,01910'•< -::.:,.,,..,;,, \(_p_~, ;C~'f :, ,A,:;.;.&. :o 5! . •O ..,.o"e ••<•'0' ··::ir-;I'· ,.=,- .. w•"'•'1 :•• =,.. r.-,: ~ .. o : :o :~c 
::;.f'l~I :urv; -::::r-..-o" :::- .. ~-::- :)l'I :ie--• e•"' =~'1:<.,. _v ~e-,r-; '".If'~ " 

:,:1Q -,, -ort? ·:~ !5 ·•o ~-=-: ., :;v ·:o ~., .. ,..;. ·-:,-;e• \4 ::,- ,., ... ,, 
" :.ac '·" :so .:1 ~,--,~ ~-::ic.., :.:,--·:-:· .:c:.·~,·:-':l•e 

. -· -:ie•ov :o ,.,c_:,,-:-:1 "'l"'":l.1 :,., ;:'.I"'"=_,,,, :OH :r I 

.4:..~0l""'IC"-< :c-,•rc1 ,C'"'•""~I: . .:-1' :, A•;:~ " ·,.; 
••ce-:,r ·o•-;,t-r \<!Ct· l"'I ..... ~ ,., ?""1 -~-= ~ ... : , '.O :s~ "c"• 

Freqt.1ency C.om:,e,,,.,,rtd 

~r"'OIQ,.i..,,, ,-::,... ,:, ,l ... ~: ( ~1-::~o, ~.:.-2 
F·.c'-'•""CY (:; ... ~--•c·'!'~. ::.:..;: .. I . '5 !5 ''° 

·21 l ..... :. 
A\..,fOl"\CFi( C"C"'fr':.I -...;;~,---~ ;::,.... " ... f ;ji_ None : ~-~-
eacecH ~re-Q1.•.-'"'CY (::,-~--,.::·•-::. :e-;,o °"'I 

OR (ON1;' "'-< '..;,,: 'i.·.;., ,., • f ,u .... ~~etl.H1 fO, t .J!,,'h.1.,),t•h i: ''"" ~t.C., 

w,,- /1,,L.,J:,,.~ Ok .- l'r• .:1.~ ,J1t-t-'. <..CN1RACf ,nc,11.;,; (.rw1t.:1i1I~. 

RE. I URI\I ·1 0 

INCOlPO• ~ '.£D 

ON OR BEFORE 
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:11 

7 3 3 1 iii 
:1/1 Page 3 
ii, Au~. !~. : 9;j 

- - - ---

Moo .. Nufl'IOef' ,:.:,. A00r0a w,, ,b \l'c;j 
Siu 

~0 "'!ertZ !O ~•"'1: .... , Sh,O 

12iAV5"! 1 AA 
ElA 12I.t.VS,.E•A 
!llA .. !:S:.. E2A 
!JA E~A 

12IAV5•F1A 
121.t.VS:.;,:.:.. F2A 

FJA 

1:1AVSAHI-' 
'12A S2 12 16 

;JIAV.5AJ1A (5.A) (7.J) 
J2A 
;JA 12!.a.V,AJ.&Ai 

121All55C1A 121AV!.5CJA 
OA QA 
CJA :9A 

l21AV55F 1A 
F2A 

l21All55H1A 

l21A\17'A1A S2 
13 17 

(5.9) (7.7) 

121AV53Ka 12iA115JKAA 

K2A (JA 

lClA K11A 

:2JAV53L\A ; 21A'l5JL•A 

~ !.JA 
:.JA 

:2, .. ,5J,-;1 .. 
S2 13 17 

NlA iS.1) (7 7) 

:2tAV69A l A. '2!.AV6,9A.J.&, 

....... 
AZ,1, 

121AV69,1 ".A 121 .. \IOY!JA 
;2 .... 

'2!AY7::Al.l 
•2.A ( "' );y)iL .J. 

'2!AV7C4. A 'Z!,A\17::2.JA MA,1 !2A 

·2: .. vn .. : .. 
S2 17 

l21 .. '17JB iA (7.7) 
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SR 
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DIAGRAMS AND CHARACTE~ISTlCS 

Ac bus 

---+---------2 

~•J T•:t~ 
i:,.....T~ ~ ~~ 59 ~+-cr:::~__,, ,.__:;:.. *2r¥ Potent,al 

I ronsformer 

(-l_L 
Generator 

Fig. l. Typical external for Ty?• IA V51 A 
1i11ed fo, O'l'8Noitcge proleC1ion. 

_______ .l;.;:c~!:;:.u;:.s ___ .,... ___ 
1 

--~---------2 
---...... ---------- 3 Trio bus 

Gener:f:,r 

~ $ ~ (+) 

11 i :>~ten11ol 
.,J; C:• l..;...11 LJ 1r.onsformer 

rtf1_.r. 
I '"" ; 

5 L--+--::CI 
~ uo 
C ~ 1 ~ 

l:;J 
(-)--..... '---

Fig. 4. Typicol exterr,ol ~or 9round fault ;::,rotect1on 3ph. 

Ac :us 
Ungrou:,ded ,vsre.,, Ty:,• !AVS 10 

::,. 

"':r I c :us 
(+)---:.---

:;.v51c, ---------

---------."I" K - _...._-_...,..: __ I 

1-----:. "C I 
6 -"S ~ =, : --- ~ •::_ ' . ... ?. ' -:.qt 

:5-, 7:·: 
i I L,__;4 I 

7rrp 
-:r 

elem, 

Fig. 6. Typiccl e:,ternol for grc:1Jnd •::u!t 
,?rotec,!o" of or-: oc ror~r,ng moc:-:11,e iy:ie lAV:,, 1 :> -or 51 K 

15 

14 

12 .. 
]:c 
0 
'-' .. 

9 .. 
= .. 6 
E 
I- 4 

2 

" 

.. 
,::, 
C: 
0 ... .. .. 
; .. 
E 
i= 

a 
7 

6 

5' 

4, 

3 

2' 

, . .. ,~ ,,. 
C: 
0 
u 
: 2 5 ·-~1,\.,~-r-'---~.-;_,::::.,_,_:,,,,, 

~ 

ol' 
I IO 120 1:301401:0 i60 liD IOCI ISO 2CO 

P•r eent of lcp value 

Fi9. 3. Typical Time Vollag• curv• 
for Types IA VS 1 A, 71 and 72 

-
-;-

: 

IC 

9 ii~.e 
:iol 

5 I 

1 
se1~1ng 

4 I 

0o 2CO 4CC ;CO e-::c CCC 7.J: ~c , 
?er cent -if tcp ,.::1ue . 

Fi9. S, Typical Time Voilc,;e <urve , j: I . 
la, Typu IAVS10 and 51K d,.J I ,r Ii.. 

, 7·r:-,e •,: ::Clie r·;~t :.:n::i:,~5 
'. 111'1"'.,e:i ·,citc;e s "~':'.;':~O ·c :f"e • 

,r:c·c::~~.:, 1-::wia fr::m 1,!1 · 
:on,-:c~ ::c,u;~ ,'Cl~~<;e :r ::cvl!~ 

I I- ' , -

~-,;---1---1---,c.-+-...;'~-"t- : T rre ~o ~!c5e le~, :::rr:::c,, 
__,,,,,...--·~-f---+4---U,\', j.,,r,en ,ol!c,;, is su:ce,ily • 

1 
.. ~ : 1ncre:sej ~rom :e..-~ To :r.e. 

---,,~-+---+--+-...;..L.-,,-,:,;; _,no;;o:td ;,c,ao mu, .. p" 

,. :~i.,~~·~! : 
:,csure~ 

't ! ,1 e,~ • 
:f . ': f 7 

·o 20 -.0 

Fig, 7. Typical Time Voitoge c:.uve 
for Types IAVSJK, 53l, 7JA a,d iB 

Stearns-Roger 
C,,E. FILE 

t ,.,,\ C21700 

tf 2 35•\!s 
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046 ,~ No ___ _ 
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... ,,,,-.., / 

Gi-,) 

The S8i\i 
Compact Cam-op 

. • II 

• Control and transf 
• For control panels 

and sv,itchboards 
• Up to 600 volts [I , ... L 

I l~,'i MAR 3 1981 

7"'-!e S2M s 3 ::~::ac!. :cs;:ive ?::!;~; 
sw,:c,"": l:r :::,-:::-:1 ;."""C • ... =.r.::f~,. :er-J.:e 

:t!r 3:2;e :2,., :~ :r:•,·-:e~ .. , .. ~~ n:e
:enc:~r:r ;c:;-:r:. :c:,., ~,-::c:;":.:1'.y a~u 
:-:-:~c:-:c:-:;c2lly, :~:-:1...<;~ =1~~t ;c.sir:cn.s. 

Ideal For Swi!cl":b~ar=s--
-~e SE.'-A s·""'i~c~ ·s -='!=~~:aily ;~a::-

.~ountirc; ~:s:2:ice~ ?ti:. ?! ~~e :cr.i~ 
:;r.,e.. ~~sy :.cce'S.:3 ~= :~e '?r-:na:s ':r 
Nir:rr; . .1:sc. 3!r.c9 :~e 3-_._,,~c.- s -:n
:'.::-se~. ::--e:-e s '"',C -eirec ':r ::e-a!"'?r.cg 
?r ~:-.e : acJ< ~, :h~ : a;"le1 :-: ·i:~cv~ ? 
ssc2r:;:e :::·,~r. --:1s ~r..~~, -eci..::es 
s=cc.9 "'e<:;i..!ire~ents. 

Ratings 
~e SCM 3w1t=:-: :, "'~~;~ ~er 3 r.--:e
-:.-:an1c31 ife :f :~,:.::: :c-erz::::ns. 7':'"'e 

':,r :/""::-ee !ec:ncs. - .... C! r:t~r .... ,.;:~::-:c; 
"'3~j~r; :a:':'t:CS .. =C,""J :~-! ·,c.~::~~ =.rd 
::•a"'2C!ar :f :~g ;;r::.:1t. ~~ :1c e :e
:ow ·ifl.:S:i~t-2s ::-e ·r:~Er~ ... :~;~g : 1Jr:, :f 
a singie :cn~ac: :r.c ::~r:!ac~s •:, ;,er·-:s 
when var:cus c:::r.c;tlcns ,x:s: :n a 
eire .. ut 

SC"-' s -~-==-;~,z~c: .J~~er ·-:• ::,...:c""e~~ ;,,:. 
;!':ii':, :r ,..:"":•r-.wri!tr, .J:cra::ir•ts. --e. 

~ ac,e .'or ;·...-,:::-::::zr: 1::,'c2::.::~:; 1w~e.·e 
scaca is at a :r-=?'7'":t.,.:.ii. '/t'~en a :::r:t:-:il 
5'NltC~ is iEC:.Jl:'E: ~:r ·..;se :n 3i1 ~x:!c
s1on-:i :-ocf ::r tV~ter:'.;~t ~7".:::':--1::. 
soaca :, ~c,.~2:,1y -:,:t a ::.r.t~:i::r,; 
~ac::;r, ar.d :.-e SS-i 3w'.!:.i, ~"":,ch :S 
somewh~t la:;;:r, :s J~ec. 

lnter~ui::::ting :=L:t:~g :Jr:-q:-eres) 

~g 52~1 s~:!c."; s -:-..:,~:.::y sc:::;e~ 
~-::,r ~cL:nL,i'; :r. :.z:..e:s ',.;= :o ·,, :i,C:"I 
~:"1\c·,. __ lt :'EC..;.:::.:;::, ·,~ :3~ .=!.so =~ .s:..:c
:Jied '::r -:"'.Ccn::;"~ ~n :-:r.':!,S :~ ,:;~ .a--::l 
::ne anc 3 ""::.~ :r..::.-E-::. 

C.JM::.ac~ :~s.;.~ :f :.-.-e ~2.'...f 3·.-.i:::--. 
.:er,-r.1:s ::1C.3t; :c;,:~;-:o-c-s.7~;r .111c 

c:,c~it 
'ICi\S 

2~ :c 
.13 ;c 

) :s :c 2:u -,... 
5UO :c 

1 ,5 2.C 
2:0 ac 
.!:0 2.•.: 
ECO ac 

10 
3 
~ 

~-4 

.10 
25 
;:'J . -,; 

3.2.2-48 

Num:er ~~ Ccr.:::.::,s.. • • 
2 n ser:es 

30 a 
25 5 
15 4 
3 1 
0.3 0.3 

;"5 2.1 :0 ;2 
:i'J ~o 
::s a 

.75 
~s 
10 

2 . .5 
J.:" 

:0 
~c ,~ 

. .., ,_ 

J 

-
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Slearns-B.ogCr£. FILE 
~~·-· C 2 17 00 SEP 22 '80 

Construct1on Features. a f 2 3 5-lri~ N{:.O 48 d¥- 4 

~f~i~I 
~~~~~1f,:~':t': 

SiANOMRD 

Escutcheons 
'i·No :as,c 0"pes of escutcheons are 
a11ailacie: :/'le st.ar.card and :!:e tari;9t. 
7he s:zr.carc ':y.,e snown :., t."1e le~ 
is a :Tlc!.::ec ~:ac)( :henciic mater:al 
with ..,n,re :ertenng tor c:ear reaoing of 
tne ;,os,:ions. A :.:i.r~et :y;;e escutcneon, 
snown •n ::,e m,ccle. is ncrmaily !ur
nI.sned en :reaK,H :.::ntrol swItcnes. A,, 

aluminum ~.-era ;:lare :iouses ::ie :ari;e1 
mec:iarllsm . ..,,::, a wIr,dcw in the 

.::enter :o s.,ow ;re-3n '.er :he :ri:, ;:csi
:ion. ,ec: '.er :he ::csed ;:0-3i.icn, .:ind 
~Iacl< ~or ::-:e ;:uIi-'O-·ocK ;:csit:cn. T:,e 
:a.-;et ,as .3 ;:i:, ~c::cn so ::-:a1 :t ... :ii 
rerra,n ;r-een Nr.en :he hancle ,•:Hur.-:s 

hanales 

=cur :-1:es :r -~c,ced ::acl< :nel"ciic 
nanc::es sr.2:ec '=r easy ;rioc!,.,g are 
3.•,2112.c:e: N,::, ~~e s2.1 .. 1 s· ... ,~::i: :is~ol 
;r:o. c11al. ·cur:e-:. ?:-1c:! :e11er. :..ny :,f 
:rie s!.arica~d ·,ar.c!es -:x:e:t ~~e '.ev~r. 
may :e acz.=te~ 'or ~err:c ... a::le ~ar,c!e 
-1ey1ng. -l. ~xed ~ar.CI'! ~ay ~9 easily 
rer:-:cvec ~er :e:;•::c2:-:-:e~t ':y a scre·.y 
1n ::-:e ~:-or:t :;t :~e ,a11C!e. ~ wnit~ 
_::cinrer. f1.Jrr.i~h-ea ·,•witti :~.-e iancl~s 

1~783 

:o NORMAL from :he 7RI? .:,csiticn, and 
:9d ·Nr:en :t .-etums irom :he CLCS:: 
posit:on. This snows :he op------1-...:. ..... ...:...,;:.;;;,..;...,.;,.;...;.;.,..:.;..;;;,.;..;;.::; .... ..,....,;;.;...;...._.--=..c.,.;; 

:as: operation of :he s·Nilc,,. 

snown with l<eyways for u 
remo11able rype r.anC:le. 

-1.lum,num :ircu1t cesigna1ion 
a11aIlacle for all three :ypes. 

n,e stanC:ard and '.<eyed es 
:an :e ';,im1shed in pain:eo 
red. ;reen. yellow, :)iue. ;ra 
=rc·Nn . .and Nh1te. =wt "TH.is: : scec:fied 
:n eac:, crder. 

;exce:lt '.~e :e·,er) ::rid ~.ourited "'ear 
~:,e esc:.Jtc:"le-:in. ;Iv'! a c!ear :i::en~i-

~caticn .:;t :!":e ::cs1t:on ~~a! !~e --:at"'C:!e ,s .n. Fer :-:1atc.'l ar:d !ir:e 'JP ..,,:., S2-1 
sw,tc:ies. ~r;e SS-i ~1s:cI ;rip, 011al, 
"<~ur.ed. ?nC: round 'iar:cles :an '::e ".Jr
iisne::i 'or -~sa Nit!'! S2'.1 sw:t::-1es. ~e 
sarr:e c:c,crs .. .-e availa::e 'er '.~e 
har.c'.es :2s 'Ne:~ !ir.ed ~er :he 
esc~tc:-:ecns. 

Cams and Con!ac!s 
ihe slive:- !O sihte~ ccr:ta-:~s :f !~4? S:':~.A 

s·N1tc~ a:-e ct co~::t-a-·~:-es< :€.:i;n. as 
seen at ·e~. 'Nhic~ ... ~c·~ce~ 3!":~r.; ::,;-,d 

suose:l;ent ;:i:-:!r:g ~, ::~~:ac~s. :::?-:~ 
con~2c: i= :i~~:-at-:j :·,1 3. :c·.::;,e s·...:~.:!:e 
:ar.i. :r.e sur.jr:e ~er -:: 1c_s:r1,;, '!"'.:: .:r:-.!!:-

3.2.2-49 
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Terminal C.:r1n2c::cr.s 
7!rrr.:nal :=rr:c: . .:rs ~~e :rcL:.:;~r •:: 
t."':e -=~rners .:f '::!C~ !:ai;e. a:'.C'N1r.g 

SC:"-?w :=r.rec:.,:.-s ~:) :9' -:2,:e :·.,er ~ 

ari;e ~rr;:~. ~--:s 3r.;·- ar :1s:: . .a..:2~e--;! 

:t :::~r.::::.:n :-:ir-:s :.'c·...-s ~:-e ~-411:c.""-::s 
!o :e "":":ci..:-::-:c ::i :~.~!e-;r-c:, :ar.:ers 
:r ess. 

Jumpers 

switc:--:es. =-:;r 5::e::ai s·,..,itc~es or un-

1isted s.--i!c.·es. se=:a~:s ;~:::=er3- :an 
:e .:rcer-ed. 

/ 
..:u:;::E::r 
:c115 ·.: 

81 

Ccnc2c:s 
~2ncie 
:..,c_ 

! 1 

2 

3 

?-:is1tions 

3 2 

X 

X 

X X 

Breal<-8efore-Make Contacts 
C-:n:ac:s cn SSM s·NItc:ies are ;icr:naily 
.. cn-overla::: c In g tb reak-be !o re-~a'.<e ). 
This seouence is ill:.Jstr3ted a::iove. 
which sr.ows :hat ::intact ~lo. 1 opens 
oetore c::intac: :--.lo. 2 c!oses. 

Another ~ormal fur.c:icn :s :1 s:r 
:iy con:act ~,o. 3, wnic:i :s i sn 
c:csed ;n :wo adjacent _:os,c;cn 
s·Nitchi:ig -:ietween :nese ;:ositi 
ccntac: will always ~emain clos . 

104,')791 

Spring Ac!:cn 

:o :r :cwa:-:s ::-:-e ~: 
:cs,::cn. -~~ ::'"?v!I 

::·::oc.< ::r '<o. 3 
:t ::--e ·a:-:c!e s 

. .., -~ ;c• ~,t:-:er s:ce :I :!".is 
Jc.s1::cri. ~9 s·N;!c:i:es ~2y :e ~":Jr

.~,sn-ec .tt1:ri s:::r;~<; ""!!:.;r.i :o:~ ·N2.y,. 
:::r cn,y :ne ·,;ay, ,..,:n -:ia:r.::::!".:.~:; 
~c!icn ·n ~~e ::::::osite :t;:::~:cn. vcu 
can lis::, ~ave s:r;!".<; ·:!i.;r-: 'r:m :csi
:icf'l '<c. 1 9 ::i ·::ice ... ; '.o :os,tIcn '<o. 2 
,:;o -:i'::ccx} ar:c/or s:,r~r.g ""':!tur.i '~:m 
:cs1:icn .'Jo. 5 _:3 :::'::cc;<} :o ,:osi:icn .~o. 
~ ! 2 -:i':!cc.c:} Nitti 7:a!r.t.:!L~ec • .?c~:cn 

in !he .:,t:"l~r ,:csiticns. icrsicn 3or:r~s 
are :i~cs-;C n ~:-:.e "'iaar ~a1f ::t ~:-:e :csi
::cr,~i; ::--ai.":i:t:r_ -:-er;? :s '"':O --:.e~c: :::, 
:-:ioc:ty :!".e ::-:a:nc'i!r :c ~c::n-,mcca~a 
:~e s,:r:ri-;s. 

:..·-

•: 

50,0071! 

P\JII-Tc-Locx: 
A :::'-!11-lc-:cc:<: "'.".e::-:a:-::s:-:i ·s :'!:oc<;~e::: 
~or s:::rir-c;-'"~!'.!:""1 3"Ni:c~es. ·,,,,...,~n ~~e 

:iar.c!-9 ;s ::.J~ed :~ :h-9 ; :::·::cc.< :csI
~!cr", :t :3n :e :ul!':~ :•Jt .ar-:. ·:c"<e-: 
:n :.i,at ~c.s•:icn. •,,,~!r. :~e '~ar~c!e ·s 
:usned ;:i. !!'":e :-.2nci~ son:ig ·ie::Jrrs !~ 

~l'":e r:or:"T":al ;,:si!:cn. ~is :ull•~c-:cc:< 
'iea~•..:;e :cfs 1:t ?c::..::.~a =~•~!i::s. :L:t 

..,,e~~,y =r1="·1-=r:~s ~:'le ::rq,g :e::.:ril :,f ~~e 

!ia:icie. 

~ 'ff ;~~,,·:TT3fs:J:i;,Ji0{,t_·_:_~_{_t_•_·_.~_:_:,-,.· ;•,'!: c,"~;:+FI)'.Ji, 
:· ~·.:. .... ,::: .. ~,:::.:.-;:. --. .._ .... 

• ... '·· .. :·--~-- . ,_·'~:~:i-t-<:.•/.: i 

C.t.FJL{,'/. ,,: ·,•,;\ , 
. ·,,: . .... _'-_. ..... _., ___ - . .J--. ·, .~.·-....r._ ..... - +·---··• .. ·- .... 

C21700 

rE 2 3 5 •\11e 

SEP 22 '80 
3.2.2-50 

5 

0 49 0 ,4 No ___ _ 

-

-



Fig. 38. 

F_:g. 39. 

Fig. 4Q 

-
Fig. 41. 

Fig. 42 

Contact Diagrams tor SEM Switch 

---· ,·----- .,,.. ···-- ----·-
OESGl,'TICN 

··-· .. ,--,~----·- ----

VOLTMETcR UANSrH 

SWITCH, rhree-j>hase, trans• 

fen foU, wires phc,~-t_o-pMase 

ond p,hase-ra-nevrrai; 

Model Na. I0AAC06. 

Knurled hcnole. 

VOlTMHU SWITCH, two 

three-•phose, tl,ree-wire 

circ"its, 

Model No. 10,AA007. 

Knurled handle. 

AMMETU nANSr,, SWITCH, 

, .. , •• er·, ',c-:,nnect ct 

end of seconCcrvl, 

Mooe/ No. IOAAJCa. 

Kn"ried hgnale. 

AMMET:R ,~AN~,:-~ SWITCH. 

three er·, with ,:)il 

!connect ot •no of \e:::,ncorvl, 

Madel No. I JAAC09. 

for wiring, ,ee F;g. A.Q. 

l(nurled ~cnole. 

AMMETH TV,NSH, SWITCH, 

three indej:)•ndetit cir:•..;,u, 

Model Ne, 10AA010. 

Knurled hand:e. 

.. ~..__ _________________________ __ 
ES.C:JTCHEON o1. CCNTACT :llAGUM -·------________ .. ----·-··-:,.__--
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..,, ✓ .. 
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I E'iO : I : 

; ~ ~; !-:-·~·~~--;-- ~~,;~, 
.<!:_!;: -t\l,I-C..,·l"...-~' 

' •~o~, ..... .---------

i X 
(. 

c.: ... :.C"'3: 
'~AN,L.E, 

:~0 I 

.-::::-r-
': ;' -........ -- -

=~'-I·:.:~ 
,.i.,:1.:: 

::,o 
--;:;--z
. $, -

'' 

: ~ :: . ,... ~ :"~,. - .. ':' 

,- .. "'--'-----. -,-, --
~ ·•--~-· ..:'_;_' _.:..• ..:'c..c....:.... __ _ 

d-<'1-~,;---'-'-'-'-' ..:'---
1 l 1., 

r .. -.,. .... ....;;...c. __ .._-'--...... --'--

r-:---1-·---------;,. "'°°" --•--4---'~-";.,,:~,_-_. ----

~..S-Clo--~ 

~ ..... ~~'--------,-' -· 

-------- - ... ~_ ... ______ .. ---· -___,.... .... ,.. ... _-· 
WIRING OIAC~.>."I . . . ' 

--·- ---.J-., .......... ~---- - ----- -- .... _ ~ .... ,, .. ,__. 

2 I C:::: ~ 

I 
·Llsr==i i I 

~11-+1 ____ ,I_??_,, -.-i!_6 z t ! 
-~l_,.l_""T'--:_: :-:,.......,! : ! I _______ , 

3 2 ~I -F~~;:::._~ 3 2 

I Lf-J 10:062·! I 
--~__;-~ T ' I I 

E!mht7 
Saur~, 

3 2 I 
AITl"'9ttr I 

I 
0 : 

~ i P~1
,,__: --
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SR 

C21700 

F 2 35.1 ·1e No, ____ "'f, 

---------

SEP 22 '8 

oso No. ___ ___ 
OK 

- INCOF.PO,A'!O 

·--------.-.-"-.-.. -. ,-.-.-.• -,-, -,-.• -.-.• -~-.-,-.-"-.-.• -.-,-=-,•-.-"-.-,-.. -.-•• -----------1-----------'0--N-.,;O_;.R __ B .... E_F....,O-R'"""E,,... ________ -l.,_ 

3.2.2-51 



i 

~,-
/ -~ _,-' ✓ 
'Sa-'2.-

~---------'--...::... .. "f_:,-_1,,-_' __ / _________ L_o_'w_v_'_✓_o_l_t_a_g_a_F_u_s_e_s_ 

Classific3tion of Cartridge FuseflNAL MAR 3 bc!1 

NOT L..AC:El.L::D .\S 
CURRENT-LIMITING 

Oimens,ons per .!':>IS 2.J ':)# ·_; L 
StanCarCs '\o. ~9E8 an-:1 7::cie 2 of 
U.L. 5tancar:::s .\lo. ~ 13.J 
0·'5CO amo~res 
25.J ar-a '5-00 vc1ts 

Oass H: lncern.:or•ng !0111N 'iOt 

OV'!r '0.000 ar.iceres. - !!5:e'1 Jnc 
Ls:ed ;:.~ .. 1,.J L. ~;a~circs ·-:r ,:,Jses 
,\lo "9S9. \le·~:-ier •:·dsS e~~r -ior 
,nterru::,c1ng rat,r.g on ,a::,11s. 

C:as-.s K: ;es=!'-= ~re dC"! .. "!-: ~:,r 
1nterruot1n9 ~3c:'"'·'1 :T :.~ :..:::J 
~J•.::o ~p 2:,:.:1-:,J ·-s jr-"'CS lC 

;er ~E: ,:3r. :.1J.-::c. -~!:es ;!1.;:: 
;JC!'tl~d :er '...I.~. St!,.,=3r::s ~,o 
~'?:O ?e=i..;1r~-::·, ~::s "J"'aiv~-3 
so1:-c1'ic =~~r~e J~ :-...··1='"'r 
•1~1:a;;on :1..:t -a,, • . .=- =~ .i.J 

'3:>19•1-!0 =~r '-E: :a" ~ .:..:.,:,.:.:. 
7',n""e Ce1av .-.. r,. =~ ·: :!: J: 
500°a Of ·3::~~ :.::::::·c-3;, :.Q'SS ?nC 
,N. rat:r-g ;,r .,..,~-!-: :r1 a:e .!. I 
E::i!"'!Cl"!"lv =· .. se ::-is.s. <.. ; ..-ses - J\J"! 

::o.::lCO •~::: ..... ~er•· .. =:!:""; "j: ... ;. 

By Underwriters' L•oorator:~s. Inc. 

CARTRIDGE FUSES 
0-600 VOLTS 

"MISC:L~.l.N:•: • .. s·. 
M1cget J.r.ien510n$ i:uses c1,., ~or 
:.-:,--::r=I :f L:t;r.!1rg lf"'ld C::rr:0f"'!nt 
C:rcu,1 ?,~1ec:1on . .J L S:a~C:ar~ :lio. 
,seG. 

~en•ren•waoie ·:;.,.!I 7':m11 · ;:uses. 
.Vav oe ;aoe11~0 i. T:e ::'!!1av •f --:i,n. 
Of 10 Sl!C$ af :.:cl•-, 5 m,![. 
:CONOMY: EO~. :·;JS 

;::t~r,~weo·'! ;i~s~s 
EC:NOMY: :~.~ ::::s 

Class ~K-, · r-41;n :'!!'-;~,e or C...1r~119nt 
,,,.,,,tat10n 
ECCNC'"1Y: NCc. s.::L 

::a5.i ~K-5 .• -!l"'I, ;:::c-:J :e<;re~ .:r 
ci..:: rr'!nt . : rr11tJ:t1e~ 
C:C:,'.O"-,!Y· ·-=·'i. _,:5 
1"'!"ime Jeia-.,• I 

:::::::::::::::::::::::::::::::: I 
::ass •i<•: :.:c-: 
:1m1~.3!1C,""I 

:-::.'-C"!Y: ::'1. :·:.5 
Ti~e .:'!1a•,; 

_ 1."""',!at.~~- ..:s;..3 :..., ·:; .. ::::,•~ :l - . .,,! 

H1 
_____ :':,_ ____ -_:::: a:::•:::s:::_< ____ ~:_::::,-,-,: __ -.-,-,-_--,-.:~::,:_:_,-"-_-,:,-.--e-.-!-----_,- ~I 

1---------------- =~••v I ',o .onger ..,a:• :·, : :=rc-.iv . 

:E:£c=1PT•:; .... 

- - =-~~~ 
·,ot ~·~~~ 

•J :,;c .:.-c--. X ! .-< 

===---o,- .. ., 
~,ere._•.JC'f 

' I ~ 

.< 

:: : : ~j .. ,.-:: ~ 

LABELLED AS 
CURRENT-LIMlii~JG 

... es:.e-: !no Lis:e-: ::ier 'J !... S<J"'r:.!r,-:s 
~o "9EC for C ... rr'!':"H L mir.r-:q ;:, .. s~s. 
'r':"ll!'Se ~•..;ses ar~ r,c n-,r,r"~c.-- 3rc-=-32,-! 
·N1th ocher ciasses :,er ''.E: :.!C-i::c. 
\1usT rreet U.~. -iest.a~1isnec cegr.ee -:,; 
C:.irr!,.,t !.,..m1ra:;c,., 

.~-eC':::fier :vce •~tancarc :i'!r,i:irt:;::; 
'J-2CIJ0 3m~s .. ::t:·i. :..:c·1. ::;.: 11. 
5COV. i5V'J ina ~cr:c .. 01:s. :i~~:;;encv 
··-,cogn•~-!O'' :,1,1 ',J :.. .. ·or ·ri:-!rru:.: . ..--g 

ralln<; r:ir :-:o . .:co ·rrs. s·,,,.....,.-:~::-.cJI 
1r.i~s .... gn .::e,;r'!'! :,f :· ...... -~ ... , l,'"'C 
!!r"ergv ·,m1rar·o~ ::J.\.S,\1Y. =Fol. 
~F.\J, ;;JC•..; ~FC. ~Fs. :i•.:._ :Jr-==-=< 

C:,ns j :--5•:C ~~O.!., :,':,~V jr ~~'.i 

L30~1·e•l :!S : . .1Pl:f"I~ l.~it1r1;. 3-ne 
for :':0.~CQ 3y,-,- H .... 'CS .. ac ,,i~'!r• 
r1.,1:l,C.,g ~at.r,q. '1o • ,..,"' :,e,a·; J,
~ens1ons ,er .ntarcnarceao,e w,cr, 
otl"er ':JSI! .::3•;ses. • 
:-::',.rJ.\,1V-
,::,ass ._, -5~: ·': 1:~C J.';'CS .. ;::_::1,, :r 
ess. :_J.:Je<f-: 3s :_ .... ,:~ _""'" ::.r-g · 

·Jr''d 1cr :·=~-~=o 5,,.~-, ~:-::1 .. lC 
!"\tel""'•.;i::~i""g -~~· ..... ~. ~,,: :,me :te1a·, 

=·_.s~!: :,,:: ":J : .... s :ars. 

''!':'.J . ."~~i!' .. ~S :, ... .i -· ~.!,j.,.,•;.-: ::...r"i:.~c 
,-.:u~ )~ l~ :: :·.:·: ~-.: :~. ;,.,.:; 

J"'!"':,~. _J~ei,!r: : ... ~ ... ~--:= .. -. ~.:-,g ~-= 
JII -a·,~ ~::.:,;: !.--:-o -:er·•.1::::•.-; 
·at;f'I.:. ~-!S~~=-~ :·ass< :,1· .. s "'!•11?:.
:.cn -~3t· .. "! ·} --.~~ · ,:-~ ',:,: :.ar 
::~--::o :,;j,.,:--.. = .s~ :---~ .. s : ,j:iJ 

< .:=r:-ic,.-e;;: ·"·~~ : . .a.:;s =: Ji ~ · ~-- ~ 
=~ C'AI 

u 
I 
I 

·.•,:·_ ·.ic:...., ·.·: '• 

1"-Ti:.::ll=lt...PT1,,,G i '1.:.,,-..G 
l -:C :,CQ ,..:. "'"CS J 

:~o :co .:.~C'\. 1..:. \ 

(jl\lE.',SIO'IJS 

'✓ C!... TS:, CJ 

: : ::·· I. 1 

•. E:. 

'\er, .. ,.-, :e·:"'I. 
O,r- =':'r ..; ._ 

T1•,1:-:':• ... .::.. • '.11', ::. 

10 S::': ~".' ::C'· 

l( 

., 

'( 

X l( '-

)( 

., 
l( I ( 

X 
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ECO!l"One-Time" Non-Renewable Fuses. 
U.L. Class H. Federal Specific3tion WF-1725 

FINAL M/lP ') 1981 
CLASS 
1340 

ECO• "O:--:E-TD!E" C.-H::'~!DGE i"t."SES 
are t:L liHcd :rnd !abe!l~d ,u C:a.;s :-1 :·~r •Jse 
on circuit.! whe:-e-11.'-~~le :·.1ui: c".Jrren:3 co 
not e:.:ceed 1'),000 :irr.peres.'1":iey ;"~atur~ c:ips 
with ~ki_n_~ to ~vetH: C:l!J rotat:or., :ink3 

2!,0 VOL TS 

;/\~: ~s.5=~- ,_ 3. :. •o :2; 

:s. 'll a; :J ;o 

1·0. •·.: -~J ,-~ ::o 

I ;oo 'ICL ,S 

I ,. ; ! : 5 I.>. l :•J. IZI 

C.rarcq 
s~t""toi 
"EON" 

10,lc-wed ,. 
1m0tr"1 

~s. :1 ~s ::> Cateloq 
~s . .11) .:.s :Y. ~o s"""oc1 

l:11 
tJcn 

·11sibly soid;,red :o c:ios .1.nd '.he ~:it:r.:? 
stamo-,d :n ior iden~::·ica::on. 7'-lis r'u,~ 
::,rov1des !ow~,c cost snort-c:~c:-'Jit -::~'Jt.~ 1.::;o~. 
For deta!ied ciata. as~ :·or C:a.:u 13~0 D~scr.p
t1,·e ,Sh.,.,ts. 

1o.!SS Tr.3n s:GO ~et 
S1CC. .~et u~d ::>•er 

:o. ,o ,c · :o ·eos· , , 
ilO ·:~. '5C '/~ ::J ~c,l~;!d ___.....COttlft C,lil' fl ftJ t Pu LI tl 7 : fO .t.:. f LI sc_t 111fll i:,,[CJ 

t 2:S. ::J, :..:r; ;:,J ~ca arT!C)eres -----i~:·~ •11O1'.'S u .... ! ,... .. d Oir-1,. 'ci;,;1,A( I kE .... u1HM!r.1l :l. 

'--,_,a_. ;._·a-'-_ ,_::o ________ __,'---....:..,..:hE I ORN TO· ------

ECONOMY~ Renewable Cartridge Fuses and 
Federal Specific3tion 'NF-1726 

:.;. 
(/) 
(/) 
Cl) 

"' ... 
w 
0 
0 

= -... 
0 
C: 

(,Q 

=..... 

1880 

J 
Econom,· 1 Renew3ble Fuses are l'.L. easy cle9J~J~ 9,~n ~~LQf~_,,i~·biac:!~ 
iis1ed :1.s'C::Li.S H !or .ise on circ·11:.s :\.--!-----WM'fl,...,... .... _____ ~-9'.:...;....,..,...,.;;~~------1 

' 

. 
-(~ 

-~-;J ·~, 

:_~~j.· 
' .. 

-' 

~ ---
n 

:·au~t c~:-T~:t!.l not in excess of l•J.0 1)0 bar. maj,cj,n~ re:,e-waJ an ea.sy opera~:on. 
J.~per~s. 

~ene~NaOh? F~rrule Ty~ C~-:~~ ~!"e of )p~~ 
e::c:i .:on.-;:.:-Jc::on. ·4·1 ~ :1 rt?mova :i:e ~nc ;,, 1.1.:;s 
.ir.a s4octed wa.sne:s. thus ~:-rr:.lt::n.;; .;~.:< 
:e!".ewa1 ·-v1thouc rnarnni :'use .:on~.Jc: ire..1. 

~enewable K:iife-bl2de Type Fuses :u·.-e 
:>ot:i ~~O.i vpen l.nci acce»1:>l~. ;)e!'~·ru:.:i:-":il 

UL Cl.,l,SS H Svmbol E9N :ZSO Vclts 
5LG =~;.:.L; 
,,~ ~--ce : >e ~ 

• : J • ; ; l ·o 
'Z. : ~ :;:; 25 ::, 
j~ .1C 15 :~ ";j 

~Q 3C ~ · CC 
. ·c. =~ ::o 

•-c. :':-,J, ::c ~=I~ J)O 

.!:IJ :~ ~~o 

I I .i2 
I 66 
l.:'.S 
7 :s 

16:9 
:HI 
JS:l 

I IJ9 
126 
2.ll 
S.52 

12~ 
:2.51 
34J6 

I ' 15 

UL CUSS H Svmbol ELN 250 Volts 

:: -Vi .:: :c ::0 
-~ ;~ ;J '(I 

'1J . =~ ':.) ::c 
,:.5 =~~ :.:: :tJ .:...: 1: 

:~J ::o ~•:C 

s ... G -e.s.:..:..: 
•,el ;,.a :x., 

Less ~!"YI I: :c ',€'7 

I ;5 
::.Jl 
II 

.JI, 

10 
1 :9 
: Ji 

I " 
072 

IS 
29 
.33 

: !S 
1 7l 

C. E. FILE 

:o 
:c 
. J 

\Vhenev-er .:1n E~o;,o:r.:: ~:c!:--.~-.:.·"la~t? Ft.:.se 
c:ears a :"aul:.. you ,::in re.He!"~ :~s J!':?:~.a: 
~r"7:c:e~cy ~y i~se~1r.:Z :in .=:.:'Jr"_,.,'11.y ~-~~.c·1.·a1 
~~nK ~n :!1~ same -:.:ar-::..:..:e. ?')~ ;.~~3::ea 
,ja:a. asK for c;as.; ::;:20 C1e:.:;:;,c·:11? .Shc-e~s. 

UL Cl.,l,SS H Svmboi ::;ss 6CI) 1✓ c1ts 

• : o: "Q I 453 
'l ': ,O 1~ ,C ,10 
:: .l~ .1~ :iJ :,'J 6.U 
·o ,o :: · =~ !466 

·•c: ·:.• : .,:i :i:J 28 .aJ 
... , :~u ... ,.. :~~ .:clJ ;1.:6 
.1.:0 ::a :-:w:J 11 !& 

; .. ,: -c::-...: 
•,,. ;:i .. ,. :?~ ~,. 

..!~ . • . .r, : • ~: ',:":' :..r.i::n 

' l !A 
l ! 1 

I :_.3~ 
~=a 
I :6 
1:1 

1731 
:6 \,I 

SI ;7 

'Q 

I~ 

UL Cl.,l,SS H Svmbol :LS 6CO 1/oits 

· : :. " : s ? ·o 
': . ! =~ :;:: .,., 
~: !,: .:t ~-= ~:) 
, 'G , "'c. • ~J , -:. 

I .S7 
;s 
J.6 
31 

t ~, 
i:o 
,1.15 

J ;; 

!S 
l! 
!8 

1 :s 
: J: 

=-H 

·o 

63 
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Econolim 3 Current-limiting, Energy Limiting, and High Interrupting Capacity Fuses 

Fuses under the tr.1de:":'lark "Econoli:n'" 'ue m,1nufac:ured 

with sil,·er \in~. quar:z-,;and :·.i:~r. :ind melamine tubes. 

Thi.s line includes Cnd-,rNriters' Labor:,:ories, inc. c:a.s.ses 

RKl. J, and. L, as we\! a.s midget dimension :\!CL iuses (see 

page .;11. Ail of :hese fuses have a high J.,~~ee •i current 

!ir.tir.ation with low I 1: er:er~y let-throu~h and low ;:e....:~ 

let-throu1sh current as weil as the ni~nest ir.ter.u;,cin~ ::n,nit 

reco,.nized by li.L. ior low ·,oit:,ile fuses. Ask for :::e:a1ied 

technic:il data l:ty the FPE Cla.s.s :--;umber shown. 

CLASS 
1317 • Econolim 1 High Interrupting Capacity Fuses, UL Class RKi; Federal Specification WF-1814 

,.J;~e on appiic:i.t:ons :·or f:i.ui: curr.,nt3 up to 

~ -~0•),0•l0 :im;,ece~·. where very fast c;ean::g ts 

requ1reJ. .. -·-!1mit current and wnere iuse 

holders are oi );EC dimensions. Ideal :"or 

protecc1on ui moided case circuit breakers 

with inadequate interrupttnl{ ratings. The~e 

fuses meet the :unent limiting require

ments o( CL Class RKl standard!. For rie

t:itled information a.1it ior Catalog Se~!ton 

131i. 

UL CL.ASS RK1 Symbol NCL or NCL-R 25OV Symbol SCL or SCL-R 6COV 

-------~------------
~ J~GP~St.1! t: ;:,GP!5t.1! 
Pnce LHI Than 1100 ~f,' .\...- """ Leu ;t\MI 11"0 \fT 

;,,,, 
::..r.on1 

!o 1100 'lfi aod G,., E,o, 1100 ~fT ""1 Ove, 

j 1. 2. l , 5. ; 7 3. ;o, 

, 12. 1s. =~- is. :o , 2.n 

L 2. 3. S. 6. 3, I 0. IS. 

I Z.11 I 1.15 20 25 :o I ].SI I 2.71 I 224 10 

JS. ,IQ_ l5 50 cQ UJ 4.91 411 JS .a.l. •S. ~O. 60 7.71 us us ·o 

10. 30. ,0, 100 13!1 10.55 1.15 ;o o0. ;o ICO 11.Sl 12.51 10 l1 I 1 

I 110. 125, 1,li. 175. :~ 21i.72 Z0.99 1740 110.1~5. ::a. ,,s. ::a 3116 2J 15 1969 

· m. :so. :oo. ;so . .:.:a s2.ss 41.99 34J1 ' :,~ ::il, :co. j~Q. J.00 62.:;Q 47 JS 39.2S 

; ,so. lCO. 500 71 JI Sol.SI 4514 : 454). soo. 600 114.14 1440 5).J3_~' I 

CLASS Econolim" Current-Limiting 

1318 Fuses. UL Class J; 
Federal Specification WF-1814 

Applications ~:' ~is ::,pe :'~e are for :·3ult 

curren:s ;,ip :o :.!0•.l.,J•)O .amperes. :·ur :1:.;n 

de~1:~ ,Ji .::.1rre~t hmi~:1t:on. a.nd to comply 

w1 :.!, ~ E•: J;J.r:t~:-:i on ~.,;U~f)Oi b .. ?o:- U3e or.) y 

in L:as, .: ~··:..:-! ~c•l1!~r5 ·sn:....:n ·x;;l r.ot :ir·.:•:-~t 

Cla:!~ :-{ ,,r :~ :·L.,;JC'~. ?,Jr ,i~:.1.;!t',J :n'.lH"."!13.:.,(J'! 
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TER;,iJNAL and S?LIC E 

Types YA, YS 

Copper HYLLG and HYLl:--iK .:omoression .:onne~tors 
for copper wire. -\II sius are trn-p1atect :o re~i,t .:orrusion. 
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¼ 1 . \ YA4C ¼ 

F J tJAL 
'I 19R1 

NEST A.'10 INCE.~TCR lS LISEJ RESUL,S lN 
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·STANDARD PRODUCTION TESTS FOR SWITCHGEAR ASSEMBLIES 
REFERENCE: ANSI C37.20c - 1974 

THE FOLLOWING TESTS 00 NOT INCLUDE REPORTS FOR VENDOR SUPPLIED 
MATERIAL, WHICH WILL BE PROVIDED UNDER A SEPARATE SUBMITTAL IF 
REQUIRED. 

PART I TEST PROCEDURE 
RATED VOLTAGES & RANGES 

PART II INSPECTIONS & TESTS 
1. VISUAL/MECHANICAL 
2. CERTIFIED REPORT GROUNDING OF INSTRUMENT 

TRANSFORMER CASES 
3. FUNCTIONAL OPERATION TESTS 
4. CERTIFIED REPORT, MECHANICAL OPERATION TEST 
5. APPLIED POTENTIAL THREE PHASE 
6. POWER TRANSFORMER 
7. CONTROL POWER TRANSFORMER 

_ 8. CERTIFIED REPORT, DIELECTRIC TESTS 
9. CERTIFIED REPORT, ELECTRICAL OPERATION & 

CONTROL WIRING TESTS 
TEST EQUtPMENT 

Simpson Model 260 VOM 

Abbott Test Cart 0-480V + 0-10 AMPS 

Hipotronics Dielectric Tester 0-S0KV 

CERTIFIED BY 
QUALITY ASSURANCE MANAGER 

CUSTOMER REPRESENTATIVE _________ _ 
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- ~ ABBC1IT ~ CORPOPJ\TION 

·HIGH-POTENTIAL 'l'F.Srl.NG PROCEOORES 

·I. SAn:I"f 

High-potential testing is dangerous only if performed by unqualified or 
careless people. In the interests of safety, the following rules are 
to be rigidly enforced by the Quality Control Inspector. 

1. The area around the 'equipnent to be tested is to be cleared of all 
possible tripping hazaro.s and extraneous naterials of equipnent 
and is to be bnxm-clean. 

2. The ecfuipnent itself is to be closely inspected and free fran dust, 
dirt, or debris. Buses and insulators are to be thoroughly visually 
inspected for cracks in insulation or insulators, etc. , and are to 
be tested with a megohmeter imnediately prior to the test even if 
visual-mechanical inspection was done the sane day. 

3. All testing is. to be done by two qualified inspectors. No 
unqualified persons are to operate the equipnent or to participate 
in the test. Both qualified persons are to be enployees of the 
Canpany and are to be authorized to nm such tests. 

4. The area around the equipnent to be tested is to be cordoned off 
and posted with warning signs an all four sides and only the 
qualified inspectors are pennitted within the cordon. The cordoned 
off area is to be of sufficient size to prevent anyone fran 
touching any.part of the equipnent being tested or the test set. 
If, during the test, any other person enters the testing area, the 
operator of the test set is to imnedia.tely shut off the test 
voltage and abort the test. 

5. No equipnent is to be tested at voltage higher than called for by 
ANSI C37. 20, Page 15, Table 1 (reproouced below) unless specifically 
autoorized by the Vice President - Engineering and special care lmlSt 

'be exercised to be certain that the proper voltage is chosen fran the 
table for the rated voltage of the equipnent being tested. 

-2-

QC-15 Rev. A 
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·~&!IT POWER CX)RPQAAT!ON 

HIGH-POI'ENTIAL 'IBSl:mG ·PROCEI:XJRES ( CX)NTINlJED) 

II• 'lTS'r EQUIPMOO' 

'!he C'r:mpary has two high-potential. test sets. Both are equipped with 
variac-controls to vary the output voltage. 

One unit has a maxinnJffl output voltage of 2400 V .A.C. and is used 
primarily far testing 600V class equiprent (2200V) and far conUol 
wiring lllSUlatian tests (1500). This unit is also equipped with a 
timer which is set far the one m:inute du:ra.tian required. The voltage 
is read directly fran a 3000 V scale vol1Jneter. · 

The second 'lmit has a naximJm output of 50 KV and the voltage is read 
fran a diJ.ooect reading SO KV scale vol1Jneter. The main closing ccntactor 
of this 'lmit is interlocked by a mic:ro-switch to insure that the variac 
is in the lowest position ai starting and with the ren:rte p.ishl:u~ 
which m.lSt be depressed by the test men to pennit operation. Im 
overload relay is iriCOI1)0Iated which is cal ibr"':ted to trip at 12 
mill.i.amperes. El.ectrauc sensors further protect the milliamp meter 
fran surge resulting fran failure of the equi.ptent being tested to with
stand the test voltage. 

The second unit is used for testing all low, medium and high-voltage 
equipnent. All meters are caJi~.ted in accoroarlce with MII.r-C-45662 to 
an accuracy of plus/minus .5\ of the output voltages required to 36 KV. 
The accuracy at 4SKV and aoove is plus/minus s,. 
Ill. TEST PRocm.JRE 

Before ~ high-potential testing is done, all b.lsses are to be checked 
out wi tna JIEgohmeter far clearance. 

A. For equipnent with stationary m:runted devices and for equipnent with 
draw-out-m:,unted devices with rE!IIXJV'able elements in the connected 
position, the following tests are to be run: 

l. Phase to phase and each phase to ground with the main 
switching device in the closed p:,sitian. 

2. Phase to phase and each phase to gro\md an both line and 
load terminals with the main switching device in the open 
position. 

3. Between line and load terminals of each phase with the main 
switching device in the open p:,sition. 

-3-
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ABBO'IT POWER a:>RPORATION 

HIGi-POTENTIAL 'llSl'l.NG PROCEilJRES Ca:>NTINUED) 

B. For equipnent·with draw:>ut-m:,unted devices, with the renovable 
elements in the test position and the nain switching devices in the 
closed posi ti.an, the following tests are to be run: 

l. Phase to phase and each phase to ground on both line and 
load stationary tenn:inals. 

2. Between line and load stationary terminals of each phase. 
'lhi.s test shall be na.de with a value of voltage 10% higher 
than that specified in ANSI C37. 20 Par. 20. 5. 2. 1.1. 

I 

C. Phase to Ground and Neutral. to Ground Test 

l. Oieck. that test set power is off and that variac setting 
is zero. 

2. Connect grounded cable fran test set to ground bar_or 
- - -ground lug of equi.pnent. 

3. Connect :insulated cable from test set to Phase 1. 

4. Depress renote pushbuttons. 

5. F.otate variac slowly to raise test voltage to desired value. 

6. If charging CUI"lent: trips the overload before desired test 
voltage is obtained, 'I'E!Set equipment and rotate variac 
:acre slowly, pausing, if necessary, at defi.ni te steps. 
Cleek amxeter for overswing which will occur on breaka:iwn 
but oot on charging. 

7. F.otate variac re.pidly to zero and turn test set power off. 
Do Not turn test set off before -ro:ta,ting variac to zero. 

8. Repeat steps 3 through 6 for Phase 2, Phase 3 and the neutral.. 

D. Phase to Phase and Phase to Neutral. Test 

1. Connect grounded cable o.f test unit to Phase 1 and insulated 
cable to Phase 2 and repeat steps 4 through 7 al:ove. 

2. With grounded cable of test unit oonnected to Phase 1, 
oonnect insulated cable to Phase 3 and repeat steps 4 through 
7 above. 

3. Connect gn,unded test set cable to Phase 2 and insulated 
test set cable to Phase 3 and repeat steps 4 through 7 al:ove. 

-4-
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ABBOTT POWER CORPORATION 

HIGH-POTENTIAL TESTING PROCEDURES (CONTINUED) 

Test Voltages: (Excerpted from ANSI C37.20, Page 15, Table 1} 

Rated Voltages and Insulation Levels 

A.C. Switchgear Assemblies 

Rated Voltages (nns) 

Rated Nominal 
Voltage 

Rated Maximum 
Voltage 

Insulation Levels (KV) 

Power Frequency 
Wi ths tafld ( nns ) 

Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear 

Volts Volts 

240 254 2.2 
480 508 2.2 
600 635 2.2 

Metal-Clad Switchgear 

KV KV 

4.16 4.76 19 
7.2 8.25 36 
13.8 15.0 36 
34.5 38.0 80 

Metal-Enclosed Interrupter Switchgear 

KV KV 

4.16 4.76 19 
7.2 8.25 26 
13.8 15.0 36 
14.4 15.5 50 
23.0 25.8 60 
34.5 38.0 80 

Station-Type Cubicle Switchgear 

KV KV -
14.4 15.5 50 
34.5 38.0 80 
69.0 72.5 160 

-5-
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Rated Control 
Voltage 

24 i - - -
I 48 - - -I 

125 90-130 . 
250 180-260 

115 95-125 

230 190-250 

Rated Control Voltages 

and 

Their Ranges for Power 

Circuit Breakers 

C37.8-1952 

Direct Current 

Power Supply 

Solenoid or Stored Energy 
Motor Operator Operator 

90-130 90-130 

180-260 180-260 

Alternating Current 

- - - 95-125 

190-250 190-250 

Tripping 
Vol ta_ge 

Ran9~ 

14-30 

38-60 

70-140 

140-280 

r 95-125 · 

190-250 

For Special Conditions Refer to C37.8-1952 

-6-
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0:) 
00 

I 

-r 

VISUAL & MECHANICAL INSPECTION 

I 

ABBOIT ro'IBR G)J<POAATION. 

I 

STANn!\RD POODlCTIOO TEST REPORI' 

SWITCJlGEAR 

I 

UNIT 00. 

N/A _lA__ JIL lC 1D . 2A 2B 2C 2D 3A 3B 3C 3D __ __ 

1) a-m:::::K B/M VS EQUIPMENI' INSTALLED • t7 r7 Q r7 r, Q r, r7 r7 Q r7 Q • • 
& ITS IOCATIOO PER DRAWING LJLl L1LJ x LJW lJLJ X W LJU l2U X l_2U X 

2) C.T. POIARITY •• GJ •••••••••••• 
3) C.T. WIRING, POOPER TAP & GRJUND • • Q • • • • • • • • [J D • • 
4) P.T. CARRIAGE OPEMTION 

5) P . T. ~1005 & POIAR.ITY 

6) P. T. PRIMMY WIRING 

7) P. T. SJ::X:.'OOilAAY WIRING 

8) ALL FUSES & FUSE RATING; 

••••••••••••••• •••• GJ •••••••••• •••• GJ • -••••••••• I 

••••••••••••••• 
•••• GJ •••••••••• 

9) BUS INSUIATION, SLEEVE & InJIS GJ • • • • • 0 • • • • • • • • 
10) PHI\SE CLF.ARANCE 

11) BUS SUPPORI'S & SPACING 

12) BUS JOINI'S, TIGlfiNESS 

13) CPT WIRING CONNECI'IONS 

14) CPT FUSE CARRIAGE 

15) O)NI'IDL WIRING 

,JOB 00. 5049 

-

• • GJ Q •,• Q Q Q • Q Q GJ • • • DGJQ • DGJGJQDQGJGJ •• 
•• GJGJ •• GJGJGJ • GJGJGJ •• 
DQDD ••••••••••• 
GJ • • • 0: D • • • • • • • • • • Q Q Q •; Q Q GJ • Q Q Q • • • 

I 
For the purpose of this report, the compartments are grouped in vertical 
columns designated 1 to 3 from the left, Within each column the compart
ments are further designattd A to D from top to bottom, 

. I 

- I -
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;.,, 
j,.J 
6:, 
(C 

I 
OJ 
I 

-
VISUAL & MECHANICAL INSPEr!'ION 

16) TE™INAL BI.OCK 

17) TEST KEY INI'ERLJX:KS 

18) IXX)R IATCHES 

19) IXX)R STRAIGH'INFSS 

20) IXX)R S'IOPS 

21) WFATHERPRX>FING/GASKEI'S 

22) WIND IA'IOIB.5 

23) INSTRUMENI' CLEARANCE 'IO BKR. 

24) CELL INl'ERUXl<S 

25) AUXILIARY mNTACT WIRING 

26) SEirJNDARY CDNI'ACI' WIRI~ 

27) PAIN!' 

28) OIOCK INSTRUMENI'S CASCS & 
TRANSFORMER GROS. 

ClIOCK NAMEPIATES FOR OJ~ 29
) RAT!~ AND IDENI'IFICATION 

INFORMATION. 

JOB NO. 5049 

-ABearr PCXJER mRPORATION 

STANDARD PIDDUCTION TEST REPOID' 
i 

SWITCHGEAR 

-
UNIT ID. 

N/A __1A_ __!_g_ __!£_ ~ ~ ~ ~ 1P_____ ~ ~ ~ ___lE_ __ 

• GJ ••• rn ••• GJ ••••• 
QD ••••••••••••• 
DQGJGJGJGJQGJGJGJQGJGJ •• 
• ~GJ GJGJQG]Q EJGJQ CJGJ •• 
GJ ••••••• c_J •••••• 
QD • LI ••••••••••• 
GJ •• l=1 ••••••••••• 
GJ • D1=1 ••••••••••• 
GJ •••••••••••••• 
DDQGJD • GJGJ •• GJGJ ••• 
•• GJGJ • DGJQCJDGJGJ ••• 
DGJQGJD •••••••••• 
DGJ • l=1GJGJ ••••••••• • GJ Q GJ GJ Q GJ GJGJ GJ GJGJ G] • • 



w 
;_, 
;_, 
U) 
0 

I 

f 

VISUAL & MOCHANICAL INSPOCI'ION 

30) ClfEO< FDR CORRECT' LUG 

31
) Q-IOCK (X)NTR)L WIRING FDR 

PIOPER LUG TYPE 

32) IS UNIT LEPI' OR RIGHT HAND 
(OCOR HINGE) 

33) ITEM 00. & CXM-1ENI'S FDR 
ffiRREL"""TION 

,TOB 00. --""-5.,,__04~9'--__ _ -

ABBOIT PCWER CDRPOPJ\'I'ION 

STANDARD PJUDUC'I'ICX,J TEST REPORI' 

SWI'KlfC£'-AR UNIT 00. 

N/A ...1.A- 1B lC 10 2A 2B 2C 20 3A 3B 3C 30 __ 

GJD ••••••••••••• • GJ[J GJGJGJGJGJ • GJQ[J ••• • GJGQ~QGJQGQ~[JQDD 
••••••••••••••• 

- -



-
--~ ABBOT! PCWER OJRPORAl'ION 

· STANDARD PROIXJCTION ·TEST 

CANSI C37.20 Par. 20.5.3) 

. •Certified "Rep::,rt 

Ground:ing of Instrl.m!nt Transfonrer 

Cases·Test 
- -

In accordance with: Anerican NationaJ. Standard for Swi tc.~ear Assemblies , 
ANSI C37.20-1974, Pa.ge 25, Par. 20.5.3.3. . 

~ct: "The effectiveness ·of instrurrent transformer case or fnme 
grounding shall be checked by a low p::>tential ~, such as 10 volts 
or less, using bells, buzzers or lights." 

~: · Stearns-Rogers Order N::). 4004621700 -----------
Date of '!est: 2/12/81 completion) 

________________ ,_____ ________________ _ 
F.quiprent Tested: __ 4_s_o_vo_l_t_lo_a_a_ce_n_t_er ______________ _ 

low Potential Source 3 DC ----------Voltage 

F.esuJ. ts: Sa.tisf actary X T.hsatisfactory 

Corrections Required if any: None -------------------

Test Rim By: _____ __.~--,-

Witnessed By: -----...:.----~-----------------
I hereby certify that the aoove tests were nm in a.co=,rdance with ANSI 
C37.20 and that the results recorded reflect the data as noted. 

1 /? 
1/ff tt, )u,~ IU.!J:~ <:, i 
Manuel Rendeiro 

Quality Assuranee Manager 
Aboott Power Corporation 

-10-
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1--' 
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W I 
i-J 
i-J 
(0 ..., 

FlJICI'IONAL OPEAATIOO TEST 

ABIDIT IU,vJm mRPORATION 

STANDARD POODUCI'ION TEST REPORT' 

SWI'ICHGE/1.R UNIT ~O. 

N/A lA 1B lC 1D 2A 2B 2C 2D 3A 3B 3C 3D -- -- -- --- -- -- -- --- -- -- -- -- --- --

1) INSERI'ION & WITIIDRAWL OF BKR.S. • • GJ G] • • Q GJ • • Q GJ • • • 
2) SHl1l'IBROPERATION GJ • • • • • • • • • • • • • • 
3) MANlJllL OPIBT\TION OF BKR. • • GJ GJ • • Q GJ • • GJ GJ • • • .. 
4) MFDfANICAL INIF~ • • [;] GJ • • Q GJ • • GJ GJ • • • 
5) INrEIOWUABILITf * • • • • • • • • LJ • • • • • • 
6) ffiNrIDL WIRI~ mNrINUITf • Q GJ GJ Q • GJ GJ • • Q G] • • • 
7) srRIP HrnTERS GJ • • • • • • • • • • • • • • 
8) BRFl\KER EliCTRICAL OPR. (Will.) Q • • • • • • • • • • • • • • 
9) BKR. OPR. MIN. mLTAGE :::t O D GJ I~ 0 0 0 G] DO 0 0 0 D D 

only 

10) BRFAKER EIECTRICAL OPR. (AUID) • • Q GJ • • El 0 • • [] 0 • • • 
11) PHASE cmJ0JRRmr =y: Trip Ont) • • • • • • • 0 • • • • • • 
12) ~IUTND OVEOClJRRENr RFJAY E1 • • • • • • • • • • • • • • 
13) M,f,El'ER HALF SCALE 2. 5 AMPS 

~ 

--- - ------- --• AMQ_ -- --- -- ---_ - --- - -----
--Bsoo ~- --~-

Csoo --- --- --- ---- ---- ---- ---- ---- --- ---- ---- ---- --- ---
*All breakers of the same rating are interchangeable 

JOB 00. 5049 -------

- - -
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w"' ,_.,I 

i-J 
cb w 

-
FUNCTIONAL OPERATION TEST 

13) PM1ErER FUIL SCALE 5 AMPS 

14) REVERSE PO-IBR REI.AY 

15) UNDER-mL'IT\GE CDNl'ACI' c:IffiE 

CXNl'ACI' OPEN 
AT 

16) VOL'IMIITER Wl'X~ 60V 

AT 
:ml.IX8iOIE 120V 

P.T. RATIO 

JOB 00. 5049 ------

- -ABEOrl' PCWER ffiRPORATION 

SI'ANDMD PRCOUCTION TEST REPORI' 

Sh'I'ICHGFAR 

M/A 

• 

Q 

• 

UNIT 00. 

----1.a_ ----1!L _1£.._ J!L __lA_ -1!L_ ~ -1.!L ....JL ~ ..1£_ ..lQ.__ -- --

A 1600 

B 1600 

C 1600 

•••••••••••••[ 
V V V VADJV V V V V V V V V ~ ------------------------ -- --
V V V VADJV V V V V V V V V , -- -- -------- ---- ---- -- -- -- --• A~-------------

B 240 

C 240 

A 480 

B ~80 

C 480 

• ---,~----------



I ..... 
w 

WI 
;.,., 
;.,., 
«> 
"" 

! 
' 

ABOOl'I' l'GIBR ffinPOr:A'rION 

STJ\IJDAJID POODUCTION TE'ST REPORI' 

SWI'ICHGFAR I 

UNIT 00. 

N/A lA 1B lC 1D : 12A · 2B 2C 2D 3A 3B 3C 3D 
- - - ---r +-- - - - -- - ---

I = _ 0 _1g,1 _KW ~'l ____Kv-1 _N•1 _h'W ____N·l KW KW KW KW KW KW . 
. -------

17) WATIMfil'ER V = 

18) WATIHOUR r11ITER V =_I= • 
_ (ru>H) 1)I = _ _REV_REV _REV_REV_RE.V_RE.V RE.V_REV REV_RE.V "RE.V_RE.V~RE.V Rl 

19) DIFFEPENI'IAL REIAYS 

20) r,m{JNI) FAULT REIAY 
· (ZEID SB)) 

21) SYNCHIDSOOPE 

22) VA~ 

23) RECORDING Arf1ETF.R 

24) RECORDI~ VOL'IMETI'ER 

25) RECORD!~ WAT'IMETI'ER 

26) RECORDING VARMIITER 

FPIDUEOCY MIITER 27
) MISCELIJ\NOOUS DE.VICES 

~•••••••••••••• 
El ••••••• LI •••••• 
GJ •• Ll ••••••••••• 
~•••••••••••••• 
GJ •••••••••••••• 
0 •••••••••••••• 
GJ •••••••••••••• 
~•••••••••••••• 
GJ •••••••••••••• I 

28) CIDSE-OPEN 00. OF OPR. _MIN.VE] • • [] • ID • • • • • • • • • , 
oom.vG] D [J D D D D D D D D D D D D 
MAX.V~ • • [] • • • • • • D • • • • 

JOB 00. 5049 - -- - -
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~ POWER CORPORATION 

STANDARD PROOOCTION TIST 
CANSI C37.20 Par. 20.5.3) 

Certified Re:p.:,rt 

Mechanical Operation Tests 

In aca:,rdance with: Amari.can National Standaro for Switchgear Assemblies, 
ANSI C37.20-1974, Page 25, Paragraph 20.5.3.2. 

Ex~: "Mechanical tests shall be perfonied to en5UI'e the proper 
functioning of shutters, reDDvable unit operatmg nechanisms, mechanical 
interlocks, etc. 'lhese tests shall ensure the interdiangeability of 
ren:ova.ble units designed to be interchangeable." 

CUstc:mer Stearns-Roger Order No. 4004621700 

Date Test Started _________ D:!te Test Cazt>leted 2/10/81 

F.quipient--Tested 480 Volt Load Center 

Tests: ( Check Applicable Items) 

1. Insertion and Withdrawal.XX 

of Drawout thits 

2. Manual Operation of X 

Cm::u:i. t Breaker 

3. Mechanical Interlocks xx 

4. Shutter Operation N/A 

5. Interchangeability *See Note Pg. 11 

6. Clearances xx 

7. Other (specify) None ---------------------
Carre cti.ons (if required)None -------------------------
Test Rim By: David Beashau 11 

I ' . I 

Witnessed By: Jose MartineJ-~ 
'I 

Job No. · 5049 
,' I 

// ------
Custooers Representative 
(If called for in Contra.ct) 

I hereb-J certify that the above tests~ run in accordance with ANSI 
C37.20 and that the results recorded reflect the data as noted. 

~ty Assurance Manager 
.Abbott Power C.orporation 

-14- QC-15 REV. A 
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APPLIED POTENTIAL 

APPLY 480 RATED 

VOLTAGE TO MAIN BUS, ALL 

BREAKERS CLOSED & CHECK 

ALL VOLTAGE DEVICES FOR 

CORRECT OPERATION. 

·. 

JOB NO. 5049 

-

0\ 

I 
ABOO'l'l' POWER CORPORATION 

STANDARD PRODUOTION TEST REPOltT 

SWITCHGEAR 

'1 

COMMENTSs ______________ _ 

QC-15 REV. A 

- -
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i...l 
i...l 
C0 
-.J 

I 
I-' 

'1' 

-
Pa-JER TRANSFORMF.RS 

1) TRANSFORMER 

2) FAN O)NI'R'.)L 

3) AI.ARM REIAY 

4) TRIPPit-K; RELAY 

5) TAP ClIANGER (MANUAL) 

5049 JOB 00. _______ _ 

N/A 

G 

GJ 
GJ 
GJ 
tJ 

- -ABOOIT PaivER (l)RPOMTION 

STANDARD PIDDUCTION TEST REPORT 

SWITCllGF.AR UNIT ID. 

KVA 

PRI V. 

SEC V. 

IMP. 

,••[]••••••••••[ 
•••••••••••••[ ••[]••••••••••[ •• []L] •••••••••[ 
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w -..J 
1-.JI 
1-.J 
tb 
00 

-

ffiNI'roL PCMER TRANSFORMER 

C 

1) TRANSFORMER 

ABOOIT .PCl'IBR ffiRPOAATION 

STANnl\RD PR)l)OCTIOO TEST REPORI' 

SWITCHGEAR 

UNIT 00. 

N/A lA 1B lC 1D 2A 2B 2C 2D 3A 3B 3C 3D 
--- --- - --- --- --- --- --- --- --- --- --- --- --

• KVA l --- --- --- --- --- --- --- --- --- --- --- --- --- --

PRI V. 4!30 --- --- --- --- --- --- --- --- --- --- --- --- --- --

soc v. 120/240 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

IMP. --- --- --- --- --- --- --- --- --- --- --- --- --- --

2) APPLEID PRI. PCYl'ENI'IAL 480V • soc v. 120/240 
--- --- --- --- --- --- --- --- --- --- --- --- --- ---

3) FUSE SIZE • ______ 20A __ --- -- ---- ---- -- -- --

JOB 00. ~5..;;;..0..;;;..49 ___ _ 

- -
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i\bbott 
ABBO'IT POWER CORPORATION 

STANDARD PRODUCTION TEST 

(ANSI C37.20 Para. 20.5.3) 

Certified Report 

High Potential Dielectric Test 

In accordance with: Arrerican National Standard for S'wi tchgear Assemblies , 
ANSI C37.20 Page 25, Paragraph 20.5.3.1. 

Excerpts: 20.5.3.1 "Dielectric Tests" Power frequency withstand test 
shall be made at the factory on each switchgear assembly structure in 
the same manner as described in 20-5.2.1.1. 

20.5.2.1 (Supplenent, dated March 19, 1970) "Dielectric Tests". 
Dielectric withstand tests shall be made under the temperature and 
humidity conditions nornally obtained under condition of conmercial testing 
with appropriate correction factors applied as outlined.inAmerican· - -----·--·--
National Standard Techniques for Dielectric Tests, C68.l-1968 (IEEE No.- 4).-
The equipment shall be clean and in good condition and shall not have been 
put into conmercial service. 

Dielectric withstand tests shall be made as follows: 

Cl) For equipment with stationary-rrounted devices and for equipment 
with drawout-rrounted devices with the rerrovable elernents in the 
connected position. 

(a) Phase to phase and each phase to ground with the main 
switching devices in the closed position. 

Cb) Phase to phase and each phase to ground on both line 
and load terminals with the ma.in switching device in 
the open position. 

(c) Between line and load terminals of each phase with the 
ma.in switching device in the open position. 

(2) For equipment with drawout-rrounted devices with the renovable 
elements in the test position and the ma.in switching devices in the 
closed position. 

(a) Phase to phase and each phase to ground on both line and 
load stationary terminals. 

Cb) Between line and load stationary terminals of each phase. 
Th.is test shall be made with a valve of voltage 10 
percent higher than that specified in 20-5. 2. 1. 1 and 
5.2.1.2. 

18 
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~ 'f 
C 
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-

1) HIGH POl'ENI'I.AL TEST 
z_. L KV FDR l MIN. 

ON MAIN BUS. ALL 
BREAKERS ClffiED 

A,0-GRD 

B.0-GRD 

C,0-GIID 

A,0-B,0 

B,0-C,0 

C,0-A,0 

2) ALL BRF.AKERS OPEN 

ABBOIT PClvER ffiRPORATION 

STANDARD PR:>DUCTION TEST REPORI' 
i 

SWI'ICHGEAR l 

i 

UNIT ID. 

N/A .!A_ ..la_ .le._ .lJL_ ....2.A__ 2.B._ _2.c_ m__ --3..L ..Ja_ 3.e._ -1.IL _ _ . ' •• El 0D • EJGJ EJ • GJGJGJ •• 
• • ~ G] • • GJ GJ ~I • GJ GJ GJ • • 
•• eJ~ •• ~GJ~J • GJGJGJ •• 
•• eJEl •• ElEJEJ • 0~0 •• 
•• ~l-;J ••• kJ •• GJGJGJ •• 
•• GJt-=i ••• GJ •• [JGJG] •• 

~~ •• GJ~ ••••~• ~G ••• 
B.0-GRD DDQQDDGJ • [:J • GG ••• 
C.0-GRD • • 013 • • EJ GJGJ • G]Q [] • • 
~ •• ~G • DEJGJ~ • GG ••• 
B.0-C.0 • • [i~ 13 •• El 0El • ~G • • • 

JOB 00. ~5::..:0"""4'""9 ___ _ 

- -
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w "' !"<j' 
':-) ... 
0 ... 

-
DIET ECI'RIC TESTS 

2) ALL BREAKERS OPEN (CUNT. ) 

LINE C~~ 

IDAD A.0-GRD 

B~GRD 

C~GRD 

M-B~ 

B~C~ 

C.0--M 

3) ALL BREAKERS IN 'IHE 
TEST POSITION & 
amED i. . 2. KV 
FORl~ 

LINE A,0-GRD 

B~GRD 

C.0--GRD 

A,0-B~ 

B$:l-C~ 

JOB 00. 5049 

-;u3 ,OJ'[' lCJ·n;R CO~'u:':WrICT'-1 

ST:'\i'ITl\ll') PRJDl ;CI'IOt.'J 'I'PS'1' REPORI' 

@·H'l'CHGEAH 
UNIT NJ. 

-
N/A lA 1B lC 1D 2A 2B 2C 2D 3A 3B _lg_ 3D __ __ 

ODQGJDDQGJGJOGJQGJDD 
• DQGJDDGJQGJDGJQQDD 
D • GJ GJ • • GJ Gl • • GJ Gr Q o • • DGJGJD • GJGJWDCJQGJDD 
•• GJf:J •• GJGJGJDGJGJQDD 
• DGJGJ •• GJGJGJ • GJ[JQDD 
•• GJ GJDDQCJ[Jl=1 GJQGJ •• 

• DGJQDDQGJGIDQGJGJ •• 
•• GJ[J •• GJGJQDQGJGJ •• 
• • Q l~ • • GJ GJQ • QCJ CJ •• 
• • GJ Q • • [J [JLJ • G]GJ GJ • • • • G~J lx_l • • GJ GJ Q • GJ 1=1 GJ • • 



~ 
"' I 
;.., "' .:.. .. 
2 

-

DIELECTIRC TESTS (CXNI'.) 

LINE CJ}-N1 

LOAD A,0-GRD 

BJ}-GRD 

CJ}-GRD 

A,0-B,0 

BJ}-C,0 

i ! CJ'-A,0 
I , 
' I 

LINE 10 . Illl\D A,0 
I ! 

B,0 
I 
I 
I 
I I C,0 

•mls: TEST 'ID BE 10% HIGHER 
TI~· TABEL VALUE 

I 
4) I~TRUMENI' & ON!IDL WIRit-K; 

1500V FOR l MIN. 

JOB 00. 5049 
I 

ABBOIT POiIBR OORPOHATIOO 

STANrWID PRJl){__CJ'IQN TF.ST REPORr 

SWITCI !GEAR 

UNIT 00. 

N/A -1A... 1B lC 1D 2A 2B 2C 2D 3A 3B 3C 3D -- -- -- -- -- -- -- -- --- --- --- --- --

•• 1=1 GJ •• GJGJ GJ •• • GJ • C •• GJG] •• GJGJL.J •• GJGJDLJ 
• • Q [ii • • GJ GJ G1 • GJ G] Q • LI 
•• Qr~ •• GJ ••• GJGJGJ •• •• [JGJ •• GJGJGJ • GJGJGJ • C 
•• GJGJ •• GJGJGJ • G]GJQ •• 
•• GEJ •• EJ[]GJ • GJGJGJ •• 
DDQ~D • GJ • GJ • 0GJQDD 
• • GJ GJ • • GJ DGJ • GJGJ Q • • 
•• GJGJ •• GJ • GJ • GJGJGJ •• 
• GJGJGJGJG]QGJDCJGJGJ ••• 

- -
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ABBO'IT ro.vER CORPORATION 

STANDARD PROOOCTION TEST 
(ANSI C37.20, Par. 20.5.3) 

Certified Report 

High Potential Dielectric Test (c.ont:inued) 

Test Voltage (fran ANSI C37.20, Table fl, Page 15) 2.2KV 
_____ ........, _______ _ 

~tion 1 Minute -----------------
1. For Stationary or Dra.w:>ut F.quipnent 

a. With Main Switching Device Closed: 
(If dra.w::>ut equipxent - all other devices in the connected 
p::>sition but open) 

Phase to Ground (3) OK -------------------
Ne utrel to Ground N/A -------------------

--- -- b..-- With Ma.in Switching Device Open: 
(~ut devices same as above) 

Phase to Phase OK --------------------
Line to Ground OK --------------
load to Ground OK --------------
Line to load (across main switch 

tenninaJ.s) 3 OK --------------
2. For Drawout Equi:i;:rrent Only 

a. With all renovable elements in the test :position and the main 
switching device closed: 

Phase to Phase - Line (3) OK ----------------
Phase to Ground - Line (3) OK ----------------
Phase to Phase - lDa.d Call devices) OK ------------
Phase to Ground - load (all devices) OK ------------

-22-
QC-15 REV. A 
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ABBOIT POWER CORPORATION 

STANn6iRD PRODUCTION TISI' 

CANSI C37.20 Par. 20.5.3) 

Certified ReP?rt 

High Potential Dielectric Test (continued) 

b. With all rencvable elements in the test position and the mun 
switching device closed and the test voltage increased by 10\. 

Line to Load (across each device, all phases) __ 2.._, 2.,.zy...._ ____ _ 

Bus Test Voltage 

2.2 'l:Y y... 
19 'l:Y 
36 'l:Y 

Iuration : 1 Minute 

InCI'ea.Se to 

2.42 'l:Y ~ 
20.9 'l:Y 
39.6 ~ 

Corrections Requmd to Complete Test: --------------None 

Results: 

Test Run By: 

Witnessed by: 

Sa.ti.sf actory x , Unsatisfactory 
'1 ' -------

David Beas· u U ' Job No. 5049 
'/~--

Jose Mart_: ~..,.~ ,...._ __________ _ 

Abbott ~t:orporatl.CI'l Custcmer's Representative 

I hereby certify that the above tests were run in accordance with ANSI 
C37.20 and that the results recorded reflect the data as noted. 

l'.anuel Rendeiro 

Quality Asl5Ura!lce Manager 
Abbott Power Corporation 

-23-
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ABBOTI' POWER CORPORATION 

STANDARD PROIX.JCTION TEST 

(ANSI C37.20 Par. 20.5.3) 

c.ert:ified Report 

Electrical Operation and Control Wiring Tests 

In accordance with: Anerican National Standaro for Switchgear Assemblies, 
ANSI C37.20-l974, Page 25, P~ph 20.5.3.4. 

~'Pts: 20.5.3.4.1 "Control Wiring Contin~ 'Ihe correctness of 
control wiring of a switchgear assembly be verified by either 

(1) exact electrical operation of the c:xmponent oorrb:ol devices or (2) 
individual circuit continuity·checlcs by electrical circuit testers." 

20. 5. 3. 4. 2 "Control Wiring Insulation Test. A 60 - Hertz 
test voltage, 1500 volts to grouoo, shall be applied for 1 minute after 
all circuit grounds have l::een disa:,nnected and all circuits are wired 
together with small bare oopper wire to short cil"cui t coil wmdings." 

20. 5. 3. 4. 3 "Polarity Tests. Tests shall be made to ensure 
that connections between JJ1Struirent transforners and meters or relays, 
etc., are correctly cormected for relative polarities, Inst:rurrents 
shall be tested to ensure that pointers mve in the proper direction." 

Custooer Stearns-Roger Order No. 4004621700 ----------------------------- _______ ....... __ _ 
!ate Test Started: !ate Test ~leted: 2-12-81 ----------
Eq ui pren t Tested: ___ 48_o_v_Lo_a_a_c_e_n_te_r _______________ _ 

1. Control Wiring Cont:inui ty Test (Point to Point Check) : x 

2. Control Wiring Insulation Test: x 

a) Applied Voltage: 1500V !Xlration: 1 Minute ---------
b) Results: Satisfactory x Unsatisfactory 

3. Polarity Tests: x ~leted 2-12-81 

4. Sequence Tests: N/A 

a) Correct Operation of devices within equiIJilE!Ilt: 
(Describe rrethod and test equi:i;:mmt used) with APC 

test cart checked function of all relays, meters, and 

switches. 

Completed: ___ 2_-_12_-_s_1 __________________ _ 

-24-
QC-15 Rev. A 
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ABBO'IT PCMER CORPORATION 

STANDARD PROUJCITON TEST 

(ANSI C37.20 Par. 20.5.3) 

Certified Report 

El.ect:ric:al Ope:tiatian and c.ontrol Wiring Tests (a:mtinued) 

b) Si UIJ] ated rem,te opemtiai: (Desccihe met:lx>d and test: equipnent 
used) --------------------------

N/A 

C) Failures and Corrections Noted far a. and b. above: 

N/A 

.,.__ Run By: 
,L'C.11. ___ _.D.:liila-.K..y.l.lj d.....i.5.i..eaa.sa.1.blQn+,l,l-""=~~~ 

Witnessed By: ___ J_o_s_e_Ma_r_ti_· n.,..=~_:L_• ....,....i,:;;;'L.,:::::-:;;::_, _____ ~------

{;' Job No.· . . Sci4'9 ' 

I hereby certify that the above tests were run in accoroance with ANSI 
C37.20 and that the results recoroed reflect the data as noted. 

CJ\ • -) /} -? - g_ • 
J:.':C::/,t,,r/,e,,~~}~~-~ 

Manuel Rendeiro 

Qaal:i:ty Assurance ManaJze?
Abbott Power Corporation 

-25-
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5049 

Fac:ory :es:s Aere made in accJr~ance ~i:~ \: •; r~:Jir~ments to ver1rv 

tha: f~nc:ionina of the MCC was in accordance with ·the electrical -

dia;r3-s. ~her~ applicable to the specific equipment of this order, 

the following tests were included: 

G: ri E?. AL 
1. Actual operation performed wherever possible. Otherwise, 

inspection or continuitv check~ made. 

2. Component devices operated in cir~u1ts as shown on diagra~s 

or as called for by specific test i~s:r~ctions. 

3. Equi~~ent passed all tests and ins~ec:ions. 

DE:AILED T:5 7 S 
A. Con:~o~-, Ci~cuits and Jevices 

1. Contro1 bus energ~z~d at ratec control volta;e. 

2. Control devices operated as shown on diagrams. 

3. Cont~nu1ty check of all circuits which were included 

in operational test. 
B. Instruments, Meters, Protective Relavs & Associ~ted EQuio~ent 

1. Unless otherwise reported, the devices functionally 

tested by energizing ~otentia1 circuits to rated value5. 

Connec:ions to devices made at outgoing terminal blocks, 

where reauired. 
2. P~otective re1ays opera:ed fer functional check and 

trips ~an~a11y opera:ed to verify correct fun:ticning 

of operation for indicator and associated circuits. 

C. Die1ectric T~s:s 

;: ~!-'.Ai<. KS: 

1. Primary circuits and equipment (except po!entiai trar.s

formers). Tes:s made (1) phase to phase or between 

busses of opposite po1arity, a~d (2) phase to ground 

with 60 cycle !est u1.Aages applied for one minute as 

fo 11 ow s : :2 c)t') t? Ll"TC-- Test v o 1 tag e. 
I 

C21700 M~n 17 '81 

SR No /'"ES./ File No {> g5',,,. 

This certifies that t~e foregoing is a true report based on factory 

tests made and recorded at the Chicago Plant of the General Control 

Division of westing~ouse Electric Corporation. 

., 

Signed 
Manaser 

/ 
3.2.2-107 
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r:ct~ry tests were made in accordance with NEMA requiremen:i to ver,~y 
~~a: functionino of the MCC was in accordance with the e1ectrical 
t~!;ra~s. ~her; a~plicable to the specific equipment of this order, 
t~e fG11cwing tests were included: 

l. Actual operation performed wherever ?Ossible. Ot~erwise, 
inspection or continuitv checks_made. 

2. Component devices operated in circuits as sh~wn on diagrams 
or as called for by specific test ins:ructions. 

3. Equipment passed all tests and inspections. 

DE~A!LED TESTS 
A. Contro1 Circuits ard Devices 

l. Control bus e~ergized at rated control volta~e. 
2. Control devices operated as shown on diagrams. 
3. Cont~nuity check of all circuits which were included 

in operational test. 
S. !rstru~en~s, Meters, Protective Re1avs & Associated Eouic~ent 

1. Ln~ess otnerwise reported, the devices functiona1ly 
tested by energizing potential circuits to rated values. 
Connections to devices made at out3oing terminal blocks, 
where required. 

2. ?~otective reiays o~erated fer functional check and 
trips manually operated to verify correct fun:ticning 
of ooeration for indicator and associated circuits. 

S. Dielectric Tests 
1. Primary circuits and eouipment (except po~ential trans-

formers). Tests made (1) phase to phase or between 
busses of opposite polarity, a~d (2) phase to ground 
with 60 cycle test_J9tltaoes applied for one minute as 
f o 11 ows: @f2(2Y#C:-:-- Test vo-1 tag e. 

c2 11 oo l•r,J 1~7 'S\ •t,-.., 

I o'!~ 
SR No_f P .5 _;_file No_ -

F·1 :- 11'- I: - (~l\1..: 

ihis certifies that the foregoing is a true report based on factory 
t 2 s t s rn a d e a n d r e c o r d e d a t t h e ·C h i c a g o P 1 a n t o f t h e G e n e r a 1 C o n t r o i 
Division of Westing~ouse Electric Corporation. 

I 

I 3.2.2-108 
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i'hbott f)OW~P @oPpoFatiol) 
II Abbott 

t , 

-

-
April 13, 1981 

-ANS'D ____ _ 

Stearns-Roger, Inc. 
P.O. Box 5888 
Denver, Colorado 80217 

Attn: Ms. Patty Janson 

Dear Ms. Janson: 

t.j-C,J'f 
Re: P.O. #404C21700 

Abbott Project #5049 

This letter is confirming the prices for spare parts that I gave 
to Donna Dennis over the telephone on April 10, 1981. Included 
with the spare parts that you requested on April 6, 1981 we 
also included recommended spare parts and quantities that may be 
needed in the future. 

QUANTITY DESCRIPTION 

l 

l 

10 

10 

10 

10 

1 

3 

6 

l 

DS-416 Air Circuit Breaker, 1600A & Trip 

DS-206 Air Circuit Breaker, 800A/600A Trip 

EON-6 6 Amp fuses, 250V 

JCL-3 3 Amp fuses, 600V 

JHC-15 CPT primary fuses, 600V, 15A 

EON-6 CPT secondary fuses, 250V ,20A 

Breaker levering-in 

SKV insulators 

480V insulators 

Cooling fan motor 

C:"car~!;-T..c~-:~ 
..,i& -• C) 

crank 

C21700 A?R 16 '81 

C. E. EILE 
f-1NAL 

PRICE ---
4,105.00 

2,132.00 

25.00 

29.00 

22.00 

10.00 

51.00 

10.00 

5.00 

181.00 

each 

each 

lot 

lot 

lot 

lot 

each 

each 

each 

each 

/ 

"I g., 
Sil No _,1,, Z 3 { File No,_C;;_'.;..-.,_ 

761;0 STA<,E' ROAO • llUENA pARk • CALif0RNiA 90621 

(213) 921-1421 • (714) 521-8430 
3.2.2-109 
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, 
Stearns-Roger, Inc. 
April 13, 1981 
Page Two 

DESCRIPTION PRICE QUANTITY 

1 Size "l" Starter with Circuit Breaker 519.00 each 

175.00 each 2 Shunt Trip Coils 

If you have any questions, or require additional infonnation, please 
contact us. 

TLW:tw 

Sincerely, 

ABBOTT POWER CORPORATION 

~,~, 1cX-Ytl ti t.t'L'-'✓ 
Tracy L. Walters 
Sales Administrator 

3.2.2-110 
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BALTEAU ST:i\.NDARD INC. 
8001 TABLE ROCK ROAD, MEDFORD, OREGON 97501 · (503) 826-2113. TELEX: 36-0247 - CABLE: STANMED 

CUSTOMER ABBOTT POWER FACTO RY ORDER NO.:._ __ .,..,, -1P~Bt=.-9.u2ul.:,/.;33~-~J ___ _ 

PURCHASE ORDER NO. 5049-P4 KVA --=::...:..:.-.:.....:._ __ 1000 HIGH VOLTAGE __ 4~1=60:;..=D-=-=EL..,.T.,_A __ 

+ 
LOW VOLTAGE 480Y/277 TAPS 2-2.5% RATIO OK -----'-'--"~~--- --------- RISEO C 65 ---=---
HLG 19 kv LG 10 kv 

NO 
SER!AL LOAD 
NUM6:R WATTS 

PLL 2039 1840 

%1EX 
RATED 

VOLTS 

0.57 

Similar Unit Heat Run Doto: 
F o# PB-90960, s N# PKA 0440 
HV Rise By Resistance 62.2 °c 
LV Rise By Resistance 58. 2° c 
Top Oil Rise 56.3 °c 

IND. 2 x Normal 

LOAD 
WATTS 

9304 

TOTAL 
WATTS 

11144 

IMPEDENCE 
PERCENT 

5.7 

Units Passed Prod'-1ction Line Impulse Of 60 KV. ---------

H.V. 
RES. 

.513 

L. V. 
RES. 

.0036 

- --. 

-------------UAJE: 12/24/80 
~ REVIEWED/NO COMMENTS • 
LJ REV;EV/C:D/SEE COMMcNTS 
0 REVISE PER COM,\1.£l'ITS & R!:SU~MIT FOR REVIEW 

0 SEE Li:TJ.:;.:~_q;: TP.ANSMl11 AL 1981 
ENG. CEPL E,y -Y "'/7,t,, CA.H MAY 1 

NElld~.< :,EV•l,V, ~c,..v,·, d, Ni..,,( Rh1:1or-. 11.tL1hl~ M,-!'>.t.A,~~ •\J-f" 

OR (O~H~ACTOil: rqc....,, ;t_P.;~~\B:UT'( FOii. C.Ot-·.?~: ,,h. C '{l,\(H ;'l&>t..:, 

1fr(,ll:C"'\;l 0-i ..... :'r-4 '-LL •)JHt,,. (ONHiACJ 11:lQu,..t..,H :I,. 

RE.TURN TO 

C. .... ""\ ~-· . -:· ---~ ('-~ ,-... ·-" ..... L_..,-·_,,.. ____ ,,J ., ... . ..,. 

ON OR BEFORE 

3.2.2-111 

Fl t-JA[MAY 12 1981 

C. E. FILE 

C21700 t?R 16 '81 

r" -, ();;·~ SR No/ L.J.)' File No ___ u_ 

"' 



ED/NO COMMENTS 
'IED/SEE COMMENJ'S • .· 

PlR .COMM:NTS & RESUBMIT FOR R.~IEW ~ 
0 ,SEE U l}_ ER 0~ 1 RANS Mint\\ ~ 

ENG. DEP . B~ · · · CATE~J-=--~~-
Nt,1.,t .... l t,v. ·.c.,,,v .. ~t·"''· NUit U:'11!,ION UL1ht~ ~l"'ohu'trh.lu ... fk. 

~fl( lONIR (_,.; .. f..O~ Wt::.J>O"il~llll.lf'f FOk(.0".S,~U·r-i'-t wnH ~tc, 

11-K,.l•CJl'I) .., .,. ,.,.. •LL QIHU COtilllACT llOUUUMlr"II~. 

RE.I U N TO 

Stear.ns-n~ger 
ON ·oR BEFORE 

i -

.. •.,!• 
•• _,.;I".;. 

0·0 
66 

f--{ 

Au4.RM 
000 00 .. "' .-co 0 

I 

~ ..,. 4 , 
o ·o o 

TO. 
FANS 

,· 

L11 

0 

IZO V i I 
IPHA5E / 

1 · 

I 

e l:'.c.. :> <> Q_ C: r._-::;,., 

.. .2.l.;.P CJ< 
• 
! 

-• .m -71L 
-U 

:I .::::, 
_,J 

z: 

~1 
~ 
.::::, er 
1· ci - ~ 

1 ~,~ -< 
0 

' - - ! l... ',.JI,~ 0 
';r." ,;1•~~;.fMl': 

-· wr'•,r: o-o 
" ~ A 

WQM.AAJQ 

ii 
I 

l 

• w ... ,.,..f 

. I .. , . 
'1 ·~ - ;:j:.,.,.....,------c~-

!~ 
I • 
I 0,. 

I O 

l O . 

l : ---- ·• ------ ------~ 

r-:41Y-CC°/VTl?DL Q 
CO/Ill . .0(4G,,.? Al.1; . l 

I 

2 
3' 
4 
5 

lflEMOldE?"F,:;_ 
CO#TAC 10P. 

TE/?J,1/NA f. 3 .! QC,.:r 

6 OIL GAU-5.: 

-I 
! 

7 PRES.SURE RELIEF DEVICE! 
9 2l 3 3 6 SUDDEN PRES~URE RELAY 

.$ SEAL-IN RELAY 

I ~,317QrQ171tl l i7f.oltJ~ 
J, I f I I ! I ' 

3.2.2-112 
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.r 

._., _____ :__6_9 .. 50 ----,.--~ (20)20 ~j: :_ 
._.--.~-3'+~75 _ _____,,_~ / '. 'C/ 

b.00 
29.00 6.00 

114~ t>IM. -+------&!IE-'.111:r'-'-' 

6.00 

I 
j CUST.: ABBOTT POW~R. CORP. 

I P. 0. #: So49- P"I 

t---''r-----' 
F.O.=t: : PB 92.13 3 

"' 0 
""'O 

Q) 

..... -... 
Q) 

u 

-
~ 
~ 
,0 

Q) -0 
0 

- -

KVA: fOOO 

H. V. ; J.l·ttoo ll. 
L.V. : 4-SO Y /277 
TAPS : 2 + 2., S o/o 

I:• s.1s !;~ 5 

-n 2 1.00 
> l l @- ... ,. , I llj_ 

! 2.3R ~oo 

<-
C: :z 
t-::1 

co 

I ,, 
46.00 

---·-- ·-----··---

TrT-l.E 

I 

I t 
1,00 

l 

---l l 2.BI ! 

6.ool--

..... 

3-'-1.50 

50.00 

15.50 

L 

57,00 

, 
4b.t;>O 61.00 

I' 

t 
4.00 

7 L.v.- -~,- ·~_-:·5 OENr · _'Z ... · 
8 1-~. BU~ "4~ ."SQoc:,E "1'D.Ml1-:10:1 • -s&"E..oa~~ 

10 S'T~NUia& S +Si ~ Q:)l,,Jt,,l~ OIA.<lal'tP,tJ. 

l l LlQUlt> LENEL &0:a'Coe. W 1TH COHTA-C.TS 

20 COO.LING. FAN 
2 I RAPIO R\SE" PRl:S~uRE RELAY w-JTH CONTACTS 

-'-3><\,oo 1• - '3~.oo ~ .&I 
.IS(i. 0lA. VERT SLOT_ -- :- o.oo , I f i 
,4 ~ (I & REQ' D) ....:.-~------------t"-, . I +++++ ,t r ~ ' + + sr ,L. I ~-...iirt-~ 14,oo S-~i I 

+ +· I 1· 

as 1n0 ~I--'----------- s,r 
,_-+-~-~ +- + + + + T 

l,l'; - t -~J~-~ 1~-~ 1~-2! !Pel~~/ __ ., 
.. L.'1, _ _.,._... J. E FIL l••m•RO~': ~ ·- ~ a~set~ H,V, "t'L-"· "T-lt~T 1>&'IIUL '2. • • 

··w-a:tJD ,~-..-~- 2 g '-I •·1•• 1 o o JUN 1 ~·ee flNA.1 .~ 
JQ·(A4~. t- 7050#: h ·/ 0~ 9 21 :f3" --U1t29 
PAINT Co&.OA, = A-S.&\70 H~ff.°{FileNo.& -

·.oarJ.11.£ -·OftiE~ 
W dPB92f33 

~s ·•• . QffiES 
DATE 

9-2"1-80 
:SHEET I OF 

·TOL.ea,&NCE: ~ 
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3. 2 

3. 2. 4 

3. 2. 4. 1 

3. 2. 4.2 

3. 2· 4.3 

/ 

POWER CONTROL CENTERS 

TSS MAIN OIL PUMP CONTROLLER 

ldentific.:ition 
Tag Number 

Description 

Manufacturer 

Part Number 

Specification No. 

Material 

Weight 

Prescribed Service 

Description 

TSS Main Oil Pump Controller 
(Speed Variator) 

General Electric, Erie, Pennsylvania 

AF-400 

GE Instruction GEK-82003 (following) 

N/A 

N/A 

3. 2, 4.4 -Vendor Paul Armstrong, South Pasadena, Calif. 

3. 2. 4.5 Sµc'cidl C.iul iuns 

See GE Instruction GEK-82003 Cfol lowlngl 

3· 2· 4.6 Periodic Service 
See GE Instruction GEK-82003 (fol lowing} 

"3. 2. 4. 7 Parts List 
See GE Instruction GEK-82003 (fol lowing} 

3· 2· 4.8 Spcci.:il Tools 
See GE Instruction GEK-82003 (fol lowing) 

3· 2· 4.9 M.:i intcn,incc Inst r uc t ions 
See GE Instruction GEK-82003 (fol lowingl 

3. 2. 4. 10 Acceptance Tests 
See GE Instruct ion GEK-82003 (fol lowing} 

3.2.4-1 
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WP0167P-l 

GENERAL fl ELECTRIC 

INSTRUCTIOtlS 
GEK-

MODEL 

82003 

SPEED VARIATOR 

6V200B5079 

for 

INVERTER DRIVE 

furnished 

PAULL. ARMSTRONG COMPANY, INCORPORATED 
1134 EL CENTRO STREET 

P.O. BOX 928 
SOUTH PASADENA, CALIFORNIA 91030 

PURCHASER'S ORDER NO. LAD-969-1 

G-E REQUISTION NO. 480-02818-2 • 
December 23, 1980 

'* 
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GEK-24982 INSTRUCTIONS 
ERRATA SHEET NUMBER 01 -

APRIL, 19 

AF--400* 

AC ADJUSTABLE SPEED DRIVE 

ERRATA SHEET AFFECTS GEK-24982, PAGES 341 AND 31, 

Thia Errata ShHI •hould be attached lnalde the frollt cover of GEK-24112 and 1'9tlllnecll u part of thla book. 

Correct following paragraph• to read e• follow,: 

PAGE 36 
Col. 1, Par•. 2 

With the DC Link dlaconnected betwNn P1 and P11, the drlva can be 1t•rted and the Inverter operatecll up to NAlF R!FERE.NCE ONl'(. With the motor 
dl•connected from the lnv• rter, the P11 to P2 DC Link voltage wlll bulld up aomewhllt u the r9fel'9nce II lncreued. With the motor connected lo the 
Inverter, the DC link wlll 1t• y clon to zero. The ma1dmum lnv• rter frequency that can be obtlllnecll at NAlF 1"9fe1'9nce wlll be limited lo leH lh•n half 
of rated by the below normal DC Link voltage. Eacepl tor th-• dlfferenc•1 from normal, the Inverter can be operated to check out the Inverter SCR 
!Iring and commutation operation without danger of further damaging the equipment H • fault problem II pr-•enl. In addition, by dllconnectlng the 
plug• of two of the thrN wire h•rnffHI APL, BPL or CPL, IUII one phue module can be operated at a time to almpllfy checking and help In pin
pointing the problem. 

PAGE 36 
Col. 1, Per•. 1 

With the DC Link dl•connected betwNn P1 and P11, and TNE EllPlUID/ICONNECTED ATTNECO##UTATION ,S, (NOT ATTNEDRlrERJ. TNE l>RIVE CAN BE 
STARTED AND THE CONVERTER OPERATED UP TO FUU REFERE.NCE ANI> VOlTAOE. Thll wlll occur at tull 1'9ference If the P1 con1ro1 w1,. (for connrter 
solt• ge feedback) h•1 been connected to the Conv• rter Module P1 termlnal. The Inverter wlll operate alao, but al • low voltage and reduced 
frequency, with or without the motor connected. 

• Trademark of General Electric Company, U.S.A. 

Th,•se instructions do not purport to cover all detail• or variation• In -lpmenl - to proYlde lor e....-, poulble can&IIII...,,, lo lie 
met in connecllon with installation, operation or ma&ntenance. Should further lnlormation be desired ar ebould particular prablema 
arise which are no, covered sulliclently lor the purc-r'• purposes, the -«•r llbould be relerred lo lhe General Electric C-,.DJ. 
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INSTRUCTIONS GEl-24982 

AF-400 • 

AC ADJUST ABLE SPEED DRIVE 

INSTALLATION 

DESCRIPTION 

START-UP 

TROUBLESHOOTING 

MAINTENANCE 

* Trademark of General Electric Company U.S.A. 

These instructions do not µurport lo cover all details or variations in equ;,,n-t nor lo provide for eve,y pouible contingency #Q 
be met in connection with installation, operation or moinl8'10nce. Should further information be de,ired or should porlicu/or p,oblems 
arise which are not covered sufficiently for the purchaser's purposes, the molter should be referred lo General Electric Company. 

GENERAL fl ELECTRIC 

3.2.4-7 



TABLE OF CONTENTS 

GENERAL . 
Introduction 
Receiving, Handling and Storage • 
Safety Recommendations . 

INSTALLATION 
Location. 
Mounting 
Electrical Wiring and Interconnections. 

DESCRIPTION. 
Converter Module . 
DC Link Filter . 
Inverter Modules 
Commutation Power Supply. 
Protection and Cooling 
System Control 
Driver Module 

System Card . 
Rei,alator Card . 
Converter Card . 
Inverter Card 
Phase Lo,:ic Card . 
Power Supply Card 
Meter Card 

Power Module Control Cards 

START-UP and CHECK-OUT. 
Test Equipment Required. 
Testing Safety Precautions 
Power-off Continuity Test . 
Driver Selections 
Inverter Phase Module Selection . 
Start-up Procedure 

ADJUSTMENTS . 

..!3!. 
I 
I 
I 
I 

2 
2 
2 
2 

4 
4 
4 
4 
5 
5 
5 
6 
6 
6 
8 
8 
9 
9 

10 
10 

16 
16 
16 
17 
17 
17 
18 

21 

TROUBLESHOOTI)';IG 23 
Test. Equipment Required. 23 
Testing Safety Precautions 23 
Fault Indication. 24 
Fault Indicating Lights. 24 
Driver Troubleshooting . 25 
Commutation Power Supply Troubleshooting 33 
Inverter Module Troubleshooting . 35 
Converter Module Troubleshooting . 37 
Oiecking SCR 's . 39 
DC Link Filter Troubleshooting . 40 
Miscellaneous Troubleshooting (Jiecks 41 

3.2.4-8 

GEK-24982 

~ 
MAINTENANCE AND REPAIR. . . 45 

Mechanical and Electrical Inspection 45 
Power Module Repair . • . • . 45 

Inverter Phase Module Replacement 
(125.to 400 KVA). 45 

Press-Pak Cell Replacement -
Phase Module. • 47 

Converter Module Replacement -
(125 to 400 KVA). 48 

Pre88-Pak SCR Replacement -
Converter Module . 49 

Converter and Inverter Module 
Repair (30 to 100 KV A) 50 

Commutation Power Supply Repair SI 
Filter Capacitor Replacement . 52 
Blower Replacement (125 to 400 KV A) . 53 
Fan Replacement (30 to 100 KV A). 54 

LIST OF ILLUSTRATIONS 

l AF -400 Power Unit Interior -
300KVA. • 11 

2 AF-400 Power Unit Interior -
IOOKVA 

3 AF -400 System Block Diagram. 

4 AF -400 Power Circuit . 

5 AF -400 Functional Block Diagram 

6 Inverter Commutation Current 
Wave Shape. • 

7 Motor Current Wave Shape . 

8 Converter Firing Signals . 

9 Inverter Firing Sigaols. 

10 Pulse Transformer Card Pulse. 
Wave Shape. • 

11 Removing an Inverter Phase Module 

12 Repairing an Jnverter Phase Module 

13 Repairing a Converter Module 

12 

13 

14 

15 

42 

42 

43 

43 

44 

46 

46 

46 

-



-

-

-

GENERAL 

INTRODUCTION 

This instruction manual is structured around a buic 
drive. It is a guide fo.- the installation, checkout and 
operation of the equipment fumil!hed with general 
trouhleshooti~ procedures for the baaic drive. ADy 

special purpotie equipment, u requested on the or
der, will normally be covered in the schematic draw
ings included with this package. These instructiona 

do not purport to cover all details or varia lions in the 
ec1uipment nor lo provide for every poSHible contingency 
lo be met in connection with the installation, opera
tion or maintenance. Should further information be 
desired or !!hould particular problems arise which are 

not covered Sllfficiendy for the purchaser's purpose the 
matter should be referred to General Electric Company. 

RECEIVING 

The equipment should be plau-d under adequate cover 
immediately upon receipt as packing is not 111itable 
for out-of-doors or unprotected storage. 

All equipment is factory inspected before shipment 
and is shipped in good condition. Any damages or 
shortages eviclent when the equipment is received 
must be immediately reported to the eommen:ial 
c,arrier who transported the "'luipment. If required, 
assistance may be received from General Electric Com
pany, Speed Variator Products Operation, Erie, PA. 
When seeking assistance, please use the purchase order 
number, requisition number, and model number to 
help us in assisting you. Telephone 814-455-3219. 

HANDLING 
Power units can be transported by lift trucks with 
the forks completely under the wooden shipping base. 
Crane lifting eyelets are 8Upplied on the lop of the 
unit for handling by a crane. A spreader bar muat be 
used when lifting from above. 

WARNING 

IMPROPER LIFTING PRACTICES CAN CAUSE SER
IOUS OR FATAL INJURY. 

LIFT ONLY WITH ADEQUATE EQUIPMENT AND 
TRAINED PERSONNEL. 

STORAGE 

This equipment may be stored at ambient temperature 
of -20°C to +40°C for a period of up to one year. 
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Air mWll be free of chemical and electric:ally oon
ductiYe contuninanta, and other conditiona mud be 
BUch that no moisture condensation occurs in or on 
the equipment. 

In addition, when a control that has been in operation 
is shut down for either a short or extended period of 
time, it is recommended the environmental conditions 
be maintained the same as when in operation. 

It is recommended that space heaters or equivalent 
devices be used to maintain the equipment in its nor
mal operating environment (temperature). 

The electrolytic filter capacitors require "forming" after 
a six month or longer storage period without being 
energized. It is necessary to form the capacitors to 
prevent excessive leakage which can result in capacitor 
failure. The procedure for forming the filter capacitor 
ia given in atep 13 of the Start-up lnstructionL 

SAFETY RECOMMENDATIONS 

Only qualified electrical and electronics personnel should 
install and maintain this equipment. They should read 
the complete instructions prior to applying power 
or troubleshooting the equipment. They should heed 
all WARNING and f..AUTION notes or labels listed 
in this Manual or posted on the equipment. Defini
tions of label terms and colors are as follows: 

WARNING 

DENOTES OPERATING PROCEDURES AND PRAC
TICES THAT MAY RESULT IN PERSONAL IN
JURY OR LOSS OF LIFE IF NOT CORRECTLY 
FOLLOWED. 

COLOR: BLACK OR WHITE LETTERING ON RED 
FIELD 

CAUTION 

DENOTES OPERATING PROCEDURES AND PRAC
TICES THAT, IF NOT STRICTLY OBSERVED, MAY 
RESULT IN DAMAGE TO, OR DESTRUCTION OF, 
THE EQUIPMENT. 

COWR: BLACK LETTERING ON AMBER FIELD. 
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INSTALLATION 

LOCATION 

AF-40(f' drive power units are llllilable for m011t factory 
areas where other industrial equipment is imtalled. 
They should be installed in well ventilated areas with 
ambient temperatures ranging from I0°C (50°F) lo 
40°c (I04°F) and relative hwnidities up to 90%. It 
should be recognized, however, that since the life ex
pectancy of any electronic component decreaaes with 
increased ambient temperature, reduction of the ambient 
temperature will bring about extended compo-t 
life. For example, longer component life should be 
expected if the ambient temperature is held between 
20°c (68°F) and 30°C (87°F). 

Proper performance and normal operational life can 
be expected by maintaining a proper environment for 
the drive system. Environments which include ex
cessive amounts of one or more of the following charac
teristics should be considered hostile to drive perfor
mance and life: 

1. Dirt, dust and foreign matter. 
2. Vibration and shock. 
3. Moisture and vapors 
4. Temperature excursions. 
5. Caustic fumes. 
6. Power line fluctuations. 
7. Electromagnetic interference (noise). 

WARNING 

EQUIPMENT SHOULD NEVER BE INSTALLED 
WHERE HAZARDOUS, INFLAMABLE OR COM
BUSTIBLE VAPORS OR DUSTS ARE PRESENT. 
SUFFICIENT CLEARANCE IN FRONT OF THE 
UNITS SHOULD BE ALLOWED FOR ACCESS FOR 
MAINTENANCE OR REPAIR. 

MOUNTING 

POWER UNIT 

Cases may be bolted down using 3/8" diameter mount
ing bolts or studs. If studs are cast in floor, they 
should extend 3-1 /2" minimum above floor. Conduit 
entry openings through the baie are fitted with re
removable sheet steel covers. Other conduit entry area 

is availablc through the lop of the case. 

• Trademark of General Eledric Company U.S.A. 

CAUTION 

IF CONDUIT ENTRY OPENINGS ARE TO BE CUT 
IN THE TOP OF TUE CASE, ADEQUATE PRE
CAUTIONS SHOULD BE TAKEN TO PREVENT 
METAL PARTICLES FROM ENTERING DEVICES 
AND COMPONENTS. 

OPERATOR'S STATION 

The Operator's Station must be disauemhled for 
mounting and wiring. First, remoff the screws securing 
the cover to the Operator's Station endOIIW'e and 
then remove the cover (with control devices mounted 
on the cower) from the enclosure. 

When using either rigid or thin wall conduits, it is 
generally easier to attach the unit to the end of the 
conduit before locating and installing the mounting 
screws. 

Mount the Operator's Station on any firm, reaaonably 
flat, vertical surface by means of mounting holes in 
both top back and bottom back of enclosure. The 
Operator's Station is suitable for either wood serews 
or No. 10 machine screws. 

AC MOTOR(SI 

A separate instruction book is provided giving infonna
tion on location, conduit location and mounting of 
the motor(s). The motor(s) should be mounted 
on the driven machine (or as appropriste for the in
stallation) before proceeding with wiring, set up and 
adjustment. 

ELECTRICAL WIRING & INTERCONNEC
TIONS 

All wiring shall lie in accordance with the National 
Electrical Code and be consistent with all local codes. 
All internal electrical connections between components 
in the power unila are made al the factory. When in
stalling AF -400 drives, all C0"1tections should be 
checked for tightness. Connections may become looae 
in shipping or storage. A diagram showing the connec
tions between the power unit and the related com
ponents is furnished with the equipment. AD terminal! 
lo which the external connections are to be made are 
numbered on the diagram. · The equipment should be 
wired as per the elementary diagram and verified by 
continuity tests. It is recommended that as eaeh 
connection or wire is connected to the equipment, it be 
t"hecked off on the elementary diagram. 

3.2.4-10 
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WARNING 

ALL MOTOR BASES AND EQUIPMENT ENCLO
SURES SHOULD BE CONNECTED TO THE FAC
l'OR Y OR 1-'ACIUTY EARTH GROUNDING SYS
TEM. 

MOTOR(SI CONNECTIONS 

The molor(s) leads should be connected for the drive 
nameplate voltage rating according to the cobDeetion 
diagram plate on the motor(s). Connecting wire sizes 
and motor protection should be selected in accordance 
with NEC Standards based on the motor(s) nameplate 
data. Be sure to connect motor thermal switch ·(if 
1111pplied) back lo the power unit. Tape all motor 
connections. 

POWER UNIT CONNECTIONS 

Electrical codes generally require the w,e of a fUNd 
disconnecting switch or circuit breaker in the a-e 
power line ahead of the power unit and tramf
(if W1Cd). The disconnecting switch and fuae (or 
circuit breaker) mould be selected in accordance with 
the National Electrical Code and/or local code -tuire
ments based on the power input data on the power 
unit nameplate. If any additional relays, lllllenoids, 
brakes, etc. are added lo the system, R.C. llllppn,llllion 
networks must be added acrot111 the coils, (.Suf, 220 
oh11111 @ 115/230V). 
OPERATOR'S STATION CONNECTION 

Usini: the elementary diagram, make all the reqund 
~ ronnedions between dericea in tbe Operator's 
Station and the connectio1111 to the power unit. Re
asa:mhle the Operator's Statio1L Carefully dna 
the intereoDDecting wire into the back of the lllation 
80 that the device assembly may be installed. Keep 
the wires away from sharp edges and do not foree the 
device 8llllelllbly into place. Replace the lllation conr 
and aeeure with cover retaining screws. 

GEK-24982 
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DESCRIPTION 

The AF-400 is an adjustable frequmicy a.c. motor 
drive designed for industrial applications. Either llingle 
motor or multi-motor operation from a single power 
wait can be accomplished. Adjustment of motor speed 
is achieved by changing both motor frequency and 
voltage. ..'.l'his is accomplished in separate ~lions of 
lhe drive, since the AF -400 is a variable voltage d.c. 
link type of inverter. 

The variouo; modules and components to be described 
are physically located in the AF-400 power unit as 
shown in Figur<'s I and 2, for two different KV A ratings. 
These modules and components are also shown in the 

system block diagram of Figure 3. Following is a de
scription and operating explanation of each system 
block, starting with the power blocks and finishing 

with the control blocks. 

CONVERTER MODULE 

The converter module is a three phase, full wave con
trolled rectifier which converts the incoming . three 
phase a.c. power to variable voltage d.c. power. The 
six SCR converter is shown in more detail in the power 
circuit of Figure 4. The three saturable chokes IL, 2L, 
and 3L in the incoming phases plus the SCR snubber 
circuits (not shown) act to protect the converter 
SCR 's against voltage transients. The converter d.c. 
output voltage can be adjusted from zero to maximum 
output by adjusting the firing point of each SCR rela
tive to its a.c. supply phase voltage. The resultant d.c. 
output voltage, therefore, contains a six times a.c. 
supply frequency ripple component of voltage. This 
ripple voltage must be filtered to improve the wave
form before being applied to the inverter section. 

DC LINK FILTER 

An iron core reactor Ll and a bank of electrolytic 
capacitors CI act as an LC filter in the d.c. link, as 
shown in Figure 4. In addition to filtering the output 
of the converter, it also prevents inverter commutation 
transients from being applied back to the converter. 
The Cl capacitor also acts lo supply motor reactive 
power. 

INVERTER MODULES 

Tiu· thn-.· phase, inverlt·r eonsisls of tJm,e identical 
singl,• phas,• innrlcr modules, as shown in Figures 3 
and 4. Each module consists of two inverter SCRs. 

3.2.4-12 

two c01111Dutatmr SCRs, . two bypus diodes and an 
LC commurating cin:wL Output phue A (Tl) of 
Figure 4 will be described, since all three plwa 
operate in an identical manner, except for being 
displaced by 120 dt,grees in phase relationship. 

The a.c. motor lead Tl is alternately connected to 
the positive Pll d.c. bus or the negative P2 d.c. 
bus, by inverter SCR's ISPA or ISNA respectively. 
The frequency that terminal Tl is alternately con
nected to the two d.c. potentials is the fundamental 
frequency applied to the a.c. motor, which deter
mines its speed. 

Although an SCR can readily be turned on by apply
ing a firing signal to its gate, it must be commu
tated off by supplying an alternate path for the 

current which was flowing throu,6. the SCR, and by 
applying a small reverse voltage to the SCR for a short 
period of time. This is accomplished by means of the 
commutating SCR 's CSP A and CSN A, and by the 
commutating reactor LCA and commutating capacitor 
CCA. 
At the time when inverter SCR ISPA is lo be com
mutated off, capacitor CCA is charged such that the 
Tl side is positive. When commutating SCR CSPA 
is fired, the motor current . flowing through ISP A is 
diverted to the alternate path of CSPA, CLPA, LCA 
and CCA due to the voltage charge on CCA. When 
the commutating current in this alternate path ex
ceeds the motor current, no more current exists 
in ISP A. As capacitor CCA discharges further, the ex
cess commutating current (above the motor current 
level) flows through the ILPA and diode DPA back 
to CSPA. The voltage drop across DPA produces a small 
reverse voltage across ISPA to cause ii lo return to its 
blocking or off state. Therefore, for successful commu
tation, the commutation current must exceed the motor 
current for the amount of tum-off time requried for the 
SCR. In order to minimize this time and the commuta
ting energy requried, special inverter grade SCR 's are 
used which have a short tum-off lime. 

The commutating current pulse takes the form of a 
half cycle sine wave because of the interaction of 
capacitor CCA with reactor LCA. After the commu
tating current peaks and starts diminishing, the charge 
on capacitor CCA reverses, and the energy stored in 
reactor LCA charges CCA up in the opposite direction, 
At the point in time when the commutating current falls 
below the level of the motor current, the current in diode 
DPA go"s to zero and the potential of the Tl motor 
lead changes from the inverter positive bus Pl 1 to the 
negative bus P2 ~ that diode DNA can furnish the 

-
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INVERTER MODULES (continued) 

motor current. The above action occurs if the on

coming inverter SCR ISNA is not fired before this 

point in time. If ISN A is fired earlier, the transition 

of '11 from positive to negahve bus will occur earlier 

in the commutation interval. 1n any case, capacitor 

CCA becomes charged up in the opposite direction 

(Tl side ~alive) at the end of the ISPA commutation 

interval. It is now charged correctly to conunutate off 

inverter SCR ISNA when commutating SCR CSNA is 

fired. This commutating action is the same as the one 

just described._ At the end of each co~mutating inter

val, the commutating SCR is commutated off by the 

charge on npacilor CCA producing a rever11C voltage 

to tl1e commutating SCR which had just been con

ducting. 

The four leg reactors, CLPA, CLNA, ILPA and ILNA 

act in conjunction with the SCR snubber circuits (not 

shown in Figure 4) lo limit dv/dt and protect the 

SCR 's against vol~e transients. The leg reactors also 

BCrYe lo limit current if an inverter fault should occur. 

The commutation losses, •a1though lllDall in relation to 

the total commutation energy, must be replaced in 

order to keep the commutation ~pacitor charged up 

to the proper voltage. These losses are replaced from 

the variable voltage d.c. link (Pl 1 to P2) when it is 

near its maximum value. The amount of energy re

placed, and thus the level of the commutation capaci

tor voltage, is determined by the firing point of the 

oncoming inverter SCR in the commutation interval. 

As the d.c. link voltage is reduced down to zero voltage 

however, the commutation •- are replaced from 

another source, the commutation power 111pply. 

COMMUTATION POWER SUPPLY 

This module con¥s six SCR's and six diodes (only 

three of t".ach on 230V AC drives where ae~ is not 

required), plus three reaclor11, an RC filter and protec

tive fulle8. These devices are all relatively ima11 since 

the commutating losses this module furnishes are a 

very smaU percentage of the drive rating. 

The diodes, ADI, AD2 and AD3 in F~re 4, fonn 

a three phase half wave bridge which operates in con

junction with the negative SCR portion of the con

verter to pro"de a constant voltage bus relative to d.c. 

link bus P2. This d.c. supply is filtered by resistor 

RA and capacitor CFA and applied to SCR's ASA. ASB 

and ASC, one for each phaBC of the inverter. The 

reactors LXA, LXB and LXC limit the .maximum 

GEK-2'982 

current through the _SClla to only ahoat --.111 

of the commutating current lnel of the inftrter. 

The amount of eneru fumiahed Ir_ the commutation 

power 111pply to each inverter phase C01111Dutation ein:uit 

depeoU\(Jn the level el the d.c. link voltage and on 

the point in the commutation interval when the 

appropriate commutation power 11Upply SCR is fired. 

Since the energy loss per commutation is anaD. the 
losses are replaced only every other commutation in 

each phase; that is, only during each poaitive inverter 

SCR commutation in each pbaBC. SCR ASA is fired at 

the 11111DC time as inverter SCR ISNA is 6nt fired. ASB 

at the same time· as ISNB, and ASC at the same time u 

ISNC. 1n this manner the driver regulates the commu

tating current and voltage over the whole d.c. link volt

age operating range, irrespective of how much of the 

commutating losses are supplied from the commuta

ing power supply or from the d.c. link. 

PROTECTION MID COOLING 

Drive short cireuit protection is provided by current 

limiting f1IIICs in the LC. aupply. Ao illClOIDing cireuit 

breaker can be supplied (if ordered) to proricle both 

LC. ~tion and ahort eireuit proteetion. 

Power unit cooling is provided hy a fan for -0 

power ratings and by multiple blowers for larger power 

ratings. ThellC are mounted together with an air dis

_tribution chamber at the bottom of the power unit 

case, as llhown in Fig. 1 and 2. All fan or blower 

motors are three phase and are protected witla f--. 
Correet fan or blower rotation depends on ihe a.c. 

111pply phue aequence. The ame wrong phase 1e

quence fault circuit that prevents drive operation allo 

will pn,vent incorrect fan or blower rotation. A 

thennoswitch, which opens on an ovstemperatme 

condition, is placed in the cooling air llream to delllct 

fan or blower failure. This switch may be connected 

either to shut down the drive or IOIUl4I an alarm. 

SYSTEM CONTROL 

The system control and uaociated operaton dericee 

will vary considerably depending on the application of 

the drive. Refer to the system elementary diagnme and 
instructions for dearription of your particular dme 

system. 

3.2.4-13 
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DRIVER MODULE 

Tile driver takes the operator and system control com
mands and tramutes them into SCR firiug signals lo 

the varioW1 power modules to obtain the commanded 
drive operation. It makes mie of aeveral volbge and 
current feedbacks lo monitor the COlf!IDAllded opera
tion, and to protect the drive from misoperation and 
fault conditions. It contains adjustiug means to provide 
the desired operatiug perfonnance. It also contains 
indicating lights to provide visual indication of operating 
or fault conditions. 1-'inally, it provides a number of 
..;.,anal readouts lo aim tht· syslt"11 control of various 
Opt"ratini: and faul l conditions. 

The driver rack shown in Figures l and 2 is the sane for 
all non-paralleled drive ratings. It contains five con
trol cards plus a power supply card and associated con
trol power transformer. In• addition, the optional 
meter card can be provided (if ordered) for drive 
set-up and diagnostics. All cards are plug-in type for 
ease of replacement. Inter-connections between driver 
and all power modules is by wire harnesses which plug 
into receptacles at both ends. All inputs, selections and 
readouts are connect~d to the driver terminal boards. 
Refer to the driver elementary and connection diagrams 
for driver inputs and outputs, and for card layout and 
interconnections. 

A functional block diagram of the driver is shown in 
Figure 5. A more detailed description of the driver 
functions on eaeh card, plus signal flow, is given under 
ll1e followini: card headiRl(s. Also refor lo the "Driver 
Notes" on the driver elrmtmtary diagram for detailed 
information on inputs, feedbacks, adjustments, read
outs, etc. 

SYST!:M CARO 

The system card consists mainly of logic elements, and 
acts as the logic interface between the system control 
and the driver. 

The Start-Stop logic insures that starting occurs at 
minimum frequency and voltage, and that acceleration 
to the reference input is through the timed acceleration 
circuiL Stopping is accomplished by first decelerating 
at the set timed rate until a low voltage level is reached, 
at which time the inverter is stopped 
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An ODMF input provides a special decelerate lo min
imum frequency operation, from the aet reference 
le9el, without stoppiug the inverter, the deceleration 
occwiug al a faster than set timed rate. The LC. motor 
can be connected to the inverter at this minimum 
frequency operating level without disturbance, and 
will then be accelerated to the reference le9el at the 
aet timed rate when the ODMF signal is mnoved. 

The minimum voltage and frequency detection logic 
contained on this card provides an OMVFRO signal 
re.adoul lo alett the system control when this drive 
condition is reached. An ORRO run re.adout provides a 
signal dependent on whether the inverter is operatiug 
or in a stopped condition. An IF indicating light on this 
card gives a visual idea of inverter operating fre
quency by its blinking frequency. 

If a fault shutdown of the drive occurs due to any 
cause, the IFTRO readout provides a signal for the 
system control. Reset of the fault logic and fault 
indicating lights will normally occur if a normal stop 
operation is accomplished. However, if a separate 
fault reset operation is desired in addition to the OSTOP 
operation, the I XFR input can be uaed for this purpoae. 

An inverse time overcurrent trip function, plus trip 
indicating light ITOC, is provided to shut down the 
drive. This operates immediately for overcurrents 
above 175 to 200% of rated current. For over
currents where the current limit function on the Reg
ulator card is limiting, the shutdown will occur in 
15 seconds lo l minule after current limitiug begins, 
depending on the overcurrenl level. 

If synchronization of the inverter frequency to another 
frequency is desired, an OSYNC signal input will cause 
the inverter frequency to change from the reference 
level to the external frequency level, and to lock into 
that frequency. A digital discriminator compares the 
inverter frequency with the external frequency, and 
provides logic signals to the Regulator card to cauae 
the inverter frequency to be synchronized to the ex
ternal frequency in the correct phase relationship. 
When phase and frequency lock-in is achieved, a 
SYNC indicating light on the card lights and an OSRO 
inverter synchronized readout signal is provided. 

REGULATOR CARD 

The regulator card contains mainly analog regulatiug 
circuitry plus all of the adjustment potentiometers in 
the driver. 

-
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REGULATOR CARD (continued) 

A midpoint control voltage level (+IO volts) is genera

ted on this card to provide a midpoint around which 

the internal regulating control can swing both poeitive 

and negative. However, all input and readout contr,,,I 

8ignals are relative to the control power conHDOn po
tential. 

This card accepts the analog reference input and,except 

when this signal is clamped at zero or some other 

level by the start-stop or other logic on the System 

card, applies it to the linear timing circuit. This function 

provides separately adjustable timed acceleration and 

deceleration to or from the set reference level, or to 

a new reference level. The timing is adjustable from 

2.5 to 25 seconds for a maximum reference change 

in either direction. A substantially faster acceleration 

or deceleration time than the setting can be initiated 

by an OFR logic signal from the System card. 

An adjustable motor current limit function is provided 

to override the analog reference if motor current ex

ceeds the current limit setting. This setting can be 

adjusted from 60% to l 50% of rated drive output 

current. A current limit ,stability potentiometer CLST 

is adjusted depending on the motor and load inertia 

to obtain stable current limit operation. 

The analog reference, linear timing and current limit 

functions are all bypassed when the inverter frequency 

is synchronized to an external frequency by means of, 

logic on the System card. However, the output level 

of the linear timing circuit then is determined by the 

synchronized frequency, such that when synchronized 

operation is ended, the drive will return to the analog 

reference level at the set linear time rate. 

The resultant RFV reference signal is fed to both the 

voltage regulator l!_lld the frequency generator in two 
separate paths. 

The reference to the voltage regulator is affected by the 
adjustment of three potentiometers. The V /Hz poten

tiometer provides a vernier adjustment of the volts per 
hertz of the inverter within +15%, -5% of nominal. 

The voltage boost potentiometer VB adjusts the fixed 

amount of voltage which is added to the inverter, ir
respective of frequency, to overcome the motor IR 

drop. It is adjustable from zero to 7% of rated voltage. 

The third adjusbnent, the voltage limit potentiometer 

VLIM, is an initial set-up adjustment which prevents 

the converter from turning completely on and saturatin§. 

This adjustment limits the maximum inverter a.c. 
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output voltage to be slightly less than the a.c. supply 

voltage. This function keeps the stability-1ilowdown 

control (described later) in its regulating range, and is 

also important in limiting the inverter voltage when 

motor tramfer from inverter to LC. supply is done. 

The voltage regulator compares this modified reference 

with a feedback ~ proportional to converter d.c. 

output volta,:e which is obtained from the Converter 

card. The output of the voltage regulator is then foil 

to the Converter card as the reference signal to the phMe 
control. 

The other path of the RFV refenmce signal to the 

frequency generator is affected by the adjustment of 

two potentiometers and a jumper selection. The MIN F 

potentiometer adjusts the inverter minimum frequency 

from 3% to 12% of set base frequency. For RFV 

reference levels below the set minimum frequency level, 

only inverter voltage is decreased. TJre BF potentiometer 

adjusts the inverter base frequency over a minimum 

2 to 1 range within either of the two base frequenq 

ranges, 37.5 to 75 Hz or 75 to 150 Hz, selected hf 

the BFR jumper on the driver terminal board. A11 
external base frequency adjusbnent potentiometer may 

be connected to modify the card setting by as much as 

plus or minus 50%, within the 150 Hz maximum fre- -
quency rating. 

The frequency generator takes the analog frequency 

voltage signal and converts it into a pulse train who!'<' 

frequency is 6 times the desired fundamental motor 

frequency. This frequency signal is then fed to the In 

verter card. The analog frequency voltage signal input 

to the frequency generator is also used to providP. 

the FVRO frequency voltage readout, which is a 

voltage signal proportional to actual inverter frequency. 

The stability-slowdown control provides the following 

three functions: 

1. 

2. 

3. 
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Provides stabilizing for motors at their under- -

damped operating points. 

Overrides the frequency reference, when it calls 

for substantially faster than motor coast slow

down, to keep the volts/Hz applied to the motor 

within normal limits. 

Provides system stabilizing during slowdown and 

current limit operation. 
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REGULATOR CARD (continued) 

The stability-slowdown control is only effective during 
analog reference operation, being locked out when the 
inverter frequency is synchronized to an external fre
quency. 

CONVERTER CMID 

The Converter Card controls the firing of the converter 
SCR's to obtain the correct d.c. link voltage to be 
applied to the inverter. 

The three a.c. supply phase voltages are fed to this 
card through high impedance isofating resistors con
tained in the wire harness. The Converter card 
isolating circuits produce three voltage signals equival
ent in phase relationship and magnitude to the a.c. 
supply phase to neutral voltages. These signals are 
used in the phase control to "determine the correct 
firing points of the six converter SCR 's. They are also 
used to detect incorrect phase sequence or loss of one 
or more phases, which produces a PS/LOP light indica
tion and prevents drive operation under .these con
ditions. 

The phase control takes the Regulator card voltage 
regulator output and uses it in conjunction with the 
three a.c. line signals to generate the six converter 
SCR firing signals. These six firing signals are modula
ted by the firing oscillator signal from the Inverter 
card to produce pulse train signals, whreh are ampli
fied and fed to the Pulse Transformer cards in the 
converter power module. The actual amplified firing 
signals are fed from a delayed firing supply from the 
Inverter card which delays firing signal transmission 
until the control has settled down after driver ener
gizatio1L 

The converter output voltage is fed back to this card 

through high impeda!'ce isolating resistors in the wire 
harness. The isolating circuit produces a converter volt
age feedback signal which is fed to the voltage regulator. 
on the Regulator card. 

The d.c. link voltage applied to the inverter is alee, 

fed back through high impedance isolating resistors 
lhe wire harness. Its isolati~ circuit produces a link 
voltage feedback signal which is fed to the stability
slowdown circuit on the Regulator card and to the 
minimum voltage detecbon logic on the System card. 
It is also used to detect d.c. link overvoltage, which 
produces a LOV light indication and an immediate drive 
shutdown. 

Converter firing shutdown, after a fault is detected, 
occurs in two steps. The first step is an immediate 
phase back of firing signals to the maximum retard 
condition to quickly reduce converter output current 
to zero. The second step occurs about 0.1 seconds 
later when all firing signals are locked out to stop 
convert<Y operatiolL 

INVERTER CARD 

The Inverter card controls the inverter commutation 
process and provides fault detection and inverter shut
down logic. 

The si1' times fundamental frequency pulse train gen
erated on the Regulator card is used to initiate each 
commutation interval, since there are so: inverter 
commutations per cycle. The commutation control 
generates the logic signals which are fed to the Phase 
Logic card lo accomplislt the following inverter firing 
sequence during each commutation interval: 
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1. Slops firing the inverter SCR lo be commutated 
off. 

2. Fires the proper commutation SCR to begin the 
commutation process. 

3. Initiates firing of the proper commutation power 
supply and oncoming inverter SCRs al a point 
sometime after the midpoint of the commuta
tion interval, dependent on the commutation 
current regulator. 

The "460V Jumper" on this card produces the correct 
commutation timing for 460 volt inverters. This jumper 
must be removed for 230 volt inverters where the 
commutation timing is different. 

The commutation current regulator affects the commu
tation interval firing in order lo maintain the commu
tation capacitor voltage within the desired limits 
over the whole inverter operating range for proper SCR 
commutation. This is accomplished by monitoring 
the commutation current feed back from the Current 
Feedback cards in the inverter phase modules. The 
current peaks are compared to a desired level and 
the regulator then initiates earlier or later firing of 
the commutation power supply and oncoming inverter 

SCRs in the commutation interval to control the 
amount of energy added to the inverter commutation 
circuit. If the commutation current and voltage 
become too high because of excessive motor current 
or circuit misoperatiof!, a commutation overcurrent 
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INVERTER CARD (continued) 

detection circuit produces a COC light indication and 

an immediate dri"e shutdown. 

The pul1te train oscillator on this r.ard produce& a 

pular frequency which iii uaed to modulate the con

tinuous firm,: ~als generated on the CoRYerter and 

l'ha1te Logic cards.. . The resultant firing sipala can 

then be applied lo 
I 

pul1te trahsfonners in the power 

modules to obtain isolation of the control from the 

power. 

The delayed firing supply on this card is used to provide 

firing. signal power on the Con.,«ter and Pha1te Logic 
cards, This supply iii not energized until approximately 

1 BeCOnd after driJer control power is applied so that 

the control logic can become op«ative before any 

SCR firing is possible. If the delayed firing supply 

voltage goes below a Bet level, an immediate drive 

shutdown is produced and the control undervoltage 

light CUV will light. If the main +20 volt control 

voltage goes below approximately 18 volts, it also 

produces an immediate drive shutdown· and CUV light 

indication. In additio" the delayed firing supply is 

locked out for control l'oltages under the shutdown 

level so that inadvertent SCR firinl( cannot occur. 

A short circuit fault in any phase module of the in

verter will produce a large discharge current from the 

d.c. link filter capacitor. This is detected by current 

transformer CTF and fed back to the Inverter card. 

When this current exceeds a set level indicating an in

verter fault has occured, an immediate drive shutdown 
is produced and the Inverter Fault Light IFT will light. 

The immediate drive shutdown produced by either an 

inverter fault, a control under1>oltage, a commutation 

overcurrent, or a d.c. link over1>oltage causes all normal 

inverter firing to be locked out and produces a firing 

of six inverter SCRs by means of signals supplied to 

the Phase Logic card. This action causes the inverter 

to be commutated off. This immediate shutdown action, 

however, always causes the inverter fault light IFT 

to light when any of the other three faults described 
above occur. 

The overfrequency trip function provides a drive shut

down and an IOF light indication if the inverter fre

quency exceeds a ret limit due to any reason. This 

Ol'erfrequency limit is selectable by means of a driver 

terminal board jumper to be either 75Hz, ll0Hz, 

165Hz or 275Hz. 
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PHASE LOGIC CARD 

The phaa Logic card tramlates the Inverter card 
logic sipals into three phue logic to control the 

firing of all NM11111utation, inverter, and commu

tating power 1111pply SCKa. 

The m times fundamental frequency logic from the 

Inverter card is traruilale\d into three phue full wne 

logic in a positive ABC phue -.uence by the; Phue 
logic card. This three phaae logic is med to -.uen

tiaUy steer the six times per cyde commutation logic 

from the lmerter card to the proper phase SCR 

firing logic depen~t on the three phase -.uence. 

Both the normal ;t;;tiog and stopping of inverter 

operation must be accomplished at a certain point in the 

commutation sequence in each inverter phaae for 

proper operation. The starl-stop 11ogic performs this 

function on an individual phase basis.. On starting, the 

commutating power supply S~ is fired to charge 

up the commutating capacitor before inverter firing 

htlgins in that phase. On stopping, the last inverter 

fujng operation in each phase causes the commuta

ting capacitor to be charged in the correct starting 

polarity in case immediate restarting is required. 

The SCR firing pulse generators take power from the 

delayed firing supply on the Inverter card to produce 

firing pulses for six inverter SCRs alNI six commutating 

SCRs in the three inverter phase modules, and for 

three SCRs (series pairs for 460 volt drives) in the 

commutating power supply. The firing signals for 

the six inverter SCRs are half cycle long signals which 

are modulated by the firing oscillator pulse train from 

the Inverter card, whereas the other nine firing signals 

are single llhort time pulses. 

The fault shutdown logic produces an immediate inver

ter shutdown in response to fault logic signals from 

the Inverter card. This logic locks out all normal 

inverter firing signals and produces a firing of the 

six inverter SCRs to produce a shoot-through com

mutation of the whole inverter. 

POWER SUPPLY CARD 

A 115 volt to 25 volt transformer in the driver 

provides single phase a.c. power to the Power Supply 

card. A full wave rectifier and film capacitor on th. 
card provides unregulated d.c. power to 1'CI aeries 

pa1111 power transistors which produce the regulated 

+IU volt control power output. Short circuit protec

tion is provided by· a fuse while output over1>oltage 
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POWER SUPPLY CARD (continued) 

protection is provided by an overvoltage detection 

and crowbar circuil 

The power transistors are controUed by a regulator 

circuit which provides accurate +20 volt regulation 

from a reference zener. This zener also provides the 
reference for the ('Ontrol undervoltage trip function 

on the Inverter card. 

This card has the proviHion for d.c. input supply pawer 

for a.c. power outage ride-thmugh. 

METER CARD 

Thr optional M,·t.-r .-anl fits into a pn•wired ,!river 

.-...·,•11tad,• 111111 i• 11 valnabl,• tool for drive Ml-up 
,uul ,liag11oshc· da.,c'.k.oul. 

This card contains a 19 position signal selector switch 

for connecting to the meter and test posts any one of 

18 preselected and prewired signals or a back plane 

selector probe. The objective of the back plane 

probe and its associated buffer circuitry is to enable 

reading almost all card terminal signals without affect

ing driver operation. This card also contains a 3 posi
tion scale selector switch plus the necessary circuitry 

to enable the meter to read either a.c. nns, d.c. 

average, or the peak reading of any signal. These 

functions provide this card with the capability of 

reading inverter output current, peak commutating 

current, and peak levels of short time logic pulses, as 

weU as the normal analog signals. 

POWER MODULE CONTROL CARDS 

The {ollowin~ two cards are mounlt,d in the power 

modules and ad as an int<,rfaee b,,tw<'mt the driver 

and the power mod!Jlc. 

CURRENT FEEDBACK CARD 

One of these cards is mounted in each inverter phase 

module lo provide a calibrated feedback of inverter 

commutation current and inverter output current to 

the motor. There are five groups of this card, with 

jumper selections for three different current trans

former loading resistors for each group, to cover 

aU of the inverter current ratings. This standardizes 

the inverter output current feedback signal at 1.0 

volts rms for rated current of each inverter rating. 

3.2.4-18 

The inverter commutation current tramformer is con

nected to a rectifier bridge and specified loading 

resistor for each card group, to provide a unidirectional 
voltage signal This signal peak is 12.5 volts for the d
sired commutation current level of each inverter nting. 

An additional negative commutation current loading 

resistor ia included so that the commutation current 

regulator will mainly regulate the positive commu

tation current in each pbue. 

PULSE TRANSFORMER CARD 

These cards are mounted on the converter and inverter 

phase modules and commutation power supply, one 

card being required for each pair of SCRs. Their 

major function is to provide voltage iBOlation be
tween the driver control and the SCR power circuit. 

Eada urd '""'"iMt& of two identical pul!Nl tranllfomacr 

circuits. These provide current amplification of the 

actual SCR firing signals over the signals received 

from the driver. They aleo contain input noise 

suppression and self protection from abnormal loading. 
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DRIVER 

(PHOTO MG-5400--4) 

AF-400 POWER UNIT INTERIOR - 100 KVA 
(WITH POWER MODULE COVER REMOVED) 

FIGURE 2 
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ST ART -UP and CHECK-OUT 

Every AF-400 Inverter drive has been factory tested 
and is ready to operate, provided that the external 
power and control connections have been properly 
made and no shipping and installation damage has 
been sustained. It is recommended that the follow
ing step by step -start-up· procedure be followed 
to ensure proper operatioll of the equiprwmL 

WARNING 

IF DOOR INTERLOCKS (IF SUPPLIED) ARE DE
ACTIVATED OR BYPASSED, EXTREME CAUTION 
MUST BE USED. BE SURE TO REMEMBER TO 
RETURN INTERLOCKS TO OPERATING CONDI
TION AFTER START-UP OR TROUBLESHOOTING. 

TEST EQUIPMENT REQUIRED 

The following listed equipment should be available 
during start-up and check-ouL The first two items 
listed are recommended for normal operation and 
maintenance. 

Meter Card - 193X381_,. G0l 
Volt-Ohmmeter - Digital preferred, 20K per volt 

min. input impedance 
Oamp-on Ammeter - Adjustable range up to 600 

amp. 

If the Meter card -is not available, an oscilloscope (pre
ferably dual trace) will be required. 

TESTING SAFETY PRECAUTIONS 

Certain precautions need to be observed in testing this 
equiprnenL 

All of the control in the driver, with the exception 
of the 115 volt a.c. supply to the control transformer, 
is at a low voltage level with respect to ground. The 
control common is connected to the driver case which 
is connected to the power unit enclosure, which 
should be connected to an earth grounding system. Any 
control circuitry on the power module ~<>Unted Current 
Feedback cards and on the driver side of the pulse 
Transformer cards, is also al Ute low voltage level. 

All power modules, power components, power wiring, 
and control wiring and components connected to the 
power must be assumed to be at a high voltage to 
ground. The following safety precautions must be 
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strictly obiierved when testing in the power area: 

WARNING 

ELECTRIC SHOCK CAN CAUSE PERSONAL IN
JURY OR LOSS OF LIFE. WHETHER THE A-C 
SUPPLY IS GROUNDED OR NOT, HIGH VOLT
AGES TO GROUND WILL BE PRESENT AT MANY 
POINTS THROUGHOUT THI!: DRIVE. CHARGED 
CAPACITORS REQUIRE AT LEAST ONE MINUTE 
DISCHARGE TIME. 

When testing in the power area, it is recommended 
from a safety standpoint that the equipment be turned 
off, the test equipment oonnections be made, and 
the power applied for the measurement, and the 
equipment then be turned off again, prior to dis
oonnecting the test equipment. 

WARNING 

GREAT CAUTION SHOULD BE OBSERVED WHEN 
INSTRUMENTS SUCH AS OSCILLOSCOPES ARE 
USED TO TEST LIVE (ENERGIZED) POWER CIR
CUITS. WHEN ONE OF THE INSTRUMENT LEADS 
IS CONNECTED TO THE CASE OR OTHER MET AL 
PARTS OF THE INSTRUMENT, THIS LEAD SHOULD 
NOT BE CONNECTED TO ANY UNGROUNDED 
POINT IN THE SYSTEM UNLESS THE INSTR UM ENT 
IS ISOLATED FROM GROUND AND ITS METAL 
PARTS TREATED AS LIVE EQUIPMENT. USE OF 
AN INSTRUMENT HAVING BOTH LEADS ISOLA
TED FROM THE CASE PERMITS GROUNDING OF 
THE INSTRUMENT CASE, EVEN WHEN MEASURE
MENTS MUST BE MADE BETWEEN TWO LIVE 
POINTS IN THE CIRCUIT. 

When testing in the control area, remember that these 
are low voltage circuits (20 volts) and can be damaged 
by improper test procedures. 

CAUTION 

DO NOT CONNECT POWER AND CONTROL CIR
CUITRY TOGETHER IN ANY TEST HOOKUP. THIS 
DEFEATS THE PURPOSE OF THE CONTROL ISO
LATION FUNCTION AND CAN DAMAGE THE 
EQUIPMENT. 

CAUTION 

DO NOT REMOVE OR INSERT PRINTED CIRCUIT 
CARDS IN THE EQUIPMENT WHILE _POWER IS 
APPLIED. THIS CAN DAMAGE THE EQUIPMENT. 

-
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POWER-OFF CONTINUITY TEST 

WARNING 

VERIFY THAT THE MAIN THREE PHASE AC 
POWER INPUT TO -THE SYSTEM EQUIPMENT IS 
DISCONNECTED OR SWITCHED OFF. 

Perform a point lo point continuity teat for all 

newly installed wiring and interconnection. Con
tinuity is defined as I /2 ohm or lesa. 

DRIVER SELECTIONS 

There are two card selections and two dri•er terminal 
board selections which should be checked before start
ing up the drive. 

NOTE 

IF EITHER THE INVERTER CARD (l93X376AAG0I) 
OR THE CONVERTER CARD (193X377AAG01) IS 
REPLACED, THE NEW CARD SHOULD HA VE THE 
SAME PRESENCE OR ABSENCE OF ITS JUMPER 
AS THE CARD BEING REPLACED. 

460V JUMPER ON INVERTER CARD, 
193X376 __ GO_ (or equivalent) 

This jumwr should be present on all drives whose in
verter section operates at 460 volts a.c. maximum 
output voltage. This jumper should be removed on 
all drives whose inverter section operates at 230 vollll 
a.c. maximum output voltage. 

CAUTION 

INCORRECT JUMPER CONNECTION OR DISCON
NECTION WILL RESULT IN MALFUNCTION AND 
POSSIBLE DAMAGE TO THE INVERTER. 

60 HZ JUMPER - ON CONVERTER CARD, 
193X377. _ _.GO_ (or equivalent) 

This jumper should be present on all drives supplied 
from 60 Hz a.c. power, and should be removed 
on all drives supplied from 50 Hz a.c. power. 

BASE FREQUENCY RANGE (BFR) JUMPER -

Driver TB35 to TB34 

This jumper selects the inverter base frequency range 
as follows: 
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Bue Freq. Range of 37.5 to 75 Hz - Jumper 
TB35 ID TB34 

Bue Freq. Range of 75 to 150 Hz - no Jumper 
OD TB35 

Bue Frequency is the frequency at which the inverter 
reaches full voltage and is adjusted by the BF po
tentiometer (on the Regulator card) within either 
of tile above two ranges. Although the standardized 
driver label shows this jumper p.--:nt, consult your 
specific drive elementary diagram for proper jumper 
selection. 

CAUTION 

IMPROPER JUMPER CONNECTION OR DISCON
NECTION MAY RESULT IN DRIVE MALFUNC
TION AND DAMAGE. 

OVERFREQUENCY TRIP JUMPER 

This jumper selects the upper inverter frequency at 
which the drive wiU trip and shut down to prevent 
motor overspeed. The frequency trip levels are select
ed as follows: 

75 Hz frequency· trip - No jumper required 
110 Hz frequency trip - Jumper TB30 to TB31 
165 Hz frequency trip - Jumper TB30 to TB32 
275 Hz frequency trip - Jumper TB30 to TB33 

Consult your specific drive elementary diagram for 
proper jumper placement 

WARNING 

IMPROPER JUMPER PLACEMENT MAY PRESENT 
AN EQUWMENT OR PERSONNEL HAZARD DUE 
TO MOTOR OVERSPEED. 

INVERTER PHASE MODULE SELECTION 

A jumper selection on the Current Feedback card 
(193X382_), which is mounted on 
the front of each inverter phase module, provides the 
means to calibrate the inverter current feedba'ck signal 
to the drive current rating. The card group number and 
jumper selection must be the same on all three inverter 
phase modules. The jumper selection should be made 
using the table on the phase module elementary diagram 
or Table 2 of the Current Feedback card printed circuit 
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INVERTER PHASE MODULE (CONTINUED) 

diagram. Use the nominal inverter rms amps given in 
the table that is closest to the drive nameplate output 
current rating to check for the correct Current Feed
back card group number and jumper selection. In
correct jumper selection will effect the current limit 
and overcurrent shutdown levels. 

START-UP PROCEDURE 

Perform the following .. 1ep by step procedure in the 
setJUence given below. If during this procedure a 
problem is encountered, refer to the Troubleshooting 
Section of this manual. 

l. Before applying a.c. supply power to the drive, 
verify that it is the proper voltage, phase and fre
quency as denoted on the equipment data name
plate. 

2. Disconnect the three phase output cables from 
the drive terminals TI, T2 and T3, or inactivate 
the output contactor if one is provided. 

3. 

4. 

5. 

6. 

7. 

Disconnect control wire harness APL, BPL, CPL 
and DPL from their plug receptacles at the 
bottom of the driver. Do not disconnect the 
EPL plug. 

Using a volt-ohmeter selected to the XI ohms 
scale, check that no short exists between d.c. 
link bosses Pl and P2. Also check the three 
a.c. supply power fuses, all fuses on the commu
tation power supply module, and all control 
power fuses to confirm that they are not blown, 

Apply a.c. power to the drive and check that 
the "Power On" light indicates. 

Check the driver card indicating lights. Only the 
IF inverter frequency light should be indicating 
and it should be blinking at a low frequency. 
If the PS/LOP phase sequence/loss of phase light 
is indicating, check that driver wire harne11s EPL 
containing the a.c. supply input is plugged into 
the driver, and that the correct voltage is present 
on all lhree a.c. supply power terminals LI, L2 
and L3. If these are correct, the phase St,-quenee 
is wrong. Disconnect the a.c. power, interchange 
any two rabies, and repeat steps 5 and 6. 

Check tha I blower or fan rolation is correct and 
that they are operating properly and producing 
air flow through the power modules. Refer lo the 

7. 

8. 

9. 

(Continued) 

sketches below and to labels on the air distribu
tion dumber for correct operation. 

ccw 
Blower 

CW 
Blower 

'(r Air 
Flow 

Fan 

If blower or fan rotation is incorrect, interchange 
any two a.c. supply leads to the blower motor. 
If no rotation occurs, check blower or fan-fuses 
on the commutation power supply module. 

Set the driver reference input at zero. Check 
for zero reference voltage by selecting Meter 
card switch position 2, or measure the voltage 
between driver terminal board points TB) 6 to 
TBS. 

Interrupt a.c. power to the drive, connect the 
Dl'L wire harness plug to the driver (which con
trols the converter module), and reapply a.c. 
power. 

10. Check the driver lights again. Only the IF light 
should be on, blinking at a low frequency. Run 
through the Meter card selector switch positions 
l through 18 and compare these readings with the 
readings shown on the driver label mounted on 
the inside of the power unit enclosure door. 
This label also is sheet 4 of the driver cormection 
diagram. The readings taken should compare 
with those given for the "Off Condition" (except 
for positions 7, S and 9 which are meaningless 
since wire harness APL, BPL and CPL are not 
connected). 

If a Meter card is not available, use a volt-ohm
meter to check REF (TB16 to TBS), FVRO 
(TB22 to TBS), and the converter output voltage 
between PI and P2. The Pl to P2 voltage should 

not exceed 30 volts d.c. for 230 volt a.c. drives or 
60 volts d.c. for 460 volt a.c. drives, before the 
inverter is started. 

11. Press the drive "Start" pushbutton. Check driver 
lights and Meter card position 4, or Pl to P2 volt
age. They should be the same as for step IO. 
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12. Increase reference input to the driver slowly 
until the Pl l to P2 voltage reaches half of rated 
d.c. link voltage (150 volts d.c. for 230 volt 
a.c. drives and 300 volts d.c. for 460 volt a.c. 
drives). The Meter card positions 2 and 4 
should both read 7.5 (7.5 volts between TB16 
and TB8). 

CAUTION 

WHEN THE DRIVE HAS NOJ. BEEN OPERATED 
FOR 6 MONTHS OR MORE, THE ELECTROLYTIC 
CAPACITORS IN THE FILTER CAPACITOR A
SSEMBLY(S) MUST BE RE-FORMED. FOLLOW 
THE PROCEDllRE IN STEP 13 IF FORMING IS 
REQUIRED, OR SKIP STEP 13 IF NOT REQUIRED. 

13. If capacitor forming is required, increase the 
Pl 1 to P2 d.c. link voltage in the following 
steps, pausing for 5 minutes at each step in the 
forming process. 

OPERATING VOLTAGE LEVEL 
230VAC DRIVE 460VAC DR IVE 

200 VOL TS D.C. 400 VOL TS D.C. 
250 VOLTS D.C. 500 VOL TS D.C. 
300 VOL TS D.C. 600 VOL TS D.C. 
(OR AT MAXIMUM REFERENCE) 

OPERATING 
TIME 

5Min. 
5Min. 
5Min. 

During each step of the forming process, check 
the voltage at the Q or midpoint of the seriesed 
capacitor asm. (s) (460 volt a.c. drives only). The 
difference between the PI I to Q and Q to P2 
voltage readings should nol exceed 5% of the 
Pll to P2 voltage. For example, al a Pll to P2 
voltage of 600 vol ts, the difference bclween the 
Pl 1 to Q and Q to P2 voltages should not ex
ceed 30 volts. If the Q midpoint varies more 
than 5%, refer to the Troubleshooting Section 
of this manual. ln no case should more than 
400 volts d.c. be applied across a single capacitor. 

14. Press the drive "Stop" pushbutton and decrease 
the driver reference lo zero. The d.c. link voltage 
between Pl and P2 (Meter position 4) should 
discharge down to less than 10% of maximum in 
about 30 seconds. 

15. Interrupt a.c. supply power lo the drive, connect 
the APL, BPL and CPL wire harness plugs to 
the driver (which controls the inverter phase 
modules), and rt"apply a.c. power. 
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16. With reference input to the driver at zero, press 
the driver "Start" pushbutton and check the 
driver card lights. Run through the Meter 
card positions l through 18 and compare these 
readings with those given on the drin..- label 
for "O Ref. 0 Load". 

If a Meter card is not available, USf' an oscillo
scope to check the inverter commutation current 
feedback signals, using the driver SEU and 
SEL2 back plane diagnostic probes which are 
color coded black and violet respectively. Con
nect these probes to driver receptacle K, terminals 
32, 31 and 30. Connect the osciltof'Cope leads 
lo driver terminal board points TB39 (SELi) 
or TB40 (SEL2) and TB34 (COM). The peak 
voltage level of the higher commutation pulsr in 
each phase should aj?;fee with the values gi,en on 
the driver label, and the waveshapes should appear 
as shown in Fig. 6. The positive commutation 
current pulse is normally the higher since the 
negative pulse is attenuated on the Current Feed
back card. 

l 7. Slowly increase the driver reference input np to 
maximum while checking the inverter commuta
tion current peak level of eacl1 phase, by means of 
selector positons 16, 17 and 18 on the l\leter 
card, or by means of SELl and SEL2 and an 
oscilloscope as described in step 16. The com
mutation current peaks should increase some .. hal, 
as shown on the driver label, but should remain 
in the ranges shown. 

Also check that the base frequency is correct for 
your motor .drive system and readjust if necessary. 
See Base Frequency in the Adjustments section 
for checking and adjustment instructions. 

18. Press the drive "Stop" pushbutton and reduce 
the driver reference to zero. The inverter should 
decelerate down to about one-fourth of rated 
frequency and voltage, and then stop. 

19. 1nterrupt the a.c. power to the drive. Reconnect 
the three phase output cables to drive terminals 
Tl, T2 and T3. or reactivate the outnut contae
tor, to connect the motor(s) lo the inverter. 

20. Reapply a.c. power to the drive. With reference 
input to the driver at zero, press t.he drive 
"Start" pushbutton and slowly bring the ref--· 

3.2.4-27 



GEK-24982 

:D. (Continued) 

erence up to half rated. Run through the Meter 
card positiom 2 through 18 and compare these 
readings with those given on the driver label 
for .. 1/2 Ref., 1/2 Load". If the motor loading 
is different than one-half of rated, the poaition 
7, 8 and 9 readings will be different from those 
given, but they should all be the same value. 

H any Meter reading discrepancies exceeding 5" 
full scale (1.0) from those values given in the 
drive table are found, proceed to the Adjust
ments Section. 
If a Meter card is not available, use a clamp-on 
ammeter to read the inverter a.c. output current 
in each phase to check that they are balanced. 
Also d,eck the a.c. supply input currents to 
the converter lo d1eck that they are balanced. 

21. Slowly increase the driver reference up to the 
maximum of 15 volts. Run through the Meter 
card position 2 through 18 and compare th
readings with those given on the driver label 
for "l Ref., 1 Load". Again position 7, 8 and 
9 readings will depend on the actual motor load 

-

-
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ADJUSTMENTS 

Although the drive has been adjusted in factory test, 

it is recommended that these adjusbnenls be checked 

to determine if they are correct for your application 

and power system. The following sequence should be 

followed in checking and modifying the nine driver 

adjustments, all of which are located on the Regulator 

card. (The Voltage Limit VLIM potentiometer is 

located at the card top edge rather than the front edge, 

and is adjusted through the top opening in the driver 
rack). Before starting, record the factory adjustment 
positions of each potentiometer. The driver label may 

be used for this purpose, and for any changes in 
adjustment that may be made. 

NOTE 

IF THE DRIVER REGULATOR CARD IS REPLACED, 

SET ALL NINE POTENTIOMETER ARROWS ON 

THE NEW CARD THE SAME AS ON THE CARD 

BEING REPLACED. THE FOLLOWING ADJUST

MENT PROCEDURE SHOULD THEN BE FOLLOW

ED TO CHECK THE ADJUSTMENT OF THE NEW 

CARD. 

VB - VOLTAGE BOOST 

This adjustment is dependent on the amount of motor 

torque required at speeds below about one-fourth of 

rated, or the amount of breakaway torque required. 
If motor torque requirements below one-fourth rated 

speed are less than 25% of rated torque, no voltage 
boost is required and VB should be set fully counter

clockwise. fo'or higher motor loading at low speeds, a 

certain amount of voltage boost is required to prevent 
the motor from "pulling out" and stalling. The 
amount of adjustment of the VB potentiometer from 

the CCW end depends on the amount of motor load 

torque at low speeds and type of motor (larger 

motors require less voltage boost than smaller motors). 
Adjust VB only enough so that die motor(s) accel
erates smoothly from rest. Too much voltage boost 
will produce excessive motor peak currents which 
will cause torque pulsations or "cogging". If motor 

"cogging" or a grinding noise occurs at low motor 

speeds, the voltage boost should be reduced ( VB turned 
toward CCW end). 

V/HZ - VOL TS/HERTZ 

Operate the drive at a reference of 12 volts at driver 

TB16 to TBS (reading of 12 on Meter card position 2). 

Adjust the V /Hz potentiometer lo obtain a d.c. link 
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voltage between PI J and P2 of 250 volts d.c. for 

230 volt a.e_ drives and 500 volts d.c. for 460 volt 

a.c. drives. This corresponds lo 12.5 reading on 

Meter card position 4. 

The above volts/herl:r. setting should include the eHects 

of the VB voltage boost setliug. If the VB setting 

is changed, die volts/hertz should be readjusted to 

JDaintain profM'r motor excitation. 

VLIM - VOLTAGE LIMIT (located at top edge 
card) 

This is normally a factory a,ljuslmcnt and tdiould 
not have to be rnadjusted. To ehe(:k this adJ1tsl.111enf, 
operate the drive al ratrd ba . .,., speed (normally al 

a driver refer.,nce of 15 volts). Using the volt

ohmmeter, or any reliable rectifier type a.c. ,·oil

meter (but not an iron vane type), read the inverter 

output voltaj!;e between terminals Tl and T2 and 

compare it with the a.c. supply voltage read widi the 
same meter. The inverh-r output voltage should be 

10 volts less than the supply voltage for nominal 

230 volt a.c. drives and 20 volts less than the supply 

voltage for nominal 460 volt a.c. drives. lf the voltage 

difference is less, turn the VLIM potentiometer count-· 

er-clockwise until the 10 or 20 volt difference is 

obtained. If the voltage difference is greater, and the 

a.c. supply voltage is less than 240 or 480 volts a.c., 

turn the VLIM potentiometer clockwise until the 

10 or 20 _ volt difference is obtained. 

If the a.c. supply voltage is above 240 or 480 volts a.c. 
the drive will not be in voltage limit (with ratt'd 

reference and proper volts/hertz adjustment) so the 
voltage difference between a.c. supply and inverter 

output voltage will be greater than the 10 or 20 volbi. 
The voltage limit function, therefore, only can be 

checked if a higher dian rated reference is applied to 

the driver, when the a.c. supply voltage exceeds 5% 

above the rated voltage. 

BF - BASE FREQUENCY 

With the driver reference at the rated 15 volts (TB16 

to TBS) - Meter card position 2). adjust the BF 

potentiometer to obtain the desired motor base fre

quency. This frequency can be read by means of a 

frequency counter connected between driver TB37 

(IPAD) and TB34 (COM). It can also be read to 

within ±_2% accuracy by connecting a digital volt
meter between TB22 (FVRO) and TB8 (COM). The 

frequency is obtained by multiplying the voltage reading 

by 5 when TB35 is connected to TB34, and multiplying 
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BF - BASE FREQUENCY (continued} 

bv lO when TB35 is left open. A third method of 

reading frec1uency, to within ± 5% accuracy, is by 

taking the Mrh,r card positio11 :I reading and applying 

lhe 5 or lO timt-"11 mullipli-,r jual ,lescribt,d. 

MINF - MINIMUM FREQUENCY 

Nonually the MINF potentiometer is set at or near 

tbe counter-clockwist- end for b,,st starling of motors, 

especially if any breakaway torque is required. If 
a transformer is Wied between lhe power unit and the 

motor, the minimum frequency will have to be set 

higher to prevent lran~former saturation. A higher 

minimum frequency can be obtained by turning MINF 

in a clockwise direction. 

ATIM & DTIM - ACCELERATION AND DECELER

ATION TIME 

With the driver referenre al the, rated I;, volta, start 

the drive from rest and check lhe acceleration time 

and the Meter card position IO reading. tr the meter 

rea~ goes below IO d~ acceleration, the drive 

is going into current limit, and it is probably desirable 

to increase the acceleration time by adjusting the 

ATIM potentiometer in the clockwise direction. If 
a Meter card is not available, the motor current 

can be read with a clamp-on ammeter to measure 

the acceleration load. 

With the drive operating at rated speed, quickly adjust 

the driver reference to zero and check the deceleration 

time and the Meter card position 6 reading. If the 

meter reading goes above lO before deceleration is 

completed, the drive is going into slowdown limit, 

and it is probably desirable to increase the deceleration 

time by adjusting the DTIM potentiometer in the 

dockwise direction. 

If shorter acceleration or deceleration times are desired, 

the ATIM or DTIM potentiometers should be adjusted 
in the counter-clockwise direction, and the operation 

checked as described above. The minimum times 

obtainable, within the 2.5 to 25 second adjustment 

range. are limited by the current limit and slowdown 
limit control. 

CLIM - CURRENT LIMIT 

The percentage of rated drive output current at which 

current limit will occur can be app,-oximated by the 
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setting position of the CLIM potentiometer, per the 

following table: 

CLIM ccw 1/4from mid- 1/4from cw 
Setting end ccw end point CW end end 

% Rated 50to 75 to 1051D 13010 15510 

Current 60'lf, 90'l{, 12.0'l(, 146'1(, 17R 

CLST - CURRENT LIMIT STABILITY 

This stability adjusbnent for current limit operation is 

dependent on the motor and load inertia, motor HP 

rali11g, and on the current limit aetting. The correct 

aetting of the CLST potentiometer can be cletr.nnined 
by using the following table: 

Load Inertia CLST Settini: for Motor HP 

10to100HP 100to400HP 

Negligible CW end to 1/3from 

load 1/3from CW end to 

inertia CWend midpoint 

Load inertia Midpoint to 1/3fromCCW 

equals 1/3 from end to 1/4 

motor inertia CCWend fromCCWend 

Load inertia 1/4from 1/&fromCCW 

equals 2 x CCWendto end to 1/8 

motor inertia 1/&from fromCCWend 

CCWend 

Load inertia 1/Bfrom 

equals 5 x CCWend CCWend 

motor inertia toCCWend 
or greater 

The aetting ranps given in the table conr the cunent 

limit (CLIM) aetting range, 1111ch that the CI.ST aetting 

varies toward the clockwise end of its aetting range 
aa the CLIM aetting is adjusted towards its dockwise 

end, and rice-vena. 

If instahility occuni during cum,nt limit operation, 

the CI.ST potentiometer should be adjusted toward its 
counter--clockwise end. 
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TROUBLESHOOTING 

A systematic approach to troubleshooting will reduce 

the time required to find the problem. This approach 

coruiists of trying to locali:,,e the problem or cause, in the 

following step by step faiilion. 

1. ls the problem inside the AF-400 power unit 

or caused by external eonditions or equipment? 

2. Which module in the power unit is causing the 

problem? 

3. Which compoaent within the module is at fault 

or has failed? 

The means to accomplish this are the recommended 

test equipment to use, and the troubleshooting pro

cedures outlined in this section. The efficiency with 

which they are used will be dependent on the skill and 

experience of the test personnel, and how well they 

understand the drive operation, as explained in the 

Description Section of this manual. 

TEST EQUIPMENT REQUIRED 

The following test equipment should be available for 

troubleshooting, and is listed in the order of recom

mended preference. The first two items are recom

mended for normal operation and maintenance. 

Meter Card 
Volt Ohmmeter 

Oscilloscope 

Oamp-on Ammeter 

193X38l GOl 
Digital preterred - 20K per 
volt min. input impedance. 

Dual trace preferred 

Adjustable range up to 600 amps 

TESTING SAFETY PRECAUTIONS 

Certain precautions need to be observed in testing this 

equipment. 

All of the control in the Driver, with the exception of 

the 115 volt a.c. supply to the control transformer, is 

at a low voltage level with respect to ground. The con

trol common is conm,cted to the driver case which is 

connected to the power unit enclosure, which should 

be connected to an earth grounding system. Any con

trol circuitry on power module mounted Current 

Feedback cards and on the Driver side of the pulse 

transformers on Pulse Transformer cards, is also at 

the low voltage level. 

All power modules, power components, power wiring, 
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and control wiring and components r.onnected to the 

power must be as:sumed to be at a high voltage to 

ground. The following safety precautions must be 

strictly observed when testing in the power area: 

WARNING 

ELECTRIC SHOCK CAN CAliSE PERSONAL IN

JURY OR LOSS OF LffE. WHETHER THE A.C. 

SUPPLY IS GROUNDED OR NOT, HIGH VOLT

AGES TO GROUND WILL BE PRESENT AT MANY 

POINTS THROUGHOUT THE URIVE. f!IAR~ 

CAPACITORS REQUIRE AT LEAST ONE_~"!~Jn: 

DISCHARGF: TIME. 

When testing in the power an•a, it is recommended 

from a safety standpoint that the .-11uipment be turne,I 

off, the teJ;t c11uipmcnt connedions be mad,·, and th-, 

power applied for the measurement, and the l"l!Uipmeut 

then be turned off again, prior lo disconnecting the test 

equipment. 

WARNING 

GREAT CAUTION SHOULD BE OBSERVE!! WHEN 

INSTRUMENTS SUCH AS OSCILLOSCOPF.S ARE 

USED TO TEST LIVE (ENERGIZED) POWEi{ CIR

CUITS. WHEN ONE OF THE INSTRUMENT LEADS 

IS CONNECTED TO THE CASE OR OTHER METAL 

PARTS OF THE INSTRUMENT, THIS LEAD SHOULD 

NOT BE CONNECTED TO AN liNGROUNDED POINT 

IN THE SYSTEM UNLESS THE INSTRUMENT IS lS

OLATED FROM GROUND AND ITS METAL PARTS 

TREATED AS LIVE EQUIP!\1ENT. USE OF AN 

INSTRUMENT HAVING BOTH LEADS ISOL-\TED 

FROM THE CASE PERMITS GROUNDING OF THE 

INSTRUMENT CASE, EVEN WHEN MEASUREMENTS 

MUST BE MADE BETWEEN TWO LIVE i'OINTS 

IN THE CIRCUIT. 

When testing in the control area, remember that these 

are low voltage circuits (20 volts) and can be damaged 

by improer test procedures. 

CAUTION 

DO NOT CONNECT POWER AND CONTROL CIR

CUITRY TOGETHER IN Ai\JY TEST HOOKUP. THIS 

DEFEATS THE PURPOSE OF THE CONTROL ISO

LATION FUNCTION AND CAN DAMAGE THE 
EQUIPMENT. 
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CAUTION 

DO NOT REMOVE OR INSERT PRINTED CIRCUIT 
CARDS IN THE EQUIPMENT WHILE POWER IS 
APPLIED. THIS CAN DAMAGE THE EQUIPMENT. 

FAULT INDICATION 

The two basic indications of a drive problem are: 

A. 

8. 

Drive Operates Improperly 

1. Driver is at fault - refer to Driver Trouble
shooting in this section. 

2. System Control is at fault - refer to the 
system elementary diagrams for system logic 
and control circuits and operating notes. 

Drive Shuts Down, or Will Not Start 

1. Driver card fault lights are indicating 
refer to Fault Indicating Lights in this 
sectiolL 

" .... 

3. 

Driver is at fault - refer to Driver Trouble
shooting in this section. 

System control is at fault - refer to the 
system elementary diagram for system logic 
and control circuits and operating notes. 

4. A.C. supply fuses or circuit breakers have 
interrupted, or control power fuses have 
blown - Disconnect a.c. power from drive 
and check a.c. supply fuses. If fuses blown, 
or if a.c. breaker tripped, check the con
verter and inverter modules for faulty SCRs. 
Refer to Converter Troubleshooting and 
Inverter Module Troubleshooting in this 
section. Also check control fuses by re
ferring to Commutation Power Supply 
Troubleshooting in this sectio1L If these 
check out all right, check for defective 
filter capacitors (See DC Link Filter Trouble 
shooting in thiH Seel ion) or for power cable 
or bus bar shorts in th-, a.c. supply, d.c. 
link and a.c. output. Also check for 
grounds in power cables and in motor 
windings. 
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FAULT INDICATING LIGHTS (on driver cards) 

The IF inverter freciuency light and the SYNC inverter 
synchronized light are not fault lights but indicate 
operating conditions. The IF light should be indicating 
at all times that the driver is energized, even after a 
fault. Its blinking freciuency indicates the driver 
operating frequency. 

IFT only- It this is the only fa ult light that is indicating, 
;;- inverter fault has occurred. Refer to Inverter 
Module Troubleshooting in this section. 

IOF only - this indicates an inverter overfrequency 
shutdown. Refer to Driver Troubleshooting in this 
section. 

COC and ffT - This indicates a commutation over
current trip which produces an inverter fault shut
doWIL Check for drive overloading at or near full 
speed operation. Also refer to Driver Troubleshooting 
and Commutation Power Supply Troubleshooting in this 
section. 
COC, IFT and ITOC - This indicates a combination 
commutation overcurrent, motor overcurrent alwtdoWIL 
Check for drive overloading at or near full speed opera
tion. Also refer to Driver Troubleshooting and com
mutation Power Supply Troubleshooting in this section. 

CUV only - This indicates a control undervoltage 
condition. Refer to Driver Troubleshooting in this 
section. 

CUV and IFT - This indicates a control undervoltage 
trip which produces an inverter fault shutdowlL Refer 
to Driver Troubleshooting in this section. 

CUV, IFTand PS/LOP - This indicates a combination 
control and power undervoltage shutdown. Check the 
a.c. supply for outa;,-e problems. 

LOV and IFT - This indicates a d.c. link overvoltage 
trip which produces an inverter fault shutdown. Refer 
to Driver Troubleshooting in this section. 

LOV, IFT, COC and/or lTOC - This indicates a com
bination shutdown which would normally occur due 
to the effects of the d.c. link overvoltage. Refer to 
Driver Troubleshooting in this section. 

-
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FAULT INDICATING LIGHTS (on driver cards) (cont) 

PS/LOP only - this indicates the presence of, or a shut
down caused by, wrong a.c. supply phase sequence or 

a loss of one or more a.c. supply phases. Disconnect the 
a.c. power and check the a.c. supply fuses or circuit 

breaker, especially if the driver is supplied from another 

power source. Also check the FULl, FUL2 and FUL3 
control fuses on the commutating power supply. Refer 

to Commutating Power Supply Troubleshooting if any 
of these fuses are blown. Check that the drive is 

connected lo the a.c. supply in the correct phase 

sequence. 

ITOC only - This indicates an inverter output over
current shutdown, either due to an instantaneous trip 
for current levels over 175% of rated drive current, 

or an inverse time trip of from 15 seconds to 1 minute 

for lower overcurrent levels, depending on the current 

limit setting. Check for motor overloading, excessive 

volts/hz adjustment, locked rotor, or for motor single 
phasing. Also check for motor being switched on to 

the inverter at other than synchronized operation or 

minimum voltage and frequency. Finally check for 

motor cable shorts or grounds. Also refer to Driver 

Troubleshooting in this sectioIL 

ITOC and IFT - This indicates an inverter output 

overcurrent which is excessive enough to also cause 

an inverter fault. Check for motor jam-ups, excessive 

volts/hz adjustment, locked rotor, or for motor single 

phasing. Also check for motor being switched on to 

the inverter at other than synchronized operation or 

minimum voltage and frequency. Finally check for 

shorts or grounds in output cables and motor windings. 

DRIVER TROUBLESHOOTING 

The driver consists of six or more cards, each of 
which contains quite a few circuits. To help in 

understanding and troubleshooting the driver, the func

tions contained on each card are shown in the Func

tional Block Diagram of Figure 5. These func~tions 
are described in the Description Section of this manual. 

The optional Meter Card is a great help in trouble

shooting the driver. If a Meter card is available, an 

oscilloscope is not required except in only the most 

difficult cases. NormaUy the use of the Meter card 

will allow pinpointing of the problem to a specific 

card, which can then be replaced, or to a certain power 

module. 
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The driver label, mounted on the inside of the ,·uclosurc 

door, gives the nonnal readings [or the Meter card selec -

tor switch positions for fivf' operating conditions. 

This label also i~ sheel 4 of the driver connt>clion 

diagram. These normal readings are given for lhf' 18 
selected signals, plus the invertf'r and converkr firing 

signals selected by thf' position 19 back plane selector 

probe. 

The Meter card can be used in s,,vcral ways. It is useful 
in checking through the 18 key driver signals when 

operating at the conditions specified, to determine ii 

any readings are abnormal. When position 19 is selected

the red wire back plane seleclor probe can !J.· used 

to check card (receptacle) terminal signals. The ti-ouble

shooting notes will specify correct and incorrecl read

ings for special test conditions lo determine if various 

faults exist. 

If a Meter card is not available, these same readings can 

be made using a digital volt-ohmmeter or an oscillo

scope. One input lo the instrument is conneded to 

either driver TB39 (SELi) or TB40 (SEL2) and the other 

input is connected to TB34 (COM). The two back plane 

selector probes (SELl is the black wire probe and 

SEL2 is the violet wire probe) can then be connected 

to the appropriate driver receptacle terminal as denoted 

in the troubleshooting notes. 

When using the back plane selector probes, there are a 

few sensitive card terminals which should be avoided 

when the drive is operating with a motor, since 

connection of an instrument will cause changes in the 

drive output. These sensitive terrnianls are -

Receptacle F 
Converter Card 

tenn. 16-L VP 
term. 17-LVN 
term. 19-CVN 
temL 20-CVP 
term. 22-L2S 
term. 23-LlS 
term. 24-L3S 

Receptacle G 
Regulator Card 

term. 7-SSDI 
term. 11-BFI 
term. 12-BFD 
term. 23 -SSDO 
term. 32-RFC 

Receptacle H 
System Card 

term. 2S.:-RFC 

Care should also be used in connecting an instrument 

to the driver reference REF (TB16, receptacle G, term. 

30, receptacle K, term. 18) since this may produce 

a smaU motor speed change. 
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DRIVER TROUBLESHOOTING (continued) 

Three other diagnostic terminal board points are pro
vided for oscillosoope usage. These are -

TB36 (LPAD) -A. square wave logic signal which 
is in phase with the a.c. mpply 
line phase A (or phase I) to neutral 
voltage. 

TB37 ((PAD) -A square wave logic signal which 
is in phase with the inverter output 
phase A to neutral voltage. 

TB38 (OCPD) -A normally high logic signal having 
a short low going pube at the start 
of every inverter commutation (six 
times the inverter frequency). 

These signals are especially useful for oscilloscope 
triggering when reading other signals. 

CAUTION 

IF DURING TROUBLESHOOTING, ONE OF THE 
FOLLOWING CARDS IS REPLACED, THE NEW 
CARD SHOULD HA VE THE SAME POTENTIO
METER SETTINGS, OR JUMPER PRESENCE OR 
ABSENCE, AS THE OLD CARD. 

REGULATOR CARD -NINE POTENTIOMETERS 
(INCL. VLIM) 

CONVERTER CARD -60 HZ JUMPER 
INVERTER CARD -460V JUMPER 

A Drive Operates Improperly 

1. Cannot obtain maximum rated frequency 
and speed 

a) Check the driver reference REF volts 
(Meter card pos. 2 or driver TB16 to 
TBS voltage). If less than 15 volts 
check the reference potentiometer (should 
be 5000 ohms) and the RMAX volts 
TB! 7 lo TBR, or d,et,k the system 
control (see system elementary diagrams). 

b) Check the converter voltage reference 
CVR (Meter card pos. 6 or driver re
ceptacle K, term. 14 voltage to common). 
This voltage should decrease at an even 
rate to approximately 3.5 volts as the 
driver reference is increased to 15 volts. 
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2. 

If this is the case, continue on to 
part c). However, if the CVR voltage 
mddenly decreases to about 1.5 volts, 
it indicates the converter is saturating. 
0.eck the d.c. link voltage. It should 
read approximately 15 at Meter card 
pos. 4 or should read either approxi
mately 300 volts d.c. or 600 volts d.c. 
between power circuit terminals Pl I 
and P2, for a 230 volt a.c. or 460 volt 
a.c. drive respectively. If this voltage 
is significantly less, check the a.c. supply 
voltage level and check the converter. 
See Converter Troubleshooting in this 
section. If the d.c. link voltage is 
approximately 1.35 times the a.c. supply 
voltage, the voltage limit VLIM poten
tiometer on the Regulator card is not 
adjusted properly. Refer to Adjustments 
section. 

c) Check the inverter frequency voltage 
FVRO (Meter card pos. 3 or driver 
TB22 to TB8 voltage). The drive output 
frequency should be 5 limes this voltage 
reading when driver TB35 is connected 
to TB34 or IO times when TB35 is left 
open. If the FVRO reading agrees 
with the output frequency, if the presence 
or absence of the base frequency range 
BFR jumper at TB35 is correct, and if 
RFD TB43 is jumpered to TB44 or 
properly connected to an external base 
frequency potentiometer which is set 
correctly, then the BF potentiometer on 
the Regulator card should he adjusted. 
(Refer to Adjustments section.) l{ the 
output frequency does not agree with 
the FVRO reading, or if the BF adjust
ment appears faulty, replace the Regula
tor card and check the operation. 

Motor will not accelerate from stall or low 
speed. 

a) U1cck the driver I{ EF volts ( Meter card 
pos. 2 or driver TBl6 to TB8 voltage). 
If it is less than 2 volts, check the ref
erence potentiometer or system control 
(see system elementary diagrams). 

-
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DRIVER TROUBLESHOOTING (continued) 

2. (continued) 

3. 

b) Cneck if the inverter is operating. Meter 
card pos. 11 ( l R l), or driver receptacle 
K, term. 9 voltage to common, should 
be near 20 . If zero, refer to Drive Shuts 
Down, or Will Not Start. 

c) Oieck the ODMF input at driver TBlO. 
It should be high (nf',ar 20 volts to 

common). If it is near zero volts to 

common, check the system control con
nected to this bput. 

d) O.eck if the drive is in current limit. (The 

drive should shut down with an ITOC 

fault light after about 45 seconds.) Meter 

card, pos. 10 (OCL), or driver receptacle 

K, term. 10 voltage to common, should 

be near 20. If less than 10, check the 

settings of the current limit CLIM and 

voltage boost VB potentiometers on the 

Regulator card. Refer to Adjustments 

section. 

e) If the problem cannot be found, replace 

the Regulator card and check operation. 

Motor operation is rough or unstable. 

a) O.eck voltage boost VB potentiometer 

adjustment. Excessive voltae;e boost at 
low speed and light load operation will 
cause motor "cogging" or a grinding 
noise. Refer to Adjustments sectiolL 

b) If violently unstable motor operation 

occurs below one-half rated speed, check 

that the stability-slowdown circuit is 
connected. On driver receptacle G, 

terminal 23 should be connected to 

tem1inal 7. 

c) If unstable operation occurs when in 

current linlit, the current limit stability 

CLST potentiometer is not adjusted pro
perly. Refer to Adjustments sectio1L 

d) Check for low a.c. supply voltage to the 
driver TBI to TB2. This should not be 
less than I 05 volts a.c. 
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5. 
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e) Check for 1meven motor loading or motor 

single phasing. 

f) If the problem cannot be fou1,d, re-
place the Rt,gUlalor card and cht·t·k oper

ation. 

Cannot control motor speed. 

a) Check the driver reference REF (meter 

card pos. 2 or driver Tlil6 to 'f88 

voltage) to see if the problem is in th" 

driver or in the system control. If 

the problem appears to be in the systf:m 

control, refer to the system elem.,ntary 

diagrams 

b) Check the OSYNC input at driv,.r THI I. 
It should be high ( near 20 vol Ls lo 

common). If it is near zero volt~ to 

common, check the system control con-· 

nected to this input. 

e} Check the FUPI, FUPll and H!P2 
control fuses on the commutatilll( power 

supply. Refer to Commutation Power 

Supply Troubleshooting in this section. 

d) If the problem cannot be found, replace 

the Regulator card and check op,.ralion. 

Cannot stop motor. 

NOTE: If motor cannot be slopped hy the 
normal means, interrupt a.c. power 
to the drive. 

a) Check the OSTOP input at driver TBl2. 

It should be low (near zero volts lo 

common) to stop the drive. If it is 

higher than 3 volts to common, oheck 

the system control connected to this 
input (see system elementary diagrams). 

b) Check the FUPl, FUPll and FUP2 

control fuses on the commulation power 

supply. Refer to Commutation Power 

Supply Troubleshooting in this section. 



GEK-24982 

DRIVER TROUBLESHOOTING (continued) 

6. 

c) Chttk for low d.c. link voltage. If the 
Meter card pos. 4 reads less than 3, or 
if the d.c. voltage between power cir
cuit terminals Pl I and P2 is less than 70 
volts (2.10 volt a.c. drive) or 140 volts 
(460 volt a.c. drive), and the OSTOP 
driver input is low, then the System 
card is probably defective and should 
be replaced. 

d) Check for high d.c. link voltage. If 
the Meter card pos. 4 reads higher than 
4, or if the d.1·. voltage between power 
circuit lem,inals Pl I and P2 is greater 
than 75 volts (230 voll a.c. drive) or 
150 volts (460 volt a.c. drive), and the 
OSTOP driver inl'ut is low, the converter 
is not turning off. Check the converter 
reference voltage CVR (Meter card pos. 
6 or driver receptacle K, term. 14). 
If this voltage to common is about 10 

volts, the problem is eitht'.r in the Con
verter card or in the converter power 
module. Refer to Converter Trouble- I 

shooting in this st,ction. If the CVR 
voltage lo common is li,ss than 8, thm 
the problem is cilhcr in the Regulator 
t·ard or the Syslem card. Try replacing 
each card separately and cheeking die 
operation. 

Cannot obtain rated motor horsepower. 

a) Check lhe motor nameplate for the 
rated voltage and frequency for rated 
horsel'ower. (],.,ck the inverter output 

voltage and f re'luency al rated ref
erence. See the driver label for Meter 

card pos. 2, 3, 4, 7, B and 9 readings 
for the IREF, l LOAD condition. 
If these readings and/or the inverter 
output voltage is too low, refer to 
Adjustments section for proper base 
frequency, volts per 11,., and voltage 
limil scllings. llaletl power output 
e.annol b,· obtainrd al a driver rd,•rcucc 
vollal,\e, lhal is 1111u·h h,s., lhan 15 volts 
since this voltage is closdy related to 
the d.c. link vollal,\r and thus the 
inverter a.c. oull'ul voltage. 
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b) Gheck the a.c. power supply voltage. 
It should not be less than 5% below 
rated namt~plate a.c. input voltage to 
the drive. 

7. Cannot synchroni,.e inverter with a.c. line 
or other external frequenC}'· 

a) Check that OSYNC input at driver 
TBI I is low (near common). If it 
is not, check the system control (refer 
to the system elementary diagrams). 

b) If OSYNC is low, check O1S at Meter 
card, pos. 12 or receptacle K, term 8. 
If (HS is high (near +20 volts), use 

11111 oscilloscope connected to SELi and 
SEL2 to determine if the proper fre
quency signals appear at receptacle H 
terminals 9 and 10. The inverter 
frequency should be applied to terminal 
9 and the a.c. line, or external fre
quency, should be applied to terminal 

10. Also check that the RFC clamp 
is being applied to override the ref
erence by checking that tbe driver 
reference will not affect motor speed. 

c) If the OIS signal is low, check the 
SYNC light and the OSRO readout 
·at driver TB18. If the light does not 
indicate and OSRO remains high, try 
replacing the System card and the Reg
ulator card separately and check opera
tion after each replacement to determine 
if either card is defective. 

Drive Shuts Down, or Will Not Start 

1. IOF fault light on. 

a) Check the frequency trip selection at 
driver TB30 through TB33. Refer to 
the driver label, or Start-up and 0-.eck
out section of this manual, for proper 
jumper placement. 

b) Chech. for an overhauling load pumping 
back into the inverter d.c. link to in
cnmse the voltage and frequency. 

c) If the problem keeps occuring, replace 
the Inverter card and check operation. 

-
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DRIVER TROUBLESHOOTING (continued) 

2. 

3. 

COC and IFT (and ITOC) fault lights OIL 

a) f.heck the peak voltae:es of the three 
commutation current fo.,dback signals 
over the whole operating range of the 
drive. These can be read on Meter card 
positions 16, 17 and 18, or with an 
oseilloseope by probing receptacle K, 
terminals 32, 31 and 30, for phases A, 
B and C respectively. Refer to the driver 
label for the normal peak voltage read
ings. See Figure 6 for wave shape of a 
normal commutation current pulse. A 
COC trip should not occur until one of 
these peaks reaches about 18 volts. 

b) If one of the commutation current peaks 
is significantly higher than the others, 
shut down the drive and check the 
Current Feedback card on the inverter 
phase module of the phase in q.iestion. 
Check the resistance between the Kl to 
K2 terminals of the Current Feedback 
card, and compare with the resistance 
value (for the correct card group no.) 
given in Table 3 of the Current Feedback 
card printed circuit diagram. Replace 
this card if it appears to be defective 
and check drive operation. 

c) If all current feedback signals are the 
same, but go too high near rated output, 
check for motor overloading or for high 
a.c. supply voltage. 

d) If excessive commutation currents per
sist, replace the I nvertcr card and check 
operation. 

CUV (and IFT) fault lights on. 

a) Check the +10 volt (Meter card, pos. l) 
and +20 volt (TB7 lo TB8 voltage) con
lrol power. A CUV trip will occur at 
about 18 volts. If the +20 volt measures 
low, check the 115 volt a.c. supply to 
the driver TBl and TB2. It should be no 
lower than 105 volts a.c. If the a.c. 
supply is all right, check for excessive 
loading of the Power supply card, es
pecially from external loads connected 
to driver TB7. If the low +20 volt 

3.2.4-37 

GEK-24982 

problem cannot be found, replace the 
Power Supply card and check operation. 

b) If the +20 volt is all right, check the 
DFS voltage (Meter card, poH. 13, or 
receptacle K, term. 7 voltage to com
mon). If it is below 16 volts interrupt 
a.c. power to the drive and disconnect 
driver wire harnesses APL, BPL, CPL 
and DPL. Check if DFS is being pulled 
down by either the Converter card or the 
Phase Logic card by energizing the driver 
with either one of these cards pulled 
out. If either of these cards loads DFS 
down, it should be replaced and the test 
repeated. If DFS is pulled down with 
both cards pulled,< the Inverter card 
should be replaced and the operation 
checked. 

c) If the DFS voltage is above 18 volts, but 
the CUV light stays on when the fault 
is reset with the Stop pushbutton (or 
external fault reset), disconnect the DPL 
wire harness from driver. If the CUV 
light can then be reset, the problem is 
in one of _the Pulse Transformer cards on 

the converter module, or in the DPL wire 
harness. ·Rtter to·· Converter Trouble
shooting in this section. 

d) If the DFS voltage is above 18 volts, 
and the CUV light does not indicate 
until the inverter is started ( to start 
the motor), disconnect driver wire har

nesses APL, BPL and CPL. If the CUV 
light still comes on when a drive start is 
initiated, the problem is in one of the 
Pulse Transfonner cards on the commu
tation power supply, or in"the EPL wire 
harness. Refer to the Commutation 
Power Supply Troubleshooting in this 
section. If the CUV light does not come 
on, stop the drive and connect only 
one of the (APL, BPL or CPL) wire 
harnesses to the driver and check for 
the CUV light when a drive start is initi
ated, with the driver reference set at 
zero. 
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DRIVER TROUBLESHOOTING (continued) 

CAUTION 

NEVER TRY TO START THE INVERTER WITH 
TWO OF THE THREE (APL, BPL OR CPL) WIRE 
HARNESSES CONNECTED, WHEN THE MOTOR IS 
CONNECTED TO THE DRIVE. ALSO THE DRIV
ER REFERENCE SHOULD NEVER BE INCREASED 
FROM ZERO WITH ANY OF THE WIRE HARNESSES 
DISCONNECTED, UNLESS THE D.C. LINK IS OPEN
ED. (SEE INVERTER MODULE TROUBLESHOOT
ING). 

4. 

If the ClJV light comes on when any 
one wire harness is connected, the prob
lem is in one or the Pulse Transformer 
r.ards on the inverter module related to 
that win, harness, or in the wire harness 
il!elf: Refer to Inverter Module Trouble
shooting in this sectiolL 

LOV and IFT (and COC, ITOC) fault 
lights on. 

a) Check that the slowdown control is 
connected. On driver receptacle G, 
terminal 23 should be connected to 
term. 7. 

b) Check £or overhauling load or for ex
cessive a.c. supply voltage. 

c) Oteck that the link voltage feedback 
and the converter voltage feedback at 
driver receptacle F, terminals 15 & 21 
are at the same voltage to commo1L If 
their voltage levels are different, either 
the Converter card is defective or the 
problem is in the EPL wire harness or 
its connections lo the power circuil 
Check the FUPI, FUPI I and FUP2 
voltage feedback fuses on the commuta

tion power supply. Replace the Con
verter card and · dwck · the operatio1L 

5. ITOC (and IFT) fault lights are on. 

a) Cll{,'ck the inv.,rter a.c. oul put current 
feedback signals r or all three phases, 
over tJ1e whole operating range of the 
drive. These can be read on Meter 
card positions 7, 8 and 9 using the AC 
(X IO) s,:,ale, or with an oscilloscope by 
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probing receptadr K, terminals I 3, I 2 
and l l, for phases A, B and C re
spectively. The normal feedback signal 
voltage is 1 volt rms for rated load, or 
a reading or IO on the Meter card. 
See Figure 7 for the wave shape of a 
normal motor current feedback signal. 
An instantaneous ITOC trip should not 
occur until the Meter card reads over 
17 volts, or until the peak of the current 
feedback reaches about 3 volts as seen 
on the oscilloscope. 

b) If one of the current feedback signals 
is significantly larger than the others, 
shut down the drive and check the Cur
rent Feedback card on the inverter phase 
module of the phase in question. Check 
that the jumper is connected lo the 
proper XA, XB or XC post (for the 
correct card group number) as given in 
Table 2 of the Current Feedback card 
printed circuit diagram, based on the 
drive nameplate output rms amp rating. 
Check that jumper placement is the 
same on all three inverter phase modules. 
Temporarily .remove the wires to the J3 
and K3 card posts and measure the 
resistance between K3 and K4, comparing 
it with the correct value given in Table 2. 
Replace this card if it appears to be 
defective and check drive operation. 

c) Oteck the current limit CLIM poten
ti()meter setting on the Regulator card 
to see if it is too low for the motor load
ing. If shutdown occurs because the 
motor cannot get started, check the 
voltage boost VB setting. Refer to 
Adjustments section. 

d) Check the FUPl, FUPll and FUP2 
voltage feedback fuses on the commu
tation power supply. Refer to Commu
tation Power Supply Troubleshooting in 
this section. 

e) If a translormer is used between the 
power unit and the motor, check the 
settings or the MINF and VB poten
tiometers. Increase the minimum fre
quency by turning MINF clockwise and 
decrease the voltage boost by turning 
VB counter-clockwise, until the drive 

-
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DRIVER TROUBLESHOOTING (continued) 

can be started and stopped satisfactorily. 

6. Cannot reset fault lights. 

a) Check that fault is not a maintained 

fault that has not been cleared. 

b) Check that the OSTOP input at driver 
TBJ2 is low (near common) and that 
lXFR input at driver TB14 is high 
(near +20 volt). If they are not, check 
the system control (refer to the system 
elementary diagrams). 

c) Check that the ORRO readout at driver 
T820 is high and the OMVFRO readout 

at driver TB21 is low. If they are not, 
check the d.c. link voltBge. Meter card, 
pos. 4 should read 1.5 or le8s, and the Pll 
to P2 rnk.ig., should n,ad no higher than 
30 volts d.c. (2:i0 volt a.c. drives) or 
60 volts d.c. ( 460 volt a.c. drives). If 
inconsistent or higher voltages are read, 

refer to part 7 c). 

d) If the above four logic signals are cor

rect, try replacing the System card and 

checking operation. 

7. Drive shuts down (not fault lights on), or 
drive will not start (no fault lights on) 

a) Clteck that the OSTOP input at driver 
TBI2 is high (near +20 volt) and the 
OSTART input at TBl3 is low (near 
common). If they are not, check the 
system control (refer to the system ele

mentary diagrams). 

b) Clteck that the ORRO readout at driver 
TB20 and the OMVFRO readout at 
TB21 are both low. If they are not, 
check that the l 1-TRO fault readout 
at driver TBJ9 is low. Also check the 
d.c. link voltage. Meter card pos. 4 
should read 1.5 or less, and the P 11 to 
P2 voltage should read no higher than 
30 volts d.c. (2:10 volt a.c. drives) or 
60 volls d.c. (460 volt a.c. drives). 

c) If inconsistent or higher d.c. link voltages 
are present when the drive is al standby, 
check tlw voltage feedback fuses FUPI, 
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1-'UPJ l and FlJP2 on the commutating 
power supply. If these are all right, 
check the converter reference voltage 
CVR (Meter card, pos. 6 or driver re
ceptacle K, terllL 14). If this voltage to 
common is about 10 volts, the problem 

is either in the Converter card or in the 

converter power module. Refer to Con
verter Troubleshooting in this section. 
If the <.:VR voltage to common is less 
than 8, then the problem is either in the 

Regulator card or in the System card. 

Try replacing each card separately and 
d1ecking the operation 

8. If light not indicaling, or on continuously 
at standby. 

a) Ch.,ck the +JO volt (Meter card, pos. I) 

and +20 volt (TB7 to TB8) control 
voltage. If they are zero, but 115 volt 
a.c. appears between driver THI and 
TB2, check die fuse FUl on the Power 

Supply card. If no voltage is present 
between TBl and TB2, check the con

trol power transfonner and its fuse (see 

system elementary diagram) 

b) If +20 volt control power is all right, 
check the IPAD signal at driver TB37 

with an oscilloscope. If a square wave 

frequency is present, replace the System 

card and check the operation. If no fre
quency appearR at IPAD, check the OCPD 

signal at TB38. If there is no pulse fre
quency signal at OCPD (consists of 10 
to 35 usec, wide, low going pulses), 
replace the Regulator card and check 
operation. If frequency pulses appear 

at OCPD, check the ICFF signal at 
Meter card, pos. 15 or receptacle K, 
term. 5. If high going frequency pulses 
appear al ICFF, replace the Phase Logic 
card and check operation. If no fre
quency pulses appear at ICFF, replace 
the Inverter card and check operation. 

9. SCR firing signalsnot reaching power mo

dules. 

a) Check that there are no fault lights in

dicating and that the lFTRO fault read

out al driver TBl 9 is low. If a fault has 

occurred, it will lock out all firi~ signals. 
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DRIVER TROUBLESHOOTING (continued) 

9. (continued) 

Oear the fault and reset the fault circuits 
to enable the firing signals. 

b) f.onvcrter firing signals ,,hould be present 
al drive standby. Check for firing signals 
al driver rer.eptacle F, terminals 26 thru 
31. Use either the red wire back plane 
selector probe with the Meter card, pos. 
19 and compare with readings on the 
driver label, or use the black or violet 
wire back plane selector probes with an 
oscilloscope connected lo driver TB39 
(SELi) or 1'840 (SEL2) and common, 
and compare with the wave shapes of 

Figure 8. 

c) If any firing signals are present al the 
driver but missing at thP converter mod
ules, check th,, plug connedions al both 
ends of wire, hurnes.s UPI. for loose pins 
or bad connp1•lions, aml check the wire 
harness for brc)km1 wires. If any firing 
signals are missing or faulty al the driver, 

replace the Converter card and check the 
operaliolL 

d) Inverter firing signals will not be gen
erated until the drive is started. Check 
that Meter card, pos. l l reads high or 
that driver TB20 (ORRO) reads low. 
Clteck for firing signals at driver re
ceptacle D terminals 5 through 19. Use 
either the red wire back plane selector 
probe with the Meter card, pos. 19 
and compare witJ1 the readings on the 
driver label, or use the black or violet 
back plane selector probes with an oscill
oscope connected lo driver TB39 (SELi) 
or TB40 (SEL2) and ,-ommon, and com
pare with the wave shapes of Figure 9. 

e) If any firing signals are present at the 
driver but missing al the inverter modules 
or commutation power supply, check 
the plug connections at both ends of 
the appropriate wire harness APL, BPI.., 
CPL or EPL (refer to driver elementary 
diagram). 01eck the plugs for loose pins 
or bad conncc::tiona, and check the wire 
harness for hroki,n wires. If any firi"I!: 

3.2.4-40 

signals are missing or faulty at the driver, 
replace the Phue Logic card and check 
the operation. 

--
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COMMUTATION POWER SUPPLY 
TROUBLESHOOTING 

The commutation power supply contains the fan or 
blower fwies, and d.c. link and a.c. aupply feedback 
fUBes, in addition to the commutation power circuit& 
To help in troubleshooting this module, refer to the 
Commutation Power Supply elementary diagram and 
to the simplified overall power circuit of Figure 4. 
Since practically all of the circuitry on this module is 
at a.c. supply potential, troubleshooting should he 
done with the a.c. power off. Wait 1 minute after dis
connecting power before doing any checking, to allow 
capacitors to discharge. 

l. 

2. 

f'an or blower fustis 

'If the fan or blowers are not operating, check 
the lower three fuses FUBl, FlJB2 and FUB3. 
If one or more are blown, check for motor or 
blower binding and for motor winding shorts. 
Replace blown fuses and check operation. 

A.C. Supply fuses 

If the PS/LOP light in the driver is indicating 
check the middle three fuses, FULl, FUL2, 
and FUL3. If one or more are blown, check the 
commutation power supply diodes, SCR's and 
filter capacitor for failed devices (see 4., 5. and 
6.) Replace blown fuses and check operation. 

3. Voltage feedback fuses 

If the driver voltage feedback signals do not 
agree with the measured d.c. link voltages,check 
tl,e upper three fuses FUPl, FUPll and FUP2. 
If FUP2 is blown, check the commutation power 
supply filter capacitor and resistor (see 6. and 7.). 
Replace blown fuses and check operation. 

4. Diodes ADI, AD2 and AD3 

The commutation power supply diadcs may be 
checked with a volt-ohmmeter selected to read 
ohms on the X I K scalti. First lift one end of 
fu11es FULi, FUL2 and FUL3 to isolate the 
diodes from the a.c. line, and check for blown 
fuses. Connect one lead of the volt-ohmmeter 
to any one of the top row of SCR heat sink 
plates, and the other lead to the Ll F, L2F or 
L3F fuses. Good diodes will provide an almost 
infinite resistance in the reverse direction and a 
low reading in the forward direction. Failed 
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diodes will read abnost zero resistance in both 
directions (shorted) or infinite resistance in both 
directions (open). 

If any diodes appear to he failed, refer to the 
Maintenance and Repair section for disassembly 
and replacement information. The SCR's, fdter 
capacitor and resistor, and wiring should also be 
checked for damage before repairing the assembly, 
reinstalling, and checking operation. 

SCR 's ASA, ASB and ASC (and snubbers). 

The commutation power supply SCR 's may be 
checked with a volt-ohmmeter selected to read 
ohms on the X lK scale. On 460 volt a.c. drives, 
connect one lead to any om, of the top row of 
SCR heal sink plates and connect the othc,r lead 
to each of the bottom row heat sinks. Good 
SCR 's will provide an almost infinite resistance in 
both the forward and reverse directions, while 
failed SCR's will read zero in one or both direc
tions. Check the other three SCR's by connect
ing the meter between the bottom row ASA, ASB, 
or ASC heat sinks and the NXA, NXB or NXC 
terminals respectively. This also pertains to 230 
volt a.c. drives where there are only three SCR 's. 

If any SCR 's appear to he failed, refer to the 
Maintenance and Repair section for disassembly 
and replacement information. The SCR 's should 
be rechecked after their leads have been dis
connected from the other circuitry. See the 
Checking SCR's portion of this sectio1L The RC 
snubbers around too SCR 's, diodes, filter capaci
tors and resistor, SCR chokes, and wiring should 
also be checked for damage before repairing the 
assembly, reinstalling, and checking operation. 

Filter capacitor CF A, Rellistor RA and Chokes 
LXA, LXB and LXC. 

The filter capacitor may be checked with a volt
ohmmeter to determine if it charges up or is 
shorted. Also refer to DC Link Filter Trouble
shooting in this section for further information 
011 electrolytic capacitor inspection. 

The filter resistor and SCR chokes may be check
ed with a volt-ohmmeter to determine if they are 
open or shorted. Refer to the Maintenance and 
Repair section for disassembly and replacement 
information. 
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COMMUTATION POWER SUPPLY 

TROUBLESHOOTING Ccontinued) 

7. O.ecking Pulse Traosfonner Cards 

The Pulse Traosfonoer cards on the front of the 
assembly may be checked with an oseilloscope 
lo see if SCR firing sipals from the driver are 
being applied to the pulse tranafonners. Co-ect 
the ground lead of lhe OBCilloscope to the card 
lCOM or 2COM terminal, and connect the probe 
lead to the top (cooling) tab of one of the red 
power transistors. A normal pulse wave shape 
is shown in Figure 10. O.ange the oscilloseope 
probe lead to the lop tab of the other red power 
transistor to check the other half of this dual 
channel card. If normal pulses are obeened 
when the inverter is operating, the card is prob
ably good. If no pulses are obeened, connect 

the oscilloacope probe to the FSl or FS2 input 
terminals to check for driYer firing signals. See 
Figure 9 for normal firing signals. Also dteck 
for +20 volt firing power at +20A or +208 
input terminals. If input firing power and firing 
pulses are present, then the card is probably 
defective. Replace the card and check operation. 
If no input power or firing pulses are pre11ent, 

refer to part 9 of Drive Shuts Down, or Will 
Not Start in the Driver Troubleahootine: portion 
of this section. 

-

··--
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INVERTER MODULE TROUBLESHOOTING 

Each of the three identical inverter modules contains the 
power circuitry for one phase of the three phase in
verter. To help in troubleshooting these modules, 
refer to the Inverter Phase Module elementary diagram 
and to the simplified overall power circuit of Figure 4. 
Since practically all of the circuitry on these modules is 
at a.c. supply potential, troubleshooting should be 
done with the a.c. power off where possible. Wait 1 
minute after disconnecting power before doing any 
checking, to allow capacitors to discharge. 

I. Checking SCRs, Diodes and Snubbers 

The inverter phase module SCR&. and diodes 
can be checked, with the power off, without 
disconnecting anything. The measurement points 
for the two types of phase modules are as follows: 

30 TO 100 KVA 

0 PU NXA, B, C 0 

(Module) 

0 P2 Tl, 2, 3 

125 TO 400 KVA 

NXA,B,C 

0 

Pll 

(Module) 

T(l,2,3) toPll checks positive inverter SCR 
and diodes 

T(l,2,3) toP2 checks negative inverter SCR 
and diodes 

NX(A,B,C) lo Pll checks positive commutation 
SCR 

NX(A,B,C) to P2 checks negative commutation 
SCR 

Using a volt-ohmmeter selected to read ohms on 
the Xl ohm or X 10 ohm scale, the normal read
ings indicating good devices are as follows, with 
the positive meter lead connected to the first 
point. 
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3. 

Pll to T(l,2,3) 
T(l,2,3) to PU 
P2 to T(l,2,3) 
T(l,2,3) to P2 
Pll to NX(A,B,C) 
NX(A,B,C) to Pl 1 
P2 to NX(A,B,C) 
NX(A,8,C) to P2 
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High resistance 
· Low resistance 

Low resistance 
High resistance 
High resistance 
High resistance 
High resistanc,-e 
High resistance 

If any of the above readings are zero, the ph~ 
module should be disconnected from the rest 
of the power circuitry at tenninal points Pl l, 
P2, T(l,2,3) and NX(A,H,C). (The phase module 
may have to be pulled partly out to accomplish 
this.) Recheck the above, readings at the dis
connected phase module terminals. If the read
ings still indicate a bad device, refer to the 
Maintenance and Repair section for removal, dis
assembly and replacement information. The 
individual SCRs and diodes should be rechecked 
when they are disconnecfod from each othtt lo 
ensure that a short in one device does not produce 
a faulty reading across another device. See the 
Checking SCRs portion of this section. 

Whenever a phase module has bc,-en removed for 
replacement of SCRs or diodes, the RC snubber 
circuits around the SCRs, commutating capaci
tors and choke, leg chokes and wiring should be 
inspected and checked for damage. 

Checking Commutating Capacitors CCA, CCB, 
and CCC 

These capacitors may be checked by connecting 
the volt-ohmmeter, selectt'd to the X lK scale, 
between NXA and Tl, NXB and T2, or NXC and 
T3. A good capacitor will read abov., l00K re
sistance (afttt a brief charging period) whereas a 
bad capacitor will give a low or 1.ero reading. The 
capacitors should be checked again after the phase 
module has been removed and the capacitors have 

been disconnected from the other power circuitrv. 
Refer to the Maintenance and Repair section. 

Inverter Phase Module Operational Test 

1£ checking all phase module SCRs, diodes and 
commutation capacitors according to the preced
ing instructions does not indicate any failed de
vices, but inverter fault shutdowns still occur, the 
following procedure should be used to locate the 
problem. 
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INVERTER MODULE TROUBLESHOOTING (cont.) 

3. (continued) 

Interrupt the d.c. link between Pl and Pl l to 
prevent power flow from the converter into any 
inverter fault condition. This is easiest to accom
plish on 30 throll/!h 100 KV A drives by dis
connecting both the cable and control wire 
from one side of the Ll reactor, connecting 
lbe cable and wire together, and taping the 
connection. On 125 through 200 KV A drives, 
this is accomplished by disconnecting and taping 
the Pl cable from the left, top power terminal 
of the converter module, keeping the Pl con
trol wire (e;oine; lo the commutation power 
supply) c.,-onnected to the converter Pl terminal 
On 250 through 400 KV A drives, Ibis is aacom~ 
plished by loosening the converter module Pl 
terminal, disconnecting the Pl bus bar al the 
right angle joint and rotating and securing (or 
taping) the bus bar to interrupt the Pl circuit, 
making sure that the Pl control wire (going to the 
commutation power supply) is connected to the 
converter module side of the break point. 

With the d.c. link disconnected between Pl and 
Pl], the drive can be started and the inverter 
operated up lo full reference. With the motor 
disconnected from the inverter, the PU to P2 
d.c. link voltage will build up somewhat as the 
reference is increased. Willa the motor connected 
to th,1 inverh,r, the d.c. link will slay close to 
zero. The maximum inverter frequency that can 
be obtained at full referenc«- will be limited to 
less than half of rated by the below normal d.c. 
link voltage. Except for these differences from 
normal, the inverter can be operated to check out 
the inverter SCR firing and commutation opera
tion without danger of further damaging the 
equipment if a fault problem is present. In addi
tion, by disconnecting the plugs of two of the 
three wire harnesses APL, BPL or CPL, just one 
phase module can be operated at a time to simplify 
checking and to help in pin-pointing the probelm. 

The invertrr phase co111111utations can be checked 
in lhc tlriver by chcckin:,; tlu, commutation cur
rent fectlback sihraaals. The peak value of commu
talion current ,,an be reatl on the Meler card 
selected lo positions 16, 17 and 18 for phases 
A, B and C respectively. (See the driver label 
on the inside of llae power unit door for normal 
readings.) The commutation current can also be 
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read with an oscilloscope connected between 
driver TB39 (SELi) and TB34 (COM), and using 
the black wire, back plane selector probe to 
connect to receptacle K terminals 32, 31 and 30 
for pha&ell A, B and C respectively. See Figure 6 
for normal commutation current wave shapes. 

O.ecking Pulse Transfonner Cards 

The Pulse Transformer cards on the front of the 
phase module may be checked with an osc~i
scope to see if SCR firing signals from the dnver 
are being applied to the pulse transformers. Con
nect the ground lead of the oscilloscope to the 
card lCOM or 2COM terminal, and connect the 
probe lead to the top (cooling) tab of one of the 
red power transistors. A normal pulse wave shape 
is shown in Figure 10. Change the oscilloscope 
probe lead to the top tab of the other red power 
transistor to check the other half of this dual 
channel card. If normal pulses are observed when 
that inverter phase is operating, the card is prob
ably good. If no pulses are observed, connect the 
oscilloscope probe to the FSl or FS2 input ter
minals to check for driver firing signals. See 

· Figure 9 for normal firing signals. Also check for 
+20 volt firing power at +20A or +20B input 
terminals. If input firing power and firing pulses 
are present, then the card is probably defective. 
Replace the card and check operation. If no 

input power or firine; pulses are present, refer to 
part 9 of Drive Shuts Down, or Will Not Start in 
the Driver Troubleshooting portion of this section. 

-
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CONVERTER MODULE TROUBLESHOOTING 

To help in troubleahooting this module, refer to 

the Converter Module elementary diagram and to 

the llimplified overall power circuit of Figure 4. Since 

practically all of the circuitry on this module is at 

a.c. supply potential, troubleshooting should be done 

with the a.c. power off where possible. Wait 1 

minute after disconnecting power before doing any 

dtecking to aUow capacitors to discharge. 

I. Checking SCRs and Snubbers 

The converter SCRs can be checked with the 

power off, without disconnecting anything. The 

measurement points for the two types of phase 
modules are as follows: 

30TO 100 KVA 

O Pl 0 

(Module) 

I LI 11 L2 II L3 I 
I ,- 1 I ,- I I r• I 
I_ •' _I I ~• _I'- , __ I 

0 P2 0 

LI to Pl 
LI to P2 
L2 to Pl 
L2 to P2 
L3 to Pl 

L3 to P2 

Oiecks positive phase I SCR 

Oiecks negative phase I $CR 

Checks positive phase 2 SCR 

Checks negative phase 2 SCR 

Checks positive phase 3 SCR 

Checks negative phase 3 SCR 

2. 
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Using a volt--ohmmeter i!t!lf'cted to read ohms 

on the X I K s,·ali,, check across all six SCRs 

in both dirN"lions. Good SCRs should read 

over 100K in both the forward and reverse 

directions, whifo faih·d SCRs will read zero 

ohms in onr or both directions. 

If any SCRs appear to be faili,d. the converter 

module should be disconnected from the rest 

of the power circ:uitry al terminal points Ll, 

L2, L3, Pl alld P2. (The module may have to be 

pulled partly out to accomplish this.) Recheck 

the abov1, readin~s al the disconnected convr-rller 

module tenninals. If the readinJ!;s still indicate 

a bad devi,·e, n·fcr lo tbe Maintenance and 

Repair section for r«'moval, disaAA<"mbly and re-

placement i11fon11atio11. Tiu, individual SCRs 

should bl' wdu·d,cd whl'n they ar" ,Jisconnecled 

from tlw co1i.1•rler circuit to ea'!llrc that a short 

in one devi,-e d,ws not produce a faulty reading 

across anoth•·r d.-,·ice. See the Checking SCRs 

portion of this !Wclion. 

Whe11ever the converter module has been removed 

for replac,m1ent of SCRs, the RC snubber circuit 

around lhf SCRs a.c. line chokes and wiring 
should be inspected and ch,,cked for damage. 

ConYerter Mo,luJ., Oprrational Test 

If converter misoperation is suspected, but all 

convert"" S<.:R's appear to be good, the following 

procedure should be used to perfonn an opera

tional test. 

Interrupt the d.,·. link between Pl and Pll to 

prevent any power flow from the converter 

from reachi11:~ tl11, filler eapacitor or inverter. 

This is easi1·st to accomplish •>n 30 through 100 

KV A drives by discom1ecting both the cable 

and control wire from one side of the LI reactor, 

connecting the r.able and wire together, and taping 

the connection. On 125 through 200 K VA drives, 

this is accomplished by disconnecting and taping 
the Pl cable from the left, top power terminal 

on the cmm:rter modul<", keeping the Pl control 

wire (going to the commutation power supply) 

connected lo the converti,r Pl terminal. On 250 

through 400 KV A driYes, this is accomplished 

by loosening the converter module Pl terminal. 

disconnecting lite Pl bus bar at the right angle 

joint and rotati11g and securing (or taping) the 

bus bar to iutem.tpt the l'J circuit, making 

111re that the Pl control wire (going to the 
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CONVERTER MODULE TROUBLESHOOTING (cont.) 

2. (Continued) 

commutation power supply) is connected to 

the converter module side of the break paint. 

With the d.c. link disconnected between Pl 
and Pll, the drive can be started and the 

converter operated up to full voltage. This 

will occur at full reference if the Pl control 

wire (for converter voltage feedback) has been 

connected to the converter module Pl terminal. 

The inverter will operate also, but at a low volt

age and reduced frequency, with or without 

the motor connected. 

The converter operation may be checked by 
means of the driver Meler card selected to 

position 5. The reading should change from 

IO at zero reference to 5.5 at full reference. 

The converter output voltage may also be check

ed by connecting a volt-ohmmeter across the 

Pl to P2 terminals. The d.c. output voltage 

should be controllable from near zero to approx

imately 300 volts d.c. (230 volts a.c. input 
drives) or 600 volts d.c. ( 460 volt a.c. input 

drives). 

If full output voltage cannot be obtained, it 

is possible that one or more converter SCRs 

are not firing, or that the driver is not putting 

out the proper signals. Refer to part 1, of 

Drive operates Improperly and part 9. of Drive 

Shuts Down, or Will Not Start under Driver 

Troubleshooting. H the driver is putting out 

the proper firing signals, check the converter 

Pulse Transformer cards. If these check out 

good, an open SCR or open gate SCR should 

be suspected. Refer lo Checking SCRs to 

test for this problem. 

3. Checking Pulse Transformer Cards 

The Pulse Transformer cards on the front of 

the converter module may be checked with 

an oscilloscope to see if SCR firing signals from 

the driver are being applied to the pulse trans-

formers. Connect the ground lead of the 

oscilloscope to the card ICOM or 2COM terminal, 

and connect the probe lead to the top (cooling) 

tab of one of the red power transistors. A 

normal pulse wave shape is shown in Figure 10. 
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Ow,ge the oscillOIICOpe probe lead to lhe top 

tab of the other red power transistor to check 
the other half of this dual channel card. If 
nonnal pulaes are obaerved when the converter 
Pl operating, the card Pl probably good. If no 

pubes are obeerved, connect the oscilloscope 

probe to the FSl or FS2 input terminals to 

check for driver firing signals. See Fig. 8 

for normal firing signals. Also check for +20 

volt firing power at +20A or +208 input term

inals. If input firing pawer and firing pulses 

are present, then the card is probably defective. 

Replace the card and check operation. If no 

input power or firing pulses are present, refer 

to part 9 of Drive Shuts Down, or Will Not Start 

in the Driver Troubleshooting porbon of this 

11ection. 
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CONVERTER MODULE TROUBLESHOOTING 

To help in trouhleahooting this module, refer to 
the Converter Module elementary diagram and to 
the iamplified overall power circuit of Figure 4. Since 
practically all of the circuitry on this module is at 
a.c. mpply potential, troubleahooting should be done 
with the a.c. power off where po88ible. Wait 1 
minute after disconnecting power before doing any 
checking to allow capacitors to discharge. 

1. O.ecking SCRs and Snubbers 

The converter SCRs can be checked with the 
power off, without disconnecting any~. The 
measurement points for the two types of phase 
modules are as follows: 

30TO 100 KVA 

O Pl 0 

(Module) 

I LI I I L2 1 I L3 
I ,- I I I I 
1 __ ·!__1 i_~:!..._I , _ _,9 __ 1 

0 P2 0 

Ll to Pl 
LI to P2 
L2 to PI 
L2 to P2 
L3 to Pl 

L3 to P2 

O.ecks positive phase 1 SCR 
O,ecks negative phase l SCR 
Checks positive phase 2 SCR 
Checks negative phase 2 SCR 

Checks positive phase 3 SCR 
Checks negative phase 3 SCR 

2. 
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Using a volt-ohmmeter selected to read ohms 
on the X I K scale, check across all six SCRs 
in both directions. Good SCRs should read 
over lOOK in both the forward and revel'!le 
directions. while failed SCRs will read zero 
ohms in one or both directions. 

If any SClts appear to be failed, the converter 
module should 1w diRConnected from the rest 
of the power circuitry at terminal points LI, 
L2, L;J, Pl and P2. (The module may have to be 
pullcd partly out lo arcomplR!h this.) Recheck 
the abov,• rnadings at the disconnett,~d converller 
module terminals. If lht" rt,ading,, still indil".ate 
a bad devi.,e, rt•for lo the Maintenance and 
Repair iaeetion for removal, disassembly and re
placement information. Tl,e individual SCRs 
should be rechecked when they are disconnected 
from the converter circuit to ensure that a short 
in one device docs not. produce a faulty reading 
across another devie<'. See the Chel".king SCRs 
portion of this iwrtion. 

Whenev .. r thi, ,·onverter module has been removed 
for repla.,i,menl ol' SCRs, the RC snubber circuit 
around th1 Sf.Rs a.c. line choke~ and wiring 
should 1,,. inspected and che.~ked for damage. 

Converkr Moduh· 0pl'ralional Test 

If conv!"rter misoperation is suspected, but all 
converter SCI{ 's appt'ar lo b,. good, the following 
proc-.edure slwuld he u,wd to perform an opera

tional lest. 

Interrupt the d.c. link bctwt'en Pl and Pll to 
prevent any powl'r flow from the converter 
from reaching the fill.er ,·apacitor or inverter. 
This is ,•asic-sl lo a1:complish on 30 through 100 
KV A ,!rives by disconm·ctinl( both the cable 
and control win· from one Mide of the LI reactor, 
connecting lhe c,,hlc and wire together, and taping 
the connection. On 125 through 200 K VA drives, 
this is accomplished by dil'Conuecting and taping 
the Pl cable from the left, top power terminal 
on the couv,•rl<-· module, keeping the Pl control 
wiru (going to lht• commutation power supply) 
conned1•d lo th,· ,·omerter Pl terminal. On 250. 
through 400 KV A drives, this is accomplished 
by looll(,ninl!: the converter module Pl terminal. 
disconncctini: th,. Pl bus har at the right angle 
joint aud rolaliug :rnd st-curing (or taping) the 
bus har lo i11krrupl th•· Pl circuit, making 
su1c tbat tlu, l'I t'ontrol wire (going lo the 
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CONVERTER MODULE TROUBLESHOOTING (cont.) 

2. ( Continued) 

commutation power supply) is connected to 

the converter module side of the break point. 

With the d.c. link disconnected between Pl 

and Pll, the drive c.an be started and the 

converter operated up lo full voltage. This 

will occur al full reference if the Pl control 

wire (for converter voltage feedback) haa been 

connected to the converter module Pl terminal. 

The inverter will operate also, but at a low volt

age and reduced frequency, with or without 

the motor connected. 

The converl<--r operation may be checked by 

means of the driver Meter card selected to 
position 5. The reading should change from 

lO at zero reference to 5.5 at full reference. 

The converter output voltage may also be check

ed by connecting a volt-ohmmeter across the 

Pl to P2 terminals. The d.c. output voltage 

should be controllable from near zero to approx

imately 300 volts d.c. (230 volts a.c. input 

drives) or 600 volts d.c. ( 460 volt a.c. input 

drives). 

If full output voltage unnot be obtained, it 

is possible that one or mon, converter SCRs 

arc not firing, or that the driver is not putting 

out the proper signals. Refer to part l, of 

Drive operates Improperly and part 9. of Drive 

Shuts Down, or Will Not Start under Driver 

Troubleshooting. If the driver is pulling out 

the proper firing signals, check the converter 

Pulse Transformer cards. If these check out 

good, an open SCR or open gate SCR should 

be suspected. Refer to Checking SCRs lo 

test for this problem. 

3. Checking Pulse Transformer Cards 

The Pulse Transformer cards on the front of 

the converter module may be checked with 

an oscilloscope lo see if SCR firing signals from 

the driver are being applied to the pulse trans-

formers. Connect the ground lead of the 

oscilloscope lo the card l COM or 2CO M terminal, 

and connect the probe lead to the lop (cooling) 

tab of one of the red power transistors. A 

normal pulSt· wave shape is shown in Figure IO. 

3.2.448 

Oaange the oscilloecope probe lead to the top 
tab of the other red power transistor to cheek 

the other half of this dual channel card. If 

normal pubes are observed when the converter 

is openting, the card is probably good. H no 

pubes are obaerved, connect the oacilloacope 

probe to the FSI or FS2 input terminals to 

check for driver firing signals. See Fig. 8 

for normal firing signals. Also check for +20 

volt firing power at +20A or +208 input term

inals. If input firing power and firing pulaes 

are present, then the card is probably defective. 

Replace the card and check operation. If no 

input power or firing pulses are present, refer 

to part 9 of Drive Shuts Down, or Will Not Start 

in the Driver Troubleahooting porbon of this 
aection. 

-
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CHECKING SCR'S 

Disconnect the suspected SCR as much as pollllible 
from the remainder of the power circuitry. Using 
a volt-ohmmeter selected to read ohms on the timea 
I K scale, check the forward and reverse resistance 
of each individual SCR cell (Soo the Module Elemen
tary diagram.) Good or faulty SCR's will give the 
foUowing typical readings: 

SCR Description 
Good SCR 
Shorted SCR 
Inoperative SCR 
Open SCR 

Forward Reading 
IOOK to Infinity 
Zern 
I to 2K 
IOOK to Infinity 

Reverse Reading 
IOOK to Infinity 
Zero 
IOOK to Infinity 
IOOK to Infinity 

Since an open SCR will give about the same resistance 
reading as a good SCR, another method must be used 
to find this type of fault. It should be pointed out, 
however, that practically all cells fail by shorting and 
very few by opening. If an open SCR is suspected, 
oc if it is desired to check the switching operation of 
an SCR, the following circuit should be used: 

6 Volt 
Battery 

SW 

~ - 10...A.. 
2W 

SCR 

The volt-ohmmeter is selected to read ohms on the 
IK scale, and is connected to read the forward re
sistance of the SCR. When switch SW is closed, the 
forward resistance of a good SCR will change from 
a high value ( IOOK lo infinity) to a low value ( I to I OK). 
When the switch is opened, a good SCR will revert 
to its high forward resistance or blocking state if the 
holding current source (volt-ohmmeter battery) is 
momentarily removed. A faulty SCR wiU not switch, 
remaining in either an open or a conducting ltate. 

If any SCR 's are suspected of being faulty from the 
above resistance checks, the SCR conversion module 
should be removed from the case. After the SCR 
(oathode) and gate leads have been disconnected, 
recheck the forward and reverse resistances before 
replacing the SCR. 

This should be done before the SCR is definitely 
classified as damaged or faulty, since a fault in another 
SCR or another part of the circuitry can produce a 
faulty reading from a good SCR before it is dis-

GEK-24982 

connected from the circuit. After a Preas-Pak SCR 
is removed from the heataink it may read open due to 
lack of prellllllI'8 against the internal cell structure. 
Apply preuure to obtain a true reading. 

3.2.4-49 
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DC LINK Fl L TER TROUBLESHOOTING 

The d.c. link filter oollllists or the LI filter choke and 

the Cl filter capacitor aS11embly. 

I. Cl Filter Capacitor Assembly(s) 

This conHislK of one or more a1111Cmbliea of 
paralleled (230 volt a.c. driv,,s) or 11erics-parallel
ed ( 460 volt a.c. drives) electrolytic capacitors. 

When the drive has not been operated for 6 
months or more, these capacitors start to degrade 

and their leakage current increases. A procedure 

called forming is required to return the electro

lytic capacitors to their rated operating capability. 
Refer to step 13 of the Start-up Procedure in 

the Start-up and Check~ut section for the 

proper forming procedure. 

Electrolytic capacitors can fail by shorting, can 

exhibit excessive leakage current, or can dry 

up and lose their capacitance. The latter usually 

results from a ruptured vent plug due to "gassing" 

from excessive current and/or temperature. 

The filter capacitor assembly can be checked 

for shorted capacitors using a volt-ohmmeter 

arter the power has been or£ for more than 1 

minute and the PI I to P2 voltage is less than 

10 volts. On 460 volt a.c. drives with seriesed 

capacitors, the assembly can be checked for 

excessive leakage capacitors by checking the mid

point, or Q point, voltage when the drive is 
operating. Using a volt-ohmmeter, check the 

difference between the Pll to Q and the Q to P2 
voltages at maximum d.c. link voltage. This 

1ifference should not exceed 5% of the Pl 1 to P2 
voltage. If the above tests indicate either a short
ed or leaking capacitor, the filter assembly should 

be removed and disassembled to the point where 

the resistance of each capacitor can be individually 

ch·ecked. Refer to the Maintenance and Repair 

section for instructions. Any shorted or leaky 

capacitors should be replaced. The remaining 

capacitors should be inspected for ruptured vent 

plugs according to the following instructions. 

The b<'sl way of evaluatini: the condition of the 

electrolytic capacitors is lo visually inspect their 

vent plugs. These are 3/16" diameter red plugs 

in the top cover of the capacitor case. Internal 

gas pressure can cause a bubble to form in this 

plug and the red color will lighten until it is 

almost white. Eventually the plug will rupture. 
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2. 

However, this does not caua, an immediate 
capaeitor failure. but will result in a gradual 
lou of capacitance. Any electrolytic capacitors 

which are found to ha.-e ruptured plugs ahould 

be replaeed H soon u conweniently poaible. 
If any capacitor vent plug contains a bubble 

larger than 1/16" in diameter, the capacitor 
aaiembly ahould be iruipected at the next ached
uled ahutdown .- planned maintenance for rup

tured vent plugs. 

If more than 25% of the capaciton have broken 

vent plugs. and the drive has been operated over 
20,000 hours, consideration should be given to 

replacing all of the capaciton in the filter assembly. 

Refer to the Maintenance and Repair section for 

instructions. 

LI Filter Choke 

This choke should be visually checked for aigna 
of overheating, damaged imulation or loose con

nections. 

-
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MISCELLANEOUS TROUBLESHOOTING CHECKS 

The following check lisl of mi,,..ellaneous items is in
duded lo provide additional dirc•etions of investiga
tion in lrou hl<,Hlwolini: this drive. 

,\_ Cooling and Temperalun, l'•·oblenlff 

I. 

2. 
3. 
4. 
5. 
6. 
7. 

01eck for sufficient air flow through power 

unit. 
Check if blower or fan rotation is correct. 
Oteck if air filters are clean (if provided). 
Oteck if intake air is below 40°C. 
Oteck for adjacent heat sources 
Oteck for recirculation of discharge air. 
Oteck if room ventilation is adequate to 
remove the heat being produced. 

B. Input Power 

l. 

2. 
:1. 
4. 

5. 

6. 
7. 

<lw•·k for ,·orred volt.~e (within +10%, 

5% of • .. •m•· .. lah· ralin~ :11ul fn,.1uency. 
<lu·,·k for h.,l:1111·,·cl .. 1,.,,... volt ages. 
Ch•·•·k for transient owr or umler voltages. 
llave transient volt~c,s •><:curred due to 
lightning or ground faults? 
Cheek for exeessive line regula.tion due 
to a high impedance (soft) a.c. supply. 
ls a.e. supply grounded or ungrounded? 
Is the available short cireuit current too 

high? 
8. Are there pow••r factor correction capaci

tors causing harmonics, or their switching 
causing voltage transients. 

C. System Grounds 

I. Check that lhe power uml case is properly 
grounded. 

2. Ou,c·k for i:ronmls in motor windings or 
in pow•·r 1:ablt•s lo 1111· motor. 

3. Check for grounds in •·ontrol wiring. 

D. Loose or Shorted Connections 

I. Oteck incoming power connections. 
2. Check comtections lo pow•~ modules, filter 

capacitor and choke, circuil breaker or 
fuses, ck. 

3. Check outgoing power connections to start
ers, molors, etc. 

4. 0l<'ck iucorning conlrol wiri~ counedions 
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D. 

E. 

Gl-:K--24982 

(continued) 

5. 

6. 

Check connectiollJI to Pube Transformer 
cards and Current Feedback cards on power 
rno,luleK. 
<:lu,c:k for bt,nt lt,rminals shorting lo one 
anolher 011 driver back plane. 

FJeetrical Noise 

1. 

2. 

3. 

Oteck that all power unit relays have RC 
suppression on their coils. 
External relays, solenoids, brakes. etc. in
terfacing with the power unit should also 

be suppressed. 
Check for other external sources of elec

trical noise. 

F. Output Load 

l. 
2. 

3. 
4. 

Chec-k starting torque require .. ,enbl. 
Ou·,·k for lra1lffformc,r saluralion al low 
fr,,.1111,itt·ies if oulpul lransformer is used. 
Cll(,t:k for motor overloads or jam-ups. 
Check operation of motor transfer switch

ing. 
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INVERTER COMMUTATION CURRENT WAVE SHAPE 

At 1/2 rated voltage & frequency At rated voltage & frequency 

- . 

10 µsec./div. (230V AC Drives) 5 Volts division 
20 µsec./div. (460V AC Drives) 

FIGURE 6 

MOTOR CURRENT WAVE SHAPE 

At half speed and low load 

10 msec. /div. 
1 volt/div. 

FIGURE 7 
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At full speed and full load 

• _j__ 

5 msec./div. 
1 volt/div, 

± 

-

0 

---
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CONVERTER FIRING SIGNALS 

FIGURE 8 

INVERTER FIRING SIGNALS 

Top trace - A, B, CCP - Positive conunutation SCR firing signal 

Middle trace- A, B, CA - Conunutatioo power supply SCR firing signal 

Bottom trace- A, B, CIN - Negative inverter SCR firing signal 

111111• 1111• 1.1 ••••••••••••••••• •••••••• ······-· 
••••• i ••••• , "-----~~---•---o ...... o 

2 msec./division 20 µsec./division 

20 volts/division. 20 volts/division 

FIGURE 9 
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PULSE TRANSFORMER CARD PULSE WAVE SHAPE 

At FSl 

5 µsec./division 
10 volts/division 

FIGURE 10 
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5 µsec./division 
10 volts/division 

/ 

-

0 
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MAINTENANCE AND REPAIR 

WARNING 

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY 
OR LOSS OF LIFE. WHEN POWER OFF MAINTEN
ANCE IS BEING PERFORMED, VERIFY ALL POWER 
TO THE DRIVE IS SWITCHED OFF OR DISCON
NECTED. RECOMMEND POWER SWITCHES BE 
RED-TAGGED DURING POWER OFF MAINTEN
ANCE. 

MECHANICAL INSPECTION 

The mechanical maintenance required for the drive 
systlllll is divided into two basic units; power unit 
and motor. The power unit's only mechanical main
tenance is checking and changing the air filters before 
they become clogged. (if furnished) 

Motor maintenance ii; covered by the motor instruction 
book supplied with the motor and should be followed 
in all cases. 

ELECTRICAL INSPECTION 

Power off (every six months): O1eck all electrical 
connections for tightness. Look for signs of poor 
connections or overheating (arcing, discoloration). Man
ually check cooling fan/blower for easy rotation. 

POWER MODULE REPAIR 

The removal, repair and replacement instructions vary 
depending on the type of power module and its KVA 
rating. Refer to the instructions which follow under 
the specific heading which applies to your drive. 

H minimized down time is a critical factor, it is 
recommended that a complete inverter phase module 
of your drive rating be stocked as spares. 

INVERTER PHASE MODULE REPLACEMENT -125 
to 400 KVA 

l. Tools required: 

Table - 30" high 
Screw Driver - 8" long blade, 5/ I 6" shank 
Deep Socket - l/2" for 3/8" ratchet 
Ratchet - 3/8" 
Nut driver 5/16" with 6" blade 
Nut driver - 3/8" with 6" blade 

• Trademark of General Electric Company U.S.A. 
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2. Open all electrical circuits to the case in which 
the phase module is located. 

3. Oteck voltage across capacitor tray (Pll to P2) 
with a d.c. voltmeter. The capacitor di.echarge 
resistor should have reduced this voltage to 10 
volts or below before work starts in the cue. 

4. Disconnect firing lead plug A, B, CPL 

5. Disconnect NXA, 8, C lead from the terminal 
posL 

6. Remove three captive nut-washer all8emblies from 
Power Busses Pl l, P2 and Tl, 2, 3 above the 
module. 

7. Remove the retaining angle below the module. 

NOTE: This angle is used to help secure the 
module during shipment or when high 
case vibration is encountered. Normally 
this angle can be discarded after drive 
installation. 

8. Place a 30" high table in front of the case 
beneath the module. 

9. Pull the module out of the rack onto the table 
using the red insulation cover in front of the 
module. (See Figure II) 

10. The module can be repaired on the table. (See 
Press-Pak• Cell Replacement - Phase Module) 

11. To install the repaired module or a spare module, 
first set the module upright on a 30" high table 
in front of the inverter case. 

12. Lift the back end of the phase module onto the 
inverter rack. Lift the front end of the phase 
module and slide the ~bly into the rack 
using the red insulation cover in front of the 
module. 

13. Re(,-onnecl the power bulll!Cs Pll, P2 and Tl, 
!, 3, the N XA, B, C control lead and the firing 
lead plug A, 8, CPL. 

14. Oteck to see that all electrical connections are 
tight before re-applying power. 
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FIGURE 11 - REMOVING AN INVERTER PHASE MODULE 

(Also Applies to Converter Module) 

0 .. 
0 
A 
(:. 

FIGURE 12 - REPAIRING AN INVERTER PHASE MODULE 
(Also Applied to Converter Module) 

FIGURE 13 - REPAIRING A CONVERTER MODULE 
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PRESS-PAK CELL REPLACEMENT -
PHASE MODULE 

1. Tools required: 

2 wooden blocks - 4" x 4" x 12" 
Ratchet - 3/8" 
Ratchet extension - 3/8", 6" long 
Deep BOCket - 1/2" for 3/8" ratchet 
Deep socket - 9/16" for 3/8" ratchet 
Suew driYer - 8" long blade, 5/16" l!hank 

2. Disconnect the eleetrical conneetioDB to both 
heatsinks associated with the clamp containing 
the faulty cell (SCR or diode). 

3. Lay phase moJule on its side with the heatsink 
clamp nuts up. The module top frame should 
rest on one wooden bloek, and the bottom 
frame on the other bloek; the blocks being 
positioned to permit hand access to the bottom 
heatsink associated with the faulty cells clamp. 
(See Figure 12) 

4. Supporting the bottom heatsink and clamp with 
one hand underneath the module, loosen and 
remove the two clamp nuts. 

5. NOTE CAREFULLY THE ARRANGEMENT OF 

THE CLAMP PARTS AND THE CELL ORIEN
TATION. 

6. Remove the bottom heatsink and cell by dropping 
the assembly so the clamp rods are free. 

7. The faulty SCR should have its gate and cathode 
leads with f aston terminals disconnected from 
the Pulse Transformer card and the SCR (or 
diode) sl.oould be removed from the assembly. 
The gate and cathode leads of the replacement 
SCR should be connected to the Pulse Transformer 
card per the phase module elementary diagram. 

8. The other cell associated with the clamp assem
bly should be carefully lifted from the module 
mounting surfaces. 

9. Inspect the surfaces that both cells mount be
tween. These surfaces should be wiped clean 
with a lint-free cloth. Inspect the surfaces and 

make sure they are smooth; if not smooth, re
place the heatsink assembly. 

10. Lubricate both mounting sutfaces for each cell 
with a drop of silicone oil. SF1153• silicone 
fluid (or equivalent thermal compound). 

• Trademark of General Electric Company U.S.A. 
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1 l. Place both cells in the auoe orientation u in 
the original UlllllDbty, and place the cell caater 
boles over the roll pin in the -.ting llllface. 
NOTE: The bottom cell fita over a roll pin iP 
the healllink and the top cell fib over a roD pin 
in the plate. 

12. The damp parts and healllinks should he a-a.led 
in the original manner and the two -111 tightened 
f"mger tight ao that the threads showing are 
the IIIUlle OD both damp rod&. 

13. Check to aee that the cell center holes are lllill 
over the roll pins. 

14. With the nuts finger tight use a wrench lo 

tighten each nut alternately in 1/6 turn stepa 
until the clamp tighbtess is as specified in · the 
following table: 

Cell 
Nome1L 

Oamp Tir;htneu 
Number TurDB over Finger Tight 

400KVA 300KVA 200 KVA 
ISP, ISN 
DP.ON 
CSP,CSN 

• • 2-3/6 
2-3/6 2-2/6 2-2/6 
2-2/6 2-2/6 2-2/6 

NOTES: 

• This clamp has a clamp tightness gauge. Tighten 
nut until the indicator notch marked "2" lines 
up with the bottom of the spring. 

3.2.4-57 

Unloaded the "O" land of gauge indicator 
should line up with bottom spring leaf 

LEAF 

Loaded the "2" land of guage indicator 
should line up with bottom spring leaf 

15. Reconnect all electrical connectioDB to both heat
sinks, and the SCR gate leads to the Pulse 

Transformer cards. 

16. Cheek to see that all electrical connectioDB are 
tight. 



GEK-24982 

CONVERTER MODULE REPLACEMENT -
125 to 400 KVA 

l. Tools required: 

Table - 30" high 
Ratchet - 3/8" 

Nut Driver - 5/16" 
Deep Socket l/2" for 3/8" ratchet 
Deep Socket - 9/16" for 3/8" ratchet 

2. Optm all cfo'Clrical cirmits lo tJ1e case in which 
the Converter Module is located. 

3. Oteck voltage across capacitor tray (Pll to P2) 
witJ1 a d.c. voltmeter. The capacitor discharge 
n-•islor .hcmld have rechu,c•cl thi• voltage lo 10 
volts or l>clow lwi'on· worl. sl11rlN in lhe c-.ase. 

4. Disronnecl firing lead ping DPI~ 

5. Remove rive captive nut-waidwr as,iemblies from 
Pl aml P2 buN11<:s above the modul,:, and LI, L2 
and L3 lo the left of the module. 

6. Remove the retaining angle below the module. 

NOTE: This angle is 1,u1ed lo help secure the 
module during shipment or when high 
case vibration is encountered. Normally 
this angle can be discarded after drive 

installation. 

7. Place a 30" high table in front of the case be
neath the Converter Module. 

8. Pull the module out of the rack onto the table 
uNing the red inNnlation cover in front of the 
module. See 1-'igurc I I. 

9. The module can be repaired on the table. (See 
Press-Pak SCR Replacement - Converter Module) 

l 0. To install the repaired or a spare Converter 
Module, first set the module upright on a 30" 
high table located in front of the Inverter case. 

l l. Lift the back end of the Converter Module 
onto the Inverter rack. Lift the front end 
of the module and slide the assembly into 
the rack using the red insulation cover in front 
of the module. 

12. Reconnect the power terminals Pl, P2, Ll, L2 
& L3 and the firing lead plug DPL. 
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13. Chedt. to IICC that all electrical connections are 
tight before re-applying power, 
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PRESS-PAK SCR REPLACEMENT -

CONVERTER MODULE 

l. Tools required: 

Two blocks - wooden, 4" x 4" x 12" long 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 

Deep Socket - l/2" for 3/8" ratchet 

Wrench - 7/16" box 

Wrench - 3/4" box 

Screw Driver - 5/16" shank - 8" long blade 

Nut Driver - 1/4" with 6" blade 

2. Disconnect the flrxible power leads from the 

three ferrite core assemblies in the a.c. lines. 

3. 

4. 

5. 

6. 

Remove the five l/4" screw-nut assemblies which 

secure the insulation board containing the a.c. 

bus and ferrite core as.semblies. 

Remove the insulation board containing the a.c. 

bus and ferrite core assemblies from the Conver

ter Module (see Figure 13). 

Lay the Converter Module on its side with the 

heatsink clamp nuts up. The module lop frame 

should rest on one wooden block, and the 

bottom frame on the other block; the blocks 

being positioned to permit hand access to the 

bottom heat.sink associated with the faulty SCR 's 

clamp (see Figure 12). 

Remove the two clamp nuts securing the faulty 

SCR while supporting the bottom healsink and 

clamp with one hand underneath the module. 

7. NOTE CAREFULLY THE ARRANGEMENT OF 

THE CLAMP PARTS AND THE SCR ORIEN

TATION. 

8. Remove the bottom heatsink and SCR by drop

ping the assembly to free the clamp rods. 

9. The faulty SCR should have its gate and cathode 

leads with fastou terminals disconnected from 

the Pulse Transformer card and the SCR should 

be removed from the assembly. The gate and 

cathode leads of the replacement SCR should 

be connected to the Pulse Transformer card per 

the converter module elementary diagram. 

IO. The other SCR associated with the clamp assembly 

should be carefully lifted from the heatsink 

mounting surfaces. 
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11. Inspect the surfaces that both SCR's mount 

between. These surfaces should be wiped dean 

with a lint-free cloth. hupect the surfacee 
and make sure they are smooth; if not smooth, re

place the heatsink assembly 

12. Lubricate both mounting surfaces for each SCR 

using a drop of silicone oil, SFI 153* silicone fluid 

(or equivalent thermal compound). 

13. Place both SCR's in the same orientation as in 

the original assembly, and place the SCR center 

holes over the roll pin in the mounting surface. 

NOTE: The bottom SCR fits over a roll pin 

in the heatsink and the top SCR fits 

over a roll pin in the plate. 

14. The clamp parts and heatsinks should be assem

bled in the original manner and the two nuts 

tightened finger tight so that the threads showing 

are the same on both clamp rods. 

15. Oteck to see that the SCR center holes are 

still over the roll pins. 

16. With the nuts finger tight use a wrench to tighten 

each nut alternately in I /6 turn steps until the 

clamp tightness is as specified in the following 

table: 

Inverter 
KVA 

400 
300 
200 

Clamp Tightness 

No. Turns over Finger Tight 

2-3/6 
2-3/6 
2-2/6 

17. Reconnect all electrical connections to both heat

sinks and the SCR gate leads to the Pulse Trans

former cards. 

18. Re-install the insulation board containing the 

AC bus and ferrite core assemblies and bolt it 

in place. 

19. Reconnect flexible power leads to the three 

ferrite core assemblies in the a.c. lines. 

20. Check to see that all electrical connections are 

tighl 
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CONVERTER AND INVERTER MODULE REPAIR 

30 to 100 KVA 

1. Tools required: 

Ratchet - 3/8" 
Ratchet Extension - 3/8", 6" long 

Deep Socket 7/16" for 3/8" ratchet 

Deep Socket - I /2" for 3/8'. ratchet 

Deep Socket -- 9/16" for 3/8" ratchet 

Srrew Dri"er I /8" ,,hank, 2" long blade 

S..n•w Dri"er -- 3/8" shank, 4" long blade 

2. Open all electrical circuits to the case in which 

the faulty module is located. 

3. Oieck \loltage across capacitor tray (Pll to P2) 
with d.c. \loltmc:ter. The capacitor discharge 

resistor should ha\le reduced this \loltage to 10 
\lolts or below before work starts in the ,case. 

4. Remo\le the front CO\ler from the module. 

5. Remove faulty module from the case. 

6. Remove printed circuit card co\ler from the 

heat.sink assembly. 

7. Remo\le heatsink assembly from its mounting 

bracket. 

8. Remove the two nuts from the heatsink clamp 

containing the failed cell. 

9. Remo\le failed cell (SCR or diode). 

10. With a soft lint-free clotb, clean the alwninum 

plate and both heatsinks where both the failed 

cell and the other cell mount. Inspect all cell 

mounting surfaces to make sure they are llffl()Oth; 

if not smooth, replace the heatsink assembly. 

11. Apply a small dab of G322L Versilube• (or 

equivalent thermal compound) to each side of 

the two cells bein~ installed so that under pressure 

the compound will cover only the raised center 

cell surfaces. 

12. Place the two cells in the same orientation 

as the original assembly. 

13. The clamp parts iJ1ould be assembled in the 

original manner and the two nuts tightened 

finger tight so that the number of threads show

ing are the same on both clamp rods. 

* Registered Trademark ol' General Electric Company U.S.A. 
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14. Check lo _, the cell holes are llliD OYer the 

ooatllink roll pins. 

15. With the nuts finger tight wie a wrench to 

tighten each nut alternately in l /6 turn Blepa, 
until the nuts hawe completed 2-1/3 turns each. 

16. R-a.le the module and reinstall it in the caae. 
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COMMUTATION POWER SUPPLY REPAIR 

I. Tools required: 

Ratchet - 3/8" 
Ratchet Extension 12" long for 3/8" 

ratchet 
Deep Socket - 3/8" 
Nut Driver - 1/4" with 6" blade 
Nut Driver - 11/32" with 6" blade 
Screw Driver - 5/16" shank, 8" long blade 

Torque wrench - 30 lb.-in or slightly 

higher 
Socket - 7/16" (for torque wrench) 
Solder iron and Resin Core solder (non

acid) 

2. Open all electrical circuits to the case in which 

the Commutation Power Supply is located. 

3. Check the voltage across the capacitor tray (Pll 
to P2) with a d.c. voltmeter. The capacitor 

discharge resistor should have reduced this voltage 

to 10 volts or below before works starts in the case. 

4. Disconnect all electrical connections to the Com

mutation Power Supply: 

Three wires to Fuse blocks FUPl, FUPll 

FUP2 
Six wires to fuse blocks FUBl, FUB2, FUB3 
Seven wires to terminal board 1TB 
Three wires to terminal board 2TB 
Disconnect plug EPL 

5. Remove flanged plug se.,tion from Commutation 
Power Supply frame. 

6. Remove Commutation Power Supply Assembly 

from case by removing four mounting screws. 

7. To replace an SCR in the Commutation Power 

Supply: 

Remove heatsink asm. containing two SCR1 
one of which is the faulty SCR. 

Unbolt the faulty SCR from the heab!ink. 
Unsolder the cathode and gate leads to the 

faulty SCR. 
With a soft lint-free cloth, wipe clean the 

heatsink where the SCR mounts. 
Apply G322L Versilube• for equivalent) 

thermal compound) to the heatllink SCR 
mounting surface. 

7. 

8. 

GEK-24982 

(continued) 

Assemble SCR to heataink as was done 

originally and tighten the SCR stud nut. 
The nut for 1/4" stud mounted SCR's 

should he torqued to 30 lb-in. Solder 
the cathode and gate leads to the new SCR. 

Remount the Commutation Power Supply in the 

case. 

9. Reconnect all wires checking for proper connec

tion points. 

10. Remount plug holllling EPL to the Commutation 

Power Supply. 

11. Reconnect the plug EPL. 

• Registered Trademark of General Electric Company U.S.A. 
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FILTER CAPACITOR REPLACEMENT 

I. Tools required: 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 7/16" box 
Screw Driver - 5/16" shank, 8" long blade 

2. Open all electrical circuits to the case in which 
the Filter Capacitors are located. 

3. Check voltage across capacitor tray (Pll to P2) 
with d.c. volbneter. The capacitor discharge 
resistor should have reduced this voltage to 10 
volts or below before work starts in the case. 

4. Remove two screws which secure the capacitor 
tray to the rack. 

5. Disconnect the Pll and P2 power leads to the 
capacitor trsy. 

6. Slide the capacitor tray from the rack. 

7. When the faulty capacitor is replaced, make 
certain that the new capacitor is collllected to 
the electrical circuit with the same polarity 
orientation as was the faulty capacitor. 

a Slide the repaired tray into the rack. 

9. Reco1U1ect all power leads. 

10. Replace the two screws to secure the capacitor 
tray to the rack. 

11. If the replacement electrolytic capacitors have 
been on the shelf (non operating) for longer than 
6 months, they should be fonned. Refer to 
step 13 of the Start-up Procedure in the Start
up and Check---OUt section for the proper form
ing procedure. 

3.2.4-62 
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BLOWER REPLACEMENT - 125 to 400 KVA 

I. Tools required: 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Nut Driver - 5/16" with 6" blade 
Screw Driver - 5/16" &hank. 8" long blade 

2. Open all electrical eircuils to the ease in which 
the faulty blower 11811e11lbly is located. 

3. 0.eek the voltage aeross the capacitor tray (Pl I 
lo P2) with a d.c. voltmeter. The capacitor 
diacharge resistor should have reduced thiB volt
~e to IO volls or below before work starta in 

the cue. 

4. Remove the cover from the air distribution 

chamber. 

5. Remove from the blower asB1:mbly, which is being 
removed, the four mounting screws located in
side the air distribution chamber. 

6. Disconnect three power leads lo the bl01Ver 
terminal board. 

7. Slide the blower forward and lift it from the 

raek. 

8. Slide the replacement blower into tbe raek. 

9. Replace the blower mounting bolts. 

10. Reconneet the three power leads. 

11. Re-install the air distribution chamber CO'fer. 

12. O.eek all eleetrieal connections to see that they 

are tighL 

13. Apply power to the blower and note the rotation 
of the replacement blower blades. The rotation 
should be as shown on the rotation nameplate. 
(The rotation should be counter-dockwiee look
ing into the blower inuke and the blower blade 
should have its ooacave side as the leading side.) 

Should the rotation be clockwise, interchange 
any two power leads to the blower terminal 
board. When power is re-applied, the rotation 
will have reversed. 

3.2.4-63 
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GEK-24982 

FAN REPLACEMENT - 30 to 100 KVA 

I. Tools required: 

Ratchet - 3/8" 
Ratc-.het •:xtension - 3/8", 6" long 
De.,p S,,.,ket - 1 /2" for :,/8" ratchet 
Nut Uriver - 5/16" with 6" blade 
Screw Uriver - 5/16" shank, 8" long blade 

2. Open all eleetrical circuits to the case in which 
the faulty fan assembly is localed. 

3. Check the voltage across the capacitor tray (PU 
to P2) with a d.c. voltmeter. The capacitor dis
charge resistor should have reduced this voltage 
to lO volts or below before work starts in the case. 

4. If an air filter is supplied, it should be removed. 

5. Disconneet the fan motor leads from the terminal 
board. 

6. Remove the mounting bolts from the motor 
mounting bracket supporting the fan motor to 
prevent it from falling. 

7. Remove the motor and fan assembly. 

8. The repaired or replacement motor and fan 
assembly should be bolted in place positioning 
the fan blade so that its top edge is 0.9" 
into the entrance duel 

9. Reconneet the motor leads to the terminal board. 

10. Oteck all electrical connections for tightness. 

11. Apply power to the fan motor. Looking into 
the motor from the fan side, the rotation should 
be counter-clockwise, and the air flow will be 
toward the top of the case. 

12. Open the electrical circuit to the fan motor. If 
the motor rotation was incorrect any two motor 

leads may be interchanged at the terminal board 
to correct this. 

13. Re-install the air filter 
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INSTRUCTIONS 

AP-400 INVERTER DRIVES 

Standard Driver - 331X440AAG01 

OPERATION TROUBLE SHOOTING 

DRIVER ASSEMBLY ELEM 
CONN 

PRINTED CIRCUIT CARD DIAGRAMS 

PHASE LOGIC 
INVERTER 
CONVERTER 
REGULATOR 
SY8TEM 
POWER SUPPLY 

METER 
CURRENT FEEDBACK 
PULSE TRANSFORMER 

36D868888AA 
36B590234AA 

36D868807AA 
36D868810AA 
36D868812AA 
36D868816AA 
36D868818M .:> 
36C764164AA 
36D868820AA 
36D868822AA 
36C764166AA 
36C764172AA 

REPAIR 
GEK-62515 

TtarJ., ins1rur11u1u do not purport 10 co,·n all drl4.1il1 or 1·ar,a1io,u "' ,yw,pmt'nl '"" IU pru,·,J, for ""''.'' pou,hl, rontin~rn,,, 10 h, ,,.,., In tonnttliOII •·ill, 

i1u1ollatl011, op,ratmn or ma,n1r11Gnu. Sltould /wrllrtr 1nfu,,.,1Jtion h, dt'J.1rrJ ur .,lto,,,IJ f'IJflirulur pruh/,,ru Griu• •lticlt art' 11u1 ,·o~·rrtJ 1uffidrnt{v for tltr 

pu,d11urr'1 purpous. 11t, malltr 11tould hr rrfrrr,J IIJ ,1,, Cirnr"'I 11, ... ·tr,c· Cumpun.1·. 

•Tradctnart or 1he General Elcctttc: Co. 

GENERAL- ELECTRIC 
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GENERAL@ ELECTRIC 3<oD8<o8888AA 
~-----------r:-~:------------------1 CONT ON SHEET 3 SH NO. 2 :~~ 0 TITLE ELEMENTARY Cl !AGRAM i-;..;.'--------------1 

DR I VER NOTES 

CONT ON SHEET SH NO. FIRST MADE Fo.R AF-400 

IN THESE NOTES, A "HIGH" LOGIC STATE REFERS TO +18 TO +20 VOLTS AND A 
"LOW" LOGIC STATE REFERS TOO TO +1 VOLT. 

A. DRIVER INPUTS 

1. ODMF - IF TB10 IS TAKEN LOW WHEN THE INVERTER IS RUNNING, THE 
INVERTER WILL DECELERATE TO ITS MINIMUM FREQUENCY AT A FAST RATE, 

AND WILL REMAIN THERE AS LONG AS THE ODMF INPUT IS IN THE LOW STATE. 
WHEN ODMF GOES HIGH, THE INVERTER WILL RETURN TO THE REFERENCE 
LEVEL FREQUENCY AT A NORMAL ACCELERATION RATE. 

2. OSYNC - IF TB11 IS TAKEN LOW WHEN THE INVERTER IS RUNNING, THE 
INVERTER WILL ACCELERATE AT A FAST RATE TO THE A.C. SUPPLY LINE 
FREQUENCY, AND SYNCHRONIZE TO THAT FREQUENCY. THE INVERTER WILL 
REMAIN SYNCHRONIZED TO THE LINE FREQUENCY AS LONG AS THE OSYNC 
INPUT REMAINS IN THE LOW STATE, AND WILL RETURN TO THE REFERENCE 
LEVEL FREQUENCY AT A NORMAL RATE WHEN OSYNC GOES HIGH. 

3 . OS TOP - IF TB 1 2 IS TAKEN .LOW WHEN THE INVERTER IS RUNNING, THE 
INVERTER WILL DECELERATE TO ITS MINIMUM FREQUENCY AT A NORMAL 
RATE AND THEN STOP OPERATING. THE INVERTER WILL REMAIN OFF AS 
LONG AS THE OSTOP INPUT IS LOW IRRESPECTIVE OF ANY OTHER INPUT 
SIGNALS. THE ABOVE STOPPING PROCEDURE WILL ALSO OCCUR WHEN OSTOP 
MOMENTARILY GOES LOW IF THE OSTART INPUT IS IN THE HIGH STATE. 

4. OSTART - IF TB13 IS MOMENTARILY TAKEN LOW WHEN THE INVERTER IS OFF 
AND THE OSTOP (TB12) INPUT IS IN THE HIGH STATE, THE INVERTER WILL 
START OPERATING AT ITS MINIMUM FREQUENCY, AND WILL ACCELERATE AT A 
NORMAL RATE TO THE REFERENCE LEVEL FREQUENCY. 

5. IXFR - IF TB14 IS HELD LOW, A FAULT SHUTDOWN CANNOT BE RESET UNTIL 
THE EXTERNAL FAULT RESET (TB14) INPUT IS MOMENTARILY TAKEN HIGH. 
WHEN TB14 IS TAKEN HIGH, OR IS LEFT UNCONNECTED, A FAULT SHUTDOWN 
WILL BE RESET WHEN THE OSTOP INPUT IS LOW AND THE LOGIC SIGNALS ORI 
AND lMR ARE IN THEIR HIGH STATES. 

6. REF, RMIN, RMAX - THE REFERENCE VOLTAGE LEVEL AT TB16 DETERMINES THE 
INVERTER FREQUENCY AND VOLTAGE WHEN THE INVERTER IS OPERATING 
NORMALLY (ODMF AND OSYNC INPUTS BOTH HIGH). IF A REFERENCE 
POTENTIOMETER IS USED, IT SHOULD BE 5000 OHMS IN VALUE AND HAVE ITS 
MINIMUM END CONNECTED TO RMIN (TB15) AT ZERO VOLTS, AND ITS MAXIMUM 
END CONNECTED TO RMAX (TB17), AS SHOWN IN THE SKETCH BELOW, SO THAT 
THE MAX I MUM REFERENCE VOLTAGE IS +15 VOL TS. , IF SOME OTHER OHMIC 
VALUE POTENTIOMETER IS USED, ITS MAXIMUM END SHOULD BE CONNECTED IN 
SERIES WITH A SUITABLE VALUE RESISTOR TO +20V (TB7) SO THAT THE 
MAXIMUM REFERENCE VOLTAGE IS +15 VOLTS. l·F SOME OTHER VOLTAGE 
SOURCE IS USED AS A REFERENCE, IT SHOULD BE CONNECTED BEWEEN TB16 
AND TB15 (TB16 POSITIVE) AND SHOULD BE 15 VOLTS FOR MAXIMUM REFERENCE. 

REVISION! 

JA(CO) 
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DRIVER NOTES 

CONT ON SHEET IH NO. FIRST MADE FOR AF-400 

6. (CONT.) 
(lli (W C!D 

REF POT. 

7. BFP, BFI, fil.Q. - IF AN EXTERNAL BASE FREQUENCY ADJUSTING POTENTIOMETER 
IS USED, IT SHOULD BE 5000 OHMS IN VALUE AND SHOULD BE CONNECTED 
FROM BFP (TB41) TO +1 OV (TB44) AS SHOWN IN THE SKETCH BELOW. I TS 
WIPER ARM SHOULD BE CONNECTED EITHER TO BFI (TB42) TO INCREASE THE 
THE BASE FREQUENCY OR TO BFD (TB43) TO DECREASE THE BASE FREQUENCY. 
THIS WILL PROVIDE EXTERNAL ADJUSTMENT OF THE BASE FREQUENCY BY AS MUCH 
AS 50% ABOVE OR BELOW THE INTERNALLY SET BASE FREQUENCY, WITHIN THE 
MAXIMUM FREQUENCY RATING OF THE DRIVE. THE JUMPER BETWEEN TB43 AND 
TB44 SHOULD BE REMOVED ONLY IF THE EXTERNAL POTENTIOMETER WIPER IS 
CONNECTED TO TB43. 

BASE 
FREQ. POT. 

B. DRIVER LINE SYNCH AND, VOLTAGE FEEDBACKS 

(±1) 

cw 

1. L1S, L2S, ill - TO PROVIDE FOR PHASE CONTROL LINE SYNCHRONIZATION 
OF THE CONVERTER; DRIVER PLUG EPL IS CONNECTED TO Ll, L2 AND L3 
PHASES RESPECTIVELY OF THE A.C. SUPPLY THROUGH SUITABLE SERIES 
RESISTORS. THESE RESIS;ORS ARE PLACED IN THE CONNECTING WIRE HARNESS 
AND ARE t .5 MEGOHMS FOR A 230 VOLT SUPPLY AND 3.0 MEGOHMS FOR A 460 
VOLT SUPPLY. 

2. CVP, CVN - TO PROVIDE CONVERTER VOLTAGE FEEDBACK, DRIVER PLUG EPL IS 
CONNECTED TO THE CONVERTER MODULE OUTPUT, W 1TH CVP POSIT I VE, THROUGH 
SUITABLE SERIES RESISTORS. THESE RESISTORS ARE PLACED IN THE 
CONNECTING WIRE HARNESS AND ARE 1 .5 MEGOHMS FOR A 230 VOLT CONVERTER 
AND 3.0 MEGOHMS FOR A 460 VOLT CONVERTER. 

3. LVP, LVN - TO PROVIDE D.C. LINK VOLTAGE FEEDBACK, DRIVER PLUG EPL IS 
CONNECTED TO THE INVERTER D.C. LINK,WITH LVP POSITIVE, THROUGH 
SUITABLE SERIES RESISTORS. THESE RESISTORS ARE PLACED IN THE 

PRINTS TO 
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SH NO. 4 

(.ONT ON SHEET SH NO. FIRST MADE FOR AF-400 

CONNECTING WIRE HARNESS AND ARE 1 .5 MEGOHMS FOR A 300 VOLT D.C. 
LINK AND 3.0 MEGOHMS FOR A 600 VOLT D.C. LINK. 

REVISION: 

C. DRIVER JUMPER SELECTIONS 

1. BFR - TB35 IS THE MEANS TO CHANGE THE INVERTER BASE FREQUENCY RANGE 
AS FOLLOWS: 
37.5 TO 75 HZ - JUMPER TB35 TO TB34 (COM) 

75 TO 150 HZ - LEAVE TB35 OPEN. 

BASE FREQUENCY IS THE FREQUENCY AT WHICH THE INVERTER REACHES 
FULL VOLTAGE AND IS ADJUSTED BY THE BASE FREQ. POTENTIOMETER 
WITHIN EITHER OF THE ABOVE TWO RANGES. ALTHOUGH THIS DIAGRAM 
SHOWS BFR JUMPERED TO COM,, CONSULT THE DRIVE ,ELEMENTARY DIAGRAM 
TO DETERMINE IF THIS JUMPER SHOULD BE CONNECTED OR NOT. 
CAUTION: IMPROPER JUMPER CONNECTION MAY RESULT IN DRIVE MALFUNCTION 
OR DAMAGE. 

2 . .EI.ZS., FT110, FT165, £.I.lli - TB30, TB31, TB32 AND TB33 ARE THE MEANS 
TO SELECT AN UPPER FREQUENCY LIMIT AT WHICH THE DRIVE WILL TRIP 
AND SHUT DOWN, TO PREVENT MOTOR OVERSPEED. THE FREQUENCY TRIP 
LEVELS ARE SELECTED BY JUMPERS AS FOLLOWS: 

75 HZ TRIP - NO JUMPER 
110 HZ TRIP - JUMPER TB30 TO TB31 
165 HZ TRIP - JUMPER TB30 TO TB32 
275 HZ TRIP - JUMPER TB30 TO TB33 

CONSULT THE DRIVE ELEMENTARY DIAGRAM FOR THE PROPER JUMPER 
PLACEMENT. 
WARNING: IMPROPER JUMPER PLACEMENT MAY RESULT IN DRIVE MALFUNCTION 

OR PRESENT AN EQUIPMENT OR PERSONNEL HAZARD DUE TO MOTOR 
OVERSPEED. 

D. CARD JUMPER SELECTIONS 

1. 460V JUMPER ON INVERTER CARD (193X376AA GOl) - THIS JUMPER SHOULD 
BE PRESENT ON ALL 460 VOLT OUTPUT INVERTER DRIVES FOR PROPER 
OPERATION. THIS JUMPER SHOULD BE REMOVED ON ALL 230 VOLT OUTPUT 
INVERTER DRIVES FOR PROPER OPERATION. 
CAUTION: INCORRECT JUMPER CONNECTION WILL RESULT IN MALFUNCTION 

AND POSSIBLE DAMAGE TO THE INVERTER. Bl( 5_, 

2. 60 HZ JUMPER ON CONVERTER CARD (193X377AA GOl) - THIS JUMPER SHOULD SQC(B) _ 
BE PRESENT ON ALL DRIVES SUPPLIED FROM 60HZ A.C. POWER FOR PROPER 5D BX) i 
SYNCHRONIZING OF THE INVERTER TO THE A.C. SUPPLY (WHEN THIS IS DONE). ~ 
FOR DRIVES SUPPLIED FROM 50 HZ A.C. POWER, THIS JUMPER SHOULD BE 83 Z~~ 
REMOVED. 5(5) 
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E. ADJUSTMENTS 

ALL DRIVER ADJUSTMENTS ARE MADE BY POTENTIOMETERS LOCATED ON THE 
REGULATOR CARD (193X378AA GOl). 

1. CLIM - THE CURRENT LIMIT POTENTIOMETER ADJUSTS THE CURRENT LIMIT 
BETWEEN 50% AND 150% OF RATED DRIVE OUTPUT ·cuRRENT. IT'OPERATES 
BY REDUCING INVERTER FREQUENCY AND VOLTAGE IF THE SET CURRENT 
LIMIT IS EXCEEDED. 

2. ATIM, DTIM - THE ACCELERATION TIME AND DECELERATION TIME 
POTENTIOMETERS INDEPENDENTLY ADJUST THE DRIVE ACCELERATION AND 
DECELERATION RATES RESPECTIVELY. FOR A 15 VOLT STEP CHANGE IN 
DRIVER REFERENCE, THE DRIVE WILL ACCELERATE OR DECELERATE BETWEEN 
ZERO AND RATED OUTPUT ON LINEAR RAMPS WHICH ARE ADJUSTABLE FROM 
2.5 TO 25 SECONDS EACH. 

3. VB - THE VOLTAGE BOOST POTENTIOMETER ADJUSTS THE FIXED AMOUNT OF 
VOLTAGE WHICH IS ADDED TO THE INVERTER IRRESPECTIVE OF FREQUENCY. 
THE AMOUNT OF VOLTAGE BOOST CAN BE ADJUSTED FROM ZERO TO 
APPROXIMATELY 7% OF RATED VOLTAGE. BELOW THE MINIMUM REFERENCE 
LEVEL, THE VOLTAGE BOOST IS SWITCHED OF.F. 

4 • .kL.il - THE CURRENT LIMIT STABILITY POTENTIOMETER IS ADJUSTED, 
DEPENDING ON THE AMOUNT OF DRIVE INERTIA, TO STABILIZE THE 
CURRENT LIMIT FUNCTION. IT CONTROLS THE RATE AT WHICH THE 
CURRENT LIMIT CAN REDUCE THE MOTOR SPEED ON OVERLOAD. 

5. V/HZ - THE VOLTS/HERTZ POTENTIOMETER PROVIDES A VERNIER 
ADJUSTMENT OF THE VOLTS PER HZ OF THE INVERTER WITHIN +15%, -5% 
OF NOMINAL. 

6. MINF - THE MINIMUM FREQUENCY POTENTIOMETER ADJUSTS THE INVERTER 
MINIMUM FREQUENCY FROM 3% TO 12"/4 OF SET BASE FREQUENCY. FOR 
REFERENCE LEVELS BELOW THE MINIMUM FREQUENCY LEVEL, ONLY THE 
INVERTER VOLTAGE IS DECREASED. 

7. BF - THE BASE FREQUENCY POTENTIOMETER ADJUSTS THE INVERTER BASE 
FREQUENCY OVER A MINIMUM 2 TO 1 RANGE WITHIN EITHER OF THE TWO 
BASE FREQUENCY RANGES, 37.5 TO 75 HZ OR 75 TO 150 HZ, SELECTED 
BY THE BFR JUMPER (SEE NOTE Cl) . 

AN EXTERNAL BASE FREQUENCY ADJUSTMENT MAY BE ADDED TO MODIFY THE 
INTERNAL SETTING BY AS MUCH AS PLUS OR MINUS 50%, AS EXPLAINED 
IN NOTE A7. 

REVISION! 

5D(Bk) 1 

' 58(3)23 , .,, 
5(5) ; 

PRINTS TOi 

MAR.3,1977 
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GENERAL@ ELECTRIC 3<oD8G>8888AP; 
""':=~v,..._ S'...,....,....1------------.---T-IT-LE_E_L_E_ME_N_T_A_R_Y_D_I_A_G-RA_M _____ ----t CONT ON IHEET 7 IH NO. 6 
i-:;.::.:...:;:;.~-----------1 

CONT ON SHUT 

DRIVER NOTES 

IH NO. FIRST MADE FOR AF-400 

8. VLIM (INITIAL SET-UP ADJUST) - THE VOLTAGE LIMIT POTENTIOMETER 
ISUSED TO PREVENT SATURATION OF THE CONVERTER BY LIMITING THE 
REFERENCE TO THE VOLTAGE REGULATOR. IT IS ADJUSTED TO LIMIT THE 
MAXIMUM INVERTER A.C. OUTPUT VOLTAGE TO 9E SLIGHTLY LESS THAN THE 
A.C. SUPPLY VOLTAGE. 

REVISIOMS 

+ CAUTION: MISADJUSTMENT OF THIS POTENTIOMETER CAN CAUSE EXCESSIVE 

+ 

+ 

CURRENTS DURING MOTOR TRANSFER BETWEEN LINE AND INVERTER. 

F. INDICATING LIGHTS 

1. ITOC (ON SYSTEM CARD) - THE INVERSE TIME OVERCURRENT TRIP LIGHT 
INDICATES AN INVERTER OVERCURRENT SHUTDOWN. THE DURATION OF 
THE OVERCURRENT CONDITION BEFORE TRIPPING IS FROM 1 MILLISECOND 
AT OVER 200% OF RATED CURRENT TO l MINUfE AT THE SET CURRENT 
LIMIT LEVEL. 

2 • .!.E (ON SYSTEM CARD) - THE INVERTER FREQUENCY LIGHT INDICATES THE 
OPERATING FREQUENCY OF THE INVERTER PHASE A CONTROL WHETHER THE 
INVERTER IS ACTUALLY RUNNING OR NOT. IT IS USEFUL IN DETERM I N·I NG 
THE MINIMUM FREQUENCY AT STANDBY. 

3. SYNC (ON SYSTEM CARD) - THE INVERTER SYNCHRONIZED LIGHT INDICATES 
WHEN THE INVERTER IS FREQUENCY AND PHASE SYCHRONIZED TO THE A.C. 
LI NE. 

4. LOV (ON CONVERTER CARD) - THE D.C. LINK.OVERVOLTAGE TRIP LIGHT 
I ND I CATES AN OVER VOLTAGE SHUTDOWN DUE TO REGENERATIVE "PUMP UP" 
OF THE D.C. LINK VOLTAGE. 

5. PS/LOP (ON COVERTER CARD) - THE WRONG PHASE SEQUENCY/LOSS OF PHASE 
LIGHT WILL INDICATE AN INCORRECT PHASE SEQUENCE OF TI-IE A.C. SUPPLY 
LINE CONNECTION, OR A LOSS OF ONE OR MORE OF THE A.C. SUPPLY LINE 
VOLTAGES. 

6. lFT (ON INVERTER CARD) - THE INVERTER FAULT TRIP LIGHT INDICATES 
AN INVERTER "SHOOT-THROUGH" FAULT SHUTDOWN DUE TO INVERTER 
MISOPERATION IF IT IS THE ONLY LIGHT INDICATION. HOWEVER, 
OPERATION OF THE LOV, COC AND CUV TRIP CIRCUITS WILL PRODUCE A 
"SHOOT-THROUGH" SHUTDOWN, SO THE I FT LIGHT WI LL ALSO I ND I CATE 

WHENEVER EITHER THE LOV, COC OR CUV LIGHTS INDICATE. 
SQC(B) 

5D(Bx.l. 

58(3)Z3_ 

5(S) 
PRINTS TO 

MAii. 2,1'177 
APPROVALS 

01.,.b §!~~l!_!~~!_~~OJ?_ __ 0':E~. 3G,O 8<£>8 88 8 A A 
UH £RI£, PA. LOCATION CONT ON SHEET 7 SH NO. 6 

CODE IO[N I >If) 
FF-803 WF '4-76> 
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DRIVER NOTES 

CONT ON SHUT SH MO. FIRST MADE FOR AF-400 

7. I0F (ON INVERTER CARD) - THE INVERTER 0VERFREQUENCY TRIP LIGHT 
I ND I CATES AN 0VERFREQUENCY SHUTDOWN AS DETERMINED BY THE SELECTION 
OF THE FREQUENCY TRIP LEVEL JUMPERS, AS EXPLAJNED IN NOTE C2. 

8. C0C (ON INVERTER CARD) - THE COMMUTATION 0VERCURRENT TRIP LIGHT 
INDICATES AN 0VERCURRENT SHUTDOWN DUE TO AN 0VERV0LTAGE IN ANY 

ONE OF THE THREE INVERTER COMMUTATION CIRCUITS. THIS SHUTDOWN 
NORMALLY OCCURS FROM EXCESSIVE MOTOR CURRENT PEAKS AT OR NEAR 
BASE FREQUENCY, BUT CAN BE DUE TO COMMUTATION CIRCUIT MISOPERATION 
AT LOWER FREQUENCIES AND VOLTAGES. 

9. CUV (ON INVERTER CARD) - THE CONTROL UNDERV0LTAGE TRIP LIGHT 
INDICATES A SHUTDOWN DUE TO LOW CONTROL VOLTAGE OR LOW FiRING 
SIGNAL VOLTAGE. 

REVISIONS _____ , 
I 

G. DRIVER READOUTS 

THESE SIGNAL READOUTS, EXCEPT FOR FVR0, ARE DESIGNED TO DRIVE CARD 
MOUNTED RELAYS CONNECTED FROM +20V TO THE READOUT TERMINAL. THEY ARE 
EACH CAPABLE OF "SINKING" 15 MA IN THEIR LOW STATES. 

1. OSRO - IF TB18 GOES LOW, IT SIGNALS THAT THE INVERTER IS FREQUENCY 
AND PHASE SYNCHRONIZED TO THE A.C. LINE. 

2. lFTRO - IF TB19 GOES HIGH, IT SIGNALS A FAULT TRIP SHUTDOWN OF 
THE DRIVE. THE CAUSE OF THE SHUTDOWN SHOULD BE SHOWN BY THE CARD 
INDICATING LIGHTS ASEXPLAINED IN NOTES Fl THROUGH F9. 

3. ORR0 - IF TB20 IS LOW, IT SIGNALS THAT THE INVERTER IS RUNNING. 
IF TB20 IS HIGH, IT SIGNALS THAT THE INVERTER IS STOPPED. 

4. OMVFR0 - IF TB21 IS LOW, IT SIGNALS THAT THE INVERTER IS AT ITS 
MINIMUM VOLTAGE AND FREQUENCY. IF TB21 IS HIGH IT SIGNALS THAT 
THE INVERTER IS AB0VF. ITS MINIMUM VOLTAGE AND FREQUENCY. 

5. £.YB.Q..- TB22 PROVIDES AN ANALOG VOLTAGE SIGNAL EQUIVALENT TO THE 
INVERTER FREQUENCY WITHIN +1% OF MAXIMUM. THE INVERTER FREQUENCY 
WILL BE 5 TIMES THE TB22 VOLTAGE WHEN TB35 IS JUMPERED TO TB34 
(SEE NOTE Cl), AND WILL BE 10 TIMES THE TB22 VOLTAGE WHEN TB3~ IS 
LEFT OPEN. 

H. DIAGNOSTICS 

TB36 THROUGH TB40 ARE PROVIDED FOR DIAGNOSTIC CHECKOUT OF THE DRIVE 
USING A GOOD QUALITY OSCILLOSCOPE HAVING APPROXIMATELY A 1 MEGOHM 
INPUT RESISTANCE. THESE FIVE DIAGNOSTIC TERMINALS ARE CONNECTED TO 

JA(CD>

STS(so~ 

THEIR CARD SIGNALS THROUGH 15K RESISTORS TO PREVENT CONTROL j 
MISOPERATI0N FROM NOISE OR OTHER SIGNALS INTRODUCED AT THESE TERMINALS. Bil)~~ 
HOWEVER, EXTREME CARE SHOULD STILL BE EXERCISED WHEN USING SELl AND 5(S) 
SEL2 DIAGNOSTIC TERMINALS. PRINTS-TO 

~~~~~M.~'A~K:....!.. 2:.1.., ~f9L:.77'........j A~S _§~§~e__l/_!-_R_}~"[Q'5 __ 0 '~co:r. 3~08~8 888 AA 
~'.:....:;t'.~~~=--~>1,'.:::-4'...'..:I{'_'_, -=-3!_,:_I '.:...:'17'....:.7_ ~ £.RI£., PA. LOCATION CONT ON SHEET 8 SH NO. 7 .... 1 

CODE 10£N~ 
ff-803 WF 14· 761 
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GENERAL ~j) ELECTRIC 3~D8~8888A,6 
~~ TITL.E ELEMENTARY DI AGRAM CONT ON IHEtT FL IH 110. 8 ~c.c...-=----------1 DR I VER NOTES 

COIIT ON IHUT IH NO. FIRST MADE FOR AF-400 

H. DIAGNOSTICS (CONT'D) 

CAUTION: CONSULT INSTRUCTION BOOK FOR PROPER.PROCEDURE IN USING 
SELl AND SEL2 FOR DIAGNOSTIC CHECKOUT SINCE DRIVE 
MISOPERATION AND POSSIBLE DAMAGE MAY RESULT FROM INCORRECT 
PROCEDURE. 

I. LPAD - TB36 PROVIDES A SQUARE WAVE FREQUENCY SIGNAL WHICH IS IN 
PHASE WITH PHASE A (OR PHASE 1) OF THE A.C. SUPP.LY LINE. 

2. IPAD - TB37 PROVIDES A SQUARE WAVE FREQUENCY SIGNAL WHICH IS IN 
PHASE WITH PHASE A OF THE INVERTER. 

3. OCPD - TB38 PROVIDES A LOW GOING COMMUTATION PULSE FREQUENCY WHI.CH IS6 TIMES THE INVERTER FUNDAMENTAL FREQUENCY, AND IS USEFUL AS AN 
OSCILLOSCOPE TRIGGER SIGNAL. 

4. li.1.1, .iE1l - TB39 AND TB40 ARE CONNECTED TO TWO SELECTOR PROBES 
WHICH CAN BE USED TO READ ANY CARD OUTPUT TERMINAL ON THE DRIVER 
BACK PLANE, BY MEANS OF AN OSCILLOSCOPE. 

5. METER CARD - AN OPTIONAL METER CARD (l93X381AA GOl) CAN BE USED 
IN PLACE OF OR IN CONJUNCTION WITH AN OSCILLOSCOPE FOR DIAGNOSTIC 
CHECKOUT. CONSULT THE INSTRUCTION BOOK FOR DIAGNOSTIC PROCEDURES. 

J. POWER SUPPLY INPUTS/OUTPUTS 

1 • .!::!.1, H2 - TBl AND TB2 ARE FOR THE 115 VOLT A.C. SUPPLY TO THE 
DRIVER CONTROL POWER TRANSFORMER. 

2. lli,_,X2-4 - TB3. AND TB4 ARE FOR THE 28 VOLT A.C. OUTPUT OF THE 
TRANSFORMER INTO THE POWER SUPPLY CARD. 

3 • .B.I.1Q - TBS MAY BE CONNECTED TO AD. C. BATTERY SOURCE OF 27 TO 31 
VOLTS FOR CONTROL RIDE THROUGH OF AN A.C. POWER DUTAGE. 

4. ill. - TB6 MAY BE USED AS THE POWER SUPPLY REGULATING SIGNAL TO A 
SLAVED POWER SUPPLY. 

5. +20V, COM - TB7 AND TBS ARE THE +20 VOLT AND COMMON OUTPUTS OF THE 
2.5 AMP MAXIMUM RATED POWER .SUPPLY CARD. 

Ff·IOJ WF C4-711 
,._INT(O IN USA. 

l"IIIR. 2, I'll 7 
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REV!SIOt 
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A B C 0 E F G H K 

IHX 113X 193X i:11 193X 193X 193X 
380 :S7!1 376 37B 379 3BI 

AA801 AAGOI AAGOI AAGOI A AAGOI AAGOI 
,_; 
:::, 

CUM 
(OPTIONAL) a. ... . 

0 

[]] 
fi5~-
c&&.1!;.:d ATIM ":ca::5 

B 0 0.:1-
i;lgjj .. 

OTIM ITOC O::oct:c 

0 n :11ra: ... s a.lilt~ 
~ ... ~o LOV VB 

11. "'i"'~ coc 0 ., 2z n CLST SYNC :::, 4:::, 
\l.wU>o 

0 n C, ..Jw 2 cuv 

~~ 
z;:i::., n ~o~~ V/HZ 
..J.:L~(I) 0 ~a:i~ 

MINF a::~&&.lk,1 

0 ~~~~ 
~ IUD. 8; BF 

~K ~~~!!. 0 
PHASE IN- CON- REG· 

POWER SUPPLY LO&IC VERTER VERTER ULATO SYSTEM METER 

33 FT27& 
32 FTl8!i 
31 FTIIO 
30 FT7!1 
29 

311 
34 

&~ 6-_6):) 
SEE SK .. A" SEE SK "A" 

ON PRINTED CIRCUIT CARDS USED IN THIS RACK THE LETTERS "AA" 
AFTER BASIC CATALOG NUMBER INDICATES ORIGINAL DESIGN. 
SUBSEQUENT DESIGNS WITH THE SAME BASIC NUMBERS AND 
GROUP NUMBER WITlt THE SECOND LETTER CHANGED, SUCH AS 
AB, AC, AD, ETC., ARE DIRECTLY INTERCHANGEABLE AND MAY BE 
SUPPL I ED IN PLACE OF THE "AA" CARDS. 

THE PRINTED CIRCUIT CARD SHOULD ALWAYS BE REMOVED WITH 
THE CARD EXTRACTOR WHICH IS ATTACHED ON TOP OF THE 
CARD RACK. SOME CARDS CONTAIN PARTS WHICH WILL BE THER-
MALLY HOT AFTER BEING IN OPERATION. CARE SHOULD BE 
EXERCISED IN HANDLING ALL CARDS AFTER REMOVAL UNTIL 
THESE PARTS HAVE COOLED. 

~ - POT ADJUSTMENT 

}::{ - INDICATING LIGHT 

FRONT VIEW OF 32 PIN 
RECEPTACLE AS SEEN 
IN RACK CLOSED POS
ITION. 
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--32 
- -31 

- -29 
--28 
- -27 
-- 26 
-- 25 
-- 2 
--23 
- -22 
- -21 
- -2 
-- 19 
-- 18 
- - 17 
- .. 16 
--If!, 
- -14 
-- 13 
--12 
--11 
--10 --. --. 
--7 --. --• --4 
-- 3 
-- 2 
- • I 

BUS BAR CONNECTIONS 

FACTORY NOTES• 
I. ASSEMBLE BUS BAR BEFORE WIRING. 

ALWAYS ASSEMBLE WITH THE BODY OF 
THE BUS TOWARD THE LOWER NUMBERED 
SIDE OF TNE RECEPTACLE 

FRONT VIEW 
FROM PLUG SIDE 
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01 

02 

03 

04 

o.s 
06 

01 

oa 
Q9 

10 

II 

12 

13 

" 15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

.j() 

" 42 

43 .. 
'5 

<6 

'1 

•8 

•9 

50 

SV-167(5-69) 

BUS BAR TABLE 

TABS LOCATION 

01 CDEFGHK 

02 C D E 
03 

BACK-PLANE WIRING 

#24 WHITE 

COI-C31 
C32-E05 

D20-E31 
D21-E16 
D22-E32 
D23-E19 
D24-E26 
D25-E27-F11-K06 
D27-H24 
D28-E!O-~ -K07 
D29-E17 
D30-E18-K05 
D31-H30-K09 
D32-E28-HOB-H09 

[11-1<32 
[12-K31 
E13-K30 
E14-F04-H23 
E15-F07 
E20-G18-K19 
E21-F15-G22-H26-K 16 
[29-F09 
E30-F06 

FOB-G20-H27 
F12-H10 
F18-G24 
F21-G19-K15 
F25-G21-K 14 
F13-H13 
G05-K17 
G06-H31 
G07-G23 
G10-H04 
G14-H05 
G15-HU7-K 10 
G16-H11-KOB 
Gl7-H12 
G26-K11 
G27-K12 
G2B-K1' 
G29-Hl'I 
G30-K1B 
G32-H28 

F G HK 
F G HK 

51 
~-H16 

52 -H14 

53 

s• 
55 

56 

51 

58 

59 

60 

61 

1rv.J 

..... , 
IIV.J 

CIRCUIT 

+2(1,/ 
Cl),! 
+IOI/ 

PLUG WIRING 

#24 WHITE 

APLOI-C10 
APLOZ-009 
APL03-C03 
APL05-C10 
APL06-DOB 
APL07-C03 
APL13-G28 
APL14-H02 
APL 19-E 11 
APL20-E02 
APL22-CIO 
APL23-D06 
APL24-C03 
APL26- Cl 1 
APL27-D05 
APL28-C04 

BPL01-C11 
BPL02-D17 
BPL03-C04 
BPL05-C11 
BPL06-D18 
BPL07-C04 
BPL13-G27 
BPL14-G02 
BPL19-E12 
BPL20- 002 
BPL22-C12 
BPL23-D11 
BPL24-C05 
BPL26-C12 
BPL27-D10 
BPL28-C05 

CPL01-C12 
CPL02-D15 
CPL03-C05 
CPL05-C13 
CPL06-D16 
CPL07-C06 
CPL13-G26 
CPL14-F02 
CPL 19-E 13 
CPL20- 002 
CPL22-C13 
CPL23-D13 
CPL24-C06 
CPL26-C13 
CPL27-D12 
CPL28-C06 

DPL01-C14 
DPL02-F27 
DPL03-C07 
DPL04-C14 
DPL05-F26 
DPL06-C07 
DPL09-C14 
DPL10-F29 

IC 
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METAL JUMPER TABLE 

TB34 TO TB MTG. SCREW 

TB34 TO TB 35 

TB43 TO TB44 

DPL11-C07 
DPL15-C15 
DPL16-F28 
DPL17-COB 
DPL21-C15 
OPL22-F31 
DPL23-COB 
DPL26-C15 
DPL27-F30 
DPL28-COB 

EPL01-C16 
EPL02-D07 
EPL03-C09 
EFL04-C16 
EPLOS-D19 
EPL06-C09 
EPL09-C16 
EPL!0-014 
EPL11-C09 
EPL22-E04 
EPL23-E02 
EPL19-F20 
EPL20-F19 
EPL24·f16 
EPL25-FI 7 
EPL26•F24 
EPL27·F22 
EPL28·F23 

PLUG WIRING 

#24 WHITE 

l M P 

IIIIIIL. llllTIIO 
SPEED VARIATOR DEPT. 
fRIE, PA. U.S.A. 

s 
01 g('J 
02 l 

03 

04 i~ o.s 
06 ii 01 

oa 1; 
09 

10 

II 

12 

13 

u 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

'° 
41 

42 

"3 .. 
'5 

'6 

'1 

4& 

49 

50 

51 

52 

53 

5' 

55 

56 

51 

58 

59 

60 

61 

ill.NO. 

'2 



01 

02 

03 

°' 
05 

06 

07 

01 

"' 
10 

II 

12 

13 

1, 
15 

16 

17 

II 

19 

lO 

21 

22 

23 

2, 
2S 

J6 

'l7 

n 
29 

lO 

31 

:n 
33 

3' 

35 

36 

IV•l67(5-69) 

TERM. BD. WIRING 

H24 WHITE 

TBOJ-C27 

TB04-C29 

TB05-C21 
TB06-C25 
T B07-C01 
TBOB-C02 

TB10·H32 
TB11-H25 
TBl2-H21 
TB13-H20 
TB14-H22 
1815-HOZ 

1816""30 
TB17-• 
TS1 B-H06 

'TB19-H29 
TB20-H18 
TB21-H19 
TB22-G05 

TERM. BO. WIRING 

•24 WHllE 

TBJO-E22 
T B31-E25 
TB32-E24 
TB33-E23 
TB34-G02 
TB3o-G13 
TB36-• 
TB37-• 
TBJB-• 
T B39-• 
TB40-• 
TB41-G0> 
TB42-G11 
TB43-,12 
T 844-G0J 

P "CON~ECT RESISTOR WIRES AS INDICATED BELOW: 

31 

39 

"° 
" 
•2 

'3 

... 
u 
46 ., .. 
•• 
JO 

" 52 

53 

" 
" '6 

S7 

J8 

59 

60 

61 

RES 1STDR NOMEN. 1ST END CONN. 2ND END CONN. 

RMAX TB17 t 101 
LPAO TB36 fl2 
!PAO TBJ/ H09 
OCPD TB38 Kl 9 
~1r l 1 I B:l'I l".1 itlJVf.AIII f ll.O) 
~EL2 TB40 K15 MllVfABLF END) 

MOVU\111 I IIH1!'( /1 lO!l\/i ( J !UN!'. 

THC FIRSl WIRE f.UNNHllON I!:, llif 
PERMANENT ONE. 
THE SECOND WIRE CONNfCTION IS THE 
MOVEABLE ONE, 

K28- K20 

k~SISTOk W_lkf~ 

I:. El 1 -_ 1 SEE R[ ~ I~ TOH WI R ~ T MH.f 
) El;~ j 
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-01 fr<I 
02 I 

WI RE TABLE 
03 < 

1TX LEADS 

LEAD CONNECT I ON 

04 1 
OS ro 

<" 
(BLK) H1 TB01 
(BLKJ H1 TB01 
(BRN) X 1 TBOJ 
(BRN) ,1 TBOI: 
(GRN) X) TBOJ 
(GRN) X4 TB04 

06 0 

07 ~-
01 j; 
09 

(YEL) XS cut /, I NSUL/ITE 10 
(YELi X6 cur c, INSULATf 

II 

12 

13 

1• 
C1 & C2 CONNECTIONS 

15 

LEAD CONNECTION 16 

Cl-HI TBD1 17 

C2-H2 TB02 II 
Cl ,C2-GRD TB MTG, SCREW 

19 

~ 

21 

22 

23 

2• 

25 

26 

27 

28 

29 

30 

31 -32 

33 

3' 

35 

36 

37 

31 

31> 

40 

" ., 
'3 

... 
u 
46 ., 
41 

•• 
JO 

51 

52 

53 

" ,s 
56 

51 

J8 

59 

6C 

61 

ar•ruL e •u11•11 I A,.400 DRIVER W1RE TABLE __/-



- --DRIVER 

C D E F G H K "' :c I93X380AAGOI I93X375AAGOI 195X378AAGOI I- 193X377AACIOI 193X378AAGOI 193X379AAGOI 193X381AAGOI 
... !,_URRENT LIMIT 

rn 
0 o-CL BEFORE :::,-
0 .. REPLACING INVERTER ACCEL. TIME INVERSE !IME II: .. FUSE ON FAULT TRIP 

- o-"'"' POWER SUPPLY QVER!,URRENT 

ffi~ 
- :d :a: CARO, CHECK 

DECEL. TIME ..... FOR POSSIBLE - 0-........ SHORT ACROSS 
INVERTER ...... THE OUTPUT. O.C. J..INK lNVERTER ..... ~ REPLACE WITH QVERFREQUENCY QVERJ!OLTAGE VOLTAGE BOOST fREQUENCY o.., THE SAME -:a: - o-... TYPE AND :a: n: 1-- RATING FUSE. ...... ( A SPARE FUSE £0MMUTATION J;;URR.0. filAB. 

~ 
:c ...I 

~ 
...... IS MOUNTED DVERCURRENT WRONG PH. SEQ. INVERTER .. ON THE CARO.) -11 LOSS OF PHASE mJ.HRONIZED Z"' VOLTS/HERTZ _.,, - ii - d - :a: oZ ..... !,ONTROL 

RED .,, :c 
zO J,!NOERJ!OLTAGE MINIMUM FREQ. @ c"' :a: - o-:c "' BLK 0 !z 

@ U) - IASE fREQ. ..... 
0 :Cc,: 

c,:C (OPTIONAL) 
... U) POWER SUPPLY PHASE LOGIC INVERTER CONVERTER REGULATOR SYSTEM METER I- 0 
I- II: 

IN~
11 OSYNC FVRO 227 ~33 FT2n +IOV ,-,44 ~ ..... 

...Jo ...,,.___10 OOMF IOMVFR 21 OVER- 32 tTl65 BFO ~43 EXT. BASE o.., 
9 

7~R~O ::~r FREQUENCY 31 ~~~~ BFI 42 
FREQUENCY z :c 

~ SELECTION IC 
~ 41 ~0NN. 8 I- ,~ ...:L__3 ... -

+20V OSRO 18 29 ::~~ 40 U) 0 -..,z POWER 6 PSR RMAX 17 28 - 39 
i!:~ 

SL! 

~ REF 18 27 OCPO !~ ::rSTIC X2-4 'iiiiiN""" -•~ ::_1TS 26 IPAD 
...I 

.!!...:.L iXFR 25,----
i~~D 

36 Zo 
2,-011: 115VAC 2 H2 OSTART 13 D~li BASE. FR/Q· ..... INPUT I .rr-- OSTOP 12 23~ ~ 34 RANG', S L. _o 

15 ~2· -=-
CARO REPLACEMENT INSTR. 460V JUMPER ON INV(RT~R ~ARQ §ASE FREQUENCY RANGE SELECTION 
MAKE POT SETTINGS (INCL. 460 VOLT INVERTER- JUMPER NEEDED IBASE FREQ. RANGE 137.5 TO 75HZ[75 TO i50HZI - VLIM POT ON REGUL. CARD) 230 VOLT INVERTER-REMOVE JUMPER IJUMPER TB35 TO I TB34 I TB35 
ANO CARO JUMPERS SAME 
AS ON ORIGINAL CARO. 60HZ JUMPER ON CONVERTER CARO FREQUENCY TRIP SELECTION 

60 HZ AC SUPPLY - JUMPER NEEDED !FREQUENCY TRIP I 75HZ IIOHZll65HZl275HZI 
50 HZ AC SUPPLY - REMOVE JUMPER I JUMPER TB30 TO ITB30 TB31 ITB32 ITB33 I 

SPACE FOR 
CAUTION LABEL 

SPACE FOR CAUTION LABEL SPACE FOR WARNING LABEL NP104X905BA148 
NPl04X905BA067 NP104X905BA068 

SELECT"" OPTIONAL METER CARO METER READING (± 1.0 MAX. ERROR) 
SWITCH SCALE OFF D REF. 1/2 REF. I REF. SPECIAL POS. SELECTED SIGNAL SELECT. CONDITION 0 LOAD 1/2 LOAD I LOAD CONDITION 

I +IOV-POWER SUPPLY MIDPOINT DC 
~ 10 10 10 

2 REF -REFERENCE VOLTAGE DC 0 7.5 15 
3 FVRO·INVERTER FREQUENCY DC 0.3 TO 1.5 0.3 TO I.Ii 

6~ 12~ 4 LVF -DC LINK VOLTAGE DC 0 TO 1.5 O TO 0.5 7.5 15 3 
5 CVF -CONVERTER VOLTAGE FEEDBACK DC 9.7 10 7.7 5.5 
6 CVR -CONVERTER VOLTAGE REFERENCE DC 10.5 8 TO 10.5 6 3.5 
7 CFA -AC MOTOR CURRENT - PHASE A AC(XIO) 0 0 5 10 15 AT 1.5 LOAD 8 CFB -AC MOTOR CURRENT - PHASE B AC(XIO) 0 0 5 10 15 AT 1.5 LOAD 9 CFC -AC MOTOR CURRENT - PHASE C AC(XIO) D 0 5 ID 15 AT 1.5 LOAD 10 OCL -CURRENT LIMIT SIGNAL DC 15 TO 17 15 TO 17 15 TO 17 15 TO 17 4 TO 8 AT 
II IRI -INVERTER RUN SIGNAL DC 0 17TO 19 17 TO 19 17T019 CURR. LIMIT 
12 OIS - INVERTER SYNCHRONIZE SIGNAL DC 17 TO 19 17 T0 19 17 TO 19 17 TO 19 0 AT SYNCH. 
13 DFS -DELAYED FIRING SUPPLY DC 17 TO 19 17 TO 19 17 TO 19 17 TO 19 
14 IIPT -INVERTER FIRING PULSE TRAIN PEAK/DC 17 TO 19/ I 17 TO 19/ I 17 TO I9/ I 17 TO 19/1 15 ICFF -INVERTER 3 PHASE LOGIC SIGNAL PEAK/DC 17T019/0 17 TO 19/0 17 TO 19/0 17 TO 19/0 
16 CCA ~ INV. PEAK COMM. CURR. - PH. A PEAK 0 9 TO II 11 TO 13 12 TO 14 
17 CC8 -INV. PEAK COMM. CURR. - PH. B PEAK 0 9 TO II 11 TO 13 12 TO 14 
18 CCC - INV. PEAK COMM. CURR. - PH. C PEAK 0 9 TD 11 II TO 13 12 TO 14 
19 4 SEL - D TAB 5, 6, 7, JO, JI, 12, 13, 14 B 19 PEAK/DC 0 15 TO 18/0 15 TO 18/0 15 TO 18/0 0 AFTER FAULT 19 4 SEL - D TAB 8, 9, 15, 16, 17 B 18 PEAK/DC 0 16 TO 19/2 16 TO 19/ 2 16 TO 19/2 0 AFTER FAULT 
19 • SEL - F TAB 26 27, 28, 29 30 B 31 PEAK/DC 16 TO 19/ I 16 TO 19/ 1 16 TO 19/ I 16 TO 19/ I 0 AFTER FAULT 
(i) DEPENDENT ON REFERENCE SETTING. V 
@ READINGS SHOWN ARE FOR 60HZ BASE FREQUENCY, ACTUAL FREQUENCIES ARE 5 TIMES METER READING FOR :c 

U) TAB35 CONN. TO TAB34 OR 10 TIMES METER READING FOR TAB35 OPEN. 

si~ @ ACTUAL DC LINK VOLTAGES ARE 20 TIMES METER READING FOR 230 VOLT DRIVES AND 40 TIMES METER READING FOR 460 VOLT DRIVES. mv @ POS. 19 IS FOR DRIVER BACKPLANE SELECTOR PROBE. READINGS SHOWN ARE SCR FIRING SIGNALS. ~:;:i 

,~. SIZE AS INDICATED 
10" 

3. PRINT ON FASSON WHITE CONVENTION 

- 2. CUT TO SIZE. BADGE (LAPEL) STOCK NO. 65P. I .. ;, !, ;,,,__. N.\ GU EIAL ® EUCTRICI LABEL ARTWORK I 110.l ;_.2.~c, '.uc. ., 
"' MAR,3, 1977 ,,-,--.. AF-400 DRIVER ~- AF-400 ,,u.o ... ,.To• P1100 OUT 1368590 234 AA r-

1 l~•n;. SV872-#28(.,(7~ FEB 1,1977 ,~- "I 331X440AAGOI I ERIE,PA.,U.S.A. --•• FL 4 
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!-) 
N 

~ 
N 

GROUP 

(11:31 

f+l 

(J3) 

C SEE TABLE I) 

( SEE TABLE I) 

TABLE 2 

JUIIIP[R ~SISTAIICE 

NUMBER SELECT~ ll~~:
4 

GOI XA : 47.1 

• 
.. 35.2 
XC i 28.7 

602 u I 23.1 

• 
xe 19.1 
XC 14.2 

003 XA 11.45 

• 
.. 9.4S 
XC 7.16 

604 u 14.3 

! XB 11.6 
XC .... 

605 XA 9.62 

• 
.. 7,95 
IC 1.13 

2 

(K41 

(J4) 

C.T. -AL 
TURNS INV. RIIS 
RATIO AIIPS 

2000/1 42 

• 
56 
70 

2000/1 .. 
• 

I05 
140 

2000/1 175 

• 
210 
280 

4000/1 280 

! 150 
420 

4000/1 420 

• 
SCIO 
680 

VOLTS CK3-K4) = ~~~·T::s·: .. 7io X OHMS {K3-llt4) 

= 1,0 VOi..T RIIS NOMINAL 

:, 
"l II I llEIHAL@mmrc 36C764166AA 

ICHENATIC OIAGAAII I Uflll[SS cnJ,owii SPECIF\ED USE THE. FOUOWING:- f TITU: PRINTED CIRCUIT 04AGF.AM 
APf'LlroPftACllCl!I I was I --==i-•..=-~ CURflEIIT ftEDBAC. 

✓ 

(Kl) (K2) 

ISEE TABLE II 

C22!5 

.OIW 

..... 

CJU {J2) 

TA.ILE 5 

GROUP 
RESISTMC<: C.T. co1111. 

Kl TO 11:2 TURNS PEAIC MJIIBER Off .. RAYIO Allf'I 

901 100 2000/1 250 

902 &O 2000/1 500 

003 24.9 2000/1 1000 

GO• 16.7 2000/l 1500 

605 12.t 2000/1 2050 

YOLTSlll:1-K2lr ~~~;~!'!_~~JC OHIII (ICI-IC2) 

• lt.S VOLTS HAIC NOMINAL 
FOft TME POSITIVE COIIIIUTATION. 

NOTE 2 : FOR THE NEGATIVE COIIMUT.TION, 
A ltULTtPLIER OF 0.85 IS APPLIED 
TO TH£ ABOVE FORMULA DUE TO 
THE LOADIN8 EFFECT Of R231, 

718ASll5 

GROUP 
XA -R RZZS 

GOI 1210 

602 562 

003 382 

G04 .. , 
805 ... , 

F1RST MAOE FOlt I.F400 
19313121.A.901-&0! 

FRONT VIEW SHOWING LOCATION OF COMPONENTS 

I:\ "'" DU!).._ ,M ~J4,"• .. + + rll+- + "@:::-LIi+ • •• m'v' 
¼> :-rn~um <+ +':: .. H I .~~ 
IJ310"++++++ D @+- ~ 
e-<u>•l:\0o'i: 0 •.. + IS>-! +/1, "c 

HOLE TABULATION 

ALL HOLES .040 DIA. 
EXCEPT THE HOLES 
TABULATED BELOW 
~-.,h ~ 

lXA>'v'cxm7""~ CK41 o_ ~ 8-.062 -I 
c-.111 -s 
0-.101 -II 

NOTE: I. CARD SIZE, 4.900 !'::.': JC 1,300 ~:::: 

TABLE I 

RESISTOR NOMENCLATURE ANO VALUE IN OHMS 

•• XC 
11226 1112.27 11229A R229B R2SOA IIZSOB R231 

121 11.1 18.1 182 100 - ... 
82.5 H.2 27.4 274 100 100 274 

47,5 11,2 12,1 475 33.2 100 150 .... 27.4 15.0 562 22..1 18.1 100 

27.4 11.2 12.1 150 22.1 27.4 18.t 

....... ·-·······-···~-, 1 li!Z I ~ I 4,.,_'"' ... -• ..._ • .,...,,,. -·•'t.JithkY"' .. "•ec"" ... •'"'•D.owl-E"t•-•"ts..-,,.., _...._...,v.,_o..-,_,,, ol!»o 11i,nf•1t1 

AWIBWJ) !!(QC)B 

;;'•,;, ,__.,,_ AUG.1I, 1976: e,> . i-eed vari.mr-o;.•:q 36C764166AA 
_______________________ ._ROP_R_IE_T_A_RY_lllri~~IIATKi~ ~~_2~[ GENERAL ELECTRIC COMPAhY [•;'4'_'.;·~r...:• JAJ\11.19,1977. fP' ,:'0--: !RIE, PA. ,,,. ...... 
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718A~l!5 ✓ + + + flRSTMADEF'Ofl_AF-400 
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-+20B 0466 
IJ,t t46. ~ 

) 11G -TX460 
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I I 
l 17A 

rn __ - )IC 
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NOTE: I. CARD SIZE 5.130 ~::~: X 1.90 t-.oto 

HOLE TABULATION 

ALL HOLES .040 DIA. 
EXCEPT THE HOLES 
TABULATED BELOW 

'"r-- .,tr - °'t 
B-.187 -2 
C-JOI -10 

E -.052 -8 

l2 c, TRANSISTOR LEAD SKETCHES 

(TOP VIEW) (TOP VIEW) (TOP VIEW) 

EIIITTCR EMITTER 
COLU!CTOIII 

+20A CDlll<TOR-©: )B--coua=- ¢r 1>467 

"' L .. s rn 
)AG 

10.n, IW I nh .t IRNJ • a JORN 
.... .... 

SKETCH FOR SKETCH FOR 
MIi EMITTEIII 

T463 T462 SKETCH FOR 

.01 .,. T461 

47A (TOP VIEW! PRINTED CIRCUIT 

AC 
cou.ECTOIII 

BOARD 

DI I ~ r-W1on,ow R fil ··--· FSI 
1"MAX. P38 

4H,.. EMITTtR USE COMPONENT AeERGI...ASS ... HEIGHT SlffVING 

SKETCH FOR 
T460 

SKET01 FOR SKETCH FOR 
C450.C461 R460, R461,R470,R471 

_C461 _lc463 
~ ~--• 

·ao111, T.001•, 
ICOM 

E 
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INSTRUCTIONS 

AF-400 INVERTER DRIVES 
INVERTER. ASSEMBLY (200 KVA) - 331X402AAG01 

OPERATION 

DIAGRAMS 

INVERTER. ASM 

PHASE MODULE 

CONVERTER MODULE 

COMM. POWER SUPPLY 

TROUBLE SHOOTING 

ELEM 36C764880AA 
CONN 36D868886AA 

ELEM 36C764878AA 
CONN 36C764882AA 

ELEM 36C764879AA 
CONN · 36C764887AA 

ELEM 36C764881AA 
CONN 36D868890AA 

REPAIR 
GEK-62518 

Tltrlr i1u1,11t"l1u1u do rtol P"'JIO" In ,a,-,, all d,,u,ls or ,•ar,at101u "' "''""'" .. "' ,,,,, 10 p,u..,Jr /or ,1·,,:,· po1J1hlr ,on,,n,,,.,v 10 hr ,n,t in ~onntttio11 witlt 
,,u,oJlotlon. opnut,on or '"""'''"""U'- Sltould /urthu 1n/urma1in,r h~ tkur~J or ,ltould put1ic"11ICJr p•uhlrrn) urur •ltic-1, are' nut io,·rr,J u,fjklrru{~ for tltr 
p1,1rrlta'i,,'s purpvus. tlu mall,r .sho1,1ld hr rrfrrrrd ,,, ,,., (irttrrul J.'1,-.. m,· Cumpuny. 

•Tra;Jcmark of 1hc General El«lrtC' Cn. 

GENERAL 8 ELECTRIC 
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2 3 1! 4 !5 IEIUAL (il ELICTIIC 36C764880AA 
Al"P\.IEO ~ OTHERWi:,.~IF"l[O us~'::!~c::!o _ mu: ELEMENTARY DIA811AII 

_,_ -.- - AF--tOO INVERTElt UIIIJ CPS 

,--~~~•-7·1~·~·--------+--------e-----~ 
1•ua21., ,-,----0:o--;--

I I FUB3 I K3 
I r-L--c::i_J I I , I I , I I I I _ I,------, 

I ~ I 
I~ I 
~__J 

I I 
I I 
I 

I 
I 
I 
I 
I 

~ ~ ~ 
,--;;11p1 - Pit TIN '-tPti»-------7 
I CONVERTER I (NXAl I (PN4SE I00DUU •1 I 

MODULE I (NJC) ELLIII. 36C714871AA . \ I ,.......;~-+----i-o<P2I CONN. sEE uaLE n <111i I r1 rb 
'0 • I O(Ul I -- - -,-.--.J 

~t ~64979AA I - C 
1 

~~~~Aeu n I 
,or;. I • ~ '.ca.21 

~·-----, • I 'o!Plll IPHUE MODULE Bl I 
Joi··' .... .. .... '"11 n I 1 

I I I I ~~-----,-

_ IL3l I I '--+-+..--..:r:,:-.o _l'_!c__ - - -I I CTF I (PIil - 7 
U<Xl !PHASE ll00ULf Cl I L IP2l P2 I SAIi£ ..... 

T-. ~!_ ___ . -< ""~ .. j ~ 
~L q~ 

Cl 

COIIII POWER SUPPLY 
.__ ______ l..,o(LZI u~:: i~~7r.:tt:r 

✓ 

} 

OVER TEMP. 
IND. 

NOTES: 

F1IST MADE f"Ofl: Af-400 

'3~lX"""01,402,40~ 

1. THE ASSEMBLY CATALOG IWUll9ER GROUP DISTINCTION, IIOOULE CATAI.D& 
NUMBERS AND SOIi£ COMPONENT VALUES ARE DEPENDENT UPON 
KY.I. RATIJ118. TABLE I LISTS VARIABLE. COMPONENT VALUES. 

2. THE LI CHOKE IS IIOUNTED REMOTE TO THE INVERTER ASSEMBLY. 
ITS YALUE IS D£PElh>ENT UPON KYA RATIN& AND IS LISTED IN TABLE I. 

3. ELEMENTARY WIRING SYMBOLS 

~-INDICATES TWISTED WIRES, COLDR INDICATED BY LETTER, 

~

- INDICATES CAlk.E ASSEMBLY, NUIIBERS ARE POINTS IN 
CONNECTOR P-UJ&. • •~ -QUICK DISCONNECT •sn.1-0N• CONNECTION. 

~ - DOT INDICATES POSITIVE TERMINAL WHEN CURRENT FLOWS 1-1 IN THE DIRECTION OF THE ARROW. 

4_ REFER TO THE CONNECTJOJII! DJAIRAII FOR A PNYSJCAL REPRESENTATION 
Of' THIS ASSUIBLY. 

S. RESISTORS RIC, Rtl ,Rll, Rt2, RI3 ARE ,RESISTANCE [SOL ATOR RESISTORS, 
ANO ARE MOUNTED AS AN INTE&RAL Al.RT OF THE WIRE HARNESS. 

6. BMl,B112,1113 USED 0tl !00/400 KYA 
8111, 8M2 USED ON 200 all 
1111 USED OIi JOO/,OK\11 

7. SEE TABLE Jl FOIi CONNECTION DIAGRAMS. 

B TAILE I 

••• HIX LI .~ 
400 401AA601 40() 

300 401AA602 530 
200 402.U.SOI 800 
100 405MGOI 1600 
50 403AA602 3200 

TABLED 

••• PHASE IIOtlJLE 

400/30< 310'1M882AA 

200/ HC7MIIQAA 

100/50 J5C764884AA 

CI//CI 

• F 
22400 
16800 
11200 
5600 

eaoo 

c:att'ER1'EI MOClJLE 

HC714887AA 

S6C784888AA 

HC714881AA 

Cl RI RF 

•• OHII/W OHM 
44100 1000/100 ... e,!li 41(51..IA I•~ 
33600 1500/400 II I !liXII.ZJ\. •N 

22400 1500/400 
~ ... it.I u.u.2.n."'.., 

11200 z:500/2OO II.IS 2k3321l1N N,j 

5600 2500/200 .,.,,_ 

IHVERTP A9SElll.1 COMM. PIS 

HDH8885AA S8D818889AA 
MD868886AA S6O86889OAA 

36DBHl87AA !6DH8891AA 

REVl'IO. :r-
1 

! 
e 

~ 
~ 

~ 
~ 
~ 
~ 

~ 

~~=g.::::f~_g~~, ···lr.;t&;, Ir B"Pr.::.:.L::'..:.. I 

EPL~--L----' 

n-.-.-- ••. ,., 
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PII 

ISP DP 

NX 
I I I 

11 ILP 

-
IICLN ~ ~ ~I I I Ian 

N 

i" 
U) "" •, Lr~ Gr r CCN ,-

P2 

WI • WI • IW IR 

!PT CF r_ .. _ .. --✓ ·-7 
I l!T!l I 
I p I N I 
I I 
l. FSI OCOII +20B I r°" ICOll•·•r 1 
LJ.__J,_J.,1,1,_,i.._j_.J 

PL 

> mm 

-
il , 5 CUEUl ® El!CTIIC 36C 764878AA 

IJNla.5 OTHERWISE SPECIFIED USE THE F"OLLOWING:-r TITLE ELEMENTARY DIAIRA.111 
U-400 PHASE IIIOOUt.£ o\PPLIEO PA.lCTICES 

ICP 

CT 

• II ..... 

KVA 

400 

""" 200 
100 

JDlf_OII _ _.. .... _ 

1-uu1-n· 

✓ FIRST IW)[ r1)JI: AF-400 

131X4II, 412,413.&A 

!!2!!!.. 
I, THIS DI.IMAM IS FUNCTIONALLY NOME:NCLATED WITH PREFIXES 

OF I Ofll C TO INDICATE INVUIT[R Oft COMMUTATION SECTtON. 
SUFFIXES OF P OR N INDICATE POSITIVE OR NEIATIVE. 
THE BASIC NOIIENCLATURE 19: 

C - CAPACITOR 
D- DIODE 
L - CHOKE 
PT- PULSE TRANSFORIIER PIUNTED CIRCUIT CARO 
PL - CONNECTOR P'l..UQ 

R - RESISTOR 
s - SCR 
OS - SNUBBER DIODE 

2. PULSE TRANSFORMER CARD CIRCUITRY IS NOT SHOWtll FOR SIIIIPUCATION. 
FOR DETAILS REFER TO THE INSTRUCTICl'II 900«.. 

!. EL~TARY WIRING SYMBOLS 

~-INDICATES TWISTED WIRES, COLOA IMDtCATEO BY LETTER. 

t1:t: -INDICATES CABLE ASSEMBLY, NUMBERS ARE POINTS IN p.o.. CONNECTOR PLUG. 

• >---QUICK DISCONNECT •ST'AB-oN• CONNECTION. 

~ - DOT INDICATES P09rTIY[ TERIIINAL WHE• CURRENT FLOWS ,---1 IN THE DIRECTION OF THE ARROW. 

4. REFER TO THE CONNECTION DIAGRAII FOR A PHYSICAL REPIIESENTATION 
OF THIS ASSEMBLY. • 

5. 

IRP,CRP :~~:. I ~C:N I tl.P CLP 
331X cc LC tRN,CRN tLN CLN 

"' "" OHM/W DHIIIW µF iUTIIH SAT 11H 

4IIAAGOI 80 5 2.5/40 20/40 I 1.5 1.5 
41IAAG02 60 I 7.5 2.!5/40 20/40 I . . 
412AAGOI 40 10 12.5/40 -·-- ' ... 2.• 
413AAQOI 2D 20 10/40 20/40 .. • 4 

RCC ' n KOHM/W . 

280/4 : ,-. I ,~--- I 

oeo12 
50 4t3AAG02 I~ :;_:, _ 10/40 20/40 .2'! • --~--i!QQQ.Lg_ 

, • V •-• •-• •1 

I J11 !1 
1 ... NOTE6° I 

I I 
I ""'F •r .. I LJ,_,i.._ ,i.._J,..J 

~ 

6. THE CURRENT FEEDBACK CARD WILL CHANGE 0£PENOIIK ON KVA RATING. 
GROUP Of' CARD AND JUMPER SELECTION FOR IC)llll•AL CURRENT ARE-

KVA 

400 

""" 
200 

100 

so I 

NOMINAL NOMINAL 

~ CF INV. CURRENT ,UIIPOI CDflll. QlffRE 
193X582AA A RIIS SELECTION APEAIC 

005 !500 XB 2100 
420 .. 
420 XC 

004 """ XB 1000 
28D XA 

280 llC 
llOl 210 XB IOOO ... .. 
G02 

140 "" i 105 XB 000 .. XA 

I 
10 "" G0I 56 ... ..., 
42 XA 

RE.~s:ONS .,.HTS TO 

I~:: .. :;:·.:;~:;-:-.;:.;;;! I ~J;:.,.""'J'"' ef//215 E519) 
I ;•:;1;;;'::-::~ t:.:::.:'! -, .... ' 5CIC90S 5~ 

\-i.~z'- ~!15.-lJ.lli __ -~ 
_: .. : .. -4,.e....,.. .. r.h.,_:· _ 1-,.-)J 

~ 

1.1~-~~"-'~"••!!''! ___ '.-;.",:13GC764878AA , 
.L~::.::.•. "~····I""••~·~ •"!___L 
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-\ .... ,., \ I 2 I 3 I d 4 I 5 I GEN1u1@mcmc 36C764882AA <>• ~•,•••o 
UNLESS OTH[l'l"l-'ISE SPf..Clrl[D USE THE Ft:LLOWlNG - TITLE CONNECTION DIAGRAM 

APPI..IEOPRACTIGES SuRrAC[S ,o,,.••cl\0•""""'"'°~•0._s __s~OKE AS_M___ _ -- ~- _ .... ,,..... DC<••~" .-,,(. 1200/400/300 ICVA PHASE MODULE 

A 

3 

t,) 

;_,.,~ 

t= co 

2 

( -

✓ 

SEE Sl<ETCH "A" 

~) I 11 I(~) 
HEATSIN~ SM 

;:>WJF'R:£":",Hn INF'ORMAf:1N OF ""~F GENERA;., EL£C1 AIC ,:;ot.tPAllril"' 
f,_;,' ~· 

3 ! - :_~ 4 

(, 

-

FIRST MAO[ roR Af-40O 

331X411AAG01 .! :,:s1)(412DMot 

R•F TO W1U CHA.A..\ 
"3<,,A','5801"2..,<.e>C,01 

VIEW ~R,:,M Wl~i. SH:i't.. OP' P\.UC. <y::,G'K..E.'l' 

SKETCH"A,. 

NOTES. 
I. ALL POWER WIRING IS EITHER BUS OR 

CONNECTORS PER WECHANICAL ASSEMBLY 
DRAWING. 

2.. WIRES ARE MARKED AS INDICATED. 
AC, AG; BC Si BG ARE TWISTED PAIRS OF 

#20 AWG RED 8 WHITE. GATES (G) ARE WHITES. 

~~L\rl~::grn'!t~f~ i~J1s:u;Rr1\Ei6 ~1REs 

r:~i~i.rEERt :tJTltrJR:JG~ CURRENT 
3. ALL OTHER CONTROL WIRES ARE #15 AWG RED, 

EXCEPT AS OTHERWISE INDICA'TED. 

,•:,,, ':"'. · « 'E 

__ j ____ 6 
, .. S.f:'.E~P- Y.~~!~IO!t 
,.__:PIE:, CIA, 

AE\INO, ,,
I 
2 

~ 
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"' i" 

A 

B 

~ C 

DI 

E 

-

,,. __ _,, .. 7-) 

Pltl"TUltNU~ 

-
2 3 H4 5 CHEIIAL Ii) ELECTIIC 36C764879AA 

UNl..(5S 0TH£RW1SE SPECIFIED USE Tl'!( FOUOWIIIG,~ mu ELEMENTARY DIAGRAII 
,v>Pt.lEO PRACTICES SURfilrCES ,.._-;::;-,.. .::;;:" --=.. Af-400 CONVERTER IIIOOlLIE 

LS p=' -~--t------!+---+--W~_J 

DPL 

ICN 
.1111, 

PIIN 

2CN --• 
P2SN 

'"~I ,-7 
I _nvl,_FIZ 1-..J I I ~,.: N 

IC It II , IC~lt 

2 3 

SCN ....... 

,.,. 

..... 

r-7 

~:fJII 
"'~ 

4/ 

✓ 

" 

Pl 

FIRST NAO£ FOi: STANDARD LINE 
331 X 421. 422, 423AA 

NOTES 

I. THIS DIAGRAM IS FUNCTIONALLY tlOIIENCLATEO 111TH PREFIXES 
Pl,PZETC.,TO INDICATE PMASE CONTROL ANO PHASE. 
SUFPIXES OF P 0A N INDICATE POSITIVE 0111 NEGATIVE. 
BASIC N011£NCUTURE II: 

C - CANCITOII 
0 - DIODE 
L - CHOKE 
PT - P\I.SE TRANSFOfHRR PRINTED CtRQJIT CARD 
PL - CONNECTOR PLUG 
R - RESISTOR 
S -SCA 
X - AUXI LIA.RT SCR 

2. PULSE TRANSFORMER CARD CIRCUITRY IS NOT SHOWN FOR 
SIIIPLIFICATION. FOR 0£11,ILS REFER TO THE INITIIUCTtON 
IIOOlt. 

J ELEMENTARY WIRINI SYMBOLS 

tt 
~ 

- INDICATES TWISTED WIRES, COLORS 
INDICATED IY LETTER 

- INDICATES CABt.E ASSEIIILY, HUIIIIERS 
ARE POINTS IN CONNECTOR PLUG PL. 

• >- - Quick DISCONNECT ·STu mr,• CONNECTION 

4. REFER TO THE CONNECTION DIAGRAM FOIi A PHYSICAL 
REPRESENTATION OF THIS ASSEMBLY. 

I. IL,2L. SLo I FERRIR CORES I TUMI 

REVISIONS ---............. -...... . 
:-;.--i.:.t=-... ,:..:.~ i::.:: "'._.,.._,,v..,-~_ 

II 

ri•o 
I 

1'lis'J:7 IPE!:D VARIATOR ""'_; 
ERIE. Al 

36C764879AA 
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~ M '"~"'""I I 2 I 3 I 1! 4 I 5 IUEUL@EUCTIIC 36C764887AA 
~ ~-~ UNLESS 0"E""'SE SKe<•'EO USE ••E FOLL<••NG•~ TO>LE CONNECTION OIAGRAII - ' 

• APf'l.lEO PAACTICES SI.IRFN;.[S ...;.c:.. •,,...=-:·I>,- 400 I 300 KVA COIIYEB~ -.OOUL[ 

A 

B 

cl 

D 

E 

r.f,7 
1'1• •ii 
I .g.. I 
I I 
I I 
I I r--,-TI I I I I 

: I t::...-J-- liJI I I 
I : 

~-t-----] 
t-_-j------ -

FERRITE CORE 6 
PANEL ASM 

...,_ .... _, .. _,., 
Nn,rn:D INU._A . 

\ -

,., 
I PJ\ 
~!.I 

HEATSINK 
ASM 

2 

✓ 

SEE u."a" 

j 
l'p2' 
\,?) (~~, --- (J!1 

HEATSINK--ASM 

PROPRIETARY INFORMATION OF THE GENERAL fJ..ECTftlC COMPAM'f 

3 4! 

\ -

FIRST MAO£ FOR AF- 400 

:5llK421AAGOI 

~SF Tc., WH~li. C~/"l,q_T' 

"!.Co"-~,se,o\"t.~C.. ~, 

VIE• OF w,~~D S\t)(.. OF PI.VC.., ~oc..~---:-

SkETCH •A" 

NOTES, 
I. ALL POWER W~RING IS EITH£R BUS 0fl. 

CONNECTORS PER MECHANICAL ASSEMS .. " 
DRAWINGS 

~ 
~ ;~ IL . ;1 

2. WIRES ARE MARKED AS INDICATED. , f 
AC,AG ;BCt~ ARE TWISTED PAIRS OF• 2'0-•C 
,-ED AND WHITE. ' 
GATES (G) ARE WHITE 

~L~1E~RR::sF~1~IRANi:~E":tEs ro 
# 20 WIRE. 

:5. ALL OTHER CONTROL WIRES ARE• t6 •• 
RED EXCEPT AS OTHF.RWISE INDICATED 

I~ 

I 
~NO. 

. "I ,_.,. 
,z 

I 

•• ...... ..,, .,, •o ~, oaGIM •o ..,,. 

?.4::ft~~=rE0::-=:~ i:~~.:~ 1 ~ •~ "., c.at.::=1 :~~.1 

-·· 1:1:?'~!= ""'" 1
"•'~'~ l (£. ti~ .J.ef;lP • .Y!!ll.<.~I.Qll •••••• '.".."::136C 764887AA 

ERIE,PA \CCI,._ -•Olll .. tff •IC. 
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~1 I 5 I GENERAL@ElECTRIC ~\. 4881AA 
UNl.f~S Qhl(IIWISE sn::1HED USE lt1f. FOlLOWING.~ rnu: ELEMENTARY OIAGRA.1111 ·"""1'0!' l>IU'I 

,lPP,_iED P?~::Ti'v[S SURF.-.CES + ,.~:.~:••CU OR!a=IO o,: -,us I COMMUTATION POW[A SUPPLY 

A 

B 

!-) 
11,J 

~~ 
0 C ... 

D 

E 

Pl 

PII 

LI 

L2 

u 

•• 

'UPI ... 
FUPII 

... 

"11LI 

JOA 

FUBI 

FUB2 

fUB3 

EPL 

✓ - - IFll!ST MADE FOR ~f-

,,. ~} CONVERTER 

,----------------_:,<P2~f.) FEEDBACK 

IPIIFl} LINK 

(P2F) FEEDBACK 

t----------------0 

r----------------+-----------------~:~~:~} LINE FEEDBACK 

{U_f1 

.J : TO BLOWER 
-0 MOTORS 

BMl,2&! 

"? 

2 

t',u 

'I . <lr+ioe - 7 3P'T 
C~ A" ( , (If-,.. 11 •!>! 
I,., A"I I> <IE--•- "" • I)-! 

it·- .. • 1>'""·~--~ 
I~,., "' •'" 
~~-J 

t ~ · ~F .. .----7 :tPT : -r I~ ... 11 •1>•~----~ 
·- -· I ( > • ~- IC • )-! if-,- •• • '>"'----------' 

,~ .. , IC •l>"~----------
~~_J 

l~IOl7 I :'t 
1f"' 11 • ;>=-----------' 

v. ei· I I , <j!",_ oc • I • 
~!COM ,. • I>"'-------------' 
~,., "'• ,>"'---------------' 
~~-..J 

PROPRIEU.RY INFORMATION OF Tl-IE GENERAL ELECTRIC. COMPANY 

3 lf 4 

LU s, 

LXII (NXI) 
S{ ---

LXC 
ll 

TABLE l 

KVA ,..,. 
400 431AA601 

soo 451AAG02 

200 432AAG01 

100 4SIAAGO! 

!IO 43SAAGOI 

J!DC43lAA601 

LX CfA •• RFA ... 
"" MF OHMS/W OHM/CONN/ W OHM/CONIIII/W .. 1400 5/100 9 .!.Kn X 4.7K SER/20 100/2 X 200 l'ril.R/40 .. 1400 S/100 . . 
110 BOO """' . 200/2XI00 SER/40 

220 850 10/50 400/U:200 SER:/40 

150 10/00 

I 

I 
,. .. I As,,' 
.... J/,s,, 

PRINTS TO 

Sail* a,HIWI 

IIIIIIIW TS(SO) 
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INSTRUCTIONS GEK-24940 

AMPLIFIER CARD, 193X256A G01 

These instructions do not purport to cover all details or varlaliou In equipment nor to provide for nery poulble ~--, lo he 
rnet in connection with installation, operation or maintenance. Should lurther Information be dealred or abould parUcular prablllma 
arise which are not covered sullicienlly lor the purchaser'• purpose•, the matter ahould be referred IO Oeneral Eleelrle C-,aay. 

GENERAL ft ELECTRIC 

3.2.4-103 
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INSTRUCTION 

AMPLIFIER CARD, 193X256A_G01 

1.0 GENERAL 

This inslruclion provides l11e basic information 
required to start-up and troubleshoot the Ampli
fier Card. Refer to the system diagrams to 
determine how the card is used in the overall 
system. 

2.0 DESCRIPTION 

2.01 This card contains: Six operational amp
lifiers, 0Al-OA6 for general purpose use. 
OAI and OA2 contain adjustable output 
clamps. I LIM+ will limit the positive 
voltage excursion of OAI, ILIM- limits 
the ncgalive voltage excursion of OAI. 
2LIM+ and 2LIM- limit the output of 
OA2. 

2.02 Four potentiometers P80l, P802, P803 and 
P804 are provided. 

2.03 Two diod!' network.~ arc provided. 

3.0 START-UP/CHECKOUT 

Thrr•· an· 4 limil and 4 pok11liom,•h·r ad_jusl-
11w11ts whid, may be 111,ul,• on lhis ranl. Refor 
lo lhe system diagram for setlings. 

4.0 TROUBLESHOOTING 

4.01 As an aid lo troubleshooting, a brief de
scription of an operational amplifier follows, 

Invertin 

Non-Invcrtin• in 

The oulpul voltag,• is approximah·ly 20,000 
tinws the difference bet ween the voltage on 
the non-inverting input and the inverting 
input, i.e., VO = 20,000 x (V N - V 1). As 
long as the output voltage is not in clamp 
or saturation, the difference bclwt,•en V N 
and VI is l'sscnlially zero. It should be 
noted that the voltage lo common of the 
inputs has no aff,•cl 011 the oulput. 

A bias current will flow into each 
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4.01 (continued) 

A bias cnrrent will flow into each inout. 
This current i• constant and is aporox
maldy I /2 microamp. Each input must 
be connected to provide a path for this 
current. For an op amp connected as 
shown below -

The output of an op amp is short circuit
proof and will swing a minimum of ±_10 
volts with a 2K ohm resistive load. Capac
itive loads will cause oscillation unless 
driven by the buffered output of OA3 or 
OA4 (tabs 12 and 9X). 

4.02 Clteck that :!:_20V is applied to the card. 

4.0:J Check that the output clamps an, not set 
too low or that the connected load is not 
less than 2000 ohms. 

4 04 Analyze the input/output to determine if 
the input signal is improper or if the ampli
fier is defective. 

2 
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HOLE TABULATION 
ALL HOLES .040 DIA. EXCEPT 
THE HOLES TABULATED BELOW 
LOC. DIA. QUAN. 

A --- .157 -- Z 
B --- .032 -- 127 
C --- .052 -- 4 

NOTE 4 

NOTES 

I. INDICATED TAB NUMBERS CORRESPOND ,..C 
MATC!ilNC RECEPTACLE NUMBERS 

2.. CROSS HATCHED TABS INOtCATES TABS wse:o. 
3 CARO SIZE, , ~o~:~,0 X 15.130:·.~ 
4. THIS CARO HAS GOLD PLATEO TABS ON BO,."' SIDES. 

TASS I THRU 32 ARE LOCATED ON THE REI/ERSE SIDE. TABS IX THRU 32X ARE LOCATED ON TME COMPONENT 
S10£ OF THE CARO. TAB IX IS O!>POSITE TAB i ANO ETC, 
THE TAB NUMBERS SHOWN ARE THOSE USED ON THIS CAPt,. 

5. ALL OP AMPS SHALL 8£ MOUNTED TO A ,50 !NC~ MAXIMUM ABOVE THE CARO SURFACE. 

OP AMP LEAD SKETCH 

ITOP VIEWI ·o· 2 7 

• • . ~ 

SKETCH FOR 
OA801, OA.802 ,OA803, 

OA804,0A805 
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INSTRUCTIONS 
GEK-24956A 

AMPLIFIER CARD 1931256A-G02 

DESCRIPTION 

START UP/CHKI OUT 

TROUBLESHOOTING 

These Instructions do not purport to cover all detalla or variations In equipment nor to provide lor every poulble conll•ency to be 
met In connection with mstallallon, operation or maintenance. Sh0111d lurlher lnlorniallon be desired or llbould .-rucular prablem• 
arise which are not covered suUtclently for the purchaser's parpos••• the matter ahould be referred to General Electric Company. 

GENERAL- ELECTRIC 
*TRADEMARK OF GENERAL ELECTRIC COMPANY, U.S.A. 
*REGISTERED TRADEMARK OF GENERAL ELECTRIC COMPANY, U.S.A. 
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GEK-24956A 

WARNING 

ALWAYS DISCONNECT ALL POWER TO THE DRIVE BEFORE REMOVING OR INSERTING A PRINTED 
CIRCUIT SARO. FAILURE TO DO SO MAY CAUSE SERIOUS INJURY TO PERSONNEL AND DAMAGE 
TO THE DRIVE OR DRIVEN MACHINERY. 

GENERAL 

This instruction provides the basic information re
quired to start up and trouble shoot the Amplifier 
Card. Refer to the system diagrams to determine 
how the card is used in the overall system. 

DESCRIPTION 

This card contains SJX (6) operational amplifiers, 
0Al-OA6 for general purpose use. 

Tv;o diode networks are also provided. 

START-UP / CIIECK OUT 

Refer lo systems diagrams for amplifier connections. 

TRO,lJBLE SHOOTING 

As an aid to trouble shooting a brief description of 
an operational amplifier follows: 

Inverting Input VI 

Non-Inverting Input VN 

The oulpul voltage is ai,proximatdy 20,000 times 
lhe ,liffrn•nrt• lwlwt,<•n lht• volta,:e 011 lhe non
invrrtini: inpul ancl 1hr inv1•rli11i: inpul, i.1•. 

VO 20,000 X (VN- VI). As loni: as 1lu, oulpul 

vollai:1• is 11111 in damp (or saluralion), lht• 11iffon,11ce 
betwr1·n VN and VI is es.senlially zero. It should 
be noted that the voltage to common of the inputs 
has no affect on the output. 

A bias current will flow into each input. This 
current is constant and is approximately l /2 micro 
amp. Each input must be connected to provide a 
path for this <'.urrent. For an operational amplifier 
connected as shown below 

VO = VN + ZF (VN-VI) 
ZI 

2 

-:;;..;~~---~ VO 

The output of an operational amplifier is short cir
cuit proof and will swing a minimum of + 10 volta 
with a 2K ohm resistive load. Capacitive loads will 
cause oscillation unless driven by the buffered out
put of 0A3 or 0A4 (Tabs 12 and 9X). 

O1eck that ::!:. 20 volts is applied to this card. 

Check that the connected load is not less than 
2000 ohms. 

Analyze the input / output to determine if the. in
put signal is improper or" if the amplifier is defective. 
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HOLE TABULATION 

ALL HOLES .040 DIA. EXCEPT 
THE HOLES TABULATED BELOW 

LOC . DIA. QUAN. 

A --- .157 -- 2 

B --- .032 -- 99 

C --- .052 -- 4 

NOTES 

I. INDICATED TA.I NUMBERS CORRESPOND TO 

MATCHING RECEF'TACLE NUMBERS 

2. CROSS HATCHED TAH INDtCATES TABS USED. 

:s. CARD StZE, 5.500!::,0 x 15.110~:~ 

4. THIS CARD HAS GOLD PLATED TABS ON BOTH SIDES. 
TABS I THRU 32 ARE LOCATED ON THE REVERSE SIDE. 
TABS IX THRU HX ARE LOCATED ON THE COMPONENT 
SIOE OF THE CARO. TAB IX IS OPPOSITE TAS I ANO ETC. 
THE TAB NUMBERS SHOWN AR£ Tl-JOSE USED ON THIS CARD. 

5. ALL OP AMPS SHALL IE MOUNTED TO A ,50 INCH 
MAXIMUM ABOVE THE CARD SURFACE. 
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INSTRUCTIONS GEK-24941A 

20 VOLT POWER SUPPLY CARD, 193X257A_901 

The st> ms! ructions do nol purport to cover all detail.a or varlationa in equipment nor to provlde for every poealble ccmtbllncr to bt 
met in conn(•ct1on wllh ms1allation, operation or maintenance. Should further information be desired or abould parUcular prablebla 
arise which a.re not covered suUiclenlly for the purchaaer"I purpose•, the matter ahould be referred to General Electric COlllplUIJ. 

GENERALfj ELECTRIC 
GEK-24941A (6/79) 2M (F) 
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GEK-24941A 

INSTRUCTION 

20 Volt Power Supply Card, 193X257~01 

1.0 GENERAL 

This instruction provides the basic information 
required to start up and troubleshoot the subject card. 
Refer to the system diagrams to determine how the 
card has been used in the overall system. 

2.0 DESCRIPTION 

The 20 volt Power Supply Card in conjunction with a 
transformer and power supply rectifier provides 
regulated +20V DC and -20V DC to operate other 
printed circuit cards and assemblies. 

2.01 Each output is factory trimmed to 20V ±.1 volt 
and will provide up to 750 mA of current. 

2.02 The outputs are individually fused to protect the 
card against overload. 

2.03 Individual overvoltage circuits are furnished 
which will momentarily short the outputs to 
zero, forcing the fuses to open, whenever 
excessive vohage appears at the outputs. 

2.04 The card is designed such that if one of the fuses 
opens, the overvoltage circuit on the other side 
will force the other fuse to open. 

2.05 Two spare fuses are provided. 

2.06 Test posts which are connected to the outputs 
through a 15K ohm resistor are provided to 
monitor the output voltage. 

3.0 START-UP/CHECKOUT 

There are no adjustments on this card. 

4.0 TROUBLESHOOTING 

The normal voltage conditions are as follows: 

Tabs 10. 11 

Tabs 20. 21 

Tabs 2. 3, 5, 6 

-22 to -45V DC 

•22 to +45 V DC 

-19.0 to -20.IV DC 

Tabs 28, 29, 30, 31 •19.9 to +20.IV DC 

Unregulated input 

Unregulated input 

No load to full load 

No load to full load 

If trouble is suspected in this card, remove all loads 
connected to the +20 and -20 volt outputs and all loads 
connected to tabs 8 and 26 prior to concluding the card 
is defective. 
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INSTRUCTIONS GEK-24943 

LOGIC RELAY, 193X265A G04 

Th,:u in1truc1wn1 de ,w, purport 10 co11,, all dnails or 11ariations in «,uipm,n, nor to provid, for t11try poss/bl, COlftlnffflC)' 10 btt .,,. I• etm11«Uoll wdtl, insraJlahon, opnurion or malfrttnanu. Should Jurthtr information bt dtJired or sllould particular probltms arlu wllicl, an not CO'ltrwl af/kln,IIJJ-/or tltt purc:haur 'J p1upo:u1, 1lr, mattu should bt rtftrrtd 10 Gtntral El«trlc Company. 

GENERAL fl ELECTRIC 
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Instruction 

Logic Relay, 193X265A G04 

l CJ GENER!\.L 
This instruction provides the basic information required to checkout 
the Logic Relay card. Refer to the system diagrams for information 
on how this card is used in the overall system. 

7,0 DESCRIPTION 
This card contains four relays, each relay is 4PDT with a 115V AC, 

5 0 / 60 Hz c oi 1. 
2.Gl A front edge indicator is provided for each relay which illum

inates when current is flowing thru the coils. 

2 .. 02 The relay contacts are rated 1 amp resistive, either 115V AC 
or 20V DC. 

2 .. 03 Pilot duty rating for 115V AC coils is • 8 amp inrush, and 
.18 amps holding current. 

2,04 This card is not suitable for switching dry circuits. 

'.1. (' 3TART-UP/CHECKOUT 

verify that the relays pick up and drop out at the appropriate time. 

1 .. :l TROUBLESHOOTING 

Verity the contacts a-ce opening and closing properly when power is 

applied to the coil. 
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l'40LE TABULATION 

A;.. L 1-!0LES 032 DIA. EXCEPT 

Tl-fE HOLES TABULATED BELOW 

LOC. DIA. QUAPi. 

A --- .157 -- 2 

B --- .062 --56 
C ---.052 --24 
D --- .040 -- e 

NOTES 

I. INDICATED TAB NUMBERS COAA:ESPoHO TO 

MATCI-IING RECEPTACLE NUMBERS 

2. CROSS HATCHED TA.BS INDICATES TABS US£0. 

3. CARD SIZE, 5. 500~:~o X 5.ISO~--~ 

4. THIS CARD HAS &OLD PLATED TABS ON BOTH SIDES. 
TABS I THAU U ARE LOCATED ON THE REVERSE SIDE. 
TASS rx THAU 32X ARE LOCATED OH TH[ COIIPON[IIT 
SIDE Of THE CARD. TAB IX 19 OPPOSITE TAB I AND ETC. 
THE TAB NUMBERS SHOWN ARE THOSE USED DN THIS CARD. 

5. SEE TABLE I ON Sit.I THIS DWG. FDR RELAY SUPPLIED 
WITH GROUPS. 

GROUP KEY LOCATIONS i 

802 7-8 18-19 

804 4-5 7-8 13-14 118-19 

2X 
SCALE ._____ 
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GEK-24945A 

INSTRUCTION 

Signal Isolator, 193X276'LG01 

1.0 GENERAL 

This instruction provides the basic information 
required to checkout the Signal Isolator card. Refer to 
the system diagrams for information on how this card 
is used in the overall system. 

2.0 DESCRIPTION 

This card provides an output signal proportional to the 
input signal where the input signal and the output 
signal are isolated from each other and from the power 
input. 

2.01 When the output load is less than I milliamp 
(lmA) the output at tabs 5 and 11 will be 
approximately .95 times the input at tabs 22 and 
27. The output will be linear for inputs up to 20 
volts. 

2.02 An input clamp is provided to help protect the 
card against input voltages exceeding 20 
volts. 

2.0J The output may he filtered by connecting tab JO 
to tab I I. 

2.04 An operational amplifier is furnished for those 
cases where more than lmA of output current is 
required. When this amplifier is used, the 
output will be lim_ited to approximately 12 volts 
but it will provide up to SmA of current. When 
this amplifier is used, -20 volts must be supplied 
to the card. 

2.05 A test post is provided to monitor the output of 
the amplifier. 

3.0 START-UP/CHECKOUT 

Owck that the amplifier output OUT is proper. There 
arc no adjustments on this card. 

4.0 TH<HIBI.ESIIOOTING 

Check that +20 volts is applied at tab 31. To check the 
isolator section, remove the output load and measure 
the input voltage between tabs 22 and 27 and the 
output voltage between tabs 5 and 11. 

If the amplifier is used, check that -20 volts is applied 
to tab 2, and that any inputs at tab 6are not causing the 
card to appear to malfunction. 
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NOTES 
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INSTRUCTION 

SIGNAL LEVEL DETECTOR, 193X277ABG01, G02 

1.0 GENERAL 

This instruction provides basic information regarding 
the subject card. Refer to the system elementary 
diagrams for information relating to the overall system 
operation. 

2.0 DESCRIPTION 

(Test point and tab references are made with respect to 
the GO! card and channel A of the CO2 card only). 

2.01 This card provides a relay operation and 
indication when the input voltage exceeds a 
preset positive and/or negative level. 

2.02 Two card versions are available: 
G0l: one relay channel 
CO2: two identical relay channels 

2.03 The input voltage level at tab 22 to produce a relay 
pick-up can be adjusted by the "level adj." 
potentiometer for a voltage range of .1 V to l0V 
measured at test post "TPl." The pick-up level is 
fixed at lOV ±.lSV measured at "TP2." The input 
voltage at tab 22 should not exceed ±40V. 

2.04 The card may be connected for pick-up at either a 
positive input. a negative input or both: 

l'ositiv,• polarization: Standard 
Negative polarization: Connect tab 19 to tab 

24. 
Non-polarized: Connect tab 19 to tab 21. 

2.05 The dropout level is approximately 90% of the 
pick-up level. By connecting tab 20 to tab 31 
(+20V) the dropout level can be adjusted with the 
"hysteresis" potentiometer for a dropout level 
from 90% to 98% of the pick-up level. 

2.06 The RC time constant of the input filter can be 
reduced . from 20 to 2 milliseconds by 
connecting tab 23 to tab 22. Additional filtering 
can be obtained by connecting a capacitor 
between tab 23 and common (tab 15). 

CAUTION 

TO AVOID RELAY CHATTERING IT IS ESSENTIAL 
THAT THE PEAK-TO-PEAK RIPPLE VOLTAGE 
MEASURED AT "TP2" AT THE PICK-UP LEVEL IS 
LESS THAN THE HYSTERESIS VOLTAGE. 

2.07 The pilot duty rating of the fault relay interlocks 
are .3A holding and I.SA inrush at llSVAC. 

3.0 ADJUSTMENTS 

3.01 Apply the desired pick-up voltage level at tab 22. 
Turn the "Level Adj." pot CCW until the 
relay picks up. Check reverse polarity for non
polarized operation. 

3.02 If less than the standard 10% hysteresis is 
required turn the "hysteresis" pot CW for 
maximum hysteresis with tab 20 connected to 
+20V (tab31). Repeatstep3.0l. Reduce the input 
voltage at tab 22 to the desired dropout level. Turn 
the "hysteresis" pot CCW until the relay drops 
out. Increase input filtering to avoid relay 
chattering if necessary. 

4.0 TROUBLESHOOTING 

4.01 Check for: 

a) proper input connections 
b) proper polarity jumpers if required 
c) proper adjustments as described above 
d) sufficient filtering at TP2 

4.02 Che.-k for actual operation of the relay 
interlocks. 

4.03 If card failures are experienced, check for: 

3.2.4-134 

a) excessive voltage (above ±40V) at tab 22. 

b) excessive relay interlock duty. 
c) excessive voltage transients on relay interlock 

wires. If an interlock is used in another relay 
coil circuit, the coil should be suppressed. 
Long wire runs to the relay interlocks should 
be avoided. 
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ttOLE TABULATION 

ALI. HOLES .040 DIA. EXCEPT 

THE HOLES TABULATED BELOW 

LOC. DIA. QUAtli. 

A --- .157 -- 2 

B --- .032 --30 

c---.052-- B 

0 --- .061 -- 2 

NOTES 

L INDICATED TAI NUMBERS CORRESPOND TO 

WATCHING RECEPTACLE NUMBERS 

2. CROSS HATCHED TABS INDtcATES TABS USED . 

3. CARD SIZE, s. 500~;~0 x e.1!0~:gg: 

4. ALL TRANSISTORS & OP AMPS SHALL BE MOUNTED TO A 
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riOL[ THULATION 

ALL HOLES 040 OIA. EXCEPT 

THE Ha.ES TABULATED BELOVII 

LOC. 01.t. QUAt.. 

A --- .T'!!7 -- 2 

9 --- .O!Z. --52 

C ---.OSZ --16 

0---081 -- 4 

NOTES 

!. INOICATED T48 NlJIIB£RS CORRESPOND TO 

MATCI-IING RECEPTACLE NUMBERS 

2 Cll'OSS HATCHED TABS INDtCATES TABS USED • 

3. CA.RD SIZE, 5. soo::.::1° X &.1ao"::.:~ 
4 ALL TRANSISTORS 8 OP AWPS SHALL BE MOUNTED TO A 

.50 INCH MAXIMUM ABOVE THE CARO SURFACE 
AS SHOWN BELOW. 

TRANSISTOR 8 OP AMP 
(SIDE VIEW) 

~ 7 INCHES MAX. 

~IRQ.IIT BOARD 
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(TOP VIEW) .... 
COLUC"T~ 
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2X 

SCALE 

OP AMP LEAD SKETCH 

(TOP VIEW) 
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"1"-fSJO 

LCZIBW 
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INSTRUCTIONS GEK-24947 

20 VOLT DC RELAY CARD 

193X278AAG03 

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible cantlalency to be 
met in connection with rnslallation, operation or maintenance. Should further lnfornlation be deslred or abould particular problem• 
arise which are not t·overed suHiciently [or the purchaser's purposes, the matter should be referred to Oeneral Electric Company. 

GENERAL fl ELECTRIC 
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GEK-24947 20 VOLT DC REL\ Y 

20 VOLT DC RELAY 

GENERAL 

This instrurlion provides the basir information required 
to checkout the Relay Card, Refer to the system dia
grams for infonnation on how this card is used in the 
overall sy,1em. 

DESCRIPTION 

This card rontains three relays. Each relay is 2PDT 
with a 20 \'Oil DC coil which is polarity sensitive. 

,\ front etlgt> indicator which illuminates when 
current is flowing thru the coil is provided for 
l'arh relay. 

1711' relay conta.-ts arl' ratf'd I amp rl'sistive, either 
115V AC or 20\ DC. 

Pilot duty· rating for 115V \C ('oils is 1.5 amps 
inrush. and .:I amps holding n1rrent. 

Thi' rl'la\' conlads arl' suitabll' for dry circuit 
switd1inl! as long as dry ,·ircuits and power 
•·irc:uits an· not both switdll'tl in thl' same relay. 

NOTE 

.\ relay wl1id1 ha, oncP bf'<•n used lo switch power 
circuits ma\' not rf'liahl~ switd1 dry cirruits. When 
>'<'Vrral •·anl, haw hl"en furnished, insure that each 
card is rt"lurnNI lo its ow11 rl'ceptacle. 

START -U?/CHECKOUT 

\'<'rih thal llw ,,.lap pi,·k up anti ,lrnp out al thf' 
apprnprial<· lim,·. 

TROUBLESHOOTING 

\'Prih tlu· ,·ontac-1, are np1•ninl! anti dosinir propl'rly 
wh,•n pov.1·1 i., appli•·d lo thr ,·oil. 

\'Prif~ that +20 is applit·d lo 1111• prop,•r sitl.- of the coil. 

3.2.4-142 
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20 VOLT DC REl.AY GEK-24947 
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GEK-24947, 20 VOLT DC RELAY 
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~ I --~-J--0--J 07-)2 -== 0706 
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20 VOLT DC RELAY GEK-24947 

.. 
0 

+ + ++ ++ 

+ [R102] + +- ~ + + ~ + 

+ + + 

+ + + + .,. + t i + .,. + + 
RA RB RC 

+ .. +. .. + + + t- t- t- + + 

D701 D703 070~ 

+ [J] + t- D] + + CD + 

+ + + • 0702 • 0"/04 • 0706 

+ + + 

~ KIY LOCATIONS 

GQ,i 2·-3 12-1314·1' 

HOLE TA P.UL.A'J'lON NOTES 

ALL HOLES . 040 DL'\. EXCEPT 
THE HOLES TAl3U1ATED l:\ELi)W 

LOC 
A 

DI.A 
. I '.i / 

()Ui\\'-., 

l. INDICATED TAB NUMBERS CORRESPOND TO 

MATCHING RECEPTACLE NUMBERS. 
2. CROSS HATCHED TABS INDICATE TABS USED. 
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INSTRUCTIONS 

INSTRUMENT CARD, 193X295A G01 

These instructions do nol purport lo cover oil details or vorialions in equipment nor to provide for evwy pouible con,-.gency lo 
be met in connection with installation, operation or maintenance. Sh0<11d further information be desired or "'°'1ld parlicu/ar prob/ems 
arise which are not covered sufficiently for the purchaser's purposes, the matter should be referred to General Electric Company. 

GENERAL- ELECTRIC 
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GEK-24950 

Instruction 

Instrument Card, 193X295A GOl 

1.0 GENERAL 

This instruction provides the basic information required to checkout 
the Instrument card. Refer to the system diagrams for information on 
how this card is used in the overall system. 

2.0 DESCRIPTION 

The Instrument card measures the DC voltage applied to the 19 switch 
selectable inputs. 

2.01 The meter has three switch selectable voltage ranges: 3 volts, 
12 volts and 30 volts, full scale. The movement is zero center 
with positive inputs reading above the zero line and negative 
inputs reading below the zero line. 

2.02 Two output posts are provided for monitoring the selected input 
signal with external test equipment. 

2.03 A fuse is provided in the common post circuit to help protect 
the drive against a misconnection at the output posts. 

2.04 External voltages up to ±30 volts with respect to card common 
may be measured by switching the position selector switch to 
"E" and applying the signal to the output posts. 

3.0 START-UP/CHECKOUT 

Adjust the mechanical zero adjustment on the back of the meter so that 
the point is at zero when the card is in the rack. 

4.0 fROUBLESHOOTING 

The meter movement may be checked by switching to position "E" and 
connecting a 20 volt reference to the red ou~put post. 
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SCHEMATIC DIAGRAM 

NOTES I. NUMBERS INSIDE RECTANGLES INDICATE TAB NUMBERS 
WHICH CORRESPOND TO MATCHING RECEPTACLE NUMBERS. 
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INSTRUCTIONS 

Time Delay Relay Card 
193X543ACG01 & G02 

GEK-24980A 

/'111•\1· ""''w l111,n do ,wt purport to cmier all detml.~ or varialinns in equipment nor to provide for every po&Ubk con.ti,wtM)' to ~ met in 
1 11111wr tum u 1th rn.~tallatum, operation or maintenance. Should further information be deJired or Jaould particular probleml a.rile whit-la are nu, 
< u, t'rf•d .,u.fjinrrit/y for the purcha,~er \ purposes, the matter should be referred to General Electric Company. 

GENERAL- EL_ECTRIC 
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INSTRUCTIONS 

TIME DELAY RELAY CARD 
193X543ACG01, G02 

WARNING 

DISCONNECT ALI. POWER TO THE DRIVE BEFORE 
HEMOVINC OH INSEHTINC A PRINTED CIRClJIT 
UHi>. F>\11.l!HE TO DO SO MAY CAllSE SERIOUS 
lr\;.ll'llY TO l'rnSONNEL INCUIDINC DEATH AND 
ll \ \1 \U: TO TII~: DHIH: AND DHIVEN MACHINERY. 

GENERAL 

Tl11, ,·ard ,·0111,1111., two ,d,·nti.-al time ddav relay channels. 
Tl,.- 011 I pu I r.-la vs rna y he encrgiz,·d cit hi,r from +20V, -20V, 
,,r 11:,V A(: i11p11t signals. The time drlay can be adjusted 
ov,·r tl11·i,,• ti111i11g ra11g,·s from .I second to 60seconds. A 
.\ :!OV .-xt,·rnal pow,·r supply is rt·quired. A light emitting 
d,od,· is u"·d lo indi.-ale rday ,·nt'rgizalion. 

H,·1,·r to 1111· ,,,1,·111 inslruf'tions and <'lernenlary dia11:rams 
for Pxl<'rnal .-0111iccl1ons. on-card jumpers and lime delay 
adj1isl1111,nls. The COi card contains Channel A only. 

NOTE 

111•:FOllE HEl'I..\CINC A DEFECTIVE CAHD MAKE 
n:H'l'\IN THE NEW CAHD IIASTHECOHHESPOND-
1 \C L \HI> JliMf'EHS AND POTENTIOMETER 
Sl·TTI\CS. Tl·SI' FOR CORRECT REL:\ Y OPERATION 
111-:HlHE li'.ITI\TINC DRIVE SYSTEM OPERATION 
(Sl•:1,: L\Hll TEST) 

DESCRIPTION 

RELAY 

1·1 ... 1,·l.11 ,, l1<·111w1,,·alh ,.-al,·d '""inf!., 2n· IH: .-oil and 
,11, ( I) 1111111 l 1·1111l.11·1-- rlwr,·,1,11v1·i·1111!.i1·1 ra1111!,!i~ I:\. 

I :!t I\ \t. "' :!H\ I)(:. Th,· pilot dut, rating is O.H . .\ inrush. 
11. JB\ hold111µ at 11:A .·\C. Th,· low 1,·v,·l rating is 15rnA 
111111111111111 al !ti\. llC. :lln1\ 111111111111111 al 11:,V \C. 

INPUT 

Sta11dard: Tl,,· 111p11t po111h art· lah 12 for ..J,ann.-1 "A" and 
1al1 17 lor clia1111,·I "II." Tl1e· i11pul r,•sislan,·c is 18K ohms 
w1tli a11 I!(: 11111,· co11sla111 of l.:l rnillis1·cor11ls for noise 
,1111111·,·"""' Tl11· in1'11I signal, 111u,1 lw within th,· ranges of 
H:,V AC lo I:!OV At: or ±6V DL to ±1:lOV DC. 

I.ow l.,·v,•I: \ low lt·H"I DC input of 3.5V minimum may lw 
appli,·d to tabs 14 and lh. Th,• input resistance• al lilt's." 
points is ;J;,j.;_ ohms. 

ON-CARD JUMPERS 

Card jumpers are used to select the timing range and delay 
sense according to the table below: 

JliMl'EH CONNECTORS 

(:hann.-1 A Channel B FUNCTION 

n'A-FSA FTB-FSB .I sec. to I sec. 
I.TA-FT/\ I.TB-FTB .9 sec. to 10 sec.• 
I.TA-I.CA LTB-LCB 6 sec. to 60 sec. 

I'll A-DOA l'IIH-DOH pick-up & drop-out relay• 
TDA-l'liA TDH-PIJH pick-up delay 

I TDA-DOA TOH-DOB drop-out delay 

•These jumper connections are not required, but are 
usc·d lo hold jumpers for other possible connections. 

ADJUSTMENT 

The time delay is linear with respect to the setting of the 
single I urn potentiometers, TMA and TMB. CW rotation 
incn,ases the lime delay. 

CARD TEST 

Tc·st posts REF, RCA, TIA, RCB, TIB and COM along the 
card front can be used to check the card operation. 

TIA and Till can be used to monitor the input signals. 

Th,· voltage al H( :A and HCB will change from -20V to about 
+4V lo indicate proper coil excitation. 

Th.- ,·l.-.-1 ronic circuitrv can be bypassed to energize the 
r.-L" ,·oils dirl'cth hv connecting REF to RC:\ to pick up 
th,· "A" rt•lay and REF to RCB to pick up the "B" relay. 

Each chann,·I can lw 1,·sted with a DC test reference by 
,·on11,·cli11g HEF lo TIA lo rnergize the "A" channel and 
IHY to TIii to ,·n,•q.;izc th,· "If' channel. 

REMOTE TIMING CONTROL 

Ex1,·rnal tirning control can be provided by using an op-amp 
li111i1 circuit lo reduce the integrator reference voltage to 
tah 1:1 for channel "A" and tab 20 for channel "B." Refer 
lo I he elcrnenlary diagrams for additional information if 
this f,·al11rc· is provided. 
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EXTENDED TIMING 

1-:xtended timing can be provided by connecting external 
capacitors between tabs 4 and 7 and/ or tabs 23 and 26. Card 
jumpers are used to connect IA-TA, 2A-FSA and/or 
I B-TB, 28-FSB. 

ACCURACY 

For a temperature change of 15°C at the card location, the 
time delay will change less than 1.5% of set timing. 

INSTANTANEOUS OPERATION 

The instantaneous operating time of the relay will be 20 
,nilliseconds or less after the switching of the input signal. 

OPERATION 

Th,· following is a hrief operating description for channel 
"A." (The operation of channel "B" is identical.) Voltage 
),-vels refnenced are approximate. 

a) DOA jumpnt•d to PIIA for b,,th pick-up and drop-out 
d,·lav: 

Following the application of an input signal. 

-The TDA voltage will switch from ahout + ISV to 
-ISV. 

-The HA voltage will switch from about +IV to - IV 
with the timing potentiometer, TMA, CW, and from 
+ Jrl.V to -1-W with the potn1tiometer CCW. 

Th .. TA voltag<' will start ramping from -.SV towards 
+ I 0\. Wh .. n TA rraches +9.S V I he HSA voltage will 
swill'h from +ISV lo -lSV to l11rn on transistor 

TlO:l whi.-h f'!l<'rgi,,t·s n·lay coil HI.A and turns on the 
1,ght ,·111111111g diod,· Ll-:1) A. Th,· H( :A voltage will 
,wit.-h frn111 -:!OV to +-i\'. 

:Hin n•rnoval of the input signal th" TDA and HA 
voltages switch back lo their positive lev,•ls and tht• TA 
voltage starts rarnping down towards -.SV. When TA 
r,•ad1t•s aho11t z..ro volts th,· HSA voltage switclws 
posil1v,· and till' ri·lay drops 0111. 

I,) Tl>A jurnpncd lo l'l'A for p1ck-11p delay only: 

The srquen,·I' is th,· 'illlll' a, in (a) ,·H••11t wh,•n 1111· 
111pul 1~ n'l1Hl\'1•d ,uid tht• TD:\ v,d1ag1· :-.\\Jt,·lu·~ po~lll\'t', 

the' H~ \ \llllag:,· 1rn1111•d1.1tt'I, ..... h1lcli,·-.. pn-.1tivc· lo drop-
11111 liw 1t·la\ W1tl1111 :~o 1111ll, ..... 1•1·1111d-.. and for,·c· 1hc· TA 
,·,d1ag1· to .:)\" 

U•:K-24960A 

c) TOA jumpered to DOA for drop-out delay only: 

After an input signal is applied the TUA voltage 
switches negative to immedia11,ly (within :W 
milliseconds) force the RSA voltage ricgative lo pi,·k up 
the relay and force the TA voltage to + I OV. 

The drop-out sequence is the same as described under 
(a). 

POWER SUPPLY 

The load on the ±20V powt'r supply will lw ±SS 111illia1111" 
maximum per channel with the relay pirked up. 

TROUBLESHOOTING TIPS 

Rt)move the card and visually inspecl for damaged 
components or jumper connectors. Inspect th,· l'.ard 
receptacle for hroken connections or shorh,il I"" 
connectors. 

Verify the presence of the ±20V supply voltages. 

Check the card operation as described under Operation 
using the methods described under Card Test. 

With the input applied and removed use an oscillosl'.OP" lo 
check for noise at the input point, ±20V, TIA, Tl)A, HA, 
TA, RSA, HCA (or the corresponding cha1111d "II" points). 

If erratic operation or component failures should occur, 
check for sourees of voltage transients like unsuppress"d 
rday or contact coils. 

V,•rify that 1hr relay contacts ,lo not .,xhibit high (or 
infinitt,) n,sistann, whPn close,!. 
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4. THIS CARO HAS GOLD PLATED TASS ON 80TH SIDES. 
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NOTES 

! INOIC.O.TEO T"AB NUUB[RS CORRESPOND TO 

UATCrlN(; RECEFTACLE MUMBERS 

2 CROSS HATCriEO TABS INDICATES TABS USED. 

3 CARD SIZE, 9 soo~:&°,0 X s.1,0~-~ 

4. THIS CARO HAS GOLD PLATED TABS ON BOTH SIDES. 

TABS\ THRU !2 ARE LOCATED ON THE REVERSE SIDE. 

TABS IX THRU 32X ARE LOCATED ON THE COMPONENT 
SIDE OF THE CARO. TAB IX IS OPPOSITE TAB I ANO ETC. 
THE TAB NUMBERS SHOWN ARE THOSE USED ON THIS CARD 
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INSTRUCTIONS--J 600 LINE CIRCUIT BREAKERS GEH-3035A 
Supenedes 
GEH-3035 

Installation Instructions 
TRIP UNITS - FRONT CONNECTED LUGS 

Type TJK, 2- and 3-pole 

Fig. 1. 

DESCRIPTION 
The J 600 circuit breaker is designed to open an 

electrical circuit under·normal or abnormal condi
tions without injury to itself when applied within 
its interrupting capabilities. 

The trip unit kit consists of the rated trip mecha
nism. Mounting hardware for the line end of the 
trip unit is included with the breaker frame. 

The non-automatic unit is similar to the rated 
mechanism in·appearance. 

Trip units with Catalog Numbers TJK636T, 250 
through 600 amperes, are to be used in frames 
TJK626F000 and TJK636F000 only. 

Trip units with Catalog Numbers TJK436T, 125 
through 400 amperes, are to be used in frames 
T JK426F000 and T JK436F000 only. 

INSTRUCTIONS 
Automatic Trip and Non-automatic Units 
Installation of a Trip Unit in a Two- or 
Three-pole Frame 

See Fig. 1. 
CD Remove each of four breaker frame cover 

screws and remove frame cover. 

O'! Insert a #¾-16 slotted screw with lock 
washer and plain washer ( furnished with 
lir<";ikcr fr;une) into th,· ldt and right linc
rond11cto1· holes of lhl' trip unit. Mounting 
hardw,irc for the c,·11ler line-conductor is 
factor y-asi;:mhled. 

(:I) Place the trip unit in the breaker frame, 
engaging guide pins A with slots B. Start 
~ach line-conductor screw. Flex the tri~ unit 

© 

® 
® 

Type THJK, 2- and 3-pole 

as necessary to align the load lug terminal 
holes. (This can be done by inserting a screw
driver into the holes and gently forcing 
alignment.) Tighten the center screw, then 
tighten the other two line-conductor screws. 

Fasten the load lugs. See lug information on 
reverse side of this page. 

Replace and secure the breaker frame cover. 

Set the circuit breaker by pushing the breaker 
handle to the extreme OFF position. Then 
mov~ the handle to the ON position. 

Note: Non-automatic trip unit kits contain an a)u
minum label which must be attached to the 
front of the breaker covering the spaces for 
the magnetic adjustment knobs. 

Removal of a Trip Unit from a Jwo- or 
Three-pole Frame 

See Fig. I. 

Push circuit breaker handle to OFF position. Be 
sure circuit to br~aker is de-energized. 

1. Remove each of four breaker frame cover 
screws CD and remove cover ®· 

2. IMPORTANT SAFETY PRECAUTION: 
The circuit breaker must be in the "TRIPPED 
POSITION" (breaker handle mechanism mid
point between "OFF" and "ON") before 
removing the trip unit. The bottom (load end) 
of the trip unit has a small hole marked "Trip 
Here". Insert a .060 diameter or smaller pin 
(paper clip) into this hole and push to trip the 
circuit breaker. 

GENERAL. ELECTRIC ( 
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3. Unfasten trip unit's line and load connections. 

4. Lift trip unit out of breaker frame, dis-engag

ing pins A from slots B. 

Installation of Front Connected Lugs 

See Fig. 2. 

1. Insert two pan head screws and lock washers 

(furnished) in lug. 

2. Place lug and inserted screws in breaker frame 

with stamped lug information visible on out

side of breaker. 

3. Secure each pan head screw. 

4. Feed in copper or aluminum cable. 

5. SecLJre cable connection to lug with hex socket 

screws (furnished). 

NOTE: For 400 ampere rating and below use lugs 

with Catalog Number TCAL 43. 

For 500 and 600 ampere rating, use lugs 
with Catalog Number TCAL 63. 

HEX 
SOCKET 

~ SCREWS7 

I ' 

::· .. 
. 

1 I PAN HEAD 
~ ~,' SC REW 

~ ~'---WASHER 

11 l 
@o@ 

I 
~LUG 

BREAKER 
'TERMINAL 

Tr>e,e iristrudions do not purporr to cover all details or variations in equipment nor to provide for every Possible contingency to be met in connection with installation 

oriero!1on or maintenance. Should further information be desired or should particular problem, arise which ore not covered sufficiently for the purcho1er'1 purposes t~ 

molter should be referred lo the General Electric Company. 
' 

GENERALfj ELECTRIC 
CIRCUIT PROTECTIVE DEVICES DEPARTMENT, PLAINVILLE, CONNECTICUT 
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NEMA SIZE 0 

CR 205 magnetic contactors 
CR 20& magnetic starters 

DESCRIPTION 
General Electric 200 · Line full voltage 

magnetic motor starters include an open or 
enclosed magnetic contactor and a three· 
leg block overload relay, providing motor 
protection against running and stalled motor 
overloads. Separate motor branch circuit 
overcurrent protection against electrical 
faults should be supplied in accordance 
with the National Electrical Code. 

A 

/ll'I IV\11111 

(JV[RLOAD 
Rf:L AY 

MAGNET 

., 

ADJUSTMENT OIAl_ HEATER SLOTS 

FIGURE I 

RATINGS 
Contactor Max HP 

Max 
Max AC for AC motors 

Volt-
Current Volts Single Poly-age 
Rating phase phase 

600 20 amp 115 l -
(open) 200 - 3 
18 amp 230 2 3 

(enclosed) 460-575 - 5 

EASE OF INSTALLATION 
Three-point mounting, straight-through 

wiring saves time, makes installation easy. 
Before connecting starter lo power supply. 

I Remove all packing. 

2 Clean magnet mating surfaces of any dirt 
or tore1g n matter 

3. Install overload relay heater(s). To pre,ent 
overloading the starter, do not select heat· 
ers for a motor of a larger rating than 
given on the starter nameplate. Select 
heater(s) in accordance with heater table, 
which accompanies each starter unit. 

4. Operate movable magnet and operating 
arm by pressing on the nameplate to as· 
sure free movement. 

5. Mount starter on a sturdy vertical support. 

6. Make electrical connections, which are 
Quick and convenient, due to 12 knock· 
outs provided in NEMA 1 enclosures, 
straight through wiring and pressure 
terminals. 

7. The 3 · leg block overload relay, included 
on the starter, is furnished from the 
factory adjusted for manual reset. (Shift 
lever is in upper slot.) The relay may be 
adjusted for automatic reset by position
ing lever in lower slot. 

CAUTION: Overload relays, when adjusted for 
automatic reset, should not be used with two
wire, maintained contact pllot devices such as 
pressure, float and Umlt switches, as inadvert
ent restartl111 of the motor can occur. 

EASY COIL REMOVAL 
( • REFER TO FIGURE 3) 

The encapsulated coil 1s impervious to 
moisture, contaminants and oil. It resists 
mechanical damage and failures due to 
high humidity. No tools are reQuired to re· 
move coil. 
l. Remove power from d ev•ce. 
2. Press against coil while pulling up slightly 

on coil retainers (A- Figure 1) and move 
retainers away from coil. 

3. Withdraw magnet assembly, coil, molded 
cover and movable arm from device. 

4. Withdraw spring clip (B- Figure 1) and 
remove armature from movable arm. 

5. Remove coil from magnet. 

6. Reassemble device by reversing procedure. 

QUICK CONTACT REMOVAL 
Movable contacts can be inspected and 

replaced in seconds-without tools. 

GEH-3246A 

N control I 
INSTRUCTIONS 

STATIONARY 
CONTACT STATIUf\./~RY 
SCREWS CONTAC'"5 

MOVABLE CONTACT 

~ MOLDED 

/§ 
RETURN 1 

/ SPRING MO\l\aE 
~,r:'Fi~,,;r; SPRING SEAT ARM 

FIGURE 2 

1. Perform steps l through 5 under "EASY 
COIL REMOVAL". 

2. Remove magnet from molded cover and 
movable arm. 

3. Remove return spring from center of 
movable arm. 

4, Remove molded cover from movable arm. 
5. Depress and slide movable contact, spring 

and spring seat from movable arm. 
6. Remove screws holding stationary con· 

tacts in place and remove stationary 
contacts. 

7. Reassemble device by reversing procedure. 

NOTE: For starters with one or more normally 
closed contacts, perform steps land 2 shown 
under "EASY COIL REMOVAL", Withdraw 
spring clip ( B - Figure 1) and remove arm· 
ature, coil and magnet from device. Remove 
return spring from center of movable arm. 
Remove molded cover and stationary contacts 
before lifting movable arm from device. 

NORMALLY CLOSED CONTACTS 
The contact on this device may be con· 

verted from normally open to normally clos· 
ed with no additional parts. Perform steps 
1 through 4 shown under "EASY COIL RE· 
MOVAL". Lift coil and magnet from movable 
arm. Remove return spring from center of 
movable arm. Remove molded cover from 

3.2.4-164 
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G EH 3246A 

movable arm. Depress movable contact 
spring and spring seat against movable con· 
tact and rotate these parts ½ turn without 
removing them from window. Remove the 
stationary contacts. Install the movable arm 
in the device. Install the stationary contacts 
so that their silver pads face the movable 
contact silver pads 

Reassemble the device. To change con· 
tacts from normally closed to normally open, 
reverse the above procedure. 

CHECK FOR WELDED CONTACTS 
IN OVERLOAD RELAY 

This feature permits the maintenance man 
to check for welded relay contacts by simply 
depressing the brown operator located at 
the top of the overload relay contact hous· 
ing. When the relay is in a reset condition, 
an audible "click" will be heard when the 
operator is depressed, indicating that the 
contacts are operating normally. A continuity 
check can also be made by disconnecting 
the control wiring from the terminals of the 
relay and placing a bell set or a resistance 
measuring instrument in the circuit. Con· 
necting either of these across the relay ter· 
minals will indicate the relay contact is closed 
until the contact-check operator is depress· 
ed, interrupting the circuit. 

The exclusive manual contact· operation 
check gives positive assurance that contacts 
have not welded due to short circuits in the 
control wiring. 

> ~-

SIMPLE MAINTENANCE 
200· Line starters and contactors require 

virtually no corrective maintenance. Preven
tive maintenance will assure many years of 
dependable on- line service. 

1. Always remove power from device before 
performing any maintenance. 

2. Keep magnet mating surfaces free of ac· 
cumulated dirt or dust. 

3. DO NOT OIL OR GREASE the magnet 
mating surfaces. 

4. Contacts are carefully designed for max
imum life. They need only be replaced 
when nearly all the silver tip is gone and 
the contact tip support is exposed. DO 
NOT FILE the contacts. Filing or other· 
wise dressing the contacts only results in 
lost tip material and reduces contactor 
or starter life. 

5. The ultimate tripping current of the in
stalled relay heater can be adjusted :!:10'7, 
by using adjustment dial shown in Fig. I. 

COIL DATA (Order 55-15021G plus no. per table below) 

FreQuency 115V 

60 Hz 2 

FreQuency IIOV 

50 Hz 7 

Use 22 for 120V, 60 Hz/ 1 lOV, 50 Hz coil. 

ACCESSORY KITS 
1st. Aux. Cont. N.O. for CR205, 206. 
1st. Aux. Cont N.C. for CR205, 206 
!st Aux. Cont. N.0.-N.C. tor CR205, 206 
Additional N.0. Aux. Cont. for All Forms. 
Additional N.C. Aux. Cont. for All Forms. 
Push Button .. 
Selector Switch H-0-A. 
Selector Switch OFF-ON . 
Indicating light.. 
Filth Pole 

200/ 
208V 

23 

220V 

8 

230V 460V 

3 4 

380V 440V 

4 9 

575V 600V 

5 6 

550V 600V 

10 11 

. .... CR205XIOOA 
........ CR205X100B 

. CR205XlOOC 
CR205X100D 

.. CR205XlOOE 
CR205X120N 

. . C R205X 130N 
. .... CR205X130P 

. CR205X150N 

. CR205XIIIB 

• When re- assembllna:. note that the maa:net and movable arm assembly 
(Items 4 throuah 9) will flt ONLY ONE WAY. The ma11net, Item 7, and 
movable arm, Item 6, will flt either way but will be quieter If re-assem
bled the same way they were taken apart. 

1 ', • ..."'.' 
3 ', __,_. .. J 

B 7 

FIGURE 3 

PRINCIPAL RENEWAL PARTS 
-------------------------~-----------~----------~ 

Rel 
No. 

Descnptron 
Part 

Number 

Quantity Required 

CR205 CR206 
1----------------- ... ------------·-----------------------~+-------------1------+-----

2 
3 
4 
5 
6 
7 
8 
9 

Coil reta1npr ;1s<.('mbly 

Overlodd rp\,1y 1J heater.non comoensated form) 

Set of stJt1onJry and movc1b1e contacts with spnngs and serews for 4 poles 

Molded cover for stc1tionJry and movable contacts 
Return spring for movable contact support 
Molded rnovable contact support 2, 3, 4 pole 
Arrnaturr <1nd frarn1~ (magnel) 

Operdl,n •; ( r11I 
()~Hlfl~ 11•!<11rH't f(Jf Mrlldlure 

Add Suff1;w: nurntH!r~ tor pJrt1cular coil rating required See COIL TABLE above. 

546A30IG8 
CR224C3JOF 
546A300G2 
546A301G 12 
541A278Pl 
187D350Pl 
546A30JG5 
55-15D21G •• 
546A588Pl 

2 2 
1 
I 
1 
I 
1 
I 
I 
I 

These mslrud1ons do not purrorl to co.,er all detoils or voriol1ons ,n equ1pmenr nor lo provide for every possible contingency to be met ,n conned,on 

with 1ns10/1011on, opProl1on o• mu1n/enonce Should fur/her informot,on be des,red or 'Should porl,culor problems arise which ore not covered suffi

c,enlly for ,he purd',05er'5 purposes, the rnofter '>hould be referred lo /he neoresl GE Soles Office 

GENERAL ELECTRIC COMPANY 
GENERAL PURPOSE CONTfWL PRODUCTS DEPARTMENT 
BLOOMINGTON, I11 /NOIS 6 l 701 

10/72 
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GEH-36458 

N control I 
INSTRUCTIONS 

NEMA SIZE 5 

CR 205 magnetic contactors 
CR 20& magnetic starters 

DESCRIPTION 
General Electric 200 · Line full voltage 

magnetic motor starters include an open or 
enclosed magnetic contactor and a three- leg 
block overload relay, providing motor pro
tection against running and stalled motor 
overloads. Separate motor branch circuit 
overcurrent protection against electrical 
faults should be supplied in accordance 
with the National Electrical Code. 

FIGURE I 

RATINGS 

Max Contactor Max HP 

Volt- Max AC fo, AC motors 

age current Volts 
rating Poly phase 

600 300 amp 200 15 
(open) 230 100 

270amp •60-575 200 
(enctosed) 

EASE OF INSTALLATION 
Straight· through wiring saves time, makes 

installation easy Before connecting starter 
to power supply; 

I. Remove all packing. 

2. Clean magnet mating surfaces of any dust 
or foreign matter. 

3. Install overload relay heaters. To pre· 
vent overloading the starter, do not select 
heaters for a motor of a larger rating than 
given on the starter nameplate. Select 
heaters in accordance with heater table, 
which accompanies each device. 
CAUTION: Do not 111111lze starter before 
heaters are lnstaUed. 

4. Operate movable magnet and operating 
arm by pressing on the nameplate to as
sure free movement. 

5. Mount starter on a sturdy vertical sup· 
port. 

6. Make electrical connections, which are 
quick and convenient, due to IO knock
outs provided in NEMA I enclosure, 
straight through wiring and pressure 
terminals. 

7. The 3 · leg block overload relay, included 
on the starter, is furnished from the 
factory adjusted for manual reset. (Shift 
lever is in upper slot). The relay may be 
adjusted for automatic reset by position
ing lever in lower slot. 

CAUTION: Overload relays, when adjusted for 
automatic reset, shculd not be used witll tw• 
wire, maintained contact pilot devices such as 
pressure, float and Umlt switches, as inadvert
ent restartlna: of tt.e motor can occur. 

EASY COIL REMOVAL 
The encapsulated coil is impervious to 

moisture contaminants an~ oil. It resists 
mechani~al damage and failures due to high 
humidity. 

1. Remove power from device. 

2. Pull one end of the spring clip (B·Fig. 1) 
forward and slide it out of the slot. 

3. Remove movable portion of magnet as· 
sembly. 

4. Loosen 4 coil retainer screws (C · Fig. 1). 
Press against coil and pull up and out 
on coil retainers (A· F ogure 1 ). 

5. Remove cool from magnet. 

FIGURE 2 

6. Re· assemble, reversing the above pro· 
cedure. 

QUICK CONTACT REMOVAL 
Movable contacts can be inspected and 

replaced in seconds. 

1. Perform steps I through 5 under '"EASY 
COIL REMOVAL". 

2. Remove complete rnagnet assembly by 
grasping magnet retaining straps and 
pull entire assembly from the contactor 
assembly. 

3. With the magnet assembly resting on its 
side, remove the movable arm by sliding 
it out the back of the assembly. 

4. Depress movable contact and spring and 
slide movable contact from movable arm. 

5. Remove screws holding stationary con
tact in place and remove stationary 
contact. 

6. Re-assemble by reversing the above pro
cedure. 

NOT£: Po not attllllllt to remave or l'IPl•et 
arc traps in arc chute cover. 
When re· assembling note that the arc 

chute cover will only fit one way. Magnet 
and movable arm will fit either way but will 
be quieter if re· assembled the same way 
they were taken apart. 
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CHECK FOR WELDED CONTACTS 
IN OVERLOAD RELAY 

This feature permits the maintenance 
man to check for welded relay contacts by 
simply depressing the brown operator locat· 
ed at the top of the overload relay contact 
housing. When the relay is in a reset con
dition, an audible "click" will be heard when 
the operator is depressed, indicating that 
the contacts are operating normally. A con· 
tinuity check can also be made by discon
necting the control wiring from the terminals 
of the relay and placing a bell set or a re
sistance measuring instrument in the cir
cu it. Connecting either of these across the 
relay terminals will indicate the relay contact 
is closed until the contact· check operator 
is depressed, interrupting the circuit. 

The exclusive manual contact· operation 
check gives positive assurance that con· 
tacts have not welded due to short circuits 
in the control wiring. 

2 

PRINCIPAL RENEWAL PARTS 

SIMPLE MAINTENANCE 
200- Line starters and contactors require 

virtually no corrective maintenance. Prevent· 
ive maintenance will assure many years of 
dependable on· line service. 

I. Always remove power from device before 
performing any maintenance. 

2. Keep magnet mating surfaces free of ac· 
cumulated dirt or dust. 

3. DO NOT Oil OR GREASE the magnet 
mating surfaces. 

4. Contacts are carefully designed for max· 
imum life. They need only be replaced 
when nearly all the silver tip is gone and 
the contact tip support is exposed. DO 
NOT FILE the contacts. Filing or other· 
wise dressing the contacts only results 
in lost tip material and reduces contactor 
or starter life. 

5. The ultimate tripping current of the in· 
stalled relay heater can be adjusted the 
:1: 10,, by using adjustment dial shown 
in Figure 1. 

COIL DATA (Order 55-501493G plus no. per table below) 

Frequency 115V 
200/ 

230V 460V 208V 

60 Hz 2 23 3 4 

Frequency llOV 220V 380V 440V 

50 Hz 7 8 4 9 

Use 22 for 120V. 60 Hz/ l lOV, 50 Hz coil. 

ACCESSORY KITS 

Isl. Aux. Cont. N.0. for CR205. CR206 (Right Side Mounting) .. . 
Isl. Aux. Cont. N.C. for CR205. CR206 (Right Side Mounting) .... . 
Isl. Aux. Cont. N.0.-N.C. tor CR205. CR206 (Right Side Mounting) .. 
Additional N.0. Aux. Cont. for All forms. 
Additional N.C. Aux. Cont for Ail Forms. 
Push Button . . .. 
Selector Switch H·0-A .. 

575V 600V 

5 6 

550V 600V 

10 ll 

. ..... CR205X 500A 
. CR205X500B 

. .. C R205X 500C 
. . C R205X 1000 

. CR205X IOOE 
. ... C R205X 520B 

. C R205X 530B 

. CR205X 5300 Selector Switch OFF -ON .. 
Indicating Light. . .......... CR205X5508 

/\3 4 6 7,9 

/ 1 I a 

/•~- ) 
5 ~- .. --

Quantity Required 
Rel Part 

No. 
Oescri.:,t10n Number CR205 CR206 

I---------· --·- ~~--- ------------ ------------
I Coil retainer assembty 55- I 54607G3 4 4 

2 Overload relay (3 • healer ,non - compensated form) CR224G3iOF - I 

3 Set of stationary and mo-,able contacts with springs and screws for 3 poles 55-154607G2 I I 

4 Molded cover for stationary and movable contacts 55-501448Gi 3 3 

5 Return Spong for movable contact support 55- I53205G I I I 

6 Molded movable contact c-,upporl wrth ,rturn spring 2, 3 pule 55- I54607GIO I I 

7 Armature and frame (magnet) with retainer 55-I54607G4 l I 

8 Operating coil 55-50I493G •• I l 

9 Spring retainer for armature 55 -502270G l l l 
-

0 Add Suffix numbers for particular co1t rating reQuired. See COIL 1 AHLE above. 

These instructions do not purport to covt-r all detods or vonot,om ,n equipmenl nor lo provide for every possible contingency lo be met In connection 

w.th installation, operation or mo,nlenonce Should /i.,rthc, ,nf,Hmo,wn be des,red or should podiculor problems arise which are not covered suffi

ciently far the purchaser's purposes. the rnutler shuuld be rtdcrred tc the nemesl GE Soles Office 

GENERAL ELECTRIC COMPANY 
GENERAL PURPOSE CONTROL PRODUCTS DEPARTMENT 
BLOOMINGTON, ILLINOIS 61701 

11/72 

GENERAL. ELECTRIC 
PRINTED IN U. S. A. 
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GEH-4115 • control I 
INSTRUCTIONS 

CR120B industrial relay 
DESCRIPTION 

General Electric's CR 120B 600 volt multi· 
circuit industrial relay line includes the basic 
magnetic relay, a solid ·state timer attach· 
ment and latch attachment. These units plus 
contact modules and mounting accessories 
provide for maximum flexibility. 

RATINGS 
MIi. Mal. Voll• M111. Current 

M11. AC Contlnuau, A111p•• R1tln1 Rltlnl 
Yeltaso 

Currant .... I .,. ... Ma-• I •rt•-
600 lOAmp 12007 720 60 I 6 

INSTALLATION 
Two· paint mounting and straight-through 

w i r i n g saves time and makes installation 
easy. Before connecting the relay to the 
power SU pply: 

l. Remove all packing. 

2. Operate the magnet and operating arm by 
pulling the manual operator to assure free 
m<7,1ement. 

3. Mount the relay on a vertical panel. 

4. Make all electrical connections. Normally 
open contacts are indicated by green, and 
normally closed by white. 

COIL REMOVAL 
(Refer to Figure 2.) The encapsulated coil 

is impervious to moisture, contaminants and 

FIGURE 2 
oil. It resists mechanical damage and failures 
due to high humidity. 

L Disconnect power from the device. 

2. Insert a screwdriver blade between mag· 

net and magnet retaining clip. Twist blade 
to force retaining clip away from magnet. 
Push down on screwdriver, dislodging 
magnet; then applying firm pressure with 
screwdriver push magnet through coil to 
position shown in Figure 2. 

3. Grasp the coil terminals and pull out. 

TO REASSEMBLE: 
4. Insert coil and center in housings. 

5. Slide magnet back through coil and center 
with housing window. Using thumbs to 
apply pressure, snap magnet back into 
position under retaining clip. Magnet must 
be centered in housin11 window in order 
for it to seat properly. 

QUICK CONTACT 
REMOVAL/CONVERSION 

Contact modules may be removed, inspect· 
ed, converted from normally open to normally 
closed or replaced using only a screwdriver. 

FIGURE 3 

1. Disconnect pawer from the device. 

2. Loosen cover screws and remove C<7,/er. 

3. Lift out contact module. Contacts may be 
inspected through green transparent side 
of module. 

4. To convert contact from normally open to 
normally closed or normally closed to 
normally open: 

a. Remove contact module terminal screws 
and reassemble on opposite side. 

b. Replace contact module in back. 

5. Reassemble cover. 

NOTE: For relays with more than one deck; 
the deck above the contact module 
to be rem<7,1ed must be rem<7,1ed by 
loosening the two deck screws. 

INSTALLING ADDER DECKS 
Additional decks of contact modules may 

be added to the relay making a relay with 
up to 12 poles. 

Deck AsNmbly 

Yoke Assembly and Polt 

FIGURE 4 

To install additional adder decks: 

1. Remove power from the device. 

2. Loosen cover screws and rem<7,1e cover. 

3. Unscrew steel post and replace with 'the 
longer past supplied with the adder deck. 
If adding two decks only, the extra long 
post supplied with the second adder deck 
should be used. 

4. Add the deck to the relay using the screws 
provided. 

5. Slip the T ·shaped yoke <7,1er the steel post. 

6.Add the contact modules. For a nor· 
mally open contact assemble with 
green tabs up. A normally closed con · 

3.2.4-168 
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tact should have the white side up. 
Make sure the screws are on the top 
side of each module. 

7. If a second adder deck is being used, 
repeat steps 4, 5, and 6. 

8. Reassemble the cover. 

INSTALLING THE 
LATCH ATTACHMENT 

A latch attachment CR120BLOOO•• is 
available lo use with any relay up to 8 
poles. 

Vellall Frequencr Suffi1 
No.•• 

115 60 02 
200 60 23 
230 60 OJ 
460 60 04 
575 60 05 
600 60 06 
110 50 07 
220 50 08 
380 50 04 
440 50 09 
550 50 10 

l. Unscrew the steel post and replace 
with one of the posts supplied with 
latch. Use the longer post for a 5-8 
pole form and the shorter one for a 1-4 
pole relay. 

2. Remove the two screws holding the 
cover, but leave the cover in place. 

3. Pulling the release lever of the latch 
attachment toward the latch coil slip 
the latch attachment over the post. 

4. Secure the latch attachment to the re
lay with the longer screws that are sup
plied with the latch attachment. 

5. If the latch has been assembled cor
rectly the relay should not latch when 
operated. Check this by either energiz
ing the relay coil or operating by push
ing magnet through hole in mounting 
plate. 

6. Adjust the latch by turning post ½ turn 
CCW and activating the relay. Repeat 
this operation until relay latches. Re
lease latch and turn post an additional 
½ turn CCW. Adjustment is now com
plete. 
If it is necessary to remove the latch 
attachment to convert contacts, remove 
the two screws holding the latch at
tachment. Pull the release lever of the 

latch attachment toward the coil and 
pull the latch attachment off of the 
post. To reassemble follow steps 3 and 
4; readjustment should not be neces
sary. 

INSTALLING THE 
TIMER ATTACHMENT 

• 
A solid state timer attachment is avail

able in four ranges. 

TlmlnC lance Nallll'nclature 

0.1 · 5 Sec. CR122BT00002A 

.3 • 30 Sec. CR122BT00002B 

.6 • 60 Sec. CR122BT00002C 

1.8 • 180 Sec. CR122BT00002D 

Timers work on 115V 60 Hz. 

To install the timer attachment on any 
relay up to a maximum of 8 poles: 

1. Disconnect power from the device. 
2. Unscrew the steel post and replace 

with one of the posts supplied with the 
timer. Use the longer post for a 5-8 
pole form and the shorter one for a 1-4 
pole relay. 

3. Remove the 2 screws which hold the 
relay cover; leave the cover in place. 

4. Attach the timing head to the relay us
ing the 2 screws supplied with it. 

5. Wire the timer as shown on the timer 
connection diagrams. 

FRONT 
VIEW 

OF 
TIMER 

TIMER CONNECTION DIAGRAMS 

6. If remote pot. is used,, remove the 
jumper from Pl - P2. Attach the pot. 
with shielded wire connecting the shield 
to Pl and the low end of the pot., and 

connect the other wire to P2 and the 
pot. wiper. The remote pot. is in series 
with the internal pot. Therefore the 
internal pot. should be turned to zero 
(CCW). For easier setting of time and 
full timer range a l megaohm audio 
taper pot. should be used. 

SIMPLE MAINTENANCE 
Preventive maintenance will assure 

many years of dependable service. 
1. Always remove power from device be

fore performing any maintenance. 
2. Do not oil or grease the magnet mating 

surfaces . 
3. Contacts are carefully designed for 

maximum life. The contact module 
need only be replaced when the silver 
tip is gone. 

ACCESSORY KITS 

Contact Modules . . ............ CR120BXI 
First Adder Deck (can accommodate 
up to 8 total contact modules) ... CR120BX3 
Second Adder Deck (use with first 
adder deck on 8 pole rttav to 
accommodate up to 12 tota& 
contact modules) ....... . CR!208X14 

Mountln1 track 
(40• lon1 for 16 relays) ......... CR120BX4 

Indicating 111111 
115V 50/fiO Hz . . ....... CR120BX5 
230V 50/60 Hz ........••..•.... CR!20BX6 
460V 50/60 Hz .............••.. CR120BX7 

Noise suppressor, 115V 50/60 Hz ... CR1208X2 
Wlrin1 troup cowers 

,,,.,. wide 1 6 It ............... CR120Xl5A 
2· wide 1 6 ft. ................. CR120X16A 
2½" Wide I 6 ti ............... . CR120Xl7A 

NEMA t enclosure 
(for up to 8 pole relay) .......... CR120BX15 

Retalnln1 shields-& ti. lon1 for uu 
with mounting track ............ CR120BX9 
without mounting track ......... CR120BX8 

Rtlalnills shltld brlt:llets (pk of 8) 
for use with mountine tract ..... CR120BX13 
for use without mountlnc track ... CR120BX12 

RENEWAL PARTS 
Contact modules .......... CR1208Xl 
Coils (Order ·55-513696G .. plus suffix 
number per table below) 

Voltap Frtquencr Sllffl1No.•· 
115 60 02 
200 60 23 
230 60 03 
460 60 04 
575 60 05 
600 60 06 
110 50 07 
220 so DB 
380 50 04 
440 50 09 
550 so ID 

Coil & Magnet Asm 
Order CR120BOOOOA•• plus suffix no. 

per table above. 
These instructions do not purport to cover all 

details or variaUons in equipment nor to provide 
for every ,:,ossible contingency to be met in con• 
nection with installation, operation or main• 
tenance. Should further intormation be desired 
or shoula t,arUcular t,roblems arise which are 
not covered sufficiently for the r,urchaser's pur
JJOses, the matter should be referred to the 
General Electric Comr,any. 

GENERAL ELECTRIC COMPANY 
GENERAL PURPOSE CONTROL PRODUCTS DEPARTMENT 
BLOOMINGTON, ILLINOIS 61701 

GENERAL. ELECTRIC 
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SELECTION AND INSTALLATION INSTRUCTIONS 

APPLYING COMMERCIALLY AVAILABLE 
CONNECTORS TO GENERAL ELECTRIC 

TYPE QL OR TYPE QL-C TRANSFORMERS 

SECTION 1 
SELECTION 

GENERAL 

There are a number of commercially available 
connectors which may be applied to General Electric 
Type QL transformers. Table III provides a listing 
of several types of UL-listed connectors which may 
be used. The actual connector should be selected 
on the basis of the type cable and cable size to be 
used for the specific job. 

SAMPLE SELECTION PROCEDURE 
UTILIZING GE TABLES 

1. Determine if copper or aluminum cable is to be 
used. 

2. Determine high-voltage cable size from either 
Column 3 or 4 in Table IV. 

The cable size and type shown in Table IV are 
based upon the following: 

• Nameplate voltage 
• Ampacity at 125% of nameplate kVA 
• 60 C rated cable through 100 amperes 
• 75 C rated cable for greater than 100 am

peres 
• National Electri·cal Code 

:l D,•fl•rr11 i '"' q11antity of high-voltage connectors 
,.,,'I'" n·d i,y 11111 It iplyin1, tlw n11111h,•r of hi1~h volt
.,,·.•· t,,, 111i11:il,, (C'olnmn 2) lin11•s liH' m1mlH'r in 
p.t11•1illw.•;1•:; in ( 'nh1n111 :\ tff ,1_ II 1u1part•ntlH'St'S 

:1r1· :~!ii)wn, \hp 1nnnhe1· isonP t·~1hh· per t\•1·1uinal. 

4. Dekr111i11e low-voltage cable size from either 
Column 6 or 7. 

5. Determine quantity of low-voltage connectors re
quired by multiplying Column 5 times the number 
in parentheses in Column 6 or 7. lf no parentheses 
an•shown, the number is onecableper terminal. 

Ii. ,<;,,1,,,·f ;, ,·111111<•cl1Jr t.yp" lr<Hn T:ild(: Ill and t11<,11 

sr·lr•cl c,pr·t'ilir· part 11111111,crs whif"i1 will :J("(:qil 
I 11<· t':d,le sizPs ddennined in Steps 2 and 4 above. 

7. Obtain bolts and washers as required for the vari
ous types. The size of bolt holes and the number 
of holes per terminal pad can be determined by 
referring to Table IV and Fig. 1. 

EXAMPLE 

Connectors in Tables I and II were selected by 
using Table III and IV with Ilsco TA series UL listed 
for cu/al. 

TABLE I 
SINGLE-PHASE CONNECTORS 

HV CONNECTORS* LV CONNECTORS* 

KVA 

37.5 
50-75 
100 
167 

Con-
ILSCO nector ILSCO 

Qty. No. Range Qty. No. 

4 
4 
4 
8 

TA250 6-250 4 TA250 
TA250 6-250 8 TA350 
TA500 4-500 8 TA500 
TA350 6-350 12 TA500 

TABLE II 
THREE-PHASE CONNECTORS 

Con-
nector 
Range 

6-250 
6-350 
4-500 
4-500 

.HV CONNECTORS* LV CONNECTORS* 
Con- Con-

ILSCO neclor JLSCO nector 
KVA (,)I y' No. Ha11r:e Qty. No. Hanv.e 

-,- -- - --- "----·--

30-50 :J TA250 6-250 4 TA250 6-250 
75 3 TA250 6-250 8 TA350 6-350 

112. 5 3 TA350 6-350 8 TA350 6-350 
150 3 TA350 6-350 8 TA500 4-500** 
225 6 TA350 6-350 16 TA350 6-350 
300 6 TA350 6-350 16 TA350 6-350 

400-500 9 TA350 6-350 24 TA500 4-500 

* Each connector requires (1) 1-1/2 inch long bolt -
!,/1fi" dianid<'r for TA2!i0 
1/2" dlamder for TA350 and TA500 

**208Y/120 only. 240V LV use TA350. 

rl, .. ,P '"''"H 1,,,,11 ,In""/ purpod to 'OVPI 1111 d~tn1l1 o, vcr,1of1on1 '" #!•qu1prn~n, no, lo provide fc,r @very pou1J,/p <onfmu~Y fo be "'el ,n ronnechon w,"1 
,n,,,,Hn/,,,,, ,,,,~,,,,,.,,, ,,, rn,,,,,,,.,,,""f' ',l,ould fu,HtP' ,,,l,.,mol11•n lu• lfr•~"erl or 1'10,,/,I p•11lu:,/,,, ,.,of,f.,"I' unit> wl.11I, 01p not ,011.,.1fa(:l o,ff1c,.,,.fly for lh• 

!'""'"""' 'l""I'""" /1,., ,n.rll•• d,.,,,/,//,., ,,.f,..,,.,f lo//,., t.,.,,,,.,,,/ f/...,.111, (,11n1>o1ny 
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l2) LV32' DIA 

T T,-----------

t t ~'4;)-
1¾i' 1~4 

+ti+ 
!------i L-------~ 
f--2·~ I· 3" ·I 

(E) (F) 

----------------T 
(6J 9fi6 " DIA 

-
Fig. z. Terminal pad dimensions 

TABLE Ill 
UL LISTED CONNECTORS 

Copper Cable Aluminum Cable 

Mfg. Name Screw Type Crimp Type Screw Type Crimp Type 
------·- ·-

Thomas & Betts Series 71000 Series 54100 Series 62200 Series 60100 
Series 31000 

Penn-Union Type PNL Type LA 

~~=~~~ --l--------

Tvoe KA-U- Tvoe YA-A-TN nurnc!L ___ Type KA Tvoe YA 
A,:dcrson Ty11c LU _'.[yne VCLU Tvne DA Tvoe VCAL 

-iTsco Type LO Type SLUH 
Type XTA 
Type TA 

-----·-- -·-·------- ------ ----- ---- -·-------- J_yDcSG 
Conductor Type A 

Fitti'lgs Corp. Type A-D -
3.2.4-171 



KVA 

37.5 

:,o 

75 

00 

67 

--- """"-

30 

45 

r,o 
. I~, 

112. 5 

150 

4 
5 

25 

00 

00 
00 

Applying Connectors To GE Type QL or QL-C Transformers GEK-33278A 

TABLE IV 
GUIDE FOR CABLE TERMINATION SELECTIONS 

COL. I COL. 2 I COL. 3 I COL. 4 COL. 5 I COL. 6 l COL. 7 
HIGH VOLTAGE LOW VOLTAGE 

· 1 Term. Pad J ! Term. Pad J No. of HV Dimensions Cable Size oer Terminal No. of LV Dimensions C'able Size oer Terminal Model No. Term. Fig. 1 [ Copper I Alum. Term. Fig. 1 I Copper \ Alum. 

SINGLE-PHASE• 
--------r--------

9T23B2662 4 (A) #1 1/0 4 (B) 3/0 250 MCM 9T23B2672 4 

j 
#1 1/0 4 

j 
3/0 250 MCM 9T23A2672(:62 4 #1 1/U 4 3/0 250 MCM 9T"!3l\2682 2 *3 H2 4 3/0 250 MCM 

9T23H2663 4 2/0 2/U 4 300 MCM (2)3/0 9T23fl2673 4 2/0 2/0 4 300 MCM (2)3/0 9T23A2673G62 4 2/0 2/0 4 300 MCM (2)3/0 
91"23B2683 2 (A) n 2/0 4 (Bl 300 MCM (2l3/0 9T23B2674 4 (B) 3/0 250 MCM i (Cl (2l 3/0 (2l250 MCM 
9 T23A2674G62 4 (Bl 3/0 250 MCM 4 • (2l 3/0 (2l250 MCM 9T23B2684 2 (Bl 2/0 3/0 4 (Cl (2l 3/0 (2l250 MCM 9T23B2675 4 (Dl 300 MCM 400 MCM 4 (El ·(2)300 MCM (2)400 MCM 
9T23A2675G62 4 (D) 300 MCM 400 MCM 4 • (2)300 MCM (2l400 MCM 9T23B2685 2 (Dl 4/0 300 MCM 4 (E) (2l300 MCM (2)400 MCM 9T23B2676 4 (F) (2l 4/0 (2l300 MCM 4 (H) (3)350 MCM (3)500 MCM 9T23B2686 2 (Fl (2) 3/0 (2) 4/0 4 (H) (3)350 MCM (3)500 MCM 

THREE-PHASE 
--- - - -- ·---- ~------- - --

9T23B3872 3 (A) #6 #4 4 (A) #1 2/0 0 T23A3872G2 3 #6 #4 4 #1 2/0 
9'1'2383882 3 #6 #4 3 12 0 9T23A3882G62 3 #6 #4 3 #2 0 
9'1'23B3892 3 #8 1'6 4 #1 2/0 
9T23B3873 3 #4 #2 4 2/0 4/0 
9T23A3873G62 3 #4 ,2 4 2/0 4/0 
9T23B3883 3 #4 #2 3 2/0 3/0 9T23A3883G62 3 #4 12 3 2/0 3/0 
9T2Jn3ff93 3 #6 '4 4 2/0 4/0 
OT23113ffR4 3 #3 fl 4 2/U 4/0 HT2:1113Wl4 3 0 2/11 4 300 MCM (2)3/0 
HTZ:IA:IIIH<;t12 :1 0 2/11 4 JOO MCM (2)3/ll 
llT2:1113ffff4 J 0 2/U 3 4/0 300 MCM 
9T23A3884G62 3 0 2/0 3 4/0 300 MCM 9T23B3894 3 (A) 2 0 4 (Al 300 MCM (2)3/0 9T23B3875 3 (D) 2/0 4/0 4 (El (2)3/0 (2)250 MCM 
9T23A3875G62 3 

j 
2/0 4/0 4 

j 
(2)3/0 (2)250 MCM 9T23B3885 3 2/0 4/0 3 (2)3/0 (2)4/0 

9T23A388 5G6 2 3 2/0 4/0 3 (2)3/0 (2)4/0 
9T23B3895 3 2/0 3/0 4 (2)3/0 (2)250 MCM 9T23B3876 3 4/0 300 MCM 4 (2)300 MCM (2l400 MCM 9T23A3876G62 3 4/0 300 MCM 4 (2l300 MCM (2l400 MCM 9T23B3886 3 4/0 300 MCM 3 (2)4/0 (2)300 MCM 9T23A3886G6 2 3 4/0 300 MCM 3 (2l4/0 (2l300 MCM 9T23BJ896 3 (D) 3/0 4/0 4 (E) (2)300 MCM (2)400 MCM 9T23B3877 3 (El (2)3/0 (2)4/0 4 (H) (3)300 MCM (4l250 MCM 9T23A3877G62 3 

j 
(2l3/0 (2l4/0 4 

j 
(3l300 MCM (4l250 MCM 9T23B3887 3 (2)3/0 (2)4/0 3 (3)4/0 (3)300 MCM 9T23A3887G62 3 (2)3/0 (2)4/0 3 (3l4/0 (3)300 MCM 9T23B3878 3 (2)4/0 (2l300 MCM 4 (4l300 MCM (4l400 MCM 9T23A3878G62 3 (2)4/0 (2)300 MCM 4 (4l300 MCM (4)400 MCM 9T23B3888 3 (2)4/0 (2)300 MCM 3 (4)250 MCM (4l300 MCM 9T23A3888G62 3 (E) (2)4/0 (2l300 MCM 3 (Hl (4)250 MCM (4l300 MCM 9T23B3866 3 (G) (2)350 MCM 12l350 MCM 4 (J) (4)500 MCM (5l500 MCM 9T23B3879 3 

l 
(3)250 MCM (3)350 MCM 4 

l 
(5l500 MCM (6l500 MCM 9T23A3879G62 3 (3)250 MCM (3)350 MCM 4 (5)500 MCM (6)500 MCM 9T23Il3889 3 (3)250 MCM (3)350 MCM 3 (5)400 MCM (6l500 MCM 9T23A3889G62 3 (G) (3)250 MCM (3)350 MCM 3 (J) "(5l400 MCM (6l500 MCM 

• Serles and multiple single-phase transformers, connected for 480--V high voltage and 240/,120-V three-wire voltage. 

NOTE: Connectors for 9T23 models may be used for any Group Number variation or the basic model number. For ellllmple, the ?roper connectors for Model 9T23B2672 are also proper for 9T23B2672G14. 

NOTE: Max. thickness of terminal pad Is 3/8 Inches. 
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SECTION 2 
INSTALLATION 

ALUMINUM CABLE TERMINATION 
PROCEDURES 

CAUTION: TO /IELI' GOARJ) AGAINST 
OVE.'RHEATING, THE PROCEDURES 
LISTED IN STEPS 1 THROUGH 6 ARE 
RECOMMENDED WHEN CONNECTING 
ALUMINUM WIRE. 

Step 1. Strip the wire of its insulation to the desired 
length-, without ringing or nicking the wire. 

Step 2. Apply a suitabl!' _joint ,·ompound, such as 
J',;n<;lroxA, Alnox-lJ<,, orT&B21059, tollw exposed 
,·<>1Hludor and wircl1n1sh lhrour;h il to remove the 
oxidr· film from the oulPr !:itrand!:i. 

Step 3. Thoroughly coat the exposed conductor with 
jo1r1tcompound. 

Step 4. Insert the wire into the connector, making 
certain all strands are contained, and tighten the 
wire retaining screw securely per Table V. This 
n1wraliu11 should result in compound oozing out from 
1>,·t w<•en l he individual strands of the wire. If this 
d,,,,s nCJl llapp<'n, ii is an in<lil'alion lhal an insufficient 
quantity of cmnpuund was uii<'d. 

Step 5. Wipe the excess compound from the area 
a~ijal'.ent lo lhe wire connection because some com
p1"111rls ,·on tarn metallic particles which could reduce 
l lw rlidecl riv strength of I he> insulating material em
ploy,·d. 

Step 1;_ Aft,·r a f,•wse,·011(:.s, rd11;ht<'n llw wire n•
L1111i111: S<T<'W pt•r Tahlt· V. 

COPPER CABLE TERMINATION 
PROCEDURES 

The procPdures used for aluminum cable are ap
plicable excPpl the use of the joint compound may 
be omitted. 

TABLE V 

Wire Size Wire Size Torque 

(I~:__""L_~s~ _ , 
(In. -Lbs) 

-- ---

14-8 75 3/0- 200 200 

6-4 100 2~)0-400 250 

3-1 125 I 500-750 300 

1/0-2/0 150 

CABLE REY AINING SCREW 
TORQUE 

The wire retaining screw should be tightened in 
accordance with Table V for both copper and alumi
num wire: 

A few seconds after the initial tightening, the re
taining screw should be retightened to ensure a good 
connection. This retightening procedure is of par
ticular importance when aluminum wire is used, 

CONNECTION TO TRANSFORMER 
TERMINAL 

NOTE: Do not remove the protective com
pound /rom the line terminal of the trans
for mer. If the compound is accidentally 
removed, make certain that the terminal 
contact area is clean and then coat both 
sw-faces with a copper-aluminum joint 
compozmd. 

Bend llH' cable !:iO lhal the hole in the connector 
mall's with tlw hole in lhe terminal and the contact 
surfaces arc- in good contact alignment. 

With a flat washer under the head, insert the 
bolt through the hole in the terminal and the con
nector and add a flat washer, lockwasher, and nut. 

CAUTION: TO GUARD AGAINST OVER
/11':A TING TlfFIU: MUST NOT BE ANY 
WASJJF/lS /WTWA'l\°N Till,' TEil MiNA U, 
ilNIJ T/11" CONNl,CT<J/lS. 

Align the cables so that adequate electrical clear
ances per NEC-373-11 are maintained and tighten 
per Table VI. 

If electrical clearances are questionable, the ex
posed electrical connection should be insulated with 
electrical tape. 

Bolt Size 

5/16" 
3/8" 
1/2" 

TABLE VI 

Torque 
(In. -Lbs) 

120 
220 
480 

-----------------~---------

Tocque I 
- ---·-------- - - ---
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INSTALLATION AND OPERATING INSTRUCTIONS 
GEK-33276-B 

DRY-TYPE GENERAL PURPOSE 
TRANSFORMERS 

HANDLING 

Provisions for lifting are provided. Because 
trahsformcrs are surprisingly heavy, care should be 
,'x,·rcised to check the weight shown on the shipping 
L1be! to assure adequate capacity of lifting equipment. 
For safety, spreaders should be used with lifting chains 
or slings to assure near vertical lift, thereby minimizing 
stress in the lifting equipment. Lifting means are pro
vided on thl' top core clamps inside the unit. The unit 
may be lifted by forks or skidded at the base. 

INSTALLATION 

PREPARATION 

Any accumulations of dirt or dust may be removed 
by brushing or by blowing dry air on the unit. If mois
ture is evident by the appearance of rust or mildew, the 
unit should be dried out by placing it in an oven or by 
blowing heated air over it. In either case the tempera
ture should not exceed 110 C (230F). 

MOUNTING 

The only foundation necessary is a flat surface 
strong enough to support the weight of the unit. Re
gardless of the type of mounting surface, permanent 
and effective grounding of the metal case in accordance 
with the National Electrical Code is recommended as a 
safety precaution for personnel. Free circulation of air 
is essential for the proper operation of all dry-type 
transformers. Therefore, a minimum distance of six 
inclws to adjacent structures, except the mounting sur
face, should be maintained. 

CONNECTIONS 

Hi.fcrence should be made to the wiring diagram 
a11d/or 11a11wplatP when making clectrieal connections 
'" llH• tr.in.sfornH'l'. 

WARNING: /JfXAUSf; OF DANGER OF 
f;U,'C'J'HICA!, SHOCK, no NOT CHANGE 
CONNF("/'lONS WI/JU,' THE UNIT JS 
f;Nf;RG/7-FD. 

Care must be taken to place all leads to the same load, 
or from lhl' supply source, through one knockout so 
th;, l no p,11·t of the transformer case is positioned be
lw1·1·11 s11!'h li-ad.s. 

TYPE QL * 

All General Electric Type QL general purpose 
transformers are designed for easy accommodation of 
cables sizes in accordance with NEC. Cables which will 
carry less than 100 amperes may have a 60 C tem
perature rating or higher, and cables which will carry 
100 amperes or more must have a 75 C temperature 
rating or higher. All cable entrances should be in the 
lower part of the transformer enclosure in accordance 
with markings on the enclosure and outline drawings. 

This unit has been designed and assembled to pro
vide excellent electrical connections to this transformer 
with either copper or aluminum connecting cable. 

Do not remove the protective compound from tap 
or line terminals. This protective material has been 
put on at the factory to help assure proper electrical 
contact. If the compound is accidentally removed, make 
certain that the terminal contact area is clean and coat 
this surface with a commercially available protective 
compound recommended for copper-aluminum elec
trical joints. 

This assembly of a connector to the line terminal 
is also important. The connector must be of the proper 
size for the cable and of the proper type. for the cable 
connector metal. Follow established installation pro
cedures recommended by the connector manufacturer. 
Space and insulate connectors per NEC Section 3 7 4-7. 
Type QL transformers are designed to accommodate a 
variety of UL-listed copper or copper-aluminum cable 
connectors. Transformers 15 through 100 kva have 
terminals with holes for 3/8" bolts, while larger trans
formers have holes for 1/2" bolts. GEK-33278 is a 
typical guide for connector selection. 

GENERAL INFORMATION 

After the encased transformer is installed, but before 
it is energized, the bolt and nut connections which 
extend through the rubber mounting pads and secure 
the core and coil to the frame should be loosened (with 
no visible compression of the pads under the bolt head 
and nut) to assure quiet operation. These connections 
should be retightened before transporting the trans
former to another location. 

• AND CJ I IILH (ilNEHAL PURPOSE ORY IYPl CONSTRUCTIONS 

These mstruct10ns dv not purport to cover all details or var,iJtions in equ,"pment nor to provide for 

1'vf'ry pos,'>1hlt.1 cunt111(Jf?ncy (() he 111t>f ,n connection with 111st,7/fation, operation or maintenance. Shoulrl 

l11rtfwr 111forrnat1un ht' des,red or should particular problems ar,se wl11ch art-.i nor covvrcrl suff1c1cnt/y for 

rhn 1wrc/1a.st'r's JlllfJJO-'>t!S, the ,n,Hlt,•r should he rt.J{erred to thf.' General Elect,w Company. 
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])ry-type transformt'rs inlH'n•nlly h,1,·e lowl'r <'ap
ability for withstanding ,·oltage surg,·s impOSl'U•upon 
the lines by lightning, switching, or other sources than 
liquid-filled units. Particular care should be taken to 
provide adequate surge protection to the transformer 
by means of lightning arresters in any installation 
where transformer or connecting lines are exposed to 
such voltages. 

All General Electric Type QL transformers have 
built-in capability for overloading in accordance with 
the table below. 

PEH'Vf!SS!BLE ONCE-DAILY OVERLOADS 
WITH NORMAL LIFE MAINTAINED 

Peak Load 
Time 

(Hours) 

1/2 
I 
2 
-i 
8 

Peak Load Following and Followed by 
A Constant Load of 

90% NPR 70% NPR 50% NPR 

162% NPR 
13M''.;, Nl'R 
12:1•>,, Nl'll 
11:l':,, Nl'H 
lOG•:, Nl'll 

18.5% Nl'll 
148';;, i\:l'lt 
128'\, ]';I'll 
l 1.,•;;, N I'll 
107'X, Nl'lt 

NPR- Nameplate Rating 

RECEIVING 

200% NPR 
152% NPR 
133% NPR 
118';;, Nl'll 
108% NPH 

Upon receipt 0f shipmen:, examine the package for 
damage tha• may have been sustained in transit. If the 
shippin~ cr,11tainer must be opened outdoors, take 
proper pn,cautions to prevent the entrance of moisture. 
Whi1~ unpacking, examine the product for broken, 
beni, or loose p2.rts or other damage. If injury from 
outside &ources is evident, file a damage claim with the 
transi:;ortation company and notify the nearest Gen£aral 
Electric Sales Office. 

DESCRIPTION 

Type QL transformers have a ventilated, encased 
constn!ction suitable for indoor service only, unless 
ordered and tiupplied for protected-outdoor service. All 
enc::ise.:: models are designed for floor or platform 
mounting. The core-and-coil structure is mountec;l on 
rubber pads at the base to minimize transmission of 
vibration. 

Transformers having outdoor protection, are 
provided with a tamj)er-resistant hardware kit. The 
kit consists of 8 Holt-head SCl<'WS ( which replace 
filctory in,la!led :,cn•ws) ;md a tool for iht'ir inslalla
t1on. Th<' n·c-0111u1t•1Jfled location of :lw t.iruper-n•f.i~taut 
:--irrt·•.,~ i~ a~ follows: onl' in <'drh l"otnvr of lhc top 

cover and dJH' lu eaeh lower curncr of the froni und 
r<'ar cover plates. 

In addition to the tamper resistance provided by 
the Holt-head screws. the frod and back coverplale~ 
may be padlocked ( 01,e required for each plate). 'fhi, 
is accomplished by 1cmoving the irnu.:kouts located in 
the bottom center of the front and back co, er plates. 
Then insert the padlock thruuµ:h th~ corresponding 
holls in the co\·erplate and th,• transformer base. 

Dry-type µ;,·nt•ral purpose transformers are cooled 
by free circulation of' surrounding air. Type QL trans
formers depc1,d upon air ·to enter the case at the 
bottom, flow upward over the core-and-coil surfaces, 
and exit through openings near the top. These trans
formers will carry full-rated loads continuously when 
the surrounding air does not exceed 40 C ( 104 F) and 
adjacent structures permit free movement of cooling air. 

General purpose transformers are designed to reach 
rated temperature rise above ambient air temperature 
when operating continuously at rated voltage, fre
quency, and load. Serious overheating with resultant 
fire damage may result if the unit is operated for 
sustaim·d periods above rated voltage, above rated 
current*, or lower than rated frequency. However, 
general purpose transformers having frequency ratings 
within the range 0f 25 to 100 hertz may be operated 
safely at higher than nameplate-rated hertz, 

General purpose transformers of identical model 
numbers will operate satbfactorily when connected .in 
parallel or in three-phase banks. (Tapped units must 
be connected on the same voltage lap.) Single-phase 
units may also be connected as autolransformers for 
boosting or bucking \"oltagc. However, the use of auto
transformers b subject io precautions: secondary 
circuits supplied by autotransformers may be subjected 
to exceptionally severe short circuits unless protected 
by current-limiting means. It is recommended that 
suit;i ble current-limiting devices be installed, where 
nccessan:, lo limit the short-circuit current to 25 times 
the rated curre!1I. In all cases, the National Electrical 
Code regu,,-,tions should be followed. 

MAlfllTENANCE 
In general, dry-type transformer products have no 

moving partf-. The only maintenance required is 
pt>riodic inspection of conn,·clions and rcmovat of ac
cumulated dust, dirt, and lint. 

Additional information relating to the installation 
and maintenance of general purpose transformers can 
be found in American National Standards Institute 
publication C57-94, "Guide for Installation and Main
tenance oi Dry-type Trans_formers." 

RENEWAL PARTS 

Because of the unit structure of these transformers, 
field repairs are usually uneconomical, and no spare 
parts and renewal parts an, rt!eommendcd. If con
ditions of operation dictate the need for standby 
equipment, a complete spare unit is recommended. 

STORAGE 

Thl' stllragc roo111 should lJl' clean and dry and, 
wh,·n pos,;ihl,·, wilh,,ut c•xtn•me te111pcr.iture variations. 
!l,·fnre µl,,cing a dry-type transformer in service a(ter a 
p~~iod , ,l storage, be ~ure that it is clean and dry by 
ob~ervi11!,: the instructions under "Installation." 

* llal,•d rnrrent equals rakd volt-amperes divided by 
rnl•ad n>llagc fo,· single-phase units: or for three-phase 
uni,~. rakd voli-ampcrcs. divided by rakd lim.'--lo-line 
v,,ils, the quotil·nl of which is di\"idl'd hy the square 
root of three - ( l. 7a2), 

GENERAL ELECTRIC COMPANY, SPECIALTY TRANSFORMER BUSINESS DEP.4RTMENT, FT. WAYNE, INDIANA 
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ADJUSTABLE FREQUENCY DRIVE 
FOR 

P. L. ARMSTRONG CO .• INC 

REQN NO 480-02818-2 

SYMBOLS NOMENCLATURE 

~ - RED INDICATING LIGHT DR - DRIVER 

@] - MOUNTED ON DOOR 

~ - THERMAL SWITCH 

IL - INDICATING LIGHT 

INV - INVERTER 

IP~:~~}-± 20V POWER SUPPLY ASSEMBLY 

IS - SIGNAL ISOLATOR • - RELAY COIL SUPPRESION 

A 

0--0 - JUMPER 

I - TWISTED WIRF. 

[fil - SUPPLIED BY OTHERS 
REMOTELY MOUNTED 

00 - REMOTELY MOUNTED 

~ - MOUNTED IN BUBBLER ASSEMBLY 

~ - REMOTELY MOUNTED AT MOTOR 
NUMBER 2 

LLR - LOW LEVEL RELAY 

LOR - LOGIC RELAY 

OAI - OPERATIONAL AMPLIFIER 

OPT6 - OUTPUT POWER TERMINAL BOARD 

PL - PLUG CONNECTION 

CB - CIRCUIT BREAKER 

CT - CURRENT TRANSFORMER 

SLD - SIGNAL LEVEL DETECTOR 

THSW - THERMAL SWITCH 

TVR - 20 VOLT RELAY 

SJ - SPEED INDICATOR 

TOAD - TIME DELAY AFTER DE-ENERGIZATION 

TOAE - TIME DELAY AFTER ENERGIZATION 

FU - FUSE 

GENERAL tLECTRIC 

• 
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DRAWING NOTES 

~OI TR2 

G) 
ffi ~ l 1s1 0211.)!) 

o2'-<ABl7) R~~:nf§, 
_;:,,,,;__ ___ ~ 

(D--{0418] 

o @ (ABl9) 
~4 010T ~19 RUN 
\!I 0414,0422 

RUN (9) 
AIH ~ 

TRI 
RB-B2D -:-:;-I I 03 ,\S-BSl7 

~ 3 5 >>--<< IT 
\!I [9410] -- ~ 

TRI 
B2D <BBl8) TR2 

TIMER •I 
TOAD 2 SEC 
0418TD 

TIMER •2 
04 

27 ~30 
[041-H 

o~A 1 • TDAE 5 SEC 

®" 
0410T0,0510 

~ RUN 
(ABl8) CR2 

06 AIH 

81111 0 
[0410] ,.---=-' 

07 ---\ CONTROL 
l~+-I --•• 0510 

@!-• 0 

WIRE NUMBERS ARE SHOWN ON EACH SHEET AS TWO-DIGIT NUMBERS (E.G. 01, 02, 10, 42, ETC.) EXCEPT FOR 

WIRES ORIGINATING ON ANOTHER SHEET, WHICH ARE SHOWN AS 4-DIGIT OR 5-DIGIT NUMBERS. IN ALL CASES, 

THE COMPLETE WIRE NUMBER (WHICH APPEARS ON THE ACTUAL WIRES IN THE EQUIPMENT AND ON THE TERMINAL 

BOARDS) IS A 4-DlGIT OR 5-DIGIT NUMBER. THE FIRST TWO OR THREE DIGITS INDICATE THE NUMBER OF THE 

ELEMENTARY DIAGRAM SHEET ON WHICH THE WIRE ORIGINATES AND THE LAST TWO DIGITS INDICATE THE WIRE ON 

THAT SHEET. THUS 2A04 INDICATES WIRE NUMBER 04 ORIGINATING ON SHEET 2A OF THE DIAGRAM; ANC 15C34 

INDICATES WIRE NUMBER 34 ORIGINATING ON SHEET 15C. I.E. IF THIS SKETCH WERE ON ELEMENTARY PAGE 4 

THE COMPLETE WIRE NUMBER WOULD BE 0401. 

THIS NUMBER SPECIFIES THE LOGIC RELAY ASSEMBLY INPUT-OUTPUT TERMINAL POINT. THE NUMBER AB17 

SPECIFIES "A" FOR THE ".I'." RACK J\SSE!"IBLY AND "B" F'OR TIIE "B" 1'ERMU~AL BOARD, TER."lUiAL NUMBER l i. 

IF A SINGLE RACK IS USED THE "A" MAY BE ELIMINATED THEN THE NUMBER BECOMES Bl7~ 

THESE LETTERS SHOW THE FUNCTIONAL NOMENCLATURE OF THE ASSOCIATED RELAY. 

THE LETTERS "RA" INDICATE THE "A" COIL IS USED FOR THE "RUN" RELAY. 

THIS NUMHER SPECIFIES TUE PHYSICAL LOCATION OF TIIE REI.AY. 

A) THE FIRST CHARACTER A REPRESENTS LOGIC RELAY ASSEMBLY A. IF A SECOND RELAY ASSEMBLY IS 

PROVIDED ITS NOMENCLATURE WOULD BE "B" ETC. FOR A SINGLE ASSEMBLY THE A HAY BE OMITTED, 

THEN THE NOMENCLATURE BECOMES RA-lH, 

B) THE SECOND CHARACTER 1 REPRESENTS THE LOWER MOST ROW OF RELAY CARDS WHEN THE ASSEMBLY 

CONTAINS TWO ROWS OR IN TIIE CASE OF A SINGLE ROW OF RELAY CARDS, THIS NUMBER SIMPLY REFERS 

'1'0 THAT SINGLE ROW, IF TIIE ASSEMBLY CONTAINS TWO ROWS TIIE UPPER ROW WOULD BE SHOWN _2_. 

C) THE THIRD CHARACTER SHOWS THE LOGIC ASSEMBLY RELAY CARD SOCKET LOCATION WITHIN THE LOGIC 

ASSEMBLY. THE LETTER B DESIGNATES THE RELAY CARD TO THE EXTREME LEFT, D REPRESENTS THE 

CARD TO THE IMMEDIATE RIGHT OF B, F REPRESENTS THE CARD TO THE IMMEDIATE RIGHT OF D ETC., 

ETC. 

THIS NUMBER SPECIFIES THE TERMINATION POINT ON THE LOGIC RELAY ASSEMBLY CARD SOCKET • 

THIS NUMBER SPECIFIES THE LOCATION OF THE RELAY COIL CONTROLLING THE CONTACTS SHOWN IMMEDIATELY 

ABOVE. THIS EXAMPLE SHOWS THE TR2 COIL IS ON ELEMENTARY PAGE 4 LINE 18. 

THIS NUMBER SPECIFIES THE WIRE ORIGINATING ON ELEMENTARY PAGE 2 WIRE NUMBER 11. 

PLUG CONNECTION (IF USED) FROM RACK "A" PLUG "S" TO RACK "B" PLUG "S" AT PIN 17. 

PANEL MOUNTED RELAY 
TDAE - TIME DELAY AFTER ENERGIZATION 
TDAD - TIME DELAY AFTER ENf.RGIZATION 

INDICATES A Rt:LAY COIL SUPPRESS()R -c:J 1-( -
220.Ct 0.5MFD 

ALL RELAYS OR CONTACTORS ADDED IN THE PROXIMITY OF THE SCR EQUIPMENT ENCLOSURE, OR USED WITH 

CONTROL IN1'ERl-'ACE LOGIC HUST HAVE SUPPRESSED COILS. INCLUDES: SOLENOIDS, BRAKES, ETC. 

THIS NUMBER SPECIFIES THE LOCATION OF THE RELAY CONTACT CONTROLLED BY THE COIL. THIS EXAMPLE 

SHOWS A TIME DELAY CONTACT FROM THE TR2 COIL BEING USED ON LINE 10 OF SHEET 04. UNDERLINED 

CONTACT LOCATION INDICATE N.C. CONTACTS. 

-
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CAPAC I TOR f"(~MIIIG 

INVERTER 
Cf>ERATIIIG NOTES 

fa.ECTllO...YTIC CPPACITORS HAVE A LIMITED SHELFLIF~ WHEN NOT El'ERGIZED. IT IS THEREFORE. NECESSARY TO 

FOAM ·rH£ CAPAC! TORS BEFORE NORMAL CHARGIIIG CAN TAKE PLACE. 

A. LESS THAN 6 .MONTHS: NO FORMIIIG REQUIRED. 

B. 6 M()\;THS OR MCR::: SEE INSTRUCTION 000K GEK 24982 (START lP Al'O CHECKOUT SECTION) FOR DETAILS. 

THE UNIT ~IAS LAST ENERGIZED IN OJR FACTORY ON '12 JANUARY 1981 

THE AF400 INVERTER lS AN ADJUSTABLE FREQUEN:Y MOTOR DRIVE DESIGl'EO FOR IIOJSTRIAL APPLICATIONS. 

ElT!iEn SI~1.E MOTOR OR KJL Tl-MOTOR CJJEAATION FROM A SIIIGLE POWER UNIT CAN BE ACCOWLISHEO. 

kl\JUSfM::NT Cf" l'OTOR 9't:ED 15 ACHIEVED BY CHA~It{; BOTH INVERTER OUlPUT FREQUEN:Y ANO VO...TAGE. THIS 

CREATES THE CONSTANT VO...TAGE PER CYCLE (V/HZ) NECESSARY TO PRCf>ERLY EXCITE THE AI:.. MOTOR OVER ITS BASE 

CPERAl"ING RAIIGE. 

THE INVERTER OUTPUT IS CREATED IN THREE BASIC STEPS: 1) THE CONVERTER tJOOULE CHAIIGES THE IN:OMIIIG 3 

PHASE AC LINE TO A VARIABLE DC VOLTAGE NECESSARY TO OBTAIN THE AOJUSTAEl.E INVERTER OUTPUT VOLTAGE. 

Tr-IE CONVERTt::R KDU..E IS A 3 PHASE SIX SCR FU..L WAVE RECTIF!ER BRIDGE. 2) THE DC LINK FILTER PROVIDES 

THE NECESSARY CONVERTER FIL TERIIIG ANO OPTIHJM MOTOR Cf>ERATION. THE DC LINK FILTER CONS! STS OF .AN 

IRON t:CRE REACTOR (Ll) AND A BANK OF ELECTROLYTIC CAPACITORS (Cl). 3) THREE INVERTER PHASE MOOIJ..ES 

AL TERNArELV CONNECTS THE POSITIVE AND NEGATIVE SIDE OF THE DC BUS THE MOTOR LEADS. THIS ACTION 

CREATES THE ADJUSTABLE VOLTAGE ANO FREQUENCY FOR CONTROLL It-C THE MOTOR SPEED. EACH INVERTER PHASE 

MCXJLLE CONSISTS Of TWO MAIN S::RS, TWO COMM.JTATION S::RS, TWO COMJTATION DIODES, A ·COMMJTATION 

CAPACITOR AND Co-MJTATION REACTOR, 

TI-E PHASE TO PHASE OUTPUT VOLTAGE IS A SQUARE WAVE. THE VOLTAGE OURIIIG THE FIRST 300 OF THE OUTPUT 

WAVE fO~ IS ZERO. DURit-C THE NEXT 1200 OF THE WAVE THERE IS A POSITIVE SQ, WAVE VOLTAGE. FOR THE 

FOLLOWING 600 THE WAVE IS ONCE AGAIN ZERO. THE t£XT 1200 HAS A l'EGATIVE SQ. WAVE VOLTAGE. THE 

FlNAL 300 OF THE WAVE rs ZERO. A DETAILED THEORY OF CPERATION AS WELL AS PICTI.H:S OF THE OUTPUT 

VOLTAGE CAN BE FOUND IN THE INSfRl£TION BOOK SlPPLIED WITH THIS EQUIPtE:NT. 

REFER TO GEK 29482 FOR A DETAILED DESCRIPTION. 

STCPPIN; At-0 START!r-G OF INVERTERS 

THE INVERTER IN THIS OFUVE SYSTEM HAS Tit-ED ACCELERATION ANO TltJ£D DECELERATION. STARTIIIG ANO 

STl'.f'PINI~ IS 1-JORMAll.V P{TO'-'PtT~HFt) ~" •-~!'.t!~ (r THC C'ON;ROL LOGIC. TUE It-NERTER WILL GO THROUGH 14 

Hr.ED SHP F"QR AN u>ENIN:i o· THE THERMAL SWITCH IN THE INVE.IHER I-OOI.LE. 

tlJRIIIG A TIMED STCf> THE IMIERTER WILL Tlt,£ OOWN FROM THE FREQUEN:V AT .-IICH IT IS RUNNIIIG TO A 

MlNIKJM FREQUEN:Y ANO THEN STCf>. IF THE t,.OTOR REMAINS CONN::CTED TO THE UNERTER WHEN THE STCf> LOGIC 

IS ACTIVATED, THE MOTOR WILL DECELERATE TD THE SPEED CORRESPONDlt-C TO TH£ MINIKJM FREQl.£1'1:Y ANO THEN 

COAST TO. A STCP. THE INVERTER WILL ALSO STCf> FOR CONDITIONS SlCH AS I.J«R OR OVER VO. TAGE It.PUT, 

CNER FREQUEN:Y OR INS.fANTANEOUS OVER CURRENT. FOR THESE CONDITIONS THE INVERTER STCPS lt-1£DIATELY 

AN) THE tJOTOR WILL COAST TO A STCP, OR BE Cf>ERATED FROM ANOTHER SOURCE AS OETERMIIIEO BY Tl£ 

PMT1CU.AR SYSTEM KlOE OF Cf>ERATION. 

PROTECTIVE DEVICES 

THE INVERTER HAS THE FOLLOWIN:; PROTECTIVE FEATURES: 

A) Illl::OMit-C AC LINE FUSES, 8) THERMAL SWITCH OVERTEWERATURE PROTECTION, C) DRIVER CONTRO.LED 

CURRENl l.IMlT (CL), D) Tlt,£ OVERCURRENT ITDC, INSTANTANEOUS OVEFCI.RRENT - IFT, E) CCMtJTATI~ 

CNE~URRENT - COC, F) SIN:iLE PHAS£ A"'3 PHASE SEQUEN:E PROTECTION - PSLP, G) C<JUR<l. Ut«R VO.TAGE -

ClN, AND H) O'IERFREQUEN:V PROTECTION. 

THE CURRENT LIMIT CIFCUITRY RECU:ES THE REFC:REN:E IN THE DRIVER Al'O THUS REOUCES BOTH THE OUTPUT 

VQ.TAGE ANO FREQU!N:Y OF THE INVERTER TO LIMIT THE· CURRENT. TIIEO OVEFCURRENT WILL SHUT DOWN THE 

INVERTER AFTER A CERTAIN PERIOD Cf" OVEFCURAENT. THE DRIVER ALSO PROVIDES AN IFf TRIP CIICUIT. THIS 

CIICUIT SENSES A FAULT CONDITION, SHUTS OFF ALL THE SCR 1S ANO PREVENTS THEM FROM FIRIJ,l; AGAIN. THE 

DRIVE IS RESET BY CPERATIJ,l; THE STCP LOGIC, WAIT It£ UNTIL THE REFEREtCE TIIES DOWN TO ZERO, AND THEN 

RESTARTIJ,l; TIE INVERTER. IF THE FAU.T COtOITION HAS BEEN REMOVED, THE INVERTER WILL FOCTION 

NCRMALLY. 

REFER TO GEK 24982 FOR CETAILS. 

STARTlP AND CHECKOUT PROCEOURE 

SEE GEK 24982, 
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CSF 001A 
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CSF 0001M 

Description 

Heliostat Power Centers 

-
Maintenance 

Section 
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- 3.3. l Heliostat Power Centers 

3.3. l. l Identification 

Tag Number Description 

CFS OOOlA thru CFS OOOlM 4160 Oil Filled Distribution Transformers 
with 120/208 volt distribution panels 

3.3. 1.2 Description 

Manufacturer: 

Type: 

3.3. 1.3 Vendor 

Wesco 
1661 W. 3rd Ave 
Denver, CO 80223 

3.3. 1.4 Procurement Specification 

Westinghouse Electric Corp. 
Jefferson City, Mo. 65101 

Eleven Ttransformers Style A42Al20KP2 
Two Transformers Style A42Al20KN3 
One Transformer Style A42Al20KN2 

- Stearns-Roger Spec F230.6 (DOE Spec 40E500-6S) 

3.3. l.5 Operation/Maintenance 

See attached Westinhouse manual, section D. 

-
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Instructions for Oil-Immersed 
Distribution Transformers • 

J.B. 46-060-1 
Section ll 

Section D: Pad-Mounted. 75-1500 KVA, Three-Phase 

GENERAL 

These instructions apply to three-phase oil-immersed pad-mounted 
distribution transformers. Read these instructions carefully before 
attempting to install, operate, maintain, or store the transformers. 

The equipment covered by these instructions should be oper
ated and serviced only by competent personnel familiar with good 
safety practices. These instructions are written for such personnel 
and arc not intended as a substitute for adequate training and ex
perienee in the use of this tXJUipmcnt. Thcst• instructions do not 
purport to provide for every possible contingency that might be 
cr,-·ountned in the installation, operation and maintenance of this 
equipment. Should clarification or further information be required 
or should problems arise which are not covered sufficiently for the 
user's purposes, refer the matter to the Westinghouse Electric 
Corporation. 

Westinghouse is not responsible for the adequacy of instruc
tions provided by suppliers of non-Westinghouse components 
which may be incorporated in this equipment and any additional 
information required should be obtained from such suppliers. 

INTRODUCTION 

The three-phase pad-mounted transformer is designed to provide 
service for such electrical underground distribution loads as shop
ping centers, schools, institutions and industrial plants. The trans
former is designed for outdoor mounting on a pad. The primary 
and secondary cables enter the transformer from below, through 
openings in the pad. All live parts are completely enclosed in 
tamper-resistant compartments with provision for locking. 

RECEIVING 

Westinghouse three-phase pad-mounted distribution transformers 
are normally shipped completely assembled and ready to install. 
Each transformer should be carefully inspected upon receipt and 
the transportation company notified of any damage that has been 
incurred. The shipping list should be checked for possible short
ages. 

Three-phase transformers rated 500 kV A and below are 
shipped on a pallet, being securely attached to the pallet by means 
of straps banded to the lifting lugs. Palletized transformers in these 
ratings may be moved readily by a lift truck, crane, or cart. The 
lifting lugs supplied on the sides of the transformer enable it to be 
lifted by crane. 

Three-phase transformers rated 750 kV A and above are 
shipped on flat bed or open topped trucks due to the size and con
figuration of the transformer. Similar lifting lugs on the sides of 
the transformer enable it to be lifted by crane. 

Lift the transformer utilizing all the lugs and use proper 
spreaders to obtain a vertical lift. 

CAUTION: DO NOT LIFT THE TRANSFORMER BY USING 
CRANES OR JACKS ON ANY PART OF THE TRANSFORMER 
OTIIER THAN THE LIFTING LUGS OR JACKING AREAS 
PROVIDED FOR THIS PURPOSE. IMl'ROPFR LIFTING OR 
JACKING MAY RESULT IN SERIOUS PERSONAL INJURY 
AND DAMAGE TO PROPERTY. 

---------

Fig. I lifting Provisions 

INSPECTION 

The unit has been carefully assembled, filled with oil, tested, and 
sealed at the factory. 

The oil level can be checked by means of the liquid level gauge 
or by removing the oil level plug which is located at the 25 Coil 
level. 

Any unit which docs not have the proper oil level ~hould be 
checked for leaks and refilled through the vent plug before placing 
it in service. Use only quality oil per ASTM D3487 when adding 
oil to the transformer. Note: Extreme care should be taken to use 
oil free of any PCB contamination to avoid future problems with 
disposal regulations. 

Tighten any parts that may have worked loose during ship
ment. Internal inspection is not required for this unit; however, 
if the transformer must be opened for internal inspection or fuse 
replacement, take proper care to prevent the entrance of moisture 
or other foreign matter into the transformer. For access, first vent 
the transformer, then remove the weather cover and the handhole 
cover, placing the nu ts and washers in storage for reuse. 

To remove the weather cover, both left and right hand doors 
must be open. Loosen the wing nut assembly inside the cabinet 
near each top front comer. Lift the front of the cover and rotate 
180° about the hinges mounted at the rear of the tank, then sup
port the cover or slide it off of the hinges to remove it . 

These instructions do not purport to cover all possible contingencies which may arise during installation, operation, or mainte
nance, and all details and variations of this equipment. If further information is desired by the purchaser regarding his particu
lar installation, operation or maintenance of his equipment, the lot~ Jfe,J!iQZl:u:J~ l:;/~'Jt f!:~~n representative should 
be contacted. .:,11:a:r~iL~ c::, 

Effective April, 1979 C217UU AUG O 5 '80 
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When re-assembling the handhole, replace the gasket if there 
is evidence of damage or its thickness is less than 0.12 inches. The 
i,:asket should be compressed to a thickness of from 0.12 to 0.15 
inches: however. the nu ts should not be tightened greater than 
20 ft-lbs. 

Oil Level Plug 

Oil Drain Plug 

High Voltage 

Fig. 2 Oil Plugs 

STORAGE 

Low Voltage 

No unusual precautions for storing need to be taken because pad
mounted transformers arc built for outdoor service. However, the 
transformer should be stored with the tank sealed and filled with 
oil and the units must not be stacked on top of one another. The 
compartment doors should be in the closed position to protect 
the bushings and other accessories from damage. Care must be ex
ercised to prevent submersion in water. 

The purchaser should perform a final inspection of each trans
former prior to installation. 

MAINTENANCE 

A periodic visual inspection of the ex temal parts of the trans
former is desirable. At such times, the general condition of the 
following should be noted: 

1. High voltage bushings and leads 

2. Low voltage bushings 

3. Arresters (if provided) 

4. Tamper resistance of cabinet, especially cabinet hinges and 
latching provisions 

S. Any signs of oil leakage 

6. Finish on tank 

7. Ground connections 

8. Accessories including warning and instruction labels. 

Where parts have been broken, or where any sign of oil leak
age is observed, the transfonner should be removed from service 
until repairs can be made. 

CAUTION: WHEN BROKEN PARTS, LEAKING OIL OR 
OTHER POTENTIALLY HAZARDOUS CONDITIONS ARE 
OBSERVED, REMOVE THE TRANSFORMER FROM SERVICE 
UNTIL REPAIRS CAN BE COMPLETED. FAILURE TO DO SO 
MAY RESULT IN VIOLENT FAILURE OF THE TRANS
FORMER CAUSING HAZARD TO LIFE AND PROPERTY. 

Where tanks show evidence of rusting or deterioration of the 
finish, they may be cleaned and retouched with paint available for 
that purpose. When bare metal is exposed, a primer should be also 
applied. 

Periodically, the condition of the oil should be inspected and, 
if necessary, the oil should be removed and replaced with good, 
clean, dry oil per ASTM D3487. 

A periodic check of the load should be made to insure that the 
transformer is not being unduly overloaded. Planned overloading 
should be in accordance with the ANSI Loading Guiding (C57.9J). 

Whenever replacement parts or information regarding existing 
transformers are required, complete nameplate data including kV A 
rating, style number, serial number, and a description of the part 
should be given to Westinghouse. 

INSTALLATION 

Installation should comply with the latest edition of the National 
Electrical Safety Code. 

Mounting 

The transformer should be mounted on a level pad strong enough 
to support the weight of the transformer. The unit should not be 
tilted in any direction greater than I .5 degrees. Tilt of the trans
former should be kept to a minimum, especially when it will cause 
deviations in oil level near drawout fuses, pressure relief devices, or 
other accessories specifically located with respect to the 25°c oil 
level. 

Brackets are supplied for bolting the transformer securely to 
the pad. 

Bottom of Cabinet Compartment 

I 

Fig. 3 Mounting Provision 

20" on 46-62 Widths 
24" on 66-70 Widths 
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The transformer cabinet should sit flush on the pad allowing 
no gaps which would compromise the tamper resistance of the 
transformer. 

CA UTJON. SINCE THESE TRANSFORMERS CONTAIN A 
FLAMMABLE INSULATING FLUID (MINERAL OIL), TRANS
FORMER FAILURE CAN RESULT IN FIRE AND/OR EXPLO· 
SION. THIS POSSIBILITY SHOULD BE CONSIDERED WHEN 
LOCATING THESE TRANSFORMERS IN CLOSE PROXIMITY 
TO BUILDINGS OR PUBLIC THOROUGHFARES. 

Venting 

The transformer should be vented to the atmosphere before it is 
placed in service if it has been pressurized for leak test or if the 
unit has been opened and resealed when the temperature was 
above or below 25°C. Venting should take place at approximately 
2s 0 c to prevent excessive operating pressures or vacuums from 
developing. Vent the transformer by removing the vent plug or by 
operating the pressure relief device normally provided. 

Grounding 

A good permanent low impedance ground connection must be 
made to the tank by means of the ground pad provided for this 
purpose near the bottom of the tank. 

CAUTION. IMPROPER GROUNDING CAN CAUSE HIGH 
VOLTAGE ON METALLIC PARTS OF THE TRANSFORMER 
TANK AND TRANSFORMER SECONDARY TERMINALS RE
SULTING IN DANGER TO LIFE AND PROPERTY. 

Transformers which are designed for use on a grounded wye 
system, that is one having a solidly grounded neutral, must have 
the tank and other available neutrals permanently and solidly 
grounded to the common neutral of the system before the trans
former energized. 

CAUTION: TRANSFORMERS WITH UNGROUNDED SEC· 
ONDARY WINDINGS, SUCH AS WITH THE DELTA, OPEN 
DELTA, AND FLOATING WYE CONNECTIONS, MAY UNDER 
CERTAIN CONDITIONS HAVE VOLTAGES AS HIGH AS 
THOSE OF THE PRIMARY SUPPLY SYSTEM APPEARING 
FROM TERMINAL-TO-GROUND. SUCH VOLTAGES CAN RE
SULT IN DANGER TO LIFE AND PROPERTY. 

Connections 

CAUTION· ALWAYS ASSUME THAT TERMINALS ARE 
ENERGIZED UNLESS CHECKED AND GROUNDED. DO 
NOT RELY ON FUSE REMOVAL, SWITCH POSITION INDI
CATORS, OR OTHER VISUAL INDICATIONS. CONTACT 
WITH AN UNGROUNDED TERMINAL MAY RESULT IN 
ELECTRICAL SHOCK AND BURNS. 

CAUTION: MAKE ONLY THE CONNECTIONS AND OPER
ATE ONLY AT THE VOLTAGES AUTHORIZED BY TIIE 
DIAGRAMS AND INFORMATION GIVEN ON THE TRANS
FORMER NAMEPLATE. FAILURE TO DO SO CAN CAUSE 
DAMAGE TO THE TRANSFORMER AND DANGER TO 
NEARBY PERSONNEL. 

CA UT/ON: THE TRANSFORMER MUST BE DE-ENERGIZED 
BEFORE CHANGING CONNECTIONS BY EITHER TAP 
CHANGER OR DUAL VOLTAGE SWITCH. FAILURE TO DO 
SO CAN CAUSE DANGER TO LIFE AND DAMAGE TO 
PROPERTY. 

During installation, the recommended sequence of connections 
is to first make all ground connections, then the low voltage con
nections, and finally the high voltage connections. The trans-
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former should be removed from service by reversing the above 
sequence of connections. 

Line connections must not place such strain on the bushing 
terminals or insulators that would loosen the contact joints or 
damage the insulators. 

Three-phase transformers are only designed for proper opera• 
tion with all three-phases energized; operating with one or more 
phases open can result in unbalanced service voltages and single
phasing of the load. 

Three-phase transformers may exhibit abnormal voltage and 
current behavior when switched one phase at a time. Three-phase 
switching is recommended whenever available or possible • particu
larity when conditions susceptable to ferroresonance exist. The 
highest probability of ferroresonant overvoltages occurs when un
grounded primary windings fed by underground cable circuits are 
switched remotely one phase at a time. 

Security 

Before leaving the site of an energized transformer, make sure that 
the cabinet is completely closed and all locking provisions are 
properly installed. Be certain that the terminal compartment is 
secured against unauthorized entry. 

CAUTION: FAILURE TO SECURE THE TERMINAL COM
PARTMENT COULD ALLOW ACCESS BY UNAUTHORIZED 
PERSONNEL RES UL TING IN DANGER TO LIFE. 

OPERATION 

The pad-mounted transformer is an integral part of the distribu
tion system and consideration must be given to proper protection 
from system disturbances. Protection from excessive voltage tran
sients and severe overcurrents should be provided. To allow proper 
operation of overcurrent devices that may be supplied with the 
transformer, coordination with system overcurrent protection 
must be achieved. 

HIGH VOLTAGE ACCESSORIES 

CAUTION: THE TRANSFORMER AND ITS ACCESSORIES 
MUST BE OPERATED WITHIN THEIR RATINGS. FAILURE 
TO OBSERVE THESE RATINGS COULD RESULT IN SERIOUS 
PERSONAL INJURY AND DAMAGE TO PROPERTY. 

Consult Westinghouse for the ratings of specific accessories. 

Porcelain Bushings 

The standard high-voltage porcelain bushing is a gasketed bushing 
with clamp type terminals. The clamp type terminal arrangements 
accommodate cables ranging from No. 8 to 250 kcmil. The high 
voltage terminals are oriented for vertical takeoff of primary 
cables entering the compartment from below. 

Separable Insulated Connectors 

Separable insulated connector components may be universal bush
ings wells, integral bushings or bushing wells with inserts installed. 

All separable connector components must be dry and clear of 
any contaminations before connecting. Unused terminals must be 
capped before energizing the unit. 

The separable insulated connectors may be either livebreak or 
deadbreak. Follow the manufacturer's instructions and warnings 
on the use of these terminations. 

-
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Fusing 

When a protective device on the primary side of the transformer 
has operated. the possibility of an internal transformer fault exists. 

C-11'/"l()\ OPFRATJON OF A PRIMARY PROTECTIVE DE
VICI- MAY INDICATI· A 1:AULTFD TRANSi-ORM ER. DO NOT 
Rl·.-ENERGJZI· II· ANY SIGN OF FAILURE IS OBSERVED. 
RE-ENERGIZING SHOULD BE PERFORMED FROM A RE
MOTE LOCATION UNLESS THE CAUSE OF DEVICE OPERA· 
TION IS POSlTIYEL Y IDENTIFIED AND CORRECTED. TO DO 
OTHERWISE PRESENTS A HAZARD OF VIOLENT TRANS
FORMER FAILURE RESULTING IN DANGER TO LIFE AND 
PROPERTY. 

To assure proper operation and coordination, a fuse device 
should only be replaced by one with equivalent characteristics. 

Protective Links 

Protective links are oil-immersed high voltage expulsion fuses de
signed to isolate the transformer from the distribution system in 
the event of a transfonner fault inside the tank on the load side 
of the link; not to provide overload or secondary fault current pro
tection for the transformer. 

Inspection or replacement of the internal link can be accom
plished by using the handhole cover. 

These internal fuses can be replaced utilizing the following 
procedures: 

1. De-energize the transformer by disconnecting all power sources 
from the transfonner (including any secondary power sources) to 
avoid danger to life and property. Take proper care to prevent the 
entrance of moisture or other foreign matter into the transfonner. 
The transfonner should be vented prior to removing the handhole 
cover. Remove the weather cover and then the handhole cover, 
placing the nu ts and washers in storage for reuse. 

2. Lower the oil level below the protective links. 

3. The transformer should be checked for visible arcing damage 
and for electrical integrity such as continuity, turns ratio and in
sulation strength. 

4. If no signs of internal failure are observed, replace with new 
fuse taking care to maintain electrical clearances. 

5. Reassemble the weather cover and handhole. (See "Inspection" 
section). 

6. Refill with good, clean, dry oil per ASTM 03487. 

Air-Insulated Loadbreak Drawout Cunent-Limiting Fuse 

Three-phase pad-mount transfonners are supplied with an air
insulated drawou t current-limiting fuses when specified. The fuse 
holder is a single-pole loadbreak and load make device, allowing 
the transformer to be de-energized by withdrawing the fuse from 
the transfonner with a hot line tool. 

High-voltage current-limiting fuses are designed to limit the 
flow of current (and energy) to a low impedance fault. Like pro
tective links, their purpose is to isolate the transformer from the 
distribution system in the event of an internal transformer fault. 
Current-limiting fuses are applied when the available system fault 
current exceeds the interrupting capability of the protective links. 

1 Bay-O-Nel is a trademark of the RTE Corporation 

To open primary - Attach a hot line tool to the hookcye, stand to 
one side and rapidly pull the fuse completely from the holder. 

To rf.'plaef.' fullf.' Disassemhk parts froni spent fuse. Assembk ,k
tail parts lo m•w fuse per ins1ruclion decal on transformer. Re
place any worn or damaged parts. 

To close primary - Attach a hot line tool to the hookeye. Insert 
the end of the fuse into the opening until the upper contacts just 
enter the fuse tube. Stand to one side and rapidly push the assem
bly straight into the holder until the dust cap seats into the spring 
retainers. 

Tank Wall 

Spring Retainer 

Fig. 4 Drawout Cu"ent-Limiting Fuse 

Bayonet 1 Oil Fuse 

Three-phase transformers are supplied with bayonet 1 oil fuses 
when specified. The bayonet 1 itself is a way of replacing an under 
oil expulsion fuse link in the field, and has single-pole loadbreak 
capability allowing it to be used as a switch to energize and de
energize a transformer. 

It is recommended that the initial energization of transfonners 
be accomplished · through the use of loadbreak tenninators, 
switches, cutouts, and other line sectionalizing devices. 

CAUTION: ANY LOADBREAK DEVICE IS SUBJECT TO 
VIOLENT FAILURE. WE THEREFORE RECOMMEND RE
ENERGIZING, WHENEVER POSSIBLE FROM A REMOTE 
LOCATION INSTEAD OF USING TIIE BAYONET TO CLOSE 
IN ON POTENTIAL FAULT CURRENT. VIOLENT FAILURE 
CAN CAUSE PERSONAL INJURY AND PROPERTY DAMAGE. 

When replacing a blown fuse, re-energize from a remote loca
tion. This procedure is an added precaution when picking up load 
and after a fuse has blown. When the transformer is refused under 
energized conditions, it is possible the fuse would be closed in on 
the system's maximum fault current. This is always of concern, 
and any transformer showing the slightest evidence of failure 
could be dangerous. 

To Remove Fuse 

I. Lift the weather cover and hold in position with locking sup
port bracket. 

2. Relieve any pressure in the tank using the pressure relief device. 

3.3. 1-5 
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3. Attach universal hot line tool, or hook stick to fuse handle 
eye - stand to one side - unlock handle. 

4. Push down and rotate the handle 90° clockwise in the tube. 
The 90° rotation of the fuse holder breaks any adhesion between 
the seal gasket and the outer tube assembly. 

5. Pull the fuse holder out six inches. This opens the primary cir
cuit. Wait a few seconds for oil to drain into the tank. 

DANGER IF A.i'IJY ARCING, RUMBLING, OR OTHER UN
USUAL NOISE IS HEARD, CURRENT IN EXCESS OF TIIE 
BAYONET'S LOADBREAK RATING IS LIKELY PRESENT. 
SLAM HOME THE BAYONET, LATCH AND DE-ENERGIZE 
FROM A REMOTE LOCATION. 

6. The inner fuse holder assembly can now be removed without 
drippin~ excess oil. The total length of the inner fuse holder as
sembly. includinl,'. fuse element cartridge, is fourteen inches. 

To Replace Fuse 

Instructions for replacing the fuse on the fuse holder are packed 
with each replacement fuse or may be obtained from the fuse 
manufacturer. 

To Reinstall Fuse Holder 

I. Attach the handle eye of the inner fuse holder assembly to 
the hot stick. 

2. Place it into the outer assembly and slam home . 

3. When the inner fuse holder assembly is inserted as far as pos
sible, push down and rotate the locking handle, hooking it over 
the shoulder of the outer tube assembly. When the handle is in 
the locked position, make sure the cover is seated against the 
shoulder of the outer tube assembly. 

Fig. 5 Bayonet Oil Fuse 

Internal Partial Range Current-Limiting Fuse 

The partial range current-limiting fuse is used in series with an ex
pulsion fuse to provide full range protection. The partial range 
fuse is designed to clear high current faults and the expulsion link 
to clear low current faults. These fuses are located under oil. 
Either internal expulsion fuses or bayonet 1 fuses are available 
as the series expulsion fuse. 

1 Bay-0-Net is a trademark of the RTE Corporation 
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High Voltage Switches 

CAUTION: ALWAYS ASSUME THAT TERMINALS ARE E1'
ERGIZED UNLESS CHECKED AND GROUNDED. DO NOT 
RELY ON FUSE REMOVAL, SWITCH POSITION INDICA
TORS, OR OTHER VISUAL INDICATORS. CONTACT WITH 
AN UNGROUNDED TERMINAL MAY RESULT Li'IJ ELECTRI
CAL SHOCK OR BURNS. 

EFD Switch 

The Westinghouse type EFD Ioadbreak (single-phase switching) air 
switch is available for either loop feed (three pole) or radial feed 
(single pole) application on live front transformers. A current
limiting fuse or a solid blade can be provided in the transformer 
connecting pole. The switch contacts are opened by drawing out 
the insulated switch pole so that they are completely free of the 
switch housing, leaving a visible disconnect. The switch poles 
should be drawn out or inserted quickly and uniformly with an 
ordinary hook stick. A schematic diagram decal is mounted on 
the front of the switch. The current-limiting fuse is replaced by 
removing the four nylon screws in the switch pok t<> expose the 
fuse. 

Fig. 6 EFD Switch 

LBOR Switch 

4 Nylon 
Screws 

The Westinghouse type LBOR switch is an internal rotary three
pole loadbreak oil switch available for either loop feed or radial 
connection. For radial operation, a single two-position switch is 
supplied. Two two-position switches are provided for loop opera
tion. The operating handles, which can be rotated with a hook 
stick or hot line tool, are located in the high voltage compartment 
with a position indicator showing the "closed"' and "open" 
positions. 

Circuit connections are shown on the transformer nameplate. 

Tap Changers 
(De-energized operation only) 

The tap changer provides a means of changing the voltage ratio of 
a transformer. It can only be operated with the transformer de• 
energized. The tap changer operating handle is generally located in 

-
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the upper left-hand comer of the high voltage compartment. To 
change taps proceed as follows: 

I. De-energize the transformer. 

CAUTION.· THE TAP CHANGER MUST NOT BE OPERATED 
WHILE THE TRANSFORMER IS ENERGIZED. TO DO SO 
COL'LD RESL'L T IN SERIOUS PERSONAL INJURY AND 
DAMAGE TO PROPERTY. 

2. After de-energizing the transformer, pull the tap changer han
dle out until the end of the handle shaft clears the tap changer dial 
plate. 

3. Tum the handle to the desired tap position. 

4. When the shaft is over the slot in the dial plate for the desired 
porni,,n. apply a sli_d1t inward force and rotate the shaft within 
the CL,nfines of that slot until the end of the shaft moves inward 
beyond the face of the dial plate. This inward movement insures 
proper contact en~agement. 

Some large-size units are furnished with a power-transformer 
tap changer drive which requires pulling of a locking pin and a 
full tum of the handle for each change in tap position. 

o~c 

Fig. 7 LBOR Switch 

Fig. 8 Tap Changer 

2 
Arc strangler is a trademark of the McGraw Edison Company 

Dual Voltage Switch 
(De-energized operation only) 

The dual voltage switch permits the transformer to be operated 
on either of two primary voltages. The dual voltage switch handle 
is generally located in the upper left-hand comer of the high 
voltage compartment. Since considerable torque is required, a 
wrench should be used to rotate the handle. 

To change voltages, proceed as follows: 

1. De-energize transformer. 

CAUTION: THE DUAL VOLTAGE SWITCH MUST NOT BE 
OPERA TED WHILE THE TRANSFORMER IS ENERGIZED. 
TO DO SO COULD RESULT IN SERIOUS PERSONAL IN
JURY AND DAMAGE TO PROPERTY. 

2. Back out the locking screw. 

3. Rotate the switch handle in the direction of the arrow\ to the 
new position. 

4. Reinsert locking screw to discourage unauthorized movement. 

1 

0 

0 

0 

Fig. 9 Dual Voltage Switch 

2 
Locking 
Screw 

On a dual voltage transformer, position 1 is the low or multiple 
connected position while position 2 is the high or series connected 
position. On delta/wye rated transformers position 1 is the delta 
connected position and position 2 is the wye connected position. 

CA UT/ON· TRANSFORMERS SUPPLIED WITH REMOVABLE 
FUSES MAY REQUIRE REPLACEMENT OF FUSES WITH 
THOSE OF THE PROPER RATING WHEN CHANGING VOLT
AGE POSITIONS. USE OF AN IMPROPERLY RATED FUSE 
MAY CAUSE VIOLENT FUSE FAILURE RESULTING IN 
DANGER TO LIFE AND DAMAGE TO PROPERTY. 

McGraw Edison Arc Strangler2 and Switch 

Transformer~ may be equipped with either radial or loop feed 
arc strangler and switches mounted in the high voltage compart
ment. The fuses are current limiting fuses. The arc strangler2 must 
be cocked before closing a switch or fuse assembly. Follow the 
McGraw Edison instructions for operating these devices which 
provide the loadbreak function using either fuses or blades. 

3.3. 1-7 
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Sand C Pad-Mounted Gear 

When S and C air switches or fused disconnects are used, follow 
the manufacturer's instructions for operating this equipment. 
When operated with the S and C loadbuster3 tool, these discon
nects function as a Joadbreak switch. 

CA UTIOl•i USE TIIE S AND C LOADBUSTER TOOL TO OP
ERATE THE SWITCH OR FUSED DISCONNECT. FAILURE 
TO DO SO COULD RESULT IN SERIOUS PERSONAL INJURY. 

Surge Arresters 

Surge arresters are to be mounted in the high voltage compartment. 
Their function is to intercept and divert to ground various over
volta!!C transients (such as lightning surges) which occur on the 
distribution system. 

Tank 

Fig. 10 Suri;c Arrester Mounti11i; 

LOW V0LTAGE ACCESSORIES 

Low Voltage Oil-Immersed Circuit Breaker 

CA UT/ON. WITII THE SECONDARY CIRCUIT OPEN, THERE 
MAY BE SUFFICIENT COUPLING TO TIIE SECONDARY 
WINDINGS THAT PERCEPTIBLE SHOCK MAY BE OBTAINED 
FROM THE SECONDARY TERMINALS. GROUND THE OPEN 
SECONDARY TERMINALS BEFORE WORKING ON THE SEC
ONDARY SERVICE. 

The three-pole secondary circuit breaker is designed to open 
the low voltage circuit on secondary faults or severe overloads. 
The breaker is located inside the tank under the oil. The handle is 
located in the low voltage compartment and may be operated with 
a hot line tool. 

3Loadbuster is a trademark of the Sand C Electric Company 
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To open the low voltage circuit breaker manually, rotate the 
handle so that the pointer moves from the "C" (closed) to the 
"O" (open). 

To close the breaker, rotate the handle past the open position 
to reset the breaker, then back through the open position to the 
closed position. 

0 C 

Fig. 11 Oil Breaker Operator 

Emergency 
Control 
Handle 

The breaker will reopen if a fault or excessive overload exists 
even though the handle may be held in the closed position. 

Following a circuit breaker tripout due to an overload condi
tion, the transformer oil may not have had time to cool suffi
ciently to allow the breaker latch to be reset, making it impossible 
to reclose the breaker immediately. 

An emergency control handle is provided to recalibrate the 
breaker to a higher trip temperature. The emergency trip setting of 
the breaker should be used only when absolutely necessary and for 
as short a duration as possible because its use may result in a sub
sequent reduction in transformer life. 

The breaker is recalibrated to the emergency position by re
moving the meter seal and rotating the emergency control handle 
approximately one-quarter tum down and away from the breaker 
operating handle. It is recommended that a new seal be applied to 
the handle when it is retumed to the normal position after an 
emergency operation to avoid inadvertent operation of the emer
gency control. 

Thermometer 

A thermometer is available to indicate the top liquid temperature 
in the tank. The temperature sensitive element is mounted in a 
leak-proof well, permitting removal of the thermometer without 
lowering the liquid level. The device is furnished with an addi
tional red pointer to show the highest temperature attained since 
last reset. 

Liquid Level Gauge 

A liquid level gauge is available located in the low voltage compart
ment, to indicate the variation from the 2s 0c oil level. 

Pressure-Vacuum Gauge 

A pressure gauge is available located in the low voltage compart
ment above the bushings in the air space. The gauge indicates 
whether the gas space in the tank is under positive or negative 
pressure. 

-
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Pressure Relief Device APPLICATION LIMIT A TIO NS 

Thl' au tom a tic pressure relief device relieves excessive internal 
tank pressure and reseals at a lower positive pressure. 

Molded Case Breakers 

WestinµJwusc mold<·d case breakers, when provided are located in 
the low volta!'c compartment. Contact the nearest Westinghouse 
Sales Office for data regarding this equipment. 

The transformers described herein are designed for the application 
conditions normally encountered on electric utility power distri· 
bu tion systems. As such they are suitable for use under the "usual 
service conditions" described in ANSI CS 7 .] 2.00 (General Re
quirements for Liquid-Immersed Distribution, Power and Regu
lating Transformers). All other conditions are considered unusual 
service and should be avoided unless specific factory approval is 
obtained. 

Metering 

Current transformns, potential transformers, kilowatt-hour meters 
"' prll1·is1uns fur these items arc mounted in or on the low voltage 
co111p.1r1nu·nt when supplied. 
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Equipment Maintenance P&ID Dwg. 

Number Desc..!:.i£t ion Section Number 

CFS 0003{., Collector Field Interface Cabinet 3.4.1 

CFS 0003B Collector Field Interface Cabinet 3.4.1 
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Equipment 

Number 

CFS 0002 

-
Description 

Heliostat Interface Load Interrupter 
Switchgear 

Maintenance 
Section 

3.5. l 

-
P&ID Dwg. 

Number 



- 3.5. l Heliostat Interface Load Interrupter Switchgear 

3.5.l.l Identification 

Tag Number 

CFS 0002 

3.5.l.2 Description 

Manufacturer: 

Type: 

3.5. 1.3 Vendor 

Powell Electrical Mfg. Co. 

3.5. 1.4 Procurement Specification 

Description 

Heliostat Interface Load Interrupter 
Switchgear 

Powell Electrical Mfg. Co. 
7555 West 10th Ave. 
Lakewood, CO 80215 

5KV, 600A, 3P, Type SE-lOOS Load Break 
Switches by GE, and Model 2E206 
Thermostat by Dayton 

- Stearns-Roger Spec F233.3 (DOE Spec 40E500-3S) 

3.5. 1.5 Operation/Maintenance 

See attached Powell Electrical Mfg. Co., instruction manual 

-
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INTRODUCTION 

IDAD BREAK SWITCH 

TYPE SE-100 

GEI-88767 

The type SE-100 Load Break Switch is manually or electrically operated, 
triple pole disconnecting switch with an integral interrupter that has 
capability of interrupting transformer magnetizing and load currents 
within its rating. 

The SE-100S has a manually charged, spring stored energy operating mecha
nism capable or closing the switch against maximum rated short circuited 
current. 

The SE-l00E has an electrically charged, spring stored energy operating 
mechanism with the same closing capabilities as the SE-100S. 

The SE-l00M is a manually closed and opened switch with load break abili
ties as indicated on the nameplate. 

Refer to the nameplate for complete ratings of any particular switch. 
Do not apply the switch for any duty where voltage or current levels are 
greater than those given on the nameplate. The chart below gives the 
ratings for the basic switches. 

SE-100 Switch Ratings 

Nominal Max.Design BIL Continuous Load Break Close&: Latch 
~oltage Voltage Y::Yl Current Current Current 

KV y;.; Atnps Amps A:npa 

~Ol 4.8 s.s 60 600 600 40,000 
88 4.8 s.s 60 1200 1200 61,000 
..-4r-l l3.8 15.5 95 600 600 40,000 
~~ 13.8 15.5 95 1200 600 61,000 C/l Cf.l 

0 
60 600 0 4.8 5.5 400 400 r-1 

l3.8 15.5 95 600 100 100 I 

~ 

The switch is normally furnished with outside and interphase insulating 
barriers in a metal-enclosed housing for connection either directly to 

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, operating or maintenance. Should further 
information be desired 1Jr should particular problems arise which are not 
covered sufficiently for the purchaser's purposes, the matter should be 
referred to the General Electric Company. 

3.5.1-5 
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the incoming side of a power transformer, the primary bus,or to cables by 
the use of potheads. When applied with power fuses, the combination 
serves as a successful switching and fault protection device. 

Operation of the switch is accomplished by manual rotation of a handle 
through an arc of 180°. The SE-1003 switch has a positive closing and 
opening operation supplied rrom the stored energy of springs. The SE-
lOOM handle must be operated manually with a full positive motion to 
assure proper closing and opening with the direct drive mechanism. The 
operating handle is often interlocked with other devices such as secon-
dary circuit breakers in order to assure sequential operation. 

The SE-lOOE switch is normally operated by energizing an integral elec
tric motor that charges the springs for positive closing and opening 
similar to the handle of the SE-lOOS. The switch can be quickly con
verted rrom electrical to manual operation with a handle for normal 
maintenance or emergency use. 

The interrupting ability of the switch is accomplished by the use of 
an arc chute type interrupter (5) Fig. 4 and an auxiliary blade (3), 
'.then the switch is opened the auxiliary blade contacts (2 & 3) are the 
last to part and will initiate an arc in the chute. The hot arc re
leases gases from the plastic chute in such volume that the arc is 
blown away from the rapidly moving auxiliary blade and cooled by con
tact with the large area of the chute sides. After the arc has been 
extinguished, the blade will continue to open producing a sufficient 
air gap to isolate the terminals. 

RECEIVING I HANDLING, AND STORAGE 

Receiv~ng and Handling_ 

Immediately upon receipt of the switch, an examination should be made 
for loss or damage sustained in transit. Ir injury or rough handling 
is evident, a damage claim should be filed immediately with the trans
portation company and the nearest General Electric Apparatus Sales 
Office should be notified. 

Although damage due to handling is minimized because or the metal en
closure, it is expected that due care will be exercised in the unpack
ing and installation of the switch unit so that no damage will occur from 
careless or rough handling, or from exposure to moisture or dirt. Care 
should be exercised to prevent tools from strild.ng any part of the hous- .,; 
lng or switch iteslf. 

Loose parts associated with the switch are alwa1s included in the same 
crate. Check all parts aga1.nst the packing list to be sure that no 
parts have been overlooked. 

Storage 

It is recommended that the switch be placed into service immediately in 
1ts per:n.anent location. IT this is not possible, the following precau
tions should be taken to iWJure proper storage conditions: 

2 3.5.1-6 
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l. The switch should be stored in a warm dry locati-on to protect the 
insulation parts from condensation. 

2. The switch should be stored in a clean location free from corrosive 
gases or fumes. Particular care should be taken to protect the 
equipment from moisture and cement dust, as this combination has a 
very corrosive effect on many parts. 

3. Machined parts of the operating mechanism should be coated with a 
heavy oil or grease to prevent rusting. 

Ir the switch is stored for long periods or time, periodic inspections 
should be made to insure that corrosion of metallic parts or deteriora
tion of insulation parts has not begun. Should the switch be stored 
under unfavorable conditions, steps should be taken to dry out or re
place insulation parts before placing in service. 

INSTALIA TI0N 

Motmt1ng 

·The switch must be mounted in the housing by supporting at both the 
front and rear. Care should be taken not to distort the frame by 
mowiting on unflat or out-of-square surfaces as twisting may cause 
misalignment of the contacts. If' necessary, shims should be used to 
prevent twisting. 

Connection 

The connections on the 600 ampere switch may be made from above or 
below the insulator support. The 1200 ampere switch must have the 
upper connections above the upper insulator support and the lower 
connection below tne hinge support insulator. Connection or bus bars 
to this terminal can easily be made using the provided terminal bolts. 
After connections to the switch have been made, the switch alignment 
should be checked as listed below. 

When t'urnished as a complete housing, the connections directly to the 
switch have been made at the factory. On these units, connections 
are made using the provided potheads, cable terminal connectors, etc. 

Switch Alignment 

Prior to placing the switch in sel"V1ce the following adjustments and 
alignment checks should be made to insure proper operation. 

1. Before operating the SE-l00E or SE-l00S switch with the normal 
spring load, a slow closing of the blades should be made to check 
alignment. The power springs should be blocked as described under 
Spring Blocking and the three poles of the switch operated slowly 
by the maintenance handle to assure freedom of motion and to check 
alig~ent. ;.. slow closing operation can be made on the SE-l00M 
sw1~ch with the normal operating handle. 

3.5.1-8 
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2. Check all items listed under Adjustments before the switch is put 
in operation and during each period or maintenance. 

DESCRIPTION OF OPERATION SE-lOOE AND SE-100S 

On the SE-lOOE and SE-100S switches both the closing and opening opera
tion is accomplished by the spring-charged mechanism (6) Fig. 1 located 
on the front or the switch assembly. The mechanism is manually or el
ectrically charged but is completely disengaged from the operating han
dle as it begins to operate the switch. In this way the actual opera
tion of the switch is independent or the operator. 

When operating either switch manually, the handle should be rotated 
with a positive motion throughout its entire stroke. 

Closing Operation 

Closing the SE-100S switch, and the SE-lOOE switch set for manual opera
tion, is accomplished by inserting the operating handle (1) Fig. 3 into 
the handle socket provided in the operating hub (7) Fig. 1 in the en
closure and rotating in a counterclokwise direction as far as possible 
(approx:1.mately 180 degrees). 

Af'ter a few degrees of handle rotation, the mechanism will engage the 
primary spring (4) F1g. 1 located on the right side and compress it 
fully. Continued rotation or the handle will push the spring over the 
toggle position and it will start to discharge. A driving lug (5) 
F1g. 2 will engage the drive crank (3), which is directly connected 
to the main crank shaft (11) Fig. 2, just as the primary spring leaves 
the toggle position. When the main crank shaft has rotated a few de
~rees, the fully charged booster spring, located on the left side, 
{5} Fig. 1 will pass its toggle position and the full energy of both 
springs will close the switch with sufficient force to close and latch 
against the current rating on the nameplate. 

During the closing operation the auxiliary blade will be held out of 
the chute until just before the arcing contacts (6) Fig. 7 are engaged, 
then it is released to enter the chute and latch into the arc chute 
contacts (2) Fig. 4. This sequence of operations will prevent pre-

e 
--) 

_ _,, 

-

strike in the interrupting area of the arc chute. J 
At any time during the operation, until the primary spring reaches its 
toggle position, the handle can be returned to its starting position 
and removed. The mechanism will completely reset to the starting posi
tion. 

The SE-lOOE switch is norm.ally electrically operated by energizing a 
motor (2) Fig. 10. An internal gear driving mechanism will charge the 
springs and operate the switch in the same manner as the mechanical 
m ndle dr1 ve. 

4 3.5.1-9 
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When the closing switch contacts are made the start-stop relay (3) 
Fig. 10 will close contacts and energize the motor in the proper direc
tion. At the same time a closing seal-in relay (4) assures a complete 
operation without hesitation and mades the closing of the SE-lOOE 
switch independent of the operator. During the closing operation an 
all1liary switch (1) will open the motor circuit and arrange a series 
or contacts for an opening operation. It will also de-energize the 
start-atop relay that will close a set of contacts in the motor circuit, 
shunting the field coils around the armature, there by effecting a 
dynamic brake. Re.fer to wiring diagram Fig. 12. 

Opening Operation 

To open the SE-1003 switch,and the SE-lOOE switch set for manual opera
tion, the operating handle is inserted into the handle socket and ro
tated in a clockwise direction as far as possible (approximately 180°). 

After a few degrees of handle rotation, the mechanism will engage the 
primary spring (4) Fig. 1 and compress it fully. Continued handle ro
tation will push the spr~ng over the toggle position and it will start 
to discharge. A driving lug (5) Fig. 2 will engage the drive crank 
(3) at the toggle position or the primary spring and will turn the 
main crank shaft (11). When the maln crank shaft has rotated a few 
degrees past the priz:iary spring toggle position, the spring will dis
charge, opening the switch, and charging the booster spring (5) Fig. l 
tor the next closing operation. 

The primary blade (11) Fig. 7 travel will cause the primary contacts 
(5) to part first and the arcing contacts (6) a rew degrees later. 
The spring loaded auxiliary blade (3) Fig. 4 will remain latched to 
the contacts (2) inside the arc chute. At a predetermined position 
of the primary blades, the auxiliary blade will be released and will 
8nap open at a high velocity. 

As the arc chute contacts part, an arc is established between the aux
iliary blade tip (3) Fig .. 4 and the finger contacts (2). The hot arc 
releases gases from the plastic arc chute material dispersing the arc 
over a large area or the chute sides. The rapidly cooled arc is ex
tinguished in the chute and the auxiliary blade will continue to travel 
until a sufficient air gap is ach1.eved to withstand BIL voltages. 

The SE-lOOE switch when opened electrically by the motor drive will 
have the same sequence or operations as when the manual handle is 
used. The electrical sequence is the same as described in the closing 
operation except seal-in relay (5) Fig. 10 1s used. 

ADJUSTMENTS SE-lOOE A.ND SE-100S 

Spring Blocking 

For most: of the ad.justments 1t will be necessary to operate the switch 
slowly with the maintenance handle. To do this the power springs must 
be blocked using the fol.:owing procedure. Refer to Fig. 2. 

3.5.1-10 
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1. Remove the rear bolt from position (lA) of the spring atop (2) 
located on the upper right angle frame. On 1200A switches it ma1 
be necessary to loosen the front bolts ot the right hand barrier 
to have access to the bolts. 

2. Rotate the stop until it is vertical, replace the bolt that had 
been removed in the lower location (1) and tighten. · 

3. The SE-lOOE mechanism must be put into the manual operation con
dition before operating with the manual handle. Disengage the 
electrical operator by sliding the yellow pawl block toward the 
center hub using a screw driver or other small tool Fig. 10. 
When the switch is closed the pawl will appear in the left hole, 
when open the right hole. 

4. Using the normal operating handle rotate in a counterclockwise di
rection (direction or close) until the spring yoke on the right 
contacts the atop. 

5. Remove opera1;1ng handle and insert maintenance handle (2) Fig. 3 
on main square shaft and screw the blocking pins (3) Fig. 3 in the 
left and right spring guide at (4) Fig. 2. The springs are now 
safely blocked and the maintenance handle will open and close the 
switch for adjusting purposes. 

Upper (Closed) Mechanism Stop 

The upper butter stops (3) Fig. 5 located on either side or the mecha
nism at the ends of the main crank shaft, must be adjusted to position 
the operating rod cranks when the switch is closed. Operate the switch 
to the fully closed position. 

The operating rod must go over toggle appro-x1mately ¼" at the crank 
connection when the switch is closed. A simple means or measuring 
the correct toggle angle is to place a straight edge along the upper 
side of the operating rod and extend it until it is over the square 
main shaft (10) Fig. 6. The dimension from the straight edge to the 
closest corner of the square shaft should be 1/4" to 3/8". 

If adjustment of the stop is necessary, remove the cotter pin holding 
the stop (3) Fig. 5 and move washers and metal shims from the front to 
the rear (or the reverse) until the proper toggle angle is obtained. 
Adjust the stops at both ends of the main shaft the same amount to keep 
them balanced. 

Primary Wipe 

The operating rod must t'w.ly close the switch primary blades to obtain 
the correct primary finger rlpe. 

With the switch in the closed position, pull the top of the primary 

-

....__, 

e 
_./ 

blade3 to the front with yol.C."' hands to remove connection clearances. ~ 

There should be 1/64" to 1/32" clearance between the bu.ffer (8) Fig. 7 ;.,J 
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e 
( and the primary blade buf'ter stop (1) Fig. 1. Ther~ should also be 

3/16" to 1/4" between the edge of the primary blade and the front of 
the p-imary contact support. 

( 

e 
( \ 

0 

Adjust the length of the rod by use or the adjusting nuts (6) Fig. 6 
to obtain the 3/16" to 1/4" gap then adjust the buffer (8) Fig. 7 by 
adding or removing shims to get the 1/64 11 to 1/32" clearance. 

Primary Gap 

The primary gap should be measured with the primary blades in the normal 
position. A measurement should be made from the buffer stop or spacer 
(3) Fig. 9 to the primary finger (2). The same primary finger, the 
bottom finger, should be used on both 600A and 1200A switches. The 
dimension should be 11" plus or minus 3/8 11

• If this dimension is not 
correct, the lower buffer atop (6) Fig. 5 should Je adjusted in a simi
lar manner to the adjustment on the upper stop. Move shims and washers 
from the top to the bottom of the stop (or the reverse) as required. 
Adjust the stops at both ends of the main snaft tne same amount to keep 
them balanced. 

Primary and Arcing Contact Alignment 

Close the primary blades (12} .Fig. 8 slowly by the use of the mainte
nance handle and note the engagement of the primary contacts (4), arc
ing contacts (6 & 8), and guide block (10). The blades should center 
around the guide block with some clearance on either side. They should also 
be centered in the primary and arcing contact fingers. 

Ir the blades press hard against the sides of the guide block, loosen 
the (2) bolts (11) Fig. 8 holding the block. Again check the contact 
alignment. If the contacts are properly aligned, reposition the guide 
block and bolt securely. 

Ir the contacts are not 1n alignment, loosen the bolts holding the 
top insulator and position the insulator to center the contacts. 
After securing the insulators, reposition the guide blocks and tighten 
the bolts. 

Be certain the insulator is moved only in a horizontal direction. 
Vertical displacement may cause misalignment of the auxiliary blade 
contacts. 

Arc Chute Alignment 

The arc chute must be positioned to allow entry of the auxiliary blade; 
to latch, and finally, to release the auxiliary blade at the proper 
time. 

With the operating spri~gs blocked, turn the contact arm (12) Fig. 7 
slowly closed and check the entry of the auxiliary blade (7) into the 
arc chute ( 1). T~e 'ol3.d-~ should enter sr.ioothly and be in the center 
of the open1r.g. If the blade scrapes heavily on the sides of the 
chute, loosen the (2) bolts at the top (2) Fig. 7 and the (2) bolts 

3.5.1-12 
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{10) Fig. 7 at the bottom of the chute. Position the chute so that 
the blade will travel the full length without binding or heavy scrap
ing, and tighten the bolts. 

A dimension of 1-1/6" should be maintained from the rear edge of the 
arc chute to the front edge of the primary finger contact support at 
all times when moving or re-aligning the chute. Re~er to Fig. 7. The 
auxiliary blade contacts (2) Fig. 4 inside the chute should be proper
ly positioned to latch the auxiliary blade when this dimension 1s 
maintained. 

The auxiliary blade must be released by the contacts when the primar-J 
blade has been opened to a predetermined gap. With the operating 
springs blocked, open the primary contacts and slowly move the primary 
blade until the auxiliary blade is released. At the point of release 
the gap from the lower edge of the primary finger (the bottom finger 
(2) Fig. 9 to the buffer stop or spacer· (3) should be 4-7/8" to 5-3/8" 
on the 4.8KV and 7-1/8 11 to 7-3/4" on the 13.2 KV switch. It the gap 
is not correct the vert~cal location of the· chute must be changed. 
For gaps greater than the above range, the chute must b~ lowered:,for 
gaps that are less the chute must be raised. To adjust the chute, re
move the upper and lower mounting bolts (2 & 10) Fig. 7. Move shims 
(3) from the bottom to the top of the support to decrease the gap~ 
To 1ncrease the gap, move some or the top shims to the bottom support. 

When the release gap is properly set, check again the dimension from 
the back edge of the chute to the primary contact finger support and 
the alignment of the aux1liary blade in the chute opening. 

Auxiliary Blade Release 

The auxiliary blade release hook {14) Fig. 7 should be adjusted to 
hold the blade out of th~ arc chute until a predetermined position 
in the closing operation. 

Close the switch slowly with the maintenance handle and note the posi
tion of the primary blades when the auxiliary blade is releas~d by the 
hook. The hook should be adjusted by setting the cam.~ing screw (8) 
Fig. 4 to release the auxiliary blade within the range of 1/2" before 
Primary contacts touch~ After adjustment is made the lock nut (9) 
Fig. 4 should be tig.li.tened. 

Primary Contact Pressure 

The primary finger pressure has been adjusted at the factory to be 12 
pounds per contact on the 600A switch and 24 pounds per contact on the 
1200A. This can be measured with a pull scale exerting a pressure 
aga.1nst the contact surt'ace. The contact pressure of each finger (5) 
Fig. 7 should be measured individually. Increase or decrease the con
tact pressure by loosening or tightening the contact bolts (4) Fig. 7. 

-
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Arcing Finger Contact Pressure 0 
The arcing finger contact pressure should be 12 pounds on all 600A and 
16 pounds on all 1200A switches. This pressure can again-be measured 

3.5.1-13 
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vtth a spring scale against the contact surface. Loosen or tighten the contact bolts (7) Fig. 8 as necessary. 

Primary Blade Hinge Pressure 

The correct hinge pressure is essential for proper operation of the switch. The hinge pressure is difficult to measure, but a required torque to move the primary- blades can be easily measured and can be 
substituted for a.pressure measurement. The break away torque of 
the hinge (the torque required to start the blades moving) should 
be between 60 pound-inches to 90 pound-inches on 600A and 85 pound-~- inches to 110 pound-inches on 1200A switches. This can be measured 1 by pulling at the buffer stop or spacer (1) Fig. 1 on the primar7 blade wt.th a spring scale without the primary contacts, arcing contacts, and auxiliary blade contacts engaged. The scale reading should be 5½ to 8¼ # on 600A and 8 to 10 # on 1200A switches. If adjustment is ne~essary, remove a cotter pin from either side of the hinge pin (16) 

-

Fig. 7 and tighten or loosen the nut as required. Move the nut in 1ncrements of one sixth or a turn to assure line-up of cotter pin hole and slot in the nut. 

Control Power Check SE-lOOE 

After the switch has been opened and closed several times with the maintenance closing handle and all adjustments have been checked as described, the operating voltage should be checked at the motor .termi.nal board. For electrical operation of the mechanism, the control power may be either an alternating or direct current source. The nominal range for the closing and opening voltages are given on the motor nameplate. The following ranges are standard. 

Nominal Closing and Opening 
Volta5e Volta5e Range 

125V d-c 90 - 130V d-c 
250V d-c 180 - 260v d-c 
llSV a-c 95 - 125V a-c 
230v a-c 190 - 250V a-c 

'Auxiliary Switch 

The auxiliary switch (1) Pig. 10 is mounted 1n the mechanism area 
and 1s operated by several links from the main shaft. The switch consists of' "a" con-cacts that are open when the SE-lOOE switch is open and "b" contacts that are open when t.ne SE-lOOE switch is closed. 
The contacts are used i'or ~elay operation and setting up the motor 
c1rcu1 ts for close and open operations. Several ''a II and "b" contacts are available for special applications by the customer. 

3.5.1-14 
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LUBRICATION 

In order to maintain reliable operation, it is important that all parts 
of the mechanism be properly lubricated at all times. All bearings and 
other parts of the mecharusm subjected to wear have been properly lu
bricated, during assembly a·t the factory, using the finest grades of 
lubricants available. However, even the finest oils and greases have a 
tendency to oxidize with age, as evidenced by hardening and darkening 
in color. Elimination of the hardened lubricant is essential for the 
proper operation of the sw~tch. Also frequent operation of the device 
causes the lubricant to be rorced out from between the bearing surfaces. 

-/ 

A simple lubrication will often clear up minor disturbances which might j 
be mistaken for more serious trouble. 

A definite lubrication schedule should be set up taking into considera
tion the frequency of operation of the switch and local conditions. 
until such a schedule is worked out, the switch should be lubricated 
at each periodic inspection and also whenever it is overhauled, in ac
cordance with the lubricat~on chart, Fig. (11). It is also recommended 
that the device be operated at regular intervals to insure the user that 
the equipment is operating freely. 

The lubrication chart, Fig" (11) is divided into two methods of lubrica
tion. The first method outlines the maintenance lubrication which should 
be performed at the time ot' periodic maintenance, and requires no dis- A 
assembly. The second method outlines a lubrication procedure similar V 
to that performed on the device at the factory, but should be used only J 
1n case of a general overhaul or disassembly for other reasons. 

General Electric Lubricants D50H15 and D50H47 are available in 1/4# col
lapsible tubes. It is so packaged to insure cleanliness and to prevent 
oxidation. 

Method of Cleaning Bearings 

Whenever cleaning is required, the bearings should be placed in a con
tainer of clean petroleum solvent or si'illilar cleaner. DO NOT USE CARBON 
TETRACHLORIDE. If the grease in the bearings has become badly oxidized, 
it may be necessary to use alcohol (type used for thinning shellac) to 
remove lt. Ordinarily, by agitating the bearings in the cleaning solution, 
and using a stiff brush to remove the solid particles, the bearings can 
be satisfactorily cleaned. Do not handle the bearings with bare hands 
as deposits- from the skin onto the bearings are inductive to corrosion. 
If the bearings are touched, the contamination can be removed by washing 
in alcohol. Arter the bearings have been thoroughly cleaned, spin them 
1n clean new light machine oil Wltil the cleaner or solvent is entirely 
removed. Allow this oil to drain off and then repack them immediately 
with G-E lubricant D50Hl5 being sure all metal parts are greased. 

ROTE: If it becomes necessary to clean the bearings in alcohol (shellac 
th1:mer), be sure the alcoh:::>l is perfectly clean, a.nd do not allow the )· 
bearings to remain in the alcohol more than a few hours. If it 1s desir- _ 

10 
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able to leave the bearings in the alcohol for a longer time, an in
hibited alcohol such as is used for anit-freeze should be used. Even then the bearings should be removed from the alcohol within twenty
four hours. Esso Anti-Freeze and Du Pont Zerone are satisfactory for 
this purpose. Precautions against the toxic effects of the alcohol must be exercised by ~earing rubber gloves and by using the alcohol 
in a well ventilated room; excessive exposure to the fumes is some
times unpleasant to personnel. Washing the bearings in the light 
oil and draining should follow immediately, then apply the lubricant. 

The hinge of the primary contact arm (16) Fig. 7 should be disassembled cleaned, and lubricated with G.E. D50H47 lubricant at general overhaul periods. A thin film of G.E. D50H47 should also be applied to the 
silvered area of the primary oontact arm where it enters the primary 
fingers (5) Fig. 7, and the arcing contact blade where it enters the arcing contact fingers ( 6) Fig. 7. . . . 

NOTE: Do not grease auxiliary blade (7) Fig. 7-

DESCRIPTION OF OPERATION SE-lOOM 

The SE-lOOM switch has a direct mechanical drive and the closing and opening energy is supplied by the operator. 

When operating the switch, the handle should be rotated with a positive motion throughout its entire stroke. 

Closing Operation 

Closing the switch is accomplished by inserting the operating handle 
(1) Fig. 3 into the handle socket provided in the operating hub (7) 
Fig. 1 in the enclosure and rotating in a counterclockwise direction 
as far as possible ( appro.x1.mately 180°). . . • 

During the closing cycle the auxiliary blade (7) Fig. 7 will be held out of the arc chute until the primary blades (11) are almost closed. Just before the primary contacts (5) Fig. 7 touch, the auxiliary blade 1s released and will be the first part to close. 

The mechanism has a direct gear drive to the main shaft of the switch and depends entirely on the operator to produce a smooth and positive 
motion to satisfactorily close. 

Opening Operation 

To open the switch insert the operating handle into the handle socket 
and rotate in a clockwise direction as far as possible (approximately 180 degrees). 

The prima~y contac~s (5 & 11) Fig. 7 will part first. When the primary blade gap is sufficient, the auxiliary blade (3) Fig. 4 will be released and will snap open at high velocity. 

3.5.1-16 
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ADJUSTMENTS SE-lOOM 

Upper (Closed) Mechanism Stop 

Ref'er to Page 6. 

Primary Wipe 

When the switch is in the closed position, there should be no clearance 
between the primary blades and the primary finger support. The length 
or the operating rod should be adjusted so that there is noticeable 
force involved when the operating rod goes over center near the end of 
the closing stroke. When the switch is fully closed it should require 
between 30 and 40 pounds force to break the toggle. This force is ap
plied at the bolt in the mechanism end of the operating rod and is ap
plied downward perpendicular to the long axis of the operating rod. This 
force may be increased by lengthening the rod and decreased by shortening 
the rod. 

Primary Gap 

Refer to Page 7-

Primary Contact Alignment 

Close the primary blades (12) Fig. 8 slowly by the use of the mainte
nance handle and note the engagement of the primary contacts (4), and 
guide block (10). The blades should center around the guide block with
out bearing heavily on either side. They should also be centered in 
the primary contact fingers. 

If the blades press hard against the sides of' the guide block, loosen 
the (2) bolts (11) Fig. 8 holding the block. Again check the contact 
alignment. If the contacts are properly aligned, reposition the guide 
block and bolt securely. 

If the contacts are not in alignment, loosen the bolts holding the 
top insulator and position the insulator to center the contacts. 
At'ter securing the insulators, reposition the guide blocks and tighten 

e 
_/ 

./. 

-J 

the bolts. ) 

Be certain the insulator is moved only in a horizontal direction. 
Vertical displacement may cause misalignment of the auxiliary blade 
contacts. 

Arc Chute Alignment 

Refer to Page 7. 

12 3.5.1-17 
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Auxiliary Blade Release 

The SE-lOOM hook release should· be·adJusted to release the auxiliary 
blade\.hen the primary contacts and blade are 1/2" to· 1 11 apart. 
Be certain the auxiliary blade latches into the arcing contacts in 
the chute on each operation. The auxiliary blade is released before 
the primary contacts are closed so that it will close first and give 
a positive closing action even when the switch is inadvertantly op
erated slowly. 

Primary Contact Pressure 

Reter to Page 8. 

Primary Blade Hinge Pressure · 

• Refer to Page 9. 

Lubrication 

Reter to Page 10. 

FINAL INSPECTION ALL SWITCHES 

Betore placing the SE-100 into service, a final inspection should 
be made consisting or the following: 

1. Check all nuts, washers, bolta, cotter pins .and terminal connec
tions tor tightness. 

2. See that all bearing surfaces of the mechanism have been lubri
cated. 

3. Operate the device slowly several times by hand and note that 
there is no binding or excessive friction. 

4. See that any place where the surface ot the paint has been dam
aged during installation 1s repainted immediately. 

5. Replace all barriers, covers, and any other parts that may have 
been removed during installation. 

Hi-Potential Test 

It the device has been stored tor a long period of time before instal
lation, it is recom:nended that the i1mulat1on be checked before 1t 1s 
placed 1n service. A standard 60 cycle high potential test at 14,000 
volts RMS !or the 4.8KV s~ltch and 27,000 volts RMS tor the 13.2 KV 
swi t~h -,..-111 no~ally i::.dlca1;e ·,,;nether the device is satisfactory- for 
service. ril;;h the switcn ~ontacta in the full:, opened position, apply 
the high potential to each terminal individually for one minute with 
all other terminals and the frame grounded. A!'ter high potential tests 

3.5.1-18 
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are made all organic insulating materials should be inspected for 
visible leakage current paths, and necessary action must be taken to 
replace insulation that may have been affected by moisture absorption. 

The high potential test is also recommended for devices which have been 
removed from service and stored over an extended period or time under 
unfavorable atmospheric conclltions. 

NOTE: Before applying a hi-potential test make certain that the switch 

-/ 

has been disconnected from both the source and load. \ 

rr the SE-lOOE secondary wiring 1s to be given a hi-potential,test at 
1500 volts, remove both or the motor leads from the terminal board. 
Failure to disconnect the motor from the circuit may cause damage to the 
winding insulation. 

14 3.5.1-19 
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DESCRIPTION 

Primary Contact Finger 
Primary Contact Finger 
Primary Contact Spring 
Primary Contact Spring 
Primary Contact Finger 
Retainer 
Primary Conta~t Finger 
Retainer 
Prim&ry Contact Blade 
Primary Contact Blade 
Arcing Contact Finger 
Arcing Contact Finger 
Arcing Contact Spring ,.. I Arcing Contact Blade · 

~ Arcing Contact Blade 
~ Arc Chute Assembly 4 .8KV 0 Arc Chute Assembly 4. 8KV 

Arc Chute Assembly 13.2KV 
Auxiliary Blade 4.8KV 
Auxiliary Blade 13.2KV 
Motor 115V-ac - 125V-dc 
Motor 230V-ac - 250V-dc 
Relay ll5V-ac 
Relay 125V-dc 
Relay 230V-ac 
Relay 250V-dc 
Auxiliary Switch 
Operating Rod 
Oper•ating Rod 

l-

-

'G 

RECOMMENDED RENEWAL PARTS 

AMP I 
QUAN. I 

I RATING PER 
SE-lOOE 

600 24 121A7458 P-2 
1200 48 l61A4219 P-2 

600 12 456A806 P-1 
1200 48 456A806 P-1 

I 600 I 12 I 105C9352 P-5 

1200 24 105C9352 P-5 
600 6 105C9365 P-3 

1200 3 105C9366 P-13 
600 6 105C9360 P-1 

1200 6 105C9360 G-2 
All 6 161A5829 P-1 
600 3 105c9366 P-4 

1200 3 105c9366 G-1 
600 3 l05C9350 0-1 

1200 3 105C9350 G-1 
All 3 105C9350 0-2 
All 3 114C5395 0-2 
All 3 114C5395 0-1 
All 1 105C9393 P-5 
All 1 l05C9393 P-6 
All 3 137A7575 P-5 
All 3 137 A7575 P-1 
All 3 137A7575 P-2 
All 3 137A7575 P-3 
All 1 137A9192 G-7 
600 3 114C5394 0-1 

1200 3 114C5394 0-2 

I t I 

-

-,, ~o 

CAT. NO. 

SE-lOOS SE-l00M 

121A7458 P-2 121A7458 P-2 
161A4219 P-2 Not Avail, 
456A806 P-1 456A806 P-1 
456A806 P-1 Not Avail. 

I 105c9352 P-5 I 105C9352 P-5 

105C9352 P-5 Not Avail. 
105C9365 P-3 105c9365 P-3 
105C9366 P-13 Not Avail. 
105c9360 P-1 Not Req. 
105C9360 G-2 Not Req. 
161A5829 P-1 Not Req. 
105C9366 P-4 Not Req. 
105c9366 o-.i Not Req. 
105c9350 0-1 10509350 0-2 
105C9350 G-1 Not Avail. 
105C935Q G-2 10509350 0-2 
114C5395 0-2 114C5318 0-9 
114C5395 0-1 114c5318 o-9 
Not Req. Not Req. 
Not Req. Not Req. 
Not Req. Not Req. 
Not Req. Not Req. 
Not Req. Not Req. 
Not Req. Not Req. 
Not Req. Not Req. 
114C5394 0-1 114C5394 0-1 

I ; 114C5394 0-2 Not Avail. 
I 
O> 

!!/ 
0\ 
-.1 

l I J 
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PART 

Sleeve Bearings 
(Operating rod ends 
Aux. Blade Hinge, 
nelease Hook, etc.) 

Roller & Needle 
Bearings 

Worm and Wheel 
Miter Gears 

Motor 

LUBRICATION AT NORMAL 
MAINTENANCE PERIOD 

Light application of 
SAE 20-30 oil 

Light application of 
SAE 20-30 oil 

Apply D50H15 grease 

Light application of 
SAE 20-30 oil at rear 
oil hole onl:r 

- ·--"·--------·-----

ALTERNATE LUBRICATION 
REQUIRE DISASSEMBLY 

Clean bearings then 
apply D50Hl5 grease. 

Clean bearings then 
apply D50H15 grease. 

Wipe clean and apply 
D50Hl5 grease. 

Light application of 
SAE 20-30 oil at rear 
oil hole only 

Fig. 11 LUBRICATION CHART 

f ~lZO· Z.!'>O!OC. ONL'I' 

AS 

7 
LT 

AS 

BUJE. 

3 
MOT, 
PC& 

BROWN ;OIL 

I I 

+ 

AS 

s=useo I SOURCE 
I 

~.::?61 1 i:"R I 

I LR ? +cs LR 
7 2 I 8 

I 

8T AS 
a 

I 

i-o 
-iau=o,.1'4 
ReLA"I IF 
~IUD 

LT z.lLT 

• OMIT RE.SISTOR ON illt.L VOLTAGES 'f' FUSE. t)OOR SW 
•~CE?T 220-2!:.0VOC ONLY I WHEN REQ 

+KIRK LOCK SW 
&WITCHES SHOWN IM 01)&.N I WHEN ~EQ 
'P0$1TION, ij 

Fig. 12 (0227Al055) Schematic Wiring Diagram. 
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1. 
2. 
3. 
4. 
s. 
6. 
1. 

Pr1mary Blade Stop 
Pr1mary Contact Fingers 
Primary Contact Blade 
Primary Spring 
Booster Spring 
Operating Mechanism. 
Operating Hub 

GEI-88767 

Fig. 1 SE-100S Switch Partially Open - -

-

l. 
lA. 
2. 
3. 
4. 

5. 
6. 

~: 
9. 

10. 
11. 
12. 

Spring Stop Bolt 
Spring Stop Bolt 
Spring Stop 
Driving Crank 
Hole for Spring 
Blocking Pin 
Driving Lug 
Burrer Rubber 
Buffer Stop 
Operating Rod 
Operating Rod Crank 
Operating Hub 
Main Crank Shaft 
Jlla.intenance Handle 

71.g. 2 Spring Drive Mechanism 
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Fig. 3 Operating and Maintenance 
Handles 

Fig. 4 Ul'lit Pole Opening 
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l. 
2. 
3. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

8perat1ng Handle 
Maintenance Handle 
Spring Blocking Pin 

• 

Blade Stop Block 
Arc Chute Contacts 
Auxiliary Blade 
Spacer 
Arc Chute Side 
Primary Contact Blade 
Auxiliary Blade Spring 
Camming Screw 
Lock Nut 

------

j 

Auxiliary Blade 
Release Hook .J 
Operating Rod 

0 
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1. Collar 
2. Bu1"fer Rubber 
,: Upper Burrer Stop 

Booster Crank s. Buf'ter Rubber 
b. Lower Butter Stop 

1. Auxiliary Blade Spring 
2. Awciliary Blade 

Release Hook 
3 •• Spring Stop 
4 Cam.ming Screw 
5. Lock Nut · 
6. Adjusting Nut 
7. Release Hook Spring 
8. Operating Rod 
9. Operating Rod Crank 

10. Main Crank Shatt 

GEI-88767 

-

Fig. 5 Buffer Assembly 

-

-Fig. 6 Switch Blade Adjustments 
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~ 
..,..,_._,..ll"'l"l"'_R!l'll~1C--------~1 

------'---L2 
1 3 

:,1g. 1 unit Pole Closing 

l. 
2. 

l: 
5. 
6. 

l: 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
lb. 

Butter Stop 
Arc Chute Mounting Bolts 
Shims 
Contact Bolt 
Primar1 Contact Fingers 
Arcing Contact Fingers 
Auxiliary Blade 
Butter Stop 
Guide Block 
Arc Chute Mounting Eolts 
Primary contact Blade 
Auxiliary Contact Blade 
Rivot Pin for Auxi.iiary Blade 
Aux111a.ry Blade Release Hook 
Operating Rod Clevi.s PUl 
Hinge Pin 

3.5.1-25 

1. 
2. 
3-
4. 
5. 
6. 
1. 
8. 
9. 

10. 
ll. 
12. 

.Pig. 8 Contact Arrangement 

Arc Chute MoWlting Bolts 
Upper Terminal 
Shims 
Primary Contacts 
Contact Bolts 
Arcing Contact Fingers 
Contact Bolt 
Movable Arcing Contact 
Tube Spacer 
Guide Block 
Butter Block Bolts 
Primary Contact Blades 

-_,, 

_) 

-
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i. 
2. 

it 

Arc Chute 
Stationary Pr1mary 
Contact 
Pr1mary Blade Stop 
lrimary Blade 

GEI-88767 

Pig. 9 tJnit Pole Fully Open 

l. Auxiliary Switch 4. Close Relay 
2. Motor 5. Open Rela1 
3. Start-Stop Rela1 

Pig. 10 Electrical Operator 
1~1~ E 
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INSTALLATION & OPERATING INSTRUCTIONS 

TEMPERATURE CONTROLS 
MODELS 2E206 & 2E207 I FOllM 

SS1'21 

APPLICATION 

The single stage Model 2E206 and the two stage Medel 
2E207 thennostats incorporate single-pole double-throw 
switches for controlling automatic ventilation or heating in 
livestoclc barns, poultry h.ouses, milk houses, brooder 
houses and other buildings. The 30 to 11 o° F. tempera
tw:e range permits use for many space applications. Mount
ing may be by wiring conduit or to a 11at surface with 
screws through holes provided in back of frame. 

These thermostats are designed for operating or limit con
trol applications. Where critical or high vaiue products are 
to be maintained within a spt.-cific temperature differential, 
a single thermostat should r..ot be applied to function JS 

both an operating and a limit control. In these applications, 
a separate limit control with aiarm contacts should be 
Nired to indicate when the limit control operates. 

FEATURES 

-Liquid-filled sensing element gives unifonn control at all 
ambient temperatures. 

-Dependable single-pole, double-throw map acting con
tacts in dust-tight enclosure. 

-Special close differential models 1vailable for critical re
quirements. 

-Special coiled element is attached to case :ind when ther
mostat is mounted with bulb pointed down it is protected 
from falling objects, such as straw, hay, dust, etc. 

GENERAL DESCRIPTION 

The enclosed switches are sealed against dust and other 
foreign material found in farm buildings. A compact heli
cal temperature element. specially treated against corro
sion, is firmly attached ro the exterior of the case to allow 
maximum sensitivity to changes in air temperature. The 
liquid-filled sensing element provides accurate operation un• 
affected by barometric pressure char1ges or altitude. 

SPECIFICATIONS 

Model 2E206: One SPDT switch (one set of contacts opens 
on temperature rue as the other set closes s.imultaneously ). 

Modet 2E207: Two SPDT ;witch.es, wah one stage opera
ting 3o F. higher than the other ,ta~e. 

Range: 30° to !10° F. (140° F. maxunum overrun tem
?er:rnue). 

Oiffenntial: Approxunarely 3½° F. (Each switch has this 
differenual on ~1odel 2E:07). 

JAN. 1977 

Fig .. 1 - Exierior view of Space Thermos1a1. 

stage makes contact approximately 3° F. above the dial set
ting. 

Case: .062" cold rolled steel. Gray baked enamel finish .. 

Cover: .025,. cold rolled steel. Gray baked enamel finish. 

Contact Unit: Snap-acting contacts in dust-tight tamper 
proof enclosure. 

ELECTRICAL RATINGS 

MODEL 2E206 
Volto9e, A.C. I 120 ! 208 I 240 I '171 

,.,11 Load '°'"'P.. : l&.O I 9.2 I a.a : - I 

locaed Rotor Ampo. i }6.0 ,,.2 I 44.0 I -
,.._l nducti,,e or 

I I 

I 1· 
le,ilfanu lOGd Ampa. • :u.~ I 22.0 22.0 no 
(Not lama l.ood1l I 

l'ilot Outy - 12j VA, 2-4/600 V. A.C. 

• $PST Lt.TING. 

MODEL 2E207 
Volta;• AC j 120 208 .. 

,ull load A•os. I 16.0 : 9.2 ' B.0 I IAciied Rotor Amp•- : 96.0 I 5$.2 i 48.C 

,...-1nductiYe or 

I 
I i 

h0<stance Load A,npe. 16.0 I 9.2 I a.o 
(Not Lomp load1I I I Pilot o~,-, - 12, VA, 2,/!77 V. A.C. 

Tempe~ture between stages: This difference is fixed: the ,...O r!: When "* ,., ,. two circuit ,witd!, th• ''"''"' connec1ed load 

low stage makes contact at the dial ;.-!tting while the i:igh "'"" ~•• ucNd 2000 VA. 

m~ P•1 
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DIMENSION DRAWING 
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OPERATION 

Figure 2 illustrates the operation of Model 2E207. On a 
temperature increase to th~ diJ.l setting, the circuit between 
R and Y of the low stage switch (RY i..) closes. Simultane
ously the circuit between R and B (RBL) opens. On a fur
ther increase in temperature the high stage switch operates 
and closes RY H while simultaneously opening RB1-1. The 
reverse sequencing ta.lees place on a temperature fall. 

•T• Cl.09:S ---...

--- -

Fig. 2 - Operafionai diagram• af Model 2E207. 

LOCATION 

Mount control 5' or 6' above the floor where it will be el{

posed to the average temperature of the controiled space. 
Do not mount control where it will be affected by unusual 
heat or cold, such as directly over an animal stall row or in 
surJight. Avoid locations near a door, window, or hay 
chute. Do not mount on an outside wall. 

MOUNTING 

CAUTION: Do not dent er deform the sensitive bulb of 
L'l.1s control. A de:-!.t or deformation will ch~;e the ·:ilibra
t1on and cause the control to cycle at a temperature lower 
than the dial se ttmg. 

CAUTION: On rough mounnng surface use top two mount• 
ing holes only. 

IS 

I I .J. 
5 

74 ~ 
~ 64 r ~_.J 

M 

Cl = ··---.. 

0 

e 

~ .... .,,. 

Tl •-1 

-ti -1 

TO IC&TIIIG 
SYSTEM 

Fig. 3 - Model 2E206 in rypical heating contra! circuit. 

=.':,.• __ _ 
It 

e 

• • ., O.OSI 011 
TIW, IIISI 

Fig. 4 - Model 2E206 irt typical 
Yefttilating cir caoling contra( circuit. 

When you mount this control on m uneven surface and pull 
ail four mounting screws down tight, you can twist tile case 
enough to affect thermostat calibration and operation. 

WIRING 

All wiring mould be done in accordance with applicable 
code~. ordinances and regulations. Figure 3, 4 and 5 illus-

Page 2 
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e 
Fig. 5 - Model 2E206 in control of l,eoting ona ventilcrting 

systems. 

trate typicai wiring of Model 2E206 for control of heating, 
cooling, md a combination heating~ooling control system. 

Figure 6 shows typical wiring for the control of a two speed 
ventilating fan. When control temperature element reaches 
the dial. settings of Model 2E207, the low temperature 
switch starts the fan on low speed. If the space temperature 

• G 

Fig. 6 - Model 2E207 in typical two-speed .,..,.,iloting fcin 
cont..:,I circuit. 

continues to rise, the high temperature switch supplies 
power to the high speed motor winding while disconnecting 
the low speed winding. 

Figure 7 shows Model 2E207 in a typical hook-up for a 
two-¥01wne fan application. The fan will start when tem
peranue element reaches the dial setting. If the temperature 
continues to rise, the damper motor will be energized by 
the high temperature switch. 

Mode.! ZE:07 cm J.!so be used to control a combination 
heating ind ventilating or cooling system. JS .ihown in Fig
ure 8. A tempe~ture increase to the dial se:tmg will tum 
off the h.eatu:g zystem when the R-3 ~onr;i,;,s ct the low 
temperature ;witch brt.ti.:. An ir.crease in temperature of a
bout 3o F. will rum on the fan or cooling system through 

Page 3 
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• 

"---+---- ~o ,.,. 
,---- IIOTOII 

Fig. 7 - Model 2E207 in control of single speed ventilot,,,9 
fon ond volum .. increose damper motor. 

G 

--------- TO JC.t.nlllG MOfOII =~ e CllltYSTl• .. 

.., __ 

Fig. 15 - Typical wiring of heoTing cind cooling de.,,icu tci 
two-stage thermottot (outcimotic ehongeo .. er). 

the R-Y contacts of the high temperature switch. 

Check Out Ten: After the control has been wired, it 
should be checked out for correct operation in the follow
ing manner. 

1. Mod'et 2E206: Ventilating or Cooling System: Turn dial 
clockwise to a setting above space temperature. Fan or 
cooling system should be off. When dial is turned coun- · 
terclockwise, the fan or cooling system should tum on 
approximately at the dial setting. 

Model 2E206: Heating System: Tum dial clockwise a
bove the space temperature; the heating unit should be 
on. When dial is turned counterclockwise, the heating 
unit should tum off approximately at the dial setting. 

2. Model 2E207: If hook-up is sirntlar to Figure 6, fan 
should start at approximately space :emperiture and 
should change to high speed as the dial is turned coun
terclockwise to a lower temperature setting. [f wiring is 
similar to Figure 7, the damper should open as ti1e dial 
is turned counterclockwise. The devices should act in re
vene sequence when the dial is turned clockwise :o a 
higher setting. 

3. If control devices do not operate in the manner des
cribed above, check all wiring for short circuits md ti~t
ness oi wiring connec:ions. If controUd devic~s 0p!,1te 

m reverse (start in high or fully open position) ;;heck 
wiring as it is probably reversed. 

-
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DAYTON 1•YEAR LIMITED WARRANTY 

• j 

Dayton Controls are warranted by Dayton Electric Mfg. Co. (Dayton) to the original user a• 
gamst detects in workmanship or materials under normal use (rental use excluded), for one 
year after date of purchase. 
Any part which is determined to be defective in material or workmanship and returned to an 
authorized service location, as Dayton designates. shipping costs ;:Jrepaid, will be re;:Jaired or 
replaced at Dayton ·s option. For warranty claim procedures, see .. Prompt Disposition'· below. 
This warranty gives purchasers specific legal rights, and purchasers may also have other rights 
which vary from state to state. 

WARRANTY DISCLAIMER. Dayton has made a diligent effort to illustrate and describe the 
products in this literature accurately; however. such illustrations and descriptions are for the 
sole purpose of identification. and do not express or imply a warranty that the products are 
merchantable. or fit for a particular purpose. or that the products will necessarily conform to 
the illustrations or descriptions. 
Except as provided below. no warranty or affirmation of fact. express or implied. other than as 
stated in "LIMITED WARRANTY" above is made or authorized by Dayton, and Dayton's 
liability in all events is limited ta tne purchase prica paid. 
Certain asf:)ects of disclaimers are not acplicable to consumer products; e.g., (a) some stares 
do not allow the exclusion or limrtation of incidental or consequential damages. so the above 
limitation or exclusion may nor apoly to you; (b) also, some states do not allow limitations on 
how long an implied warranty lasts, consequently the above, limitation may not apply to you; 
and (c) by law, during the period of this Limited Warranty, any implied warranties of merchant
ability or fitness for a particular puroose applicable to consumer products purchased by con• 
sumers, may not be excluded or otherwise disclaimed. 

PROMPT DISPOSITION. Dayton will make a good faith effort for prompt correction or other 
adjustment with respect to any product which proves to be defective within warranty. For any 
product believed to be defective within warranty. first write or call dealer from whom product 
was purchased. Deal.er will give aaditiona/ directions. If unable to resolve satisfactorily, write 
to Dayton at address below, givmg dealer's name. address, date and number of dealer's 
invoice. and describing the nature of the defect. If product was damaged in transit to you, file 
claim with carrier. 

DAYTON ELECTRIC MFG. CO., 5959 W. HOWARD ST., CHICAGO, ILUNOIS 60648 
l..ot!\o '" U.S.A. 
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Equipment 
Number 

PPA 

PPl 

PP2 

PP3 

PP4 

PP5 

PP6/PP7 

PPDCl 

LPl 

LP2 

LP3 

LP8 

LP/EMLl 

LP6/7 

Description 

Power Panels 

-

Receiver Tower Power Panel 

Receiver Tower - Distr. Panel 

Bldg 712 - Distr. Panel 

Bldg 702 - Distr. Panel 

Bldg 709 - Distr. Panel 

Bldg 710 - Distr. Panel 

Warehouse - Distr. Panel 

125 voe Switchboard - Distr. Panel 

Lighting Panels 

Receiver Tower - Lighting Panel 

Bldg 702 - Lighting Panel 

Bldg 712 - Lighting Panel 

Bldg 706 - Lighting Panel 

Receiver Tower Emergency Lighting 
Panel 

Warehouse - Lighting Panel 

Maintenance 
Section 

3. 6 .1 

3 .6. 1 

3. 6. 1 

3. 6 .1 

3. 6. l 

3. 6 .1 

3. 6 .1 

3 .6 .1 

3. 6. 1 

3. 6. l 

3. 6. 1 

3. 6. 1 

3. 6 .1 

3. 6. 1 

One-Line Dwg. 
Number 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

40E7005132120 

-
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3.6.l Power Panels 

3.6.l. l The following section contains data on the miscellaneous power panels 

and lighting panels listed in the index on page 3.6.1-1. They 
generally include a description of the various junction boxes as well 
as the circuit breaker data and panelboard information. 

3.6.1-1 
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II Liated by 

Nema Type 4 Panel Enclosures 
.t.N ENCLOSURE INTENDED FOR EITHER INDOOR OR OUTDOOR USE 
TO PROVIDE A DEGREE OF PROTECTION AGAINST WINDBLOWN DUST 

AND RAIN, SPLASHING WATER AND HOSE-DIRECTED WATER. 
(PANELS ARE INCLUDED IN LIST PRICE) 

INDOOR - Nema Type 4 enclosures are designed lo house electrical 
controls in areas which may be regularly hosed dowvn or are otherwise 

Underwriter•' Laboratoriea, Inc. 
very wet. They are suitable fOf use In dairies, brewer.ies, etc. 

See reverse side for drawings. 

CONSTRUCTION - All enclosures have removable i;anels mounted 
on collar studs. They are similar in design and.finah lo the Nema 12 
Type boio.es eio.cept as follows: 

1. Additional clamps are added on three sides of the hinged 
doOfS. 

2. Solid neoprene gaskets are used on the doors. 
3. Al I eio.terior hardware is stainless steel. 
4. Double door r(oor mounted enclosures may be fabricated 

with removable or stationary center post between the doors. 
Scre111, clamps are used instead of the usual three point 
tatch and handle arrangement. 

(Pleose specify either remo¥oble or atationorr center post when order• 

ing.) 
FINISH - The starnlard finish is white enamel interior and grey 
prime exterior; surfaces are phosphatized prior to painting. 
OUTDOOR - Special finishing of the eio.terlor is necessary. Contact 
factory for prices and details. 

SINGLE DOOR WALL MOUNTED ENCLOSURES 
Cotolog I Bo• Siae Ponel Wei9ht Liat 
Numbe-r : A" B • C Size Eoch Eoch 

;:AW16126-4 : 16zl2zti 13"9 26 S134.50 
FAW20166-4 ! 2D zl 6"5 l7zl3 38 158.80 
;:AW20206-4 20z20z6 17zl7 42 173.40 
i=AW:24206-4 I 24z20z6 21zl7 S6 193.20 
FAW24126-4 24zl2"6 21"9 37 160.60 
PAW242'6-4 24x24,rfj 21z21 62 209.70 
~AW30206-4 30z20z6 27zl 7 63 214.30 
;:AW30246-4 30z24z6 27z2 l 74 234.00 

@ • 3 
Q 

~ 
"< 
"O 
CD 

~ 

"'O 
Q 
:::, 
CD 

m 
:::, 
n 
0 
Cit 
C ... 
CD 
u, 

;:; AW36246-4 36z24z6 I 33z2 l 
;, AW16) 28-4 11:x I 2x6 13"9 
I' A.¥120168-4 2Dx 16z8 17zl 3 

94 I 24 
JS : 

2.58.00 
140.SO 
166.50 

"ABC DIMENSIONS SHOWN 

ARE INSIDE MEASUREMENTS" -

Section 9 
11 /'26179 

I= AW20208-4 20z20z8 17zl7 47 : 182.40 
F AW24208-4 I 24x20z8 21"17 53 202.70 
~AW24248-4 : 24x24"8 2lx21 67 221.30 
;=AW30208-4 30z20z8 27xl7 70 22S.20 
;:A\f\'30248-4 30z24"8 27z21 82 2 .. S.70 
FAWJ6248- .. J6x24"8 33z2 I 94 271.80 I 

AW36308-4 I 36z30"8 33zl7 lJS i D.10 
AW .. 2308-4 I 42x30"8 39z27 130 339.40 I 
AW42368-4 I 42z36"8 39,.33 ISJ 37480 I AW48368- .. 

! 48x36z8 4Sz3J .«16.SO i 18 3 
AW60368-4 60z36"8 S7z33 213 .. 56.00 

FAW201610-4 I 20zl6zl0 17"13 43 174..60 
F AW302410 ... 30z24zl0 27z21 93 257.60 l AW36J010-A 36z30zl0 33z27 122 322.60 

AW483610-4 4Bx36zl0 45,.33 198 ,C28.20 
AW603610-.. 60z36zl0 S7z33 233 el.«) 
AW302412-.. 30x24zl2 27z21 92 269.50 
AW363012-.. 36x30zl2 33:z27 132 337.10 
AW483612-4 4Bx36z12 4Sz33 201 457.10 
AW363016-4 36z30xl6 33z27 144 373.70 

DOUBLE DOOR FLOOR MOUNTED ENCLOSURES 

Cotolog Bo• Siae Panel Weitht Li• t 
Hu..,i.., A•B•C Siae Eoct. Eoch 

A W60"810 ... 60•4Bx10 !)6z44 4SO S 977.90 I AW606012-4 60x60xl2 S6zS6 S9S 1158.20 
AW727212- .. 72z72xl2 68"61 785 US6.80 

All double door floor mountin9 cobinela lumished 
with 12" atanoa unl••• otherw,ae specified. 

E"cloaure l:i.odie• enaf tiloer• equippff with auital-le atiffeftin.,_ 

GALVANIZED: For Electro-Calvani:red after labricabon or Hot Dip Calvar.i:r.ed alter 
fabrication, conlliult factory for prices. 

SPECIAL SIZES: Special sue• crid or de.,qna labucated upon ••quest. 
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Catalog 
Humber 

444 WPSC 

464 WPSC 

664 WPSC 

684 WPSC 

612AWPSC 

884 WPSC 

8104WPSC I 
812A WPSC I 

10104 WPSC I : 1012' WPSC 
I 

1 12124 WPSC 

Screw Cover Can Nema Type 3 

••Sia• 
Inches 

4x4x4 

4x6z4 

6x6z4 

6x6x4 

Exl2x4 

6x8z4 

6zl0z4 

8 "l 2z4 

!Oz!Ox4 

10xl2x4 

12:xl2:x4 

!2x!6x~ 

THIS ENCLOSURE IS INTENDED FOR OUTDOOR USE TO PROVIDE A DEGREE 
OF PROTECTION AGAINST WINDBLOWN DUST AND RAIN. 

I 

Con&tructed with Continuou• welded &eom• and equipped with 
go•l.et&. 

Li•ted by Underwriten• Loborotoriea. Inc. 

Li•• Catalog • •s, •• li•t 
Each Humber Inch•• Each 

S18.80 
666 WPSC 6:x6:x6 $ 30.20 

19.30 686 WPSC 6:x8:x6 32.10 

21.00 6126WPSC 6xl2:x6 39.40 

22.60 886 WPSC Bx8x6 36.80 

29.80 8106 WPSC Bxl0:x6 39.40 

27.30 8126 WPSC 8" 12 x6 '4.10 

30.00 10106 WPSC 10xl0x6 ,s.30 

3"-40 10126 WPSC 10xl2x6 50.20 

35.00 12126 WPSC 12xl2x6 52.70 

40.70 
I 12166 WPSC 12x!6x6 63.50 I 

44.10 I 
I 

12186 WPSC l 2x lB x6 66.10 

57.30 I 12246 WPSC 
I 

l 2x24x6 7'-20 
' I il2184 WPSC 

WPS 68.10 I 18184 C 1 IS:x!Sx4 I 15186 WPSC !Sx!Bx6 68.90 
I 

j 15246 WPSC l Sx24x6 80.80 

Coro log • •Sia• 
Humbe-r Inc he-a 

12128 WPSC 12"12x8 

12168 WPSC I 12xl6z8 

12188 WPSC 12x!Bz8 

12248 WPSC l 2x24z8 

162"8 WPSC l6:x24"8 

18188 WPSC lBzlBzB 

182"8 WPSC 1Bz24"8 

24248 WPSC 2b24"8 

' 
I 18186 WPSC 

' I 18246 WPSC 

I 24246 WPSC 
I 24306 WPSC I 

Li&I 
Each I Cato lag 

Humbe-r 

S 65.30 
73.10 

1,.10 

I 181810 WPSC 

! 242410 WPSC 

243010 WPSC 

U.10 
99.10 
90.70 

131.70 

148.30 

l Sx !Bx& 

' 18x24x6 
I 
I 24x24x6 
I 

24x301t:6 

• •Sise 
Inch•• 

lBxlBxl0 

24x24z!tl 

24z3ilzl0 

77.90 

116.60 

133.90 

155.SO 

SCREW COVER CAM. NEMA TYPE 3 

When ordering, specify Catalog Number. 

List 
Each 

Sl31.80 

208.10 
235.00 

••First dimrnsior: indicates the Width. 
Second dimension indicates the Height. 
Third dimensior, indicates the Depth. 

FINISH: El•clro-Calvani:r:ed aft•r fabrication. For hot dipped gal• 
vanized at, .. , fabrication. consult factory. 
CASKET: Furnished with N•oprene Casket. 
SPECIAL SIZES: Fiil•d promptly to your sp•cilications. 

See Section 2 Po9e 8 for Theoretical We ,ghu. 
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Steams-Roger 
P.O. Box 5888 
Lawer, Co 

80217 

Attention: Gen:y May 

5-ft :s-ro-PI 

______ ___.._. ... .,,,. 

March 10, 1981 
C-21700 CPll-9 

Subject: lOM.Je Solar Pilot Plant 
Distribution Panels 
Plant Electrical Shop Drawings (Vendor Brochure) Review 

Gentlerren: 

The enclosed shop drawings are submitted for your review, corrnnents and/or approval. 

Please submit four (4) reviewed copies by return transmittal before March 23, 1981 to Stearns-Roger Engineering Corp., P.O. Box 131, Daggett, Ca 92327. The enclosed drawings are: 

Contractor 

CPll/Lord 
CPll/Lord 

Vendor 

West 
West 

Dwg. No. 

Type W Jr. Group Control 
Panel Board Dwg. LA-40687 

Title 

MCC 6 
PP-8 

Also enclosed are S-R Field preliminary comments made and submitted back to T&B/Lord TO expedite expedite procurement of this equipment. 

TEO/LWN/lt 
Enclosures (5 copies) 
cc: CPll-9 

transmittals 

3.6.1-15 

Very truly yours, 

.'~ Cc-· ,J Q_ '-'~ .,__ ,.. ....... ~'"'-- • 

Lead Resident Engineer 

4500 CHERRY CREEK DRIVE• P 0. BOX 5888 •DENVER.COLORADO 80217 • PHONE (303) 758-1122 • TWX 910-931-0453 TELEX 045-540 
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WeS1inghouse 

Dimensions in• Inches 
Approximate only, do not use for construction purposes 

i------ 2a----.i 

0 

3J coo 000000· ,-
12-1/zDiameter far O.T. Device 

Further Information 
Prices: Price List 12-121 

--

Description: Descriptive Bulletin 12-151 
Instructions: IL 12-140, 12-141, 12-142. 12-143 

and 12-144 

OS 12-140 Page 1 

Type W Jr. Group Control 

Economical Method of 
Grouping Combination 
Starters, 600 Volts Maximum 

- c::,n 
- - ._____l _ ___.~-111! 
L_ ~ I 'Diameter M~ting Holes(4) i 

Dust and Weather Resistant Enclosure 

~E:L-r hE.ytcE.. 

I °'S" 14:£_ I 'i:rR.. tJ / /DtJ V/1 '/ro/;.u I (!T.,I( 

,z -S:ic.L· / r7/l.._ u I '"""4 LIJ?J/t~ (!_ T;,( 

.3 S'lc £. I ~r-'!. w/ /COVIi '/FOj/J.C (!.7X.. 

~ , - $0 .q F~ !. 11.SLL 6 1~AIA/£t!. T 

~N'£. 5"r'4A.:r /!,r11/I' I'S r,,<, ~rl~£ /-'ft!.C 
Customer J..OA°b (Lf:t!_T,4..I~ /lr,<?.IG/t[l,,)11-'('. Addre,-._ ____________ _ 
P.O. Number ,6& 16/lr/JAY (t'l--ql/t:~l7Zti91 ltem,--,./'-+9-• ---e----------G.O. No. LA 'lc-6?7 Job SOL~~ f1a"T f'L~/1/r Functio "'------------------------Apparatus --,-y,;, r 

,,..,-.,. 
(l..' I 

Certifi,....._ _______________________ Oate, _______ _ 

Approval • 
Rafere:,ce Ja 

Con• tructlan or ln• t• llatlo" O 
Other O 

Westinghouse Electric Corporation 
General Control Division, Chicago, Illinois 60632 
Printed In USA 3.6.1-16 

May, 1170 
Sup• rsedH OS 12-tcO, page 1 da:ld 
februar,. 1968 
E, D, C/1926/PL 

-
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-~..,....., ;;...~v-E .1l 

Stea - s- "'oger 
CORPORA N 

Townsend & Bottum 
PO Box 366 
Daggett, Ca 

June12,~--..____ 
C-21700 ~ 

Attention: 

Subject: 

Gentlemen: 

92327 

John Abram, Construction Manager 

lOMWe Solar Pilot Plant 
Plant Electrical Shop Drawing Review 
Distribution Panel PP9 

The enclosed shop drawing (4 copies) is being returned after 
review,with comments noted. 

Vendor DWG. No. CE File Title Rev. Stamp 

lord/Westinghouse IA-40687 CPll-24 pp 9 S-R (all copies) 

Note: The 1P-30A breaker is required to be a 2P-30A; formally revised 
by FOCR 172 E. 

TEO/LWN/lt 

Enclosures (4 copies) 

cc: CPll-10 
transmittals 

3.6.1-18 

Very truly yours, 

-~\J./ 2. (~~ 
Lead Resident Engineer 

4500 CHERRY CREEK DRIVE, P.O. BOX 5888, DENVER, COLORADO 80217 • PHONE (303) 758-1122 • TWX 910-931-0453 TELEX 045-540 

-
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Equipment Maintenance P&ID Dwg. 

Number Descrip_tion Section Number 

CFS 0004 5000v Shielded Metal Clad Power Cable 3.7.l 

CFS 0005 600v Metal Clad Power Cable 3.7.2 

CFS 0006 Coaxial Cable 3.7.3 

ocs 0900 Cable - 30 ft. 3.7.4 

ocs 1000 Cable - I/0 to ft. 3.7.5 

thru 
1003 

ocs 1100 Cable - 30 ft. 3.7.6 

ocs 1101 Cable - 30 ft. 3.7.6 

ocs 1200 Cable - Async to Sync 3.7.7 

thru 

S..> 1205 
':" -
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• 
Equipment 

Number 

-
Description 

High Intensity Obstruction Lighting System 

Emergency Lighting Central AC System 

Miscellaneous Lighting Fixtures 

Maintenance 
Section 

3 .8. l 

3.8.2 

3.8.3 
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3.8 LIGHTING 

3.8.1 High Intensity Obstruction Lighting System 

3.8.1.1 Identification 

Tag Number 
None 

3.8.1.2 Description 
Manufacturer: 
Part Number: 
Spec. No: 
Material: 
Weight: 

Description 

Aircraft Warning Lights 

Flash Technology Corp; NASHUA, New Hampshire 

FTB-205 Type A 
FAA/DOD Spec. No. L-856 
SS304 NEMA 4 
N/A 

3 .8. l. 3 Prescribed Service 
Aircraft warning system 

3.8.1.4 Vendor 

Flash Technology Corp of America 

3.8.1.5 Special Cautions 

See Flash Technology Instr. Manual (following) 

3.8.1.6 Periodic Service 

See Flash Technology Instr. Manual (following) 

3.8.1.7 Parts List 

See Flash Technology Instr. Manual (following) 

3.8.1.8 Special Tools 
None 

3 .8. l. 9 Maintenance Instructions 
See Flash Technology Instr. Manual (following) 

3.8.1.10 Acceptance Tests 

3.8.1-1 
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FTB-205A BEACON SYSTEM 

INSTRUCTION MANUAL 

CONTENTS 

Front Matter Page No. 

PREFACE ••••••••••••••••••••••••••••••••••••••••••• _..... A-1 

SAFETY NOTICE .......................................... A-3 

WAR.RA.NTY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • A-4 

Modular Breakdown Type No.* 

SYSTEM INSTRUCTIONS•••••••••••••••••••••••••••••••• FTB- 205A 

CONTROLLER INSTRUCTIONS ••••••••••••••••••••• SC-105/SC-105R 

LIGHTING CONTROL INSTRUCTIONS . . . . . . . . . . . . . . . . . . . . . PEC-405 .. 

BEACON INSTRUCTIONS••••••••••••••••••••••••••• FTB-205-lA 

*See top outside corner of instructions' pages for Type No. 
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FTCA S.:iles Order: 72-207') 

Site: Daggett Locc:it ion: California 

This instruction manual contains system-level and unit-level instructions 
for your ElectroFlash FTG-20SA Gc2con System, .:in 1M L-356 tyre A High 
Intensity Obstruction Lighting System. The following lists identify the 
ElectroFlash units, variable assembl ics, options, and accessories that 
make up your FT5-2C5A System. 

UNITS 

Quantity 

1 

2 

4 

Designation 

SC-105 System Controller 

PEC~405 Photoelectric Lighting Control 

FTB- 2 0 5- lA Coruscating Beacon 

AOL Beacon 

AOL Power Converter 

FTB

FTB

FTB

FTB-

Aviation Obstruction Beacon 

Optical Link Lipper Vac 

VARIABLE ASSEMBLIES 

120 Vac 

120 Vac 

120 Vac 

Vac 

Lower Vac 

The FTB-205A System contains variable assemblies to acco:r,modate different 
applications. Specific assemblies installed in your system .:ire: 

System Controller 

Controller board assembly 

£oruscat i nq Beacons 

High-voltage rectifier board'asscmbly 
Timing and trigger board osscmbly 

/\OL Po·,·1er Cc,nvf'.r t er 
-------------- -----

P/N 2600-02 

P/N 2!,80 
P/N 2723-02 

High-voltage rectifier ho.:ird .J'.,'.,•..:ri,bly P/1~ 
Timing and trigger board assembly P/N 

Aviation Obstruction B~2con 
- -- --·--------- ----·-··---~------ -

l!iy:·,-vol1cJ~C rectifier t)oard .J:,~ 1_:,1tily 
Timing .:ind trigger board a~sc~bly 

3.8.1-5 ;.-1 
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SAFETY NOTICE 

This equipment employs voltages which are dangerous and may be fatal if 
contacted by operating personnel. Extreme caution should be exercised 
when working with the equipment. While every practicable safety precau
tion has been incorporated into this equipment, the following rules must 
be strictly observed: 

KEEP AWAY FROM LIVE CIRCUITS 

Operating and maintenance personnel must at all times observe all the 
safety regulations. Do not change plug-in components or make adjustments 
inside the equipment with the ac power' on. Under certain conditions, 
dangerous potentials may exist in circuits with power controls in the off 
position due to charges retained by ca

1
pacitors. To avoid casualties -

always turn off the ac power input, wait for energy storage capacitors 
to discharge, and then check with a meter for residual charges (refer to 
Paragraph 5.2.2 of Beacon Instructions). 

DON'T TAMPER WITH INTERLOCKS 

Do not depend upon door switches or interlocks but always turn off the ac 
power input for your protection. Under no circumstances should any ac
cess gate, door, or safety interlock switch be removed, short-circuited, 
or tampered with in any way, except by authorized maintenance personnel 
when considered unavoidable, nor should reliance be placed upon the in
terlock switches for removing voltages from the equipment. 

A-3 
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WARRANTY 
No. 80/8062 

Except as hereinafter provided, Flash Technology Corporation 
of America (FTCA) warrants that the equipment and materials 
delivered hereunder conform to specifications and other 
descriptions agreed in writing to be applicable. With respect 
to equipment and materials which are not produced by FTCA 
including but not limited to installation kits and electrical 
apparatus, the manufacturer's warranty shall be extended to 
the Owner to the extent applicable and no other warranty 
shall apply. With respect to equipment and materials which 
are produced ~y FTCA, unless specifically stated differently 
in the body of our offer to sell, FTCA warrants such equipment 
and materials to be free from defects for a period of two 
years from the date of shipment from FTCA. The responsibility 
of FTCA hereunder is limited to repairing or replacing at its 
plant, without charge, any article or part which has been 
returned, freight prepaid~ to FTCA and which is defective or 
does not conform to such specifications or other descriptions; 
provided, however: (a) that FTCA must be notified in writing 
within the above stated warranty period and (b) the affected 
article or part is returned within thirty (30) days after 
authorization. THERE ARE NO WARRANTIES, EXPRESS OR IMPLIED, 
WHICH EXTEND BEYOND THOSE SPECIFICALLY SET FORTH HEREIN. FTCA 
shall have no responsibility for any defects or damage caused 
by improper storage or installation, misuse, neglect, accident, 
or Act of God, or for any article or part which has been 
repaired or altered hy anyone other than FTCA or its authorized 
service representative. In no event shall FTCA be responsible 
for collateral, incidental or consequential damages or charges. 
No agreement or understanding affecting this warranty shall be 
binding upon FTCA unless in writing and signed by a duly 
authorized representative. 

This warranty applies only if the items are used solely under 
the operating conpitions and in the manner recommended in this 
instruction manual.· 

3.8.1-7 
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FTB-205A BEACON SYSTEM 
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SECTION l 

GENERAL DESCRIPTION 

FTB-205A 

1.1 INTRODUCTIO~ 

-
1. 2 

Tliese instructions contain system-level information for understanding, 
installing, and operating the ElectroFlash FTB-205A Beacon System. The FTB-20SA System is designed and manufactured by the Flash Technology 
Corporation of America as a white, high-intensity flashing-light system for obstruction warning. Typical applications are the day, twilight, and night lighting for tall structures, such as chimneys and towers, 
that present a potential hazard to air navigation. 

The FTB-20SA System is approved by the Federal Aviation Administration 
for use as a Type A system in L-856 (FAA) high-intensity obstruction 
lighting applications. For these applications, the FTB-20SA System 
will comply with t~e equipment specifications of FAA Advisory Circular 
1S0/534S-43B. 

Standard units that make up an FTB-20SA System are the Coruscating 
Beacons, a System Controller, and two Photoelectric Lighting Controls 
(see Figure 1-1). Optional units include the alternative use of two 
different rack-mounted System Controllers, and the addition of an 
Antenna Obstruction Light (for TV towers) or an Optical Link (for AM 
towers) of both. Each of the system units is described in detail in 
the individual instructions that follow in this Instruction Manual. 
The quantity of Coruscating Beacons required for an installation de
pends upon the type and number of structures to be lighted in accord
with FAA Advisory Circular 70/7460-lF. Refer to the Preface of this 
Instruction Manual for a listing of the equipment supplied and any 
options included for your particular installation. 

SYSTEM FUNCTIONS 

Figure 1-2 shows the functional relationships of units in an FTB-20SA 
Beacon System. 

1.2.l Coruscating Beacons 

-

The Coruscating Beacons employ capacitor-storage, xenon-discharge 
technology to produce white, high-intensity flashing light. An inte
gral power supply within each Coruscating Beacon converts the ac input 
power to high-voltage de power for energizing the flashtube. 

Coruscating Beacons are mounted in tiers as required on the structure 
needing obstruction lighting. The number of tier levels required de
pends on the overall height of the structure above the ground. The 
number of Coruscating Beacons required per ti er 1 evel depends on the 
structure's effective di ;lJlleter at that level. Skeletal structures need 

1-1 
3.8.1-9 
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three Coruscating Beacons normally at each tier level to provide a 
full horizontal coverage of 360 degrees of flashing light. Wide struc
tures need four or more Coruscating Beacons per tier level. 

1.2.2 System Controller 

The System Controller functions from a convenient operating point to 
control and monitor the operation of the Coruscating Beacons. Inter
connections between the System Controller and its Coruscating Beacons 
utilize digital signals to simplify the wiring as paralleled signal 
connections at the Coruscating Beacons. One wire transmits the digi
tally encoded control signal to the Coruscating Beacons so they all 
flash in synchronism and at the proper intensity. 

A second wire transmits the monitor signal from each Coruscating Beacon in a time shared format. At the System Controller, the monitor signals are processed so the flashing, status of each Coruscating Beacon can be 
monitored. A failure alarm output of the System Controller is provided 
for external connection (if desired) to a remote station alarm and/or 
an annunciator system. This alarm output changes state (SPOT relay 
contacts switch state) if a Coruscating Beacon fails or the ac input 
power fails. 

1.2.3 Photoelectric Lighting Controls 

Two Photoelectric Lighting Controls sense the sky illumination to init
iate automatic control for step changing of the flashing intensity of 
the Coruscating Beacons. Three intensity modes (encoded on the control 
signal) provide- three appropriate levels of flashing light for day, 
twilight, and night operation. 

1.2.4 Fail-Safe Functions 

Fail-safe features are incorporated into the FTB-205A System. Failure 
of any Coruscating Beacon does not affect the operation of other Corus
cating Beacons. The Coruscating Beacons continue to operate if the 
System Controller fails. With a loss of synchronization information, 
the Coruscating Beacons continue to flash but not in synchronism. With 
a loss of intensity mode information, the Coruscating Beacons flash at 
the high intensity (day) mode. 

1.2.5 Optional Units 

If an Antenna Obstruction Light (AOL) is jncluded, it connects to the 
FTB-205A System as does a Coruscating Beacon. This optional unit produces a white flashing light to signal the top of a television antenna 
or similar appurtenance, completing the obstruction warning require
ments for certain structures. 

If an Optical Link is included, it provides two-way optical coupling 
for the control and monitor signals. This optional unit couples the 

1-4 
3.8.1-12 

0 
0 
m 

0 
0 

--

-
-

-
-
r-, 

-



-
1. 3 

1. 3 .1 

FTB-20SA 

digital signals between the System Controller and the tower-mounted 
Coruscating Beacons where the tower cannot be grounded. An Optical 
Link installation needs a high-voltage RF isolation transformer to 
supply ac power to the tower-mounted ElectroFlash equipment plus RF 
compensation filters at key junction-box locations. 

SYSTEM SPECIFICATIONS 

General Features 

• Automatic day/twilight/night intensity control - manual override 
• Automatic monitoring of flashing status of each Coruscating Beacon 
• Control and monitor capability for up to 24 Coruscating Beacons in 

a system (up to 28 with optional SC~20SA System Controller) 
• Failure alarm output (relay SPOT contacts) available to activate 

remote alarm and annunciator systems 
• A single, two-wire shielded control-and-monitor cable for simplified 

wiring on strucxure 
• Solid-state electronic control circuits 
• Modular design for ease of servicing 
• High-gain optical system that results in a high-intensity light 

output while minimizing the electrical power input 
• Internally mounted louvers in optics for ground shadowing 
• Extended flash duration at night by a burst of rapid flicks that 

form a longer apparent flash duration, permitting spatial recogni
tion by the observer where black backgrounds exist 

• Alternate types of System Controllers available for either indoor 
or outdoor installation 

• Accommodates optional addition of Antenna Obstruction Light for 
television antennas or similar appurtenances 

• Compatible with optional addition of Optical Link for antenna 
structures electrically insulated from ground 

1.3.2 Light Output 

• High-intensity white flashing light (xenon gas emission) 
• 200,000 effective candelas minimum per flash during the day 
• 20,000 nominal effective candelas per flash during the twilight 
• 4,000 nominal effective candelas per flash during the night 
• Simultaneous flashing of all Coruscating Beacons in system at 40 

flashes per minute 
• Directional flashing-beam profile 

3 degrees vertical beam spread with sharp cutoff of downward 
radiation 

120 degrees horizontal beam spread; three or more Coruscating 
Beacons provide 360 degrees horizontal coverage 

• Beam elevation-angle indicator in each Coruscating Beacon to facili
tate adjustable alignment of vertical beam-spread peak from -2 to 
+8 degrees with respect to horizontal 

1-5 
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1.3.3 Electrical Input Power 

• 480 volts, 60 Hz, single phase - standard 
120, 208, or 240 volts, 60 Hz - optional 
120, 230, 240, 380, or 480 volts, 50 Hz - optional 

• 50 watts for System Controller 
• 190 watts average per Coruscating Beacon, 380 voltamperes average, 

600 voltamperes peak 

1.3.4 Mechanical Characteristics 

• Outdoor enclosures are wea thertight NEMA 4 type 
stainless steel 304 - standard 
stainless steel 304L or 316L - optional 

• Dimensions and weights - refer to individual instructions for each 
unit 

1.3.5 Outdoor Environment~! Qualification 

• Wind velocities up to 150 miles (240 km) per hour 
• Temperature range from -50°C to +55°C 
• Humidity range up to 95 percent 
• Exposure to driving rains 

1-6 
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SECTION 2 

INSTALLATIO.K 

FTB-20SA 

This section contains general guidelines for the placement and inter
connection of units within an FTB-205A System. Refer to the individual 
instructions of each unit for mounting details and outline dimensions. 

2.1 SYSTEM LAYOUT 

2.1.1 System Layout Drawing 

Detailed installation requirements should be specified on a system lay
out drawing normally not supplied by FTCA but by others. This drawing 
should specify the location of each unit in the system, the electrical 
conduit plans, and a list of materials. Inspect the system layout , 
drawing to make sure that it includes conduit and/or wiring provisions 
for any options that require additional interconnection wiring. 

2.1.2 Coruscating Beacon Placement 

The Coruscating Beacons must be located on tier levels of the struc
ture in accordance with FAA Advisory Circular 70/7460-lF. For your 
installation, the specified Coruscating Beacons are shipped as pre
programmed units for a particular location on the structure. This 
pre-programming enables the System Controller to identify each Corus
cating Beacon in the monitoring function. Each Coruscating Beacon is 
assigned a "Beacon-Tier" designation. 

The System Installation Form, Figure 2-1, is the guide to identify a 
Coruscating Beacon location. The lowest tier on the structure is usu
ally designated Tier 1. The Corusc-ating Beacon in each tier that is 
installed nearest to true North is arbitrarily designated Beacon 1, 
with higher numbered Beacons progressing through the easterly, south
erly, and westerly directions. 

Upon installation, complete the System Installation Form, recording 
the serial numbers of the system units as well as the azimuth and the 
elevation angle for each Coruscating Beacon. The structure location, 
tier heights, and the characteristics of the site and its surroundings 
will dictate primarily the elevation angle of the Coruscating Beacons 
at each tier. Unless otherwise specified by FAA requirements, or re
stricted by local terrain features, the Coruscating Beacons should be 
adjusted as follows: 

Tier Level (above ground level) 

O feet to 300 feet (91 meters) 
300 feet to 400 feet (122 meters) 
400 feet to 500 feet (152 meters) 
500 feet and higher 

2-1 
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Elevation Angle 

+3 degrees 
+2 degrees 
+l degree 

0 degrees 
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CORUSCATING BE4CON COM.I SCAT I~ ELEVATION 
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SYSTEM CONTROLLER SERIAL NO. __________ _ 

STltOCTURE TY ft[:;.._ ___________ _ Ml:"9-HT ~ MOUND ________ _ 
LOCAT~N ________________ _ Hf:l6HT Aaovt: KA L£WL _______ _ 

OWN[R _________________ _ 

INSTALL ING fL[CTR IC4L. CONTPIIACT<lf' ____________________ _ 

DATE Of OPE I\ATION ___________________________ _ 

Figure 2-1. System Installation Form 
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- 2.1.3 
System Controller Placement 

-
J 
0 

A System Controller intended for outdoor installation may be mounted 
at the base of the structure with the Coruscating Beacons, either 
inside or outside an access area (enclosure door can be padlocked), or 
in a remotely located control area. A System Controller intended for 
indoor installation (rack mounted type) should be located in an area 
with a secured entry that prevents access by unauthorized personnel. 

No power switch is provided on the System Controller so placement near 
the system main-disconnect switch is recommended. Since low-voltage 
signal interconnections are used, the System Controller can be placed 
at some distance from the Coruscating Beacons (up to 2500 feet, or 762 
meters) at a convenient location for the system operator. 

2.1.4 Lighting Controls Placement 

The Photoelectric Lighting Controls should be located in the vicinity 
(within S00 feet, or 152 meters) of the System Controller at a location 
with an open view of the polar sky (for example, on a roof or partially 
up the side of _the structure). To ensure proper operation, the Photo
electric Lighting Controls should be mounted so their photocells will: 

1. Face away from the sun with an unobstructed view of the sky (point 
between northeast and northwest in northern hemisphere; point be
tween southwest and southeast in southern hemisphere) 

2. Not be subjected to direct .or strongly reflected sun rays 

3. Not be exposed to artificial light (either direct or backscattered) 
with a level near that of the nominal sensitivity of the control 
(where such a light exists, shield the control so it will see only 
the natural light). 

2.1.S Antenna Obstruction Light Placement 

Inclusion of the optional Antenna Obstruction Light in the FTB-205A 
System involves the addition of two assemblies. The AOL Beacon is 
installed atop the antenna, or atop an adjacent mast if the antenna is 
incapable of supporting the AOL Beacon (refer to FAA Advisory Circular 
70/7460-lF for applicable requirements). The AOL Power Converter is 
installed at the top of the supporting structure near the base of the 
antenna, at the top tier level of the FTB-20SA Coruscating Beacons. 

Locate the AOL Power Converter below any active antenna radiators to 
permit servicing while the radio station is transmitting. Wiring 
conductors (preassembled to an FTB-300 AOL Beacon) are supplied to 
specified length for interconnecting the AOL Beacon and the AOL Power 
Converter. Provide environmental protection for these conductors by 
running inside the antenna mast or a conduit. Also, secure the con
ductors at the mast or conduit ends to prevent chafing, and support 
vertical runs of the conductors every 100 feet (30 meters) or less to 
prevent insulation deformation and breakdown. 
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2.1.6 Optical Link Placement 

The optional Optical Link is generally mounted on a pipe that is cast 
in a concrete pad for the tower's base insulator. The Optical Link 
should be located next to the base insulator. Also, provisions should 
be included in the concrete pad for mounting the high-voltage RF iso
lation transformer required to supply ac power to the tower-mounted 
ElectroFlash equipment. 

2.2 INTERCONNECTION WIRING 

2.2.l System Wiring Diagram 

Detailed wiring interconnections should be specified on the system 
wiring diagram (generally furnished by others). Figure 2-2 is an ex
ample of the wiring interconnections in an FTB-205A System with stan
dard units. The electrical conduit materials and interconnection wir
ing are supplied by others. To comply for FTCA warranty, the electri
cal installation must conform to regulations of the National Electric 
Code as a minimum. 

2.2.2 Wiring Recommendations 

For the control and monitor cable, a shielded twisted-pair cable with 
No. 16 AWG wires or larger is recommended. A vinyl jacketed cable 
(Belden No. 8719, or equivalent) may be used for installations where 
the cable will not be buried underground or subject to water immersion. 
The cable should be abrasion and ozone resistant. 

The size and type of power conductors will depend upon the voltage of 
the ac input power, the run length, and the number of Coruscating 
Beacons and tier levels in the system. Inspect the system wiring dia
gram and make sure that the proposed wiring is adequate. Use 600 
voltamperes per Coruscating Beacon for calculations of line-transformer 
and circuit-breaker (or fuse) ratings. Use 380 voltamperes per Corus
cating Beacon for calculations on wire size. All power conductors must 
be abrasion and ozone resistant. 

All conductor splices must be mechanically and electrically sound, 
insulated to at least 600 volts ac, and co~ered with abrasion resis
tant covering. Spliced connections must be left pointing upward and 
contained in a rain-tight enclosure complete with provisions for 
moisture drainage. 

If an Optical Link is included in the system, RF compensation filters 
must be installed in the conduit junction box at each tier level, at 
the top and bottom of the Optical Link, and at the System Controller. 
These filters are connected to the power and signal wires to compensate 
for differences in RF propagation throughout the structure. 
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') 7 -~. - .. ) Power Conductor Phasing 

Power interconnections between the Coruscating Beacons and the System 
Controller must be phased properly to maintain flash~ng-light inten
sity and synchronization. 

For connection to a single-phase power source, all LINE-2 (fuse F2) 
terminals at the ac input to the Coruscating Beacons (and TB8-3 of 
optional AOL) must be connected to the same feeder conductor. In 
addition, the ac input at terminal TBl-2 of the System Controller 
(pin A of POWER connector in optional SC-20SA) must be connected to 
the same feeder conductor as the LINE-2 terminals of the Coruscating 
Beacons. 

For connection to a three-phase power source with the phase rotating 
around feeder conductors A, B, and C, distribute the single-phase 
loading of the Coruscating Beacons as follows: 

LINE-I to A 

LINE-2 to B 

B 
and and 

C 

A 

C 

Connect the System Controller as follows: 

TB-1 to A 

TB-2 to B 

B 
or or 

C 

A 

C 

The A-C connection for the System Controller is preferred. 

2.2.4 Conduit Recommendations 

For 480-volt powered systems, the typical case, 3/4-inch galvanized 
rigid conduit is recommended for the riser up the structure and for 
ground unit interconnections. For convenience when installing, aim
ing, and servicing, 3/4-inch flexible liquid-tight conduit (Anaconda 
"Seal tite" Type UA, or equivalent) must be used for branch wiring of ~ 
the Coruscating Beacons at each tier level. The flexible conduit 
branches should be long enough so each Coruscating Beacon can be 
pivoted or turned to the servicing position without stressing the con
duit. When using flexible conduit, an additional wire conductor is 
needed for grounding. Other electrical materials include a junction 
box at each tier level, rigid-conduit expansion joints, breathers, 
drains, and support boxes with wire grips at intervals up the conduit 
riser as required to support the internal wires (refer to the National 
Electric Code). 

The layout of the conduit system must permit the drainage of any water 
that might happen to get into it. All rigid and flexible conduit on 
horizontal runs must have a positive incline to prevent the collection 
of water. All interconnecting boxes in the conduit riser must aliow 
water drainage downward through a drain outlet at the bottom of the 
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riser. Every low point that could collect water must have an immedi
ate drain. 

As an alternative to conduit wiring, certain local regulations may al
low the use of aluminwn·sheath (ALS) cable. One 6-conductor ALS cable 
can be configured (Okonite OKOCLAD ALS 515-31-7037, or equivalent) to 
handle the power and signal wiring in short runs (up to about 300 feet, 
or 91 meters). Otherwise, use two separate 3-conductor ALS cables, one 
for power wiring and one for signal wiring, in longer wire runs. Water
tight fittings are needed for this type of cable as well as special ca
ble terminators for grounding the sheath to conduit boxes. 

2.2.5 Lightning Protection 

2. :~ 

A lightning arrestor system must be installed (even if temporary) and 
wired to its ground grid before installation of the FTB-205A System. 
During the FTB-205A installation, all Coruscating Beacon enclosures 
(including optional Antenna Obstruction Light), the conduit 1riser, and 
any ALS junction boxes must be tied to the lightning arrestor system, 
otherwise the FTCA warranty will not be valid. 

PRE-OPERATIONAL INSPECTION 

After installation of the FTB-205A System and before ac power is ap
plied, the system should be inspected by qualified personnel to deter
mine that· each system unit was installed properly and that the overall 
system is ready for operation. This inspection checks the following: 

Coruscating Beacons 

1. Inspect each unit for damage that might have occurred during tran
sit. 

2. Check each unit for proper Beacon-Tier location as pre-programmed 
for the system. 

3. Check that phasing of ac power input connections at all units is 
correct. 

4. Check that control and monitor cable interconnections of each unit 
are correct. 

5. Check each interlock switch by rotating its shaft to determine that 
shaft is not bent. 

6. Check that each unit enclosure door is shut and secured properly. 

7. Check that elevation angle of each unit is set correctly. 

Antenna Obstruction Light (optional unit} 

1. 

2. 

Inspect AOL Beacon and AOL Power Converter for damage that might 
have occurred during transit. 

Check operation of AOL Beacon on ground before installation if 
possible. 
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3. Check that AOL Power Converter was pre-programmed to confirm at the 
proper Beacon-Tier location. 

4. Check that phasing of ac power input connections at AOL Power 
Converter is correct. 

s. Check that control and monitor cable interconnections at AOL Power 
Converter are correct. 

6. Check each interlock switch by rotating its shaft to determine that 
shaft is not bent. 

7. Check that enclosure door of AOL Power Converter is shut and se-
cured properly. 

Optical Link (optional unit) 

1. Inspect unit for damage that might have occurred during transit. 

2. Check that ac power connections at top and bottom of unit and at 
high-voltage RF isolation transformer are wired for appropriate 
voltage (s). 

3. Check that two-way control-and-monitor cable signal connections are 
correct. 

4. Check that EMI filters are installed and wired properly. 

System Controller 

1. Inspect Unit for damage that might have occurred during transit. 

2. Check that phasing of ac power input connections is correct. 

3. Check that control and monitor cable interconnections are correct. 

4. Check that Photoelectric Lighting Control interconnections are 
correct at the System Controller and at the Photoelectric Lighting 

·Controls. 

S. Check that Twilight and Night photoelectric head assemblies are 
installed in the correct meter sockets and aimed properly toward 
the polar sky. 

System 

1. Check that lightning arrestor system and FTB-20SA System are prop
erly connected for lightning protection. 

2. Chee~ that conduit run has adequate provisions for moisture drain
age~~ 

3. Check that voltage of ac power source is correct for application 
to all uni ts. 

4. Operate system and perform System Checkout Procedure as outlined 
in Controller Instructions. 

5. Set up System Controller for normal (automatic) operation. 

6. Close and secure the enclosure door of the System Controller (out
door unit). 
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SECTION .3 

OPERATIOI\ 

FTB-20SA 

.3.1 OPERATING PROCEDURE 

.3. 2 

After the pre-operational inspection (see Paragraph 2.3) and the power 
turn-on at the system's main disconnect switch, the normal operation of 
the FTB-205A System becomes automatic. All switches and indicators for manual control of the system are located on the System Controller. Re
fer to the Controller Instructions of this manual for detailed oper
ating procedures. 

If the FTB-20SA installation happens to be located near a similar FTCA 
fl2shing system, you can use the flash delay feature of the System 
Controller to synchronize the FTB-205A with the neighboring system if 
desired. 

MONITORING PROCEDURE 

Monitor the flashing operation of the Coruscating Beacons at the Sys
tem Controller as needed to confirm normal operation or to identify a 
faulty Coruscating Beacon. If the System Controller incorporates the 
manual reset feature, the failure alarm output wiil remain activated 
until a fault is cleared and the System Controller is manually reset. 
This feature ensures that the operating personnel will be aware of 
each Coruscating Beacon and power failure even though the fault may 
clear itself. 
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SAFETY PRECAUTIONS 

The SC-105 or SC-lOSR System Controller employs ac power voltages which 
:are dangerous and may be fatal if contacted. No safety interlocks are 
provided. Do not operate the System Controller if the input power ter
minals are uncovered or exposed. 

Before attempting access within the System Controller, disconnect the 
ac input power. 
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l. 1 INTRODUCTIOI\ 

SECTION 1 

GENERAL INFORMATION 

SC-105/SC-lOSR 

These instructions contain information for understanding, installing, 
operating, and maintaining the ElectroFlash SC-105 or SC-lOSR Sy-stem 
Controller. The SC-105 and SC-lOSR are products of the Flash 
Technology Corporation of America. 

An SC-105 or SC-lOSR System Controller is the control untt of FAA 
approved ElectroFlash Beacon Systems for L-856 high-intensity obstruc
tion lighting applications in accordance with FAA Advisory Circular 
150/5345-43. The SC-105 or SC-IOSR controls and monitors the flashing 
operation of ElectroFlash Beacons installed on a tall structure that 
presents a potential hazard to air navigation. 

1. 2 PHYSICAL DESCRIPTION 

The SC-105 and SC-IOSR System Controllers use two different types of 
enclosures for housing the functional unit. Both System Controllers 
have equivalent electronic circuits and identical layouts of operating 
controls and indicators. 

Figure 1-1 shows both types of System Controllers. The SC-105 unit is 
housed in a NEMA 4 enclosure for outdoor installations. In this unit, 
operating controls and indicators as well as power and system intercon
nections are located at the front. The SC-lOSR unit is housed in a 
rack mounted enclosure for indoor installations. In this unit, operat
ing controls and indicators are located at the front; power and system 
interconnections are located at the rear. 

Since the SC-105 and SC-lOSR units are so similar, the instructions in 
this document for the SC-105 also apply to the SC-lOSR except where 
specific differences are noted. 

1. 3 SPECIFICATIONS 

1.3.1 Control Features 

• Single-wire control signal to all Beacons in system (common return) 
• Synchronous control so system Beacons flash simultaneously at fixed 

rate 
• Flash-intensity mode control so system Beacons flash at proper light 

output during the day, twilight, and night 
• Manual or automatic (photoelectric control) selection of flash 

intensity mode 
• Flash delay capability so flashing mode of system Beacons can be syn

chronized with another ElectroFlash system on an adjacent structure 
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1.3.2 Monitor Features 

• Single-wire monitor signal from all Beacons in system (common return) 
• Automatic sensing and display of Beacon flashing - selected as an 

individual Beacon or as all Beacons 
• Failure indication when a Beacon or combination of Beacons fails to 

flash three consecutive times 
• Remote alarm output of Beacon failure indication (including SC-105 

power failure) - SPOT contacts, 25 A at 115/230 Vac or 25 A at 
28 Vdc 

• Automatic reset of remote alarm output when Beacon failure clears 
(or SC-105 power restores) 

1.3.3 Electrical Input 

• SC-1 OS: 
• SC-lOSR: 

480 volts, 60 Hz, single phase 
120 volts, 60 Hz, single phase 

• SO watts 

1.3.4 Mechanical Characteristics 

• SC-105: 12 inches (305 mm) wide by 16 inches (406 mm) high by 
7-11/32 inches (187 mm) deep; 30 pounds (13.6 kg) 

• SC-lOSR: 19 inches (483 mm) wide by 7 inches (178 mm) high by 15.74 
inches (400 mm) deep; lS.S pounds (7.0 kg) 

1. 4 OPT JONS 

The options described in the next paragraphs are available to modify 
the standard System Controller. If your System Controller contains an 
option, its inclusion is stated in the Preface of this instruction 
manual. Included options, except Electrical Input and Manual Reset, 
involve enough circuit modification to need a detailed discussion in 
Section 7, Supplementary Data, of these instructions. 

1.4.1 Electrical Input 

• SC-105: 120, 208, or 240 volts, 60 Hz, single phase; or 
120, 230, 240, 380, or 480 volts, 50 Hz, single phase 

• SC-lOSR: 120 volts, SO Hz, single phase 

1. 4. 2 Manual Reset 

This option replaces automatic reset and maintains the state of the 
remote alarm output after a Beacon failure clears. Manual reset en
sures that a Beacon failure (and SC-105 power failure) will be detected 
by operating personnel. The operator must close the FAIL RESET switch 
manually to reset and clear the state of remote alarm output. 
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1.4.3 Red Light Night 

This option is used for dual lighting installations where an Electro
Flash Beacon System for daytime operation is combined with aviation red 
obstruction lights for nighttime operation. During the nighttime while 
the red lights are on, the fail circuitry is inhibited to prevent a 
Beacon failure indication while the ElectroFlash Beacons are off. 

1.4.4 DAY-Mode Operation ConfiYmation 

This option adds a relay to the System Controller for remote indication 
of the DAY mode operation. With this option, proper operation of the 
Photoelectric Lighting Controls for sensing the DAY mode can be con
firmed remotely. 

1.4.5 Standby System Controller Application 

This option adds ~ standby System Controller in parallel with the main 
System Controller to provide a second source of independent control. 
In the event that the main System Controller indicates a failure (its 
circuit fails or a Beacon fails), the system automatically switches to 
the standby System Controller to ensure proper system control and mon
itoring. 
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2 . 1 LAYOUT AND MOUNTING 

SECTION 2 

INSTALLATION 

SC-J05/SC-105R 

The SC-105 System Controller is intended for indoor or outdoor instal
lations. This unit is housed in a NEMA 4 enclosure, which should be 
mounted vertically with the cable connections and the drain hole at 
the bottom. Outline and mounting dimensions are shown in Figure 2-1. 

The SC-lOSR System Controller is intended for indoor installations. 
This unit is housed in an enclosure suitable for front panel mounting 
in a conventional 19-inch relay rack. Outline and mounting dimensions 
are shown in Figure 2-2. 

2.2 INTERCONNECTION WIRING 

Power and signal interconnections to 
terminal ]>lock TBl (sec hgurc 2-3). 
minal block are identified below. 

the System Controller are made to 
Wiring terminations at this ter-

TB-1 

-2 

-3 

-4 

AC power input (Line 1) 

AC power input {Line 2) 

Night Photoelectric Lighting Control signal input (120 Vac dur
ing night) 

Photoelectric Lighting Controls power return (chassis ground 
potential 

-5 Photoelectric Lighting Controls _power source (120 Vac) 

-6 Alarm relay N.O. contact (closes on Beacon failure) 
-7 Alarm relay contacts common 

-8 Alarm relay N.C. contact (opens on Beacon failure) 
-9 Chassis ground 

-10 Twilight Photoelectric Lighting Control signal input (N.O. con-
tacts close to chassis ground potential during twilight) 

-11 Monitor signal input from Beacons 

-12 Control signal output to Beacons 

Note: Separate chassis terminals for grounding are provided for the 
ground wire (green) of the ac power input and for the shield of the 
control and monitor cable. 

Refer to the System Instructions section of this manual for system in
terconnections and general wiring requirements. Note that the control 
and monitor signals are transmitted between the System Controller and 

2-1 

3.8.1-32 

-



-

-

-

SC-105/SC-l0SR 

II 

r4--\2 --~ 

I f 7 r_½:'71 1----,-

A 

I _,_ .. j 
4-

f ,, 
11 

l3c + 
... 2·• 

• I 

I S /1c, DIA HDLE:. 

II 

I 
11-+ 

M1G 

rl 

t I II ,,. I 
~ --1. 

(. 

~OIJNTIN(, l-l.OLE$ / SLOTS A?.,E. 

7 /Iii" DI A/ w'/ DTH 

Figure 2-1. Outline Drawing of SC-105 (A-1359) 
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Figure 2-2. Outline D . rawing of SC-105 
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B. At rear on SC-105R 

Wiring Terminations at Terminal Block TBl 
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the parallel-connected Beacons over a shielded pair of twisted wires 
(made possible by the use of a time-shared digital technique). 

FLASH RATE PROGRAMMING 
• 

The System Controller has been wired at the factory to synchronize the 
Beacons at the proper flash rate for your installation. Four out of 
six terminals (El through E6) are jumpered by two wires on the control· 
ler board to give the proper flash rate (see Figure 2-4). 

For Type A systems (1.5-second control signal interval), terminal El 
must be jumpered to terminal E2 and terminal E4 must be jumpered to 
terminal ES. For Type B systems (1.0-second control signal interval), 
terminal El must be jumpered to terminal E3 and terminal E4 must be 
jumpered to terminal E6. 

2.4 BEACON-TIER PROGRAMMING 

The System Controller has been set up at the factory to monitor the 
Beacons in your particular installation. A check on the controller 
board (see Figure 2-4) should ensure that the unit still is program
med properly. 

For programming, the controller board contains a DIP switch for each 
tier in the system (SI = TIER 1, S2 = TIER 2, S3 = TIER 3, etc). Each 
switch has four rocker switch arms for up to four Beacons (Bl, B2, B3, 
B4) that can be located on a tier. Every Beacon in the system must be 
represented by a corresponding switch arm in the closed position; all 
other switch arms must be in the opened position. 
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Figure 2-4. Component-Side View of Controller Board (P/N 2600) 
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3. 1 CONTROLS AND INDICATORS 

SECTION 3 

OPERATIO!\ 

SC-105/SC-lOSR 

Controls and indicators for operating and monitoring the ElectroFlash 
Beacon System are located on the front panel of the System Controller 
as shown in Figure 3-1. After initial start-up by the System Checkout 
Procedure, the operating and monitoring of the system are automatic as 
outlined in the Normal Operating Procedure. Emergency or unusual op
eration with the System Controller is described under Special Operating 
Conditions. 

3.2 SYSTEM CHECKOUT PROCEDURE 

Perform the following system checkout after system installation or 
whenever helpful to diagnose a fault in the system. 
1. Turn BEACON and TIER switches to the ALL positions. 
2. P1acc upper and lower INTENSITY switches at the PHOTO CONTROLS 

posjtion. 

3. Apply ac power to the ElectroFlash Beacon System. 
4. Measure ac voltage across terminals 1 and 2 of terminal block TBl: 

voltage should agree with that as marked in nameplate area of 
System Controller. 

5. Check that FLASH indicator light is blinking and that FAIL indi
cator liiht is off, indicating that all Beacons are flashing. 

6. Check that TWI/NITE indicator light is off (assumes that checkout 
is made during the day); Verify by visual inspection that the 
Beacons flash in synchronism at daytime (high-level) intensity. 

7. Place an opaque cover over the Twilight Photoelectric Lighting 
Control, and check that the TWI/NITE indicator light blinks off 
and on. Verify by visual inspection that the Beacons flash in 
synchronism at twilight (medium-level) intensity. 

8. Place an opaque cover over the Night Photoelectric Lighting Con
trol, and check that the TWI/NITE indicator light remains on 
(steady). Verify by visual inspection that the Beacons flash in 
synchronism at nighttime (low-level) intensity with a noticeably 
longer flash duration than in the DAY and TWI modes~ 

9. With Night Photoelectric Lighting Control still covered, manually 
select DAY mode (upper INTENSITY switch at DAY, lower INTENSITY 
switch at right). Observe that TWI/NITE indicator light is off. 

10. With no opaque covers over the Photoelectric Lighting Controls, 
manually select Tlfl mode (upper INTENSITY switch at TWI). Ob
serve that T\\'1/NJTE indicator 1 ight blinks off and on. 
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Red LED indicator-Lights when any 
Beacon or combination of them fails 
to flash for three successive times. 

Failure relay is de-energized at 
same time, changing state of remote 
a 1 arm output. 
Note: remote alarm output also 
changes state during a power loss. 

Amber LED indicator-Blinks 
when Beacons are commanded 
to flash at TWILIGHT 
intensity. 

Lights when Beacons are 
commanded to flash at 
NITE intensity. 

Green LED indicator
Blinks to confirm normal 
operation of Beacon(s) 
selected at BEACON-TIER 
switches. A bl ink indi
cation denotes confirma
tion of previous flashes.* 

Rotary switch-Selects 
any one or all Beacons 
in a tier for monitoring. 

Rotary switch-Selects 
any one or all tiers of 
Beacons for monitoring. 

Tagg le switch-At PHOTO CONTROLS, 
enables Twilight Photoelectric 
Lighting Control to determine DAY or 
TWILIGHT intensity mode of Beacons 
au t oma t i ca l l y . 

At other positions, mode (DAY or 
TWILIGHT) is selected ·manually.# 

Toggle switch-At FLASH DELAY 
(momentary position), lengthens con
trol signal interval so Beacons' 
flashing rate can reach a point of 
synchronization with that of an 
adjacent ElectroFlash system. 

At FAIL RESET (momentary position), 
resets remote failure alarm output, 
if Manual Reset option is included, 
after system failure is cleared. 

Toggle switch-At PHOTO CONTROLS, 
enables Night Photoelectric Lighting 
Control to determine NITE intensity 
mode of Beacons automatically. 

At NITE position, NITE mode is se
lected manually. At right (up
arrowed) position, disables NITE 
mode and setting of upper INTENSITY 
switch determines intensity mode. 

*Also blinks at unused Beacon-Tier locations. #NITE mode takes precedence. 

Figure 3-1. Operating Controls and Indicators 
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11. Manually select NlTE mode (lower INTENSITY switch at NITE). 0~
serve that TWI/NITE indicator light is on steady. 

12. Disconnect monitor cable wire from terminal 11 of terminal block 
TBl. 

WARNING: Do not contact ac power at tenninals l and 2 (and S) of 
terminal block TBl. 

13. Observe that FLASH indicator light stops blinking. After missing 
three flashes (after about S seconds), check that FAIL indicator 
light turns on (remote alarm, if used, should activate). 

14. Reconnect monitor cable wire to terminal 11 of termin?l block TBl. 
\~ARNING: Do not contact ac power at terminals 1 and 2 (and 5) of 
terminal block TBl. 

15. Observe that FLASH indicator light resumes blinking and FAIL indi
cator light turns: off. [If Manual Reset option is installed in 
System Controller, place FLASH DELAY/FAIL RESET switch momentarily 
at FAIL RESET position to reset the remote alarm output.] 

16. Turn BEACON and TIER switches successively to different numbered 
positions representing each location of an installed Beacon. At 
each Beacon location of the switches, check that FLASH indicator 
light blinks to confirm that particular Beacon as operating norm
ally. 

17. At initial checkout, stand by until the light intensity decreases 
to twilight level and then to nighttime level by the approach of 
night. Check that the automatic mode switchovers (both INTENSITY 
switches at PHOTO CONTROLS) occur at reasonable levels; TWI mode 
starts from 60 to 30 footcandles (646 to 323 lux) and NITE mode 
starts from 5 to 2 footcandles (54 to 22 lux). 

3.3 NORMAL OPERATING PROCEDURE 

3.3.1 Controls and Indicators Setup 

1. Turn BEACON and TIER switches to the ALL positions. 

2. Observe that FLASH indicator light is blinking and FAIL indicator 
light is off. -

3. Place upper and lower INTENSirY switches at the PHOTO CONTROLS 
position. 

4. Observe that TWI/NITE indicator light displays the light level 
detected by the Photoelectric Lighting Controls (off is DAY mode, 
blinking is TWILIGITT mode, and on is NITE mode). 

3.3.2 Beacon Failure Identification 

A Beacon failure is indicated by the FLASH indicator light not blinking 
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and the FAIL indicator light being on. The Beacon(s) at fault can be identified as follows: 

1. Leave BEACO~ switch at its ALL position. 
2. Turn TIER switch to position 1 and then successively to higher 

numbered positions at tier levels with Beacons. At these switch 
settings, a blinking FLASH indicator light designates all normal Beacons on that tier, while a nonblinking light designates one or more faulty Beacons on that tier. Leave TIER switch set at tier 
position with faulty Beacon(s). 

3. Turn BEACON switch to position 4 and then successively to lower numhcrcd posjtions representing a system Beacon. /\t these switch ~.('ttings, a hlinkinr. FJ./\SII indic.itor light designates a normal 
Be;icon, while a nonblinking light identifies a faulty Beacon. 

Note: Check all Beacons in a tier at which a fault is found. If faults occur on more than one tier, confirm faults by visual inspection of the Beacons' flashing. 

3.4 SPECIAL OPERATING CONDITIONS 

Operating conditions other than normal operation may be necessary as described in the next paragraphs._ 

3.4.1 Manual Intensity-Mode Selection 

Unusual visibility conditions or loss of automatic mode control by the Photoelectric Lighting Controls may make the manual selection of an intensity mode desirable. For the duration of such a circumstance, place the appropriate INTENSITY switch at DAY, TWILIGITT, or NITE to select the desired intensity mode. 

3.4. 2 Ti-.·o-System Flash Synchronization 

The System Controller contains a FLASH DELAY/FAJL RESET switch to synchronize the flashing of your ElectroFlash Beacon System with another or similar EfectroFlash system on an adjacent structure. If needed, hold the switch (momentary action type) at the FLASH DELAY position (increases d~ration of flashing interval) until instant when flashing of delayed Be~cons coincides with flashing of adjacent system.- At that instant; release the switch from FLASH DELAY position, and both systems should stay in synchronism. 
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4.1 OVERALL DESCRIPTION 

SECTION 4 

PRINCIPLES OF OPERATIOK 

SC-105/SC-lOSR 

The main functions of the System Controller are performed by the con
trol signal circuit and the monitor signal circuit (see Figure 4-1). 
These circuits are contained on the controller board (PCB-1). Other 
components are mounted on the front panel and the chassis. · Schematic 
diagrams of the System Controller circuits are included in Section 5.4. 

Functionally, the control signal circuit generates the digitally en
coded control signal and transmits it to each of the Beacons. Encoded 
timing information synchronizes the flashing of all Beacons in the 
system. Encoded intensity information sets the Beacons' flashing at 
one of three intensity levels for daytime, twilight, or nighttime 
operation. The intensity level can be established automatically by 
inputs from two Photoelectric Lighting Controls or manually by selec
tion with two front-panel switches. 

D11ri.11g the twilight, contacts in the Twilight Photoelectric Light.ing 
Control close to apply a TWJ signal input (ground potential) to the 
control signal circuit. During the night, contacts in the Night 
Photoelectric Lighting Control close to apply a NITE signal input 
(120 Vac) to energize the NITE relay. In turn, contacts of this relay 
open to remove a grounded input to the control signal circuit. The 
absence of both the TWI and the NITE signal inputs results in the DAY 
mode. 

The monitor signal circuit processes the digitally encoded monitor 
signals received from Beacons in the system. This processing sepa
rates and accounts for each Beacon's monitor signal which occurs in a 
particular time slot corresponding to the Beacon's assigned location. 
Two front-panel rotary switches allow the flashing status of any one 
or all Beacons to be displayed. I-n addition, if any Beacon or combi
nation of Beacons fails to flash tnree times in succession, the moni
tor signal circuit produces a failure output indication. The failure 
output also de-energizes the failure relay (fail-safe return through 
fail interrupt relay) to provide an output for a remote alarm system. 

For power distribution, a power transformer supplies three different 
ac voltages. A 120-volt output (isolated from input) energizes the 
Photoelectric Lighting Controls and the failure relay (normally ener
gized). A 24-volt output connects to a rectifier-filter on the con
troller board. The rectifier-filter produces voltage outputs of +10 
volts and +30 volts (nominal value) for the integrated and Jiscrcte 
devices, respectively. A 7-volt output becomes a timing reference. 

Logic circuits on the controller board employ CMOS integrated circuit 
devices for high noise immunity. These circuits employ positive logic 
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Figure 4-1. Block Diagram of System Controller 
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in which a logical one level corresponds to +10 volts and a logical 
zero level corresponds to O volts. The use of digital logic allows 
the control and monitor signals between the System Controller and all 
its Beacons to be transmitted over a shielded pair of twisted wires. 

4.2 CONTROL SIGNAL CIRCUIT 

4.2.1 Timing Reference 

Basic timing for the control signal circuit (and the monitor signal 
circuit) is derived from clock generator UIS (see Figure 4-2). This 
device produces two square-wave outputs (F and its complement F), both 
at the same frequency as the 7-volt ac input. Wiring interconnections 
ensure that clock F pulses-in the System Controller are synchronized 
with clock F pulses in the system Beacons. 

4.2.2 Control Signal Timing 

To establish the control signal interval, clock F pulses are applied 
to 7-stage ripple counter Ul2. This counter produces binary weighted 
outputs from Cl (F-:- 2) through C7 (F-:- 128) as shown in the timing dia
gram included in Section 5.4. Appropriate jumper connections for the 
desired control-signal interval are factory wired to select the proper 
counter outputs to the control-signal interval decoder. As soon as 
the selected counter outputs reach a logical one level of coincidence, 
the decoder sync count output switches to a logical one level and pre
sets the reset flip-flop (US). In turn, the Q output of this flip-flop 
clears counter Ul2 to restart its counting. Other decoder outputs 
(test reset and flash confirm reset) are produced at appropriate times 
within the control signal interval as inputs for the monitor signal 
circuit. 

Flash delay circuit Ul8-U6 enables the control signal interval to be 
lengthened momentarily to synchronize the Beacoris with the flashing 
rate of a neighboring system. When the operator holds front-panel 
switch SI in the FLASH DELAY position, the flash delay circuit becomes 
enabled to add one logical one state of the Cl counter output to the 
combination of outputs selected for a normal sync count. This added 
counter output lengthens the control signal interval slightly. After 
reaching a point of coincident flashing with the other system, switch 
SI is released to maintain flash synchronism. 

4.2.3 Control Signal Encoding 

A 6-bit shift register (Ul5-Ul0-U9-U8) is utilized to encode the con
trol signal. This shift register is connected for parallel-to-serial 
data conversion. The control signal output of the shift register con
tains 6 bits that occur each control signal interval, which the preset 
pulse (differentiated sync reset) inHializes. The digital states of 
th<' six parallel-hit i11p11t<. to the sldft register determine the digital 
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states of the corresponding serial-bit outputs. Each clock F pulse 
oroduces one serial-bit output, with the 6 bits being encoded at the 
first part of the control signal. Note that the sixth shift register 
stage (nearest the output) produces the first encoded bit. 

Figure 4-2 shows the control signal encoding. Bits 2 and 6 are always 
a logical one; bits land 3 are always a logical zero. The decoding 
of these bits at a Beacon provides the synchronizing infonnation. The 
three logical combinations of bits 4 and 5 convey the intensity level 
information. 

4.2.4 Intensity Mode Encoding 

The intensity mode· of operation for the Bea.cons is encoded from the 
inputs applied to the NITE-mode encoder (Ull-Ul6) and the TWI-mode 
encoder (Ull-Ul6). When selected either automatically or manually, 
the three intensity modes are defined by the logical level combination 
of inputs as shown at terminals TB3-10 and TB3-ll on Figure 4-2. These 
inputs to the mod~ encoders result in either the DAY, TWI, or NITE mode 
being encoded as bits 4 and 5 of the control signal. 

Visual display of the selected intensity mode is obtained from the in
verted input from terminal TB3-10. During either the TWI or the NITE 
mode, lamp drivers Q4 and Q3 are enabled to turn on front-panel T\fl/ 
NITE indicator light DSl. In the TWI mode, diode gate D50-D65 gates 
through counter output CS to switch the drivers off and on for a blink
ing light from DSl. In the NITE mode, diode gate D50-D65 inhibits 
counter output CS to the drivers for a steady light from DSl. Other
wise, in the DAY mode, the drivers are disabled and DSl remains off. 

4.3 MONITOR SIGNAL CIRCUIT 

4.3.l Monitor Signal Input 

At each flash, a Beacon produces a monitor signal output (a positive 
going pulse about 25 volts at peak and two F clock periods in dura
tion). For identification, the Beacon delays the monitor signal by an 
amount that depends on the Beacon's position in the system. Each 
Beacon's flashing is characterized l>y a monitor signal (presence= a 
flash, absence= no flash) that occurs ~ta different time slot of the 
control signal interval (refer to timing diagram in Section 5.4). The 
circuits in the Beacons are set so the monitor signal from Beacon 4-of 
Tier l is delayed the most and that from Beacon 1 of Tier 6 is delayed 
the least. With this time multiplexed arrangement, the monitor line 
from all the system Beacons transmits a sequence of serial monitor sig
nals to the System Controller each control signal interval. 

4.3.2 Monitor Signal Decoding 

The serial sequence of monitor signals from the Beacons is applied as 
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one input to NANO decoupler Ul7 (see Figure 4-3). This circuit func
tion conditions the monitor signals for CMOS compatibility and inhibits 
these signals during periods of sync and intensity mode encoding of the 
control signal. Timing signal Cl (from the control signal circuit) 
clocks the output of the NANO decoupler (a complement of the monitor 
signal input) into monitor signal latch U8. 

The presence or absence of each monitor signal is determined by a 24-
stage shift register and a 24-point Beacon-Tier programming matrix. 
Each stage of the shift register and each intersection point of the 
programming matrix corresponds to a different Beacon. Timing signal 
Cl clocks in the monitor signal serial input to the shift register for 
a parallel readout to the programming matrix. During shift register 
loading, the presence of a monitor signal (Q output of U8 at a logical 
one) causes the first stage of the shift register to be set at a logi
cal one. Or, the absence of a monitor signal causes the first stage 
to be set to a logical zero. After 24 pulses of timing signal Cl fol
lowing the time occurrence for arrival of the Beacon 1 Tier 6 monitor 
signal, the shift.register becomes loaded with monitor signals. Each 
of the 24 shift-register stages will indicate whether or not a monitor 
signal has been received from the corresponding Beacon. 

The Beacon-Tier programming matrix contains 24 switch elements (four 
switch arms each on up to six switches Sl thru S6, refer to Figure 2-4) 
that correspond to the 24 different Beacon locations. Every Beacon 
installed in the system must be represented by a corresponding switch 
arm in the closed position to connect that shift register output. 
Each unused Beacon location in the system must be represented by a 
corresponding switch arm in the opened position to disconnect (ignore) 
that shift register output. With front-panel swiiches S4 and SS, the 
outputs of the programming matrix can be selected for any BEACON-TIER 
location. NANO gate U6 sums the Beacon outputs for the ALL selections 
of BEACON and/or TIER locations. At the switch S4 and S5 terminals, a 
logical one represents the presence of that monitor signal, and a log
ical zero represents its absence. 

4.3.3 Flash Confirmation 

To confirm the_status of Beacon flashing, selected outputs of switches 
S4 and SS are ipplied to flash confirm enable Ul-U7. This circuit 
function samples the selected switch outputs during the flash confirm 
strobe- (occur!t'.'at time slot after shift register becomes loaded with 
corresponding monitor signals). When the selected switch outputs are 
both logical ones at this time, the strobed output sets flip-flop U20 
to activate lamp drivers Q6-Q 5 to energize FLASH indicator light 0S2. 
This front panel light blinks on to indicate a Beacon flash; the light 
blinks off when U20 is reset early the next control signal interval. 
If either selected switch output is a logical zero when strobed, flip
flop U20 stays reset and 0S2 does not blink, denoting a missing Beacon 
flash. 
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- 4.3.4 Failure Detection 
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To detect the failure of any of the Beacons, failure detector U7-Ul4 
samples two different inputs. One input consists of all the monitor 
signals (summed output of U6); a logical one level (a missing monitor 
signal) at this input results in a failure condition output. The 
second input checks the monitor line for a false no-failure state; a 
continuous or too long a logical one level (invalid monitor signal) 
at this input results in a failure condition output. During a fail
ure condition, the failure detector produces a logical one level out
put. [\\'hen Red Light Night option is included, terminals A and A' on 
controller board PCB-1 are connected by a wire jumper. With this 
option in effect, failure detector U7-Ul4 is inhibited during the NITE 
mode so no failure can be detected. A failure can be detected normally 
during the DAY and TWI modes, but the no flashing of Beacons during 
the NITE mode does not result in a failure.] 

The output of failure detector U7-Ul4 is applied to the input of 3-
stage failure counter U20-Ul9-U14. If the detector senses a failure 
condition as the counter is clocked by the test result signal (starts 
in time slot after shift register becomes loaded with corresponding 
monitor signals), the first counter stage becomes set. When the fail
ure condition exists during three successive control-signal intervals 
(caused by any failing Beacon or combination of failing Beacons), all 
three counter stages become set to produce a fail output. The fail 
output (logical one level) activates lamp drivers Q8-Q7 to energize 
FAIL indicator light DS3. This front panel light stays on for as long 
as the fail output exists. 

Whenever the FAIL indicator light is energized, fail interrupt relay K2 
is also energized. Energizing K2 causes failure relay K3 to be de
energized. While de-energized, K3 activates the external remote alarm 
(if used). Note that K3 normally is energized for fail-safe operation; 
it can also be de-energized by a loss of ac input power. [If the Man
ual Reset-~ption is included, relay K3 latches out to remain de-ener
gized following a system failure (Beacon failure or ac power failure). 
After the fault has been cleared, front panel switch SJ must be held 
momentarily in the FAIL RESET position to energize K3 again and de
activate (reset) the external remote alarm.] 

4.3.5 Remote Detay 

The System Controller includes a remote delay feature for convenience 
of the serviceman. From a Beacon location, the serviceman can lengthen 
the control interval remotely to synchronize the Beacons with the 
flashing rate of a neighboring system. By programming Beacon No. 1 
of Tier Oat a Beacon, that monitor signal output (remote delay signal) 
from NANO decoupler Ul 7 in the System Controller is NANDed with the 
flash control strobe by gate U17. Upon coincidence of these two sig
nals, flash delay circuit Ul8-U5 becomes enabled. As a result, the 
control signal interval is lengthened slightly as if switch Sl were 
held locally in the FLASH DELAY position. 
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5.1 PREVENTIVE MAINTENANCE 

SECTION S 

MAINTENANCE 

SC-105/SC- lOSR 

The System Controlier does not require any preventive maintenance on a 
frequently scheduled basis when the unit operates in a normal environ
ment. At yearly intervals, or more often if operated at environmental 
extremes, an inspection of the unit should be made. The System Check
out Procedure (Paragraph 3.2) can be used to confirm proper operation. 
If needed, clean the unit with forced air (not over 40 psig) or with a 
vacuum to remove foreign particles and dust . 

. 2 TROUBLESHOOTING 

Controls and indicators on the System Controller provide the means for 
localizing trouble to a faulty Beacon (refer to Paragraph 3.3.2). For 
other system trouble diagnosis, use the System Checkout Procedure 
(Paragraph 3.2) to localize trouble to a faulty Photoelectric Lighting 
Control or to the System Controller. When the System Controller is 
suspect, use Table 5-1 as a troubleshooting aiJ for locating trouble 
within this unit. 

5.3 PARTS REPLACEMENT 

Most of the parts that might need replacement in the System Controller 
are located on the printed-circuit controller board PCB-1; the replace
ment of other parts is straightforward. Figures 5-1 and 5-2 illustrate 
the parts locations for the SC-105, and Figure 5-3 illustrates the 
parts locations for the SC-105R. 

If controller board PCB-1 contains a fault, send the board back to the 
factory for repair. FTCA will repair it or replace it and charge only 
for the repair cost. 

CAUTION: \fuen handling printed circuit boards which contain integrated 
circuit devices, avoid conditions in which you could conduct a static 
charge to the terminals of the board. Keep boards not in use in an 
anti-static (partially conductive) plastic bag that covers the connect
ing lugs. 

5.3.1 Controller Board Ikplaccmcnt in SC-105 

To replace controller board PCB-1 in the SC-105 System Controller, 
proceed as follows: 

1. Disconnect the ac input power to the SC-105. 
2. Loosen the clamps that secure the enclosure door, and open the 

door. 
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Table 5-1. Svstcm Controller Troubleshooting Chart 

Symptom Remedy Probable Cause 

I. SC-105 inoperative a. Find reason for overload and a. Blown power fuse 

2. SC-105 operates 
only 1n DAY mode at 
PHOTO CONTROLS 

3- No NITE mode at 
PHOTO CONTROLS 

4. No DAY or TWI mode 
at PHOTO CONTROLS 

5. SC-105 will not 
select (manual or 
auto) an intensity 
mode 

-

6. Remote alarm 
always activated 

--

' 

7. Al I Beacons moni-
tor FAIL but flash 
at nonsynchronized 
rate (self-flash) 

b. No 10 or 36 Vdc 
from rectifier-
f i I ter 

c. No 7 or 24 Vac to 
cont ro Iler board 

a. No, ac power to 
Photoelectric 
Lighting Controls 

a. Faulty NITE relay 
Kl 

a. Dirty contacts in 
NITE relay Kl 

a. Faulty mode encod
ing in control 
signal circuit 

a. Faulty N.C. con
tacts 1n fail in
terrupt relay K2. 

b. Open coil in fai J
u re r e I a y K3 . 

• a. Open or shorted 
control and moni
tor cable 

b. Faulty control 
signal circuit 

5-2 
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repair fault; replace fuse. 

b. Replace controller board 
PCB- 1. 

c. Replace power transformer. 

a. Check for loose or faulty 
wiring in this circuit; 
correct as necessary . 

. Check 120-Vac output from 
power transformer; replace if 
winding is open. 

a. Replace relay Kl. 

a. Clean N.C. contacts of Kl. 

a. Replace controller board 
PCB-I. 

a. Clean N.C. contacts, or re
place relay K2 if necessary. 

b. Replace relay K3. 

a. Check for loose connection 
at SC-105 or for open or 
short in control signal wir
ing; correct as necessary. 

b. Replace controller board 
PCB- l. 
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Symptom 

8. All Beacons moni
tor FAIL but flash 
at synchronized 
rate (by SC-105) 

9. No FLASH indica
tion but no FAIL 
indication 
(Beacons flashing) 

JO. All Beacons con
firm with FLASH 
but FAIL is on 

11. Faulty Beacon with 
no FLASH indication 
but no FAIL indica-
tion 

12. Remote alarm not 
activated by FAIL 
indication 

SC-105/SC- lOSR 

Table 5-1. (continued) 

Probable Cause 

a. Open or shorted 
monitor cable 

a. Faulty flash con
firm function 

a. False no-failure 
in monitor signal 

b. False signal on 
monitor 1 ine 

a. 

b. 

a. 

, 

Faulty failure 
detection function 

Overlapping confir-
mat ion from a'nother 
Beacon 

Open coi 1 
interrupt 

in fa i 1 
relay K2 

5-3 
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Remedy 

a. Check for loose cor.nections 
or shorts in monitor signal 
wiring; correct as necessary. 

a. Replace controller board 
PCB- I. 

a. Check Beacons for continuous 
monitor signal. 

. Replace controller board 
PCB-1. 

b. Check that Beacon 3, Tier 0 
position is not programmed. 

. Check monitor cable and 
Beacons for short to ac or de 
voltage. 

a. Replace control ]er board 
PCB-1. 

b. Locate improperly programmed 
Beacon and reprogram its 
timing and trigger board. 

a. Replace relay K2. 

-
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.) . Unlock the four slide fasteners that hold the front panel assem
bly inside the enclosure. 

4. Lift the front panel assembly out of the enclosure so its back 
side is accessible (refer to Figure 5-1). 

S. Loosen (do not remove) the screws that secure the spade lug termi
nals of PCB-1 to terminal block TB3. 

6. Loosen (do not remove) the screws that attach· the chassis wire 
terminations to terminal block TB2 (part of PCB-1). Pull back the 
chassis wires from PCB-1, noting carefully the fan-out arrangement 
to ensure replacement in the same order. 

7. Un]ock the two slide fasteners that secure PCB-1 to the front 
panel assembly, and remove the board. 

8. Install the new board into position, making sure all its spade lug 
terminals are under the screws of terminal block TB3. Secure new 
board with the two slide fasteners. 

9. Tighten the screws in terminal block TB3. 

10. Reconnect the chassis wire terminations to terminal block TB2 and 

11. 

12. 

13. 

14. 

tighten its screws. 

Check that the new board is programmed for your particular system 
(refer to Paragraphs 2.3 and 2.4). 

Swing the front panel assembly back into position in the enclosure 
and secure with the four slide fasteners. 
Close the enclosure door and secure by tightening the screws of 
the door clamps. 

Reconnect the ac input power to the SC-105. 

5.3.2 Controller Board Replacement in SC-lOSR 

To replace controller board PCB-1 in the SC-105R System Controller, 
proceed as follows: 

1. Disconnect the ac input power to the SC-105R. 
2. Remove front panel screws and pull SC-205R forward in its rack 

mounting. 

3. Loosen the __ c,;over screws and slide off the enclosure cover. 
4. 

5. 

Disconnect the external wire connections at rear terminal block 
TBl, and remove the SC-105R from its rack mounting. Place the 
SC-lOSR on a convenient working surface. 

Loosen (do not remove) the screws that secure the spade lug ter
minals of PCB-1 to terminal block TB3 (refer to Figure 5-3). 

6. Loosen (do not remove) the screws that attach the chassis wire 
terminations to terminal block TB2 (part of PCB-1). Pull back the 
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SC-105/SC-l0SR 

chassis wires from PCB-1, noting carefully the fan-out arrangement 
to ensure replacement in the same order. 

,. Unlock the two slide fasteners that secure PCB-I to the chassis 
and remove the board. 

8. Install the new board into position, making sure all its spade lug 
terminals are under the screws of terminal block TB3. Secure new 
board with the two slide fasteners. 

9. Tighten the screws in terminal block TB3. 
10. Reconnect the chassis wire terminations to terminal block TB2 and 

tighten its screws. 

11. Check that the new board is programmed for your particular system 
(refer to Paragraphs 2.3 and 2.4). 

12. Set the SC-105R in its rack mounting to reconnect the external 
wire connections at rear termina~ block TBI. 

13. Slide the cover on the enclosure and secure by tightening the 
cover screws. 

14. Push the SC-105R back into its rack mounting and secure with the 
front panel screws. 

15. Reconnect the ac input power to the SC-105R. 

5.4 DRAWINGS 

The following drawings are included to facilitate signal tracing in the 
System Controller: 

Figure 5-4 

Figure 5-5 

Figure 5-6 

SC-105/SC-l0SR System Controller, Wiring Diagram 
2600 Series Controller Board, Schematic Diagram 
SC-105/SC-105R System Controller, Timing Diagram 

5-5 
3.8.1-64 

-



-

-

-

s: -1 r. - , ~ ~ "::,.::,vl05R 

Figure 5-l Rear View of SC-105 
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SC-105/SC-105R 

--- ··--------·- ·-- - --- -·-· - --- ·-- -···-

K3 ABOVE SHOWN WIRED FOR AUTO RESET WITH GROUND WIRES (A PAIR) CONNECT
ED TO TERMINAL 6. ALTERNATE WIRING FOR MANUAL RESET OPTION HAS GROUND 
WIRES CONNECTED TO TERMINAL 4. REFER TO WIRING DIAGRAM (FIGURE 5-4). 

Figure 5-2. Front View of SC-105 Rear Panel Assembly 

5-7 

3.8.1-66 

-



S'.::-1 Q.3 'SC-103R 

-

• 

-
Figure 5-3. Interior View of SC-lOSR 
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NOTE-I : 1<3 WIRED FOR AUTO RESET. 
AL TERNA TE WIRING FOR MANUAL 
RESET SHOWN BELOW. 
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Figure 5-4. SC-105/SC-lOSR System Controller 
Wiring Diagram (D-3148) 

3.8.1-68 5-9/5-10 

-~ 



'I 
j I ,.... 
. I e 
'. I I 
11 I_ 
1! 

~ I: ~ 

)! 
' 

n 

r ' -I -

l. 

L. 

0 
0 
0 
a, 
"1 
0 
0 

T• I 

-'INSITY 
SI 

--

- TWILIGHT 

, ~:· t
4

1

. PHOTO 
~

4 

CONTl<OL 

y6 
DAY 

., 

-

--,-.. 
CONTROL SIGNALGQ} -.:::,+------.~---r----, 

MONITOR SIGllAL 

---------~---7 
I TB4 r 
I 
I 
I 
I 
I 
I 

BU( 

® 

f SCHEMATIC DIAGRAM SC 105 
@rH£RW~ SAM~S~I0513.__ 

I 
I 
I 

_J 

-

3.8.1-69 

i D (D ( ~ .. ( ~ ( D ( DTR:>a 

• ... .. .. - - ~ ... u I C a: C IC 
~ ... C .., .., 

'I! ':I! < ... ... r:= ;: ... ... .:: CD 

CONTWOLLER BCARO PCB-I 

• C 

!: 
_, ... ... 

6 ll 0 

!: ~ X !: u .,, ... 
"' § > z 0 -c z -c > .. >- z ...10 ... 

N "' ... "-U ... .... ~ 

I z Cf) © 5 ( ;) 7 8 
TR', 

)FuSH ,--------1~---':ctl.AY 

.... 
L.------t--t----cr---------t FM 

IW~TARY-511 RE~ 

TB4 
VR2 ~,. F I 

~-~---+~_::._ ___ +---tf=jt----t< • IIUl 
~ 

~ 

F2 
~ 

@ 
,::,. WHT 

t_;:i,....,_... ~ ~ 

L--vRJ __ -...;:____;=--7•-· ----t---t--t----r-1-@- Pf 

- •-----.----·- @-~ 
r.:-.. 
...., ()RAH(.£ 

'---+---M7}4.:'TEClaa-t ___ _ 

= !Alli 

-



SC-105/SC-1051-

~":L ~· .. 
" ~Bf 

II r--'-0 11:... 
I 

10 o-'-C 83 

__ J __ L___+----+------'---~--t---+---!---+--+-----!-++.-l--------
13 ~ '" 
G - .,., 

,, 
II 

rL 
u, 

_.------------------------~ 

Q~ ~0 

.001 li'II 1001< 
IM 

... s ~ ~- -'= 100K j ullll 1001< 
5' ~ ~i I\ L1.2 

C27 I 
~ ~ 

.001 

-~U15 ~ ,,~ 
----------

UI 

--~ 
~ 'Y7 ' 6 .... ~ .. d?] •.3GV 

RE,8 
10k 

Q'I 
2N2U2 

+ 3'V = IOOK ..... 
"""' 

.,, .. 
1"'4007 

R~I 
-----"1\1\1"---- - G2, 

IOOI< ZN:1901 

R"IS 
101< 

____________ _, 

s 

~ 
,11£!,rT e. rcsr 

UI<! 

+'3C.V 

061' 
lh"t007 

G~ 
?N:1~7 

R&T 

5 
.q 

3 

c 

7 

IOO• 

~------------------0 9 
,------------os 

UI 

- 72-

~T.3 

~ n 
: '7~ ---0-.:....C T6 

ALL 

D1"0 
IN4007 

.,_-=-'-4,-c 1'83·•'1 F';J;,f 
.thVKllnJ/f? 

., 
JK /lW 

,-53.,l. YELLOW ~---vvv~----------------------- 7W//N/T,!" 

Figure 5-5. 

3.8.1-60 

Nr'OIC.t;J'D,e' 

2600 Series Controller Board 
Schematic Diagram (E-2598) 

5-11/5-12 

I 

I 



:I 

I
:·: 
I ',_• 

: .f I • 
! :-; 

I .· 
11 . 

,-
i 
[ 

,....., 
; 
I 
i.__ 

r 
' 

- C 
0 

"' 
C, 

"-......_.Y 

TlH-6 

ll9J- II • ,.,._ . ., =-- .,. 

•~r, V 

R78 ' -v'V\,....__ ½--
20.A. Z'N ·l 

Ol I DS-4 270 ~ 

3.8.1-81 



SYNC RESET 
TYPE B 

' 1.0 I. I 1.2 1.3 14 

SYNC RESET 
TYPE A 

' 1.5 SECONDS 

Cl 

C2 
C3 -=====~======.,_~------:----~-~1 ___ .j....._ __ ~r--1 C4 

- C5 

I 
TYPE A I 

"' 
TYPE A<: 

C6 
C7 

, 126 ~jT2eT29 30 31+_3_2----t-----=3:-3+-3--::4--t--3----=s---,-_3-,-6--t-3-=1---,---,3a,---,r3---:c9--+---+-4-' ......__4_2--L-4..C3-L.4-'--'-14 _r-2 4 3 2 4 3 2 4 3 2 4 
l[R-4 TIER-3 

I I 
.9 1.0 1.1 

j 
SYNC RESET 

TYPE B 

TIER-2 TIER-I 

1.2 1.3 1.4 
I I 

1.5 
j 

SYNC RESET 
TYPE A 

SC-105/SC- l 05R 

Figure 5-6. SC-105/SC-105R System Controller 
Timing Diagram (60 Hz) 
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SECTION 6 

PARTS LISTS 

6.1 RECOMMENDED SPARE PARTS 

Quantity 

3 

l box of,S 

l 

3 

Description 

Fuse (for SC-105 only) 
l A (120 V units) 
1/2 A (208/240 V units) 
1/4 A (480 V units) 

Fuse (for SC-lOSR only) 
1 A (120 V units) 

Controller Board Assy 

Varistor, Metal Oxide 
(120 V units) 
(208/240 V units) 
(480 V units) 

Part Number 

2778-01 
2778-02 
2778-03 

KTK-1 

2600-* 

2508-01 
2508-02 
2508-04 

SC-105/SC-lOSR 

Manufacturer 

FTCA 
FTCA 
FTCA 

Bussmann 

FTCA 

FTCA 
FTCA 
FTCA 

*Denotes a variable assembly; select part number that matches assembly 
installed in your System Controller (refer to Preface of this instruc
tion manual). 
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6.2 ELECTRICAL REPLACEABLE PARTS (S0/60 Hz systems) 

Designation 

DSJ 

0S2 

DS3 

Fl 

Fl,F2 

Kl,K3 

K2 

PCB-1 

Sl 

S2,S3 

S4 

S5 

Tl 

TBl 

TB3 

TB4 

VRl, VR2, VR3 

Description 

Light Emitting Diode, amber 
Light Emitting Diode, green 

Light Emitting Diode, red 

Fuse (for SC-105 only) 
l A (120 V units) 
1/2 A (208/240 V units) 
1/4 A (480 V units) 

Fuse (for SC-105R only) 
l A (120 V units) 

Relay, DPDT, 120 Vac 

Relay, DPDT, 24 Vdc 

Controller Board Assy 

Switch, toggle, SPOT 

Switch, DPDT 

Switch, rotary 

Switch, rotary 

Power Transformer, 50/60 Hz 
(120 V uni ts) 
(20.8 V uni ts) 
(240 V units) 
(380 V uni ts) 
(480 V uni ts) 

Terminal Block, 12-contact 
Terminal Block, 14-contact 

Terminal Block, 9-contact 

Varistor, Metal Oxide 
(120 V uni ts) 
(208/240 V units) 
(480 V units) 

Part Number 

MV5353 

MV5253 

MV5053 

2778- 01 
2778-02 
2778-03 

KTK-1 

3288-02 

3288~01 

2600-* 

MST-106G 

MST-20GPA 

24001-7 

24001-5 

3314 
3322 
3316 
3324 
3318 

3289-12 

3290-14 

3290-09 

2508-01 
2508-02 
2508-04 

Manufacturer 

Monsanto 

Monsanto 

Monsanto 

FTCA 
FTCA 
FTCA 

Bussmann 
FTCA 
FTCA 

FTCA 

Alcoswitch 

Alcoswi tch 

Grayhill 

Grayhill 

FTCA 
FTCA 
FTCA 
FTCA 
FTCA 

FTCA 

FTCA 

FTCA 

FTCA 
FTCA 
FTCA 

*Denotes a variable assembly; select part number that matches assembly installed in your System Controller (refer to Preface of this instruction manual). 
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SECTION 7 

SUPPLEMENTARY DATA 

SC- l OS/SC- l OSR 

The following pages contain instructions for the options which have 
been included in your System Controller. 

• 

7-1/7-2 

3.8 .. 1-66 

-



I ' 

LIGHTING CONTROL INSTRUCTIONS 

-

3.8.1-67 



0 
0 

,n 
"1 
0 
0 

PEC-405 PHOTOELECTRIC LIGHTING CONTROL 
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1. l INTRODUCTION 

SECTION 1 

GENERAL INFORMATIO~ 

PEC-405 

These instructions contain information for understanding, installing, 
and maintaining the ElectroFlash PEC-405 Photoelectric Lighting Con
trol. Two PEC-405 controls are used as part of FAA approved Electro
Flash Beacon Systems for L-856 high-intensity obstruction lighting 
applications in accordance with FAA Advisory Circular 150/5345-43. 
TI1e two controls (one Twilight and one Night) sense the sky illumina
tion in the automatic control of the Coruscating Beacons' flashing 
intensity during the day~ twilight, and night. 

1.2 GENERAL DESCRIPTION 

Figure 1-1 shows a typical PEC-405 Photoelectric Lighting Control. 
Each control consists of a photoelectric head assembly (housed in a 
standard watt-hour meter case) that plugs into a standard four-blade 
meter socket. The photoelectric head assembly is manufactured by 
Sigma Instruments Inc. but is calibrated by FTCA to the light sensi
tivity for use as a Twilight or a Night control. Functionally, a 
PEC-405 control consists of a photocell and a relay, arranged so 
changes in incident light make the relay contacts close and open. 

1.3 SPECIFICATION 

l.3.1 Light Sensitivities 

Twilight Control (P/N PEC-405-T) 

• 40-footcandle(431-lux) nominal sensitivity 
• Relay de-energizes when illumination decreases to range between 60 

and O footcandles (646 and 323 lux) 
• Relay energizes when illumination increases to range between 30 and 

60 footcandles (323 and 646 lux) 

Night Control (P/N PEC-405-N) 

• 4-footcandle (43--lux) nominal sensitivity 
• Relay de-energizes when illuminatibn decreases to range between 5 

and 2 footcandles (54 and 22 lux) 
Relay energizes when illumination increases to range between 2 and 

S footcandles (22 and 54 lux) 

1.3.2 Relay Output 

• SPOT contacts 
• 3000-watt maximum load at N.C. contacts 
• 2000-watt maximum load at N.O. contacts 

1-1 
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1. 3. 3 Electrical ·1 npu~ 

• 105 to 130 volts, 50/60 Hz, single phase 
• Negligible power to energize control (excludes relay contact load) 

1.3.4 Mechanical Characteristics 

6-7/8 inches (175,mm) in diameter by 5-11/16 inches (144 mm) in 
depth 

• 4. 5 pounds ( 2. 0 kg) 

Figure 1-1. PEC-405 Photoelectric Lighting Control 
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SECTION = 
INSTALLATION 

2. 1 INTERCONNECTIONS AND MOUNTING 

PEC-405 

Figure 2-1 identifies the terminals of a PEC-405 Photoelectric Light
ing Control as viewed when looking at the blade connections in the 
meter socket. Figure 2-2 shows the outline and mounting dimensions for 
two PEC-405 controls ganged as Twilight and Night units. Refer to Sec
tion 2 of the System lnstn.Jctions for placement information. To mount 
these controls, 

1. Fasten the meter sockets to the mounting surface by means of 
mounting strap attached to each socket. 

2. Wire the sockets to the System Control !er. Refer to system wir
ing diagram in System Instructions for interconnection details. 

3. Plug in each photoelectric head assembly into its meter socket. 
4. Positjon clamp ring around head assembly with snap lock facing 

downward to prevent rain seepage. Lock clamp ring securely. 

BLADE I 
RELAY 
CONTACTS COMMON 

BLADE 3 
RELAY 
N.C. CONTACT 
(OPEN DURING DAY) 

120 VAC 
INPUT 

BLADE 2 

--.i1+----- BL A DE 4 
RELAY 
N.O. CONTACT 

· (CLOSED DURING DAY) 

Figure 2-1. Identification of Socket Glade Connections 
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SECTION 3 

MAINTENANCE 

l'l::l-4(;,:, 

3. 1 PREVE!"'t"TIVE MAINTENANCE 

Keep the face of each photoelectric head assembly clean so the light 
sensitivity of the control will ·~t be affected appreciably. How often 
a head assembly will need cleaning will depend on the environment at 
the site. A convenient method of cleaning is to use a squeeze bottle 
of a commercially available window cleaner. Spray the head assembly 
and then wipe it clean with a soft cloth or paper towel. 

3.2 TROUBLESHOOTING 

If a PEC-405 control is suspected to be faulty, check its operation 
as fol lows: 

1. Expose the control to bright light while powered from 120 volts 
ac. 

2. Place an opaque cover over the control. 
3. Listen for its relay to click upon de-energizing. The click 

should be heard between 2 and 4 seconds after covering the con
trol; otherwise the control is faulty. 

4. 

5. 

Remove the opaque cover from off the control. 
L1sten for its relay to click upon energizing. The click should 
be heard between 2 and 4 seconds after uncovering the control; 
otherwise the control is faulty. 
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SAFETY PRECAUTIONS 

This equipment employs voltages which are dangerous and may be fatal 
if contacted by personnel. Do not change components or make adjust
ments inside the equipment with the high voltage supply on. 

Do not rely on the door interlock switches to remove voltages from 
within the equipment. Under certain conditions, dangerous potentials 
may exist in circuits with the ac power off due to charges retained by 
capacitors. To avoid casualities - always turn off the ac power in
put, wait for energy storage capacitors to discharge, and then check 
with a meter for residual charges (refer to Paragraph 5.2.2). 
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1. 1 INTRODUCTION 

SECTION l 

GE!\ERAL INFORMATION 

These instructions contain information for understanding, installing, 
operating, and maintaining the ElectroFlash FTB-205-lA Coruscating 
Beacon. The FTB-205-lA, a product of the Flash Technology Corporation 
of America, is an obstruction warning beacon that produces high-inten
sity flashes of white light. 

As part of an ElectroFlash Beacon System, FTB-205-lA Coruscating 
Beacons are approved by the Federal Aviation Administration to provide 
high-intensity obstruction lighting for Type A systems in accordance 
with F~~ Advisory Circular No. 150/5345-43B. A number of Coruscating 
Beacons are grouped at different tiers as required for a particular 
tall structure that presents a potential hazard to air navigation. 

1.2 PHYSICAL DESCRIPTION 

An FTB-205-lA Coruscating Beacon is contained within a weathertight 
enclosure with hinged access door (see Figure 1-1). The FTB-205-lA 
comprises an integrated configuration of an optical head assembly and 
an associated power converter assembly. 

The optical head assembly consists of the flashtube, reflector optics, 
and trigger transformer mounted on the access door behind its window. 
Louvers that markedly reduce the light intensity below the flashing 
beam's centerline are standard. These louvers, along with the special
ly designed optics, allow pilots to see the full brilliance of each 
flash, but minimize the light radiating downward t_o personnel in the 
local area. 

The power converter assembly consists of electrical components that in
clude a power transform.er, high-voltage rectifier circuit board, energy 
storage capacitors, intensity switching relays, and a timing and trig
ger circuit board. These components mount on a chassis panel near the 
rear of the cnc1osure, except the power transformer which mounts di
rectly to the rear inside wall. To aid maintenance, all electrical 
components and circuit boards are accessible and removable separately 
toward the front of the enclosure. Or if desired, the p~wer converter 
chassis may be removed easily as an assembly after disconnecting the 
interconnection cables and removing four corner nuts. 

1.3 SPECIFICATIONS 

1.3.1 General 

• Automatic day/twilight/night intensity control 

1-1 
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Figure 1-1. Outside View of Coruscating Beacon 
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FTB-205-lA 

• A single, two-wire shielded control-and-monitor cable, parallel 
connected at Coruscating Beacons 

• Solid-state rectifier and logic circuits 
• Replaceable parts mounted for easy servicing 
• High-gain optical system that results in a high-intensity light 

output while minimizing the electrical power input 
• Internally mounted louvers in optics for ground shadowing 
• Expanded flash duration at night by a burst of rapid flicks that 

form a longer apparent flash duration, permitting spatial recogni
tion by the observer where black backgrounds exist 

1.3.2 Light Output 

• High-intensity white flashing light (xenon gas emission) 
• 200,000 effective candelas 1 minimum per flash during the day 2 

20,000 ±25% effective candelas 1 per flash during the twilight 2 

• 4,000 ±25% effective candelas 1 per flash during the night 2 

• Simultaneous flashing of all Coruscating Beacons in system at 
40 flashes per minute 

• Directional flashing-beam profile 
3 degrees vertical beam spread with sharp cutoff of downward 

radiation 
120 degrees horizontal beam spread; three or more Coruscating 

Beacons provide 360 degrees horizontal coverage 
• Beam elevation-angle indicator in each Coruscating Beacon to facili

tate adjustable alignment of vertical beam-spread peak from -2 to 
+8 degrees with respect to horizontal 

1.3.3 Electrical Input 

480 volts, 60 Hz, single phase 
190 watts average per Coruscating Beacon; 380 voltamperes average; 

600 voltamperes peak 

1.3.4 Mechanical Characteristics 

NEMA 4 type enclosure, stainless steel 304 
24 inches (610 mm) wide by 24 inches (610 mm) high by 9.75 inches 

(248 mm) deep 
120 pounds (54.4 kg) 

1 
"IES Guide for Calculating the Effective Intensity of Flashing Signal 
Lights," published i~ IUwnination Engineering, Volume LIX, page 74 7, 
November 1964. 

2 
Each daytime or twilight flash is a single flick. Each nighttime 
flash is a burst of flicks providing a longer apparent flash duration 
(0.25 second). 
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1.4 OPTIONS 

1.4.l Electrical Input 

• 120, 208, or 240 volts, 60 Hz, single phase 
• 120, 230, 240, 380, or 480 volts, 60 Hz, single phase 

1.4.2 Enclosure 

• Stainless steel 304L 
• Stainless steel 316L 
• White polyurethane protected aluminum 5052-H32, stainless steel hard~are 

1.4.3 Mounting Accessories 

• Beam elevation adjustment brackets - for adjustable alignment of vertical beam-spread peak from -2 to +8 degrees with respect to horizontal 
• Beacon mounts-· for adapting enclosure mounting (including beam elevation adjustment brackets if used) to skeletal structures 
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2. 1 PLACEMENT CONSWERATIONS 

SECTION 2 

INSTALLATIOr--; 

i J ;__, - - L•:, - .1. ."\ 

Coruscating Beacons are supplied pre-programmed for their particular 
locations in a system. When shipped, Coruscating Beacons are identi
fied for proper location (Beacon No. and Tier No.) by markings on the 
shipping boxes. At installation, Coruscating Beacons must be located 
as marked so they can be identified and monitored properly by the 
System Controller. However, if a Coruscating Beacon is installed in 
the wrong location by mistake, you can re-program its timing and trig
ger board for that location (refer to Table 4-2 for Beacon-Tier pro
gramming). 

Use the System Installation Form included in the System Instructions of 
this manual for recording the locations of the Coruscating Beacons in 
the system. Note that the lowest tier is usually designated as Tier 1. 
The Coruscating Beacon in each tier that is installed nearest to true 
North is designated as Beacon 1, with progressively higher numbered 
designations in a clockwise direction (Beacon 2 being in an easterly 
direction). 

2. 2 LAYOUT AND MOUNTING 

Outline and mounting dimensions for a Coruscating Beacon are shown in 
Figure 2-1. This enclosure may be secured to its support by four 3/8-
inch diameter bolts. Note that the enclosure has four mounting tabs, 
two with holes at the top and two with slots at the bottom. This ar
rangement facilitates installation (or :replacement) since the lower 
mountin/bolts may be put in place and-the enclosure supported by them 
while the upper bolts are inserted and tightened. Mount the enclosure 
vertically so the cable connections and the drain hole are at the bot
tom; leave 2 inches (50.8 mm) minimum of rear clearance for cooling. 

Coruscating Beacons may be mounted directly to flat surfaces by using 
the four mounting tabs at the rear of the enclosure and suitable spac
ers. Or, Coruscating Beacons may be mounted to skeletal legs (round 
or angular) of a structure by installing an optional adapter mount be
tween the Beacon and the supporting leg. 

\~en elevation tilting of a Coruscating Beacon's flashing beam is a 
system requirement, install a pair of beam elevation adjustment brack
ets between the Beacon and its flat surface support (or adapter mount). 
These brackets enable a -2 to +8 degree tilt (or +2 to -8 degree tilt 
hy bracket reversal) of 1 he flashing beam from the horizontal when the 
brackets arc mounted on a vcrt i cal surface. 
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Figure 2-1. Outline Drawing of Coruscating Beacon 
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2 . .3 I~TERCO~~ECTIO~ hIRI~G 

Po~er and signal connections to a Coruscatin~ beacon are made through 
a conduit fitting at the bottom of the enclosure. Figure 2-2 shows 
the terminal block terminations for the interconnection wiring. 

Refer- to the System Instructions section of this ~anual for typical 
wiring interconnections and requirements. ~ate that the control and 
monitor signals are transmitted between the System Controller and the 
parallel-connected Coruscating Beacons over a shielded pair of twisted 
wires (made possible by the use of a time-shared digital technique) . 

r: ".·':-\i ,~ · 1 ,.:.,'>-..._,./.'· 
•' . . - ~ ·. .. 

f~W1 . S~2 

FLASH TECHNOLOGY 
CORPORATION OF AMERICA 

NASHUA, N.H. 

ElectroFluh POWER CONVERTER 

S~EC: fll l ISi MOD-FTI 201-1 

S.N. -------

,- - - -

• 

CONTROL I. MONITOR 

,- - -
GROUND LINE 

POWER LINE-2 F2., ----------3:= ti.: 
~NOTICE: PHASE SENSITIVE ... 

POWER LINE-1 

·/ 

Figure 2-2. Kiring Terminations at a ljpical Coruscating Beacon 
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·'. l O!TRAT1 NG PROCEDURE 

SECTION 3 

OPE RATIO!\ 

.:--,.~-lA 

After power turn-on at the system's main disconnect switch, the normal 
operation of the Coruscating Beacons is completely automatic. All 
switches and indicators for manual control of the Coruscating Beacons 
are located on the System Controller of the ElectroFlash Beacon System. 
Refer to the Controller Instructions in this manual for operating in
formation. 

3.2 MONITORING PROCEDURE 

Monitor the flash operation of the Coruscating Beacons at the System 
Controller. In a system, each Coruscating Beacon is identified by its 
particular BEACON and TIER loca.tion. Refer to the System Installation 
Form in the System Instructions of this manual for the Beacon-Tier 
location assignments. 
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SECTION 4 

PRINCIPLES OF OPERATION 

4. l OVERALL CIRCUIT DESCRIPTlO/\ 

t -' D - ... l':, - .l ,"'\ 

A Coruscating Beacon consists of an optical head assembly and a power 
converter assembly (see Figure 4-1). With its integral power converter 
assembly, each Coruscating Beacon is independent; a malfunction of one 
would not affect another Coruscating Beacon in the system. 

In the energy storage circuit of the power converter assembly, the ac 
input is stepped up by the power transformer and applied to the high
voltage rectifier. The rectified output charges the capacitor bank to 
a high voltage level after each firing of the flashtube. Each time the 
flashtube is triggered to fire, the capacitor bank discharges through 
the sense transformer, flash choke, and the flashtube. Ionization of 
the flashtube when it fires produces a brilliant flash of light. 

The intensity of light produced during each flash is determined by the 
electrical energy stored in the capacitor bank and discharged through 
the flashtube. Automatic control for light intensity actuates the DAY
mode and NITE-mode relays to select appropriate amounts of capacitance 
for the proper energy storage. By energizing either relay or neither, 
three values of capacitance can be selected for three levels (modes) 
of 1 ight intensity (DAY, TWilight, or NlTE). 

In the timing and trigger circuit, the digital control signal from the 
System Controller is decoded to provide intensity-mode control signals 
and a S)~chronizing signal. The presence or absence of the decoded 
TI~I-intcnsity and NITE-intensity signals determines the energized 
states for the DAY- and NITE-mode relays. 

To generate trigger pulses at the proper flash rate, a flash control 
function (binary counter) is clocked at the ac power frequency to pro
duce frequency-clivided time-interval outputs. These outputs are com
bined to derive timing pulses at the desired flash intcrv;il. The sync 
~;i1:n;1l 1-c•;cts the flash control to synchronize the flashinr, of Corus
cating Beacons in the system. Timing pulses applied to the trigger 
generator produce low-voltage trigger pulses for the optical head as
sembly. In this assembly, the high-voltage trigger pulse output from 
the trigger transformer is sufficient to fire the flashtube into ioni
zation. 

To monitor the Coruscating Beacon, a flash confirm function checks for 
flash occurrences. Each f1ashtube discharge through the sense trans
former produces a flash sense signal, which in turn activates the flash 
confirm function. From the timing of a programmed selection of binary 
counter outputs, the flash control function (when activated) generates 
a monitor signal that occurs at a delayed time corresponding to the 
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Coruscatin~ Beacon's sys1cm location. The resultant timing and pre~
cncc of the monitor signal output enable the System Controller to iden
tify that Coruscating Beacon and to determine if it is flashin&. 

ENERGY-STORAGE CIRCUIT DESCRIPTION 

Details of the energy storage circuit are shown in the wiring diagram 
of the Coruscating Beacon and the schematic diagram of the high-voltage 
rectifier board. Tliese diagrams arc included in Section 5.5 of these 
instructions. 

The ac power input is connected through fuses Fl and F2 and through 
safety interlock switches SWl and SW2 to the primary of power trans
former Tl. Varistor MOV-1 suppresses any high-voltage transients in
duced across the ac input lines to limit the voltage applied to Tl. 
This transformer utilizes ferro-resonant tuning (with capacitor C4) 
for output voltage regulation and current limiting. Two low-voltage 
output windings supply the timing and trigger board (PCB-2) with 110 
volts ac at terminals TB4-l and TB4-10 and 24 volts ac at terminals 
TB4-2 and TB4-3. 

The high-voltage output winding of transformer Tl supplies the high
voltage rectifier board (PCB-I) with a nominal 1400 volts ac at termi
nals TB3-3 and TB3-10. From a full-wave bridge rectifier on this 
board, three positive outputs (about 1500 volts) connect through steer
ing diodes and terminals TB3-5, TB3-7, and TB3-8 to the capacitor bank. 

Three different values of capacitance can be selected in the capacitor 
bank to supply the appropriate stored energy for three levels of flash 
intensity. For DAY-mode intensity, DAY-mode relay Kl is energized but 
NITE-mode relay K2 is de-energized. This switching selection connects 
capacitors C2, C3, and CS in parallel across the output to the flash
tube. \\~en the gas in the flashtube is ionized by a trigger pulse, 
the energy from these capacitors (230 µF) is discharged through the 
primary of sense transformer T2, flash choke Ll, and flashtube FTl. As 
a result, the largest selected capacitance discharges the highest value 
of energy through the flashtube to produce the highest level of flash 
intensity for daytime operation. 

For Tifl-mode intensity, both DAY-mode relay Kl and NITE-mode relay K2 
are de-energized. This switching selection connects only capacitor CS 
(30 µF) to the flashtube for a reduced level of flash intensity. 

For NITE-mode intensity, NITE-mode relay K2 is energized but DAY-mode 
relay Kl is de-energized. This switching selection connects only ca
pacitor Cl (2 µF) to the flashtube for the lowest level of flash inten
sity. Capacitor Cl charges through burst resistor R2 and burst choke 
L2 to optimize the light output of each nighttime flash which consists 
of a burst of short flicks. 
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During Tl\'l-mode and NITE-mode operation, DAY-mode relay Kl is de-ener
gi zed and connects 1500 volts de from capacitors C2 and C3 to heatin& 
resistor Rl. This resistor maintains enough heat in the Coruscating 
Beacon to prevent condensation inside the enclosure throughout the 
twilight and the night. 

OPTICAL HEAD ASSEMBLY DESCRIPTION 

Details of the optical head assembly are shown on the wiring diagram 
of the Coniscating Beacon included in Section 5.5 of these instruc
tions. 

The optical head assembly contains trigger transformer T3, flashtube 
FTl, and tl1c reflector optics. Trigger transformer T3 steps up low
,oltagc trigger pulses from the timing and trigger board (TB4-ll and 
TB4-10) to high-voltage trigger pulses (about 15 kilovolts peak). 
These high-voltage trigger pulses connect to the trigger wire of flash
tube FTl, a long quartz tube with xenon gas, causing it to ionize. 
Each time a trigger ionizes the f1ashtube, it conducts and discharges 
the energy storage capacitor(s) switched by DAY-mode relay Kl and 
NITE-mode relay K2. 

The reflector optics (refer to Figure 1-1) locates the flashtube at the 
locus of focal points of a polyfocal parabolic cylindrical reflector. 
With the cylindrical axis horizontal, the radiating light has a narrow 
(3 degrees) vertical beam spread and a wider (120 degrees) horizontal 
beam spread. A set of louvers, inserted lengthwise across the reflec
tor, shields ground personnel from direct light radiation. 
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TIMING ~\D TRIGGER CIRCUIT (2723 Series) 

Components of the timing and trigger circuit are mounted on a 2723 
Series printed-circuit board. A block diagram of this circuit is 
shown i~ Figure 4-2. A schematic diagram for the circuit and a timing 
diagram that depicts the relationship of its logic signals are in
cluded in Section 5.5 of these instructions. 

4.4.l Clock Generator Functions 

The 24-volt ac input at terminals 2 and 3 drives clock generator US (an 
astable multivibrator) which produces the basic timing signals (F and 
F). These signals clock the synchronous logic circuits on the timing 
and trigger board and use the ac power frequency as the reference. 
Also, the 24-volt ac input is rectified to provide de supply voltages 
(10 volts for logic devices, approximately 25 ~olts for discrete de
vices). 

4.4.2 Sync and Intensity Mode Functions 

The digital control signal at terminal 6 is coupled to a four-stage 
~hift register (U6) of the intelligence decoder. As clocked by the 
F signal, the input stage of the shift register will shift to a logical 
one state only if the control signal input is at a logical one level. 

If the registers are arbitrarily designated from 1 through 4 beginning 
with the rightmost register (U6, pin 2) and ending with the input reg
ister (U6, pin 13), their states at the end of the control-signal pulse 
train will be as follows: 

Register State 

1 1 
2 0 
3 0 for DAY mode 

1 for TWI mode 
4 0 for DAY or TWI mode 

1 for NITE mode (dominates over DAY or TWI mode) 
Input 1 

When the output of register 1 and the input are at a logical one state, 
and the output of register 2 is at a logical zero state, the output of 
NAND gate U3 (pin 6) switches to a logical zero state. The negative 
going change is integrated and applied as the sync reset pulse to the 
flash control circuit. 

At sync reset, the decoded outputs of registers 3 and 4 provide the 
control of the intensity mode function. The output of register 3 is 
applied to pin 9 of the DAY-mode latch (U7). A logical zero state at 
the register 3 output (calling for DAY mode) causes the DAY-mode latch 
to become reset (Q= 0). When reset, the logical one Q output (pin 12) 
switches DAY-mode relay driver Q7-Q8 (a complimentary transistor pair) 

4-5 

3.8.1-90 

-



-

-

for a high level output at terminal 8 to energize the DAY-mode relay. Or, a logical one state at the register 3 output (calling for TWI mode) causes the DAY-mode latch to become set (Q = 1). When set, the logical zero Q output switches DAY-mode relay driver Q7-Q8 for a low level output at terminal 8 to de-energize the DAY-mode relay. 

The output of register 4 is applied to pin 5 of the NITE-mode latch (U7). A logical one state at the register 4 output causes the NITEmode latch to become set. When set, the logical one Q output (pin 1) switches NITE-mode relay driver Q5-Q6 (a complimentary transistor pair) for a high level output at terminal 9 to energize the NITE-mode relay. Or, a logical zero state at the register 4 output (calling for DAY or TWI mode) causes the NI TE-mode 1 atch to become reset. When reset, the logical zero Q output switches NITE-mode relay driver QS-Q6 for a low level output at terminal 9 to de-energize the NITE-mode relay. 

Note that the TWI mode is obtained when the register 3 output is at a logical one state and the register 4 output is at a logical zero state. During this mode, both terminals 8 and 9 are at a low level to deenergize the DAY-mode and NITE-mode relays at the same time. 

A switch is located on the timing and trigger board for convenience of maintenance personnel for local selection of the NITE mode. With the System Controller commanding the DAY mode, closing switch SlK forces the NITE mode of operation. With SlK closed, the register 4 output stays at a logical one state to keep the NITE-mode latch set for the NITE mode. 

4.4.3 Flash Control Functions 

The flash control circuit is designed so the Coruscating Beacon will continue to flash if the System Controller is disabled and no control signal is received. Under this condition, the interval between flashes is slightly longer and the flashes from all Coruscating Beacons will usually remain in synchronization even if the condition persists. 

The main functional portion of the flash control circuit is a sevenstage ripple counter (Ul). This counter is clocked by clock signal F to produce frequency-divided time intervals in binary steps. The different time intervals available are selected for two purposes: for reset and keying time decoding in the flash control circuit, and for monitor-signal confirmation tiffiing in the flash confirm circuit. 

The reset functi{m of the reset and keying time decoder involves NAND y 
gate U4 (pin 3). Counter outputs Ul-4 and Ul-3 are applied as inputs to U4 as a self-reset when needed. The seven-stage counter (Ul) is reset at periodic intervals by the Q output from the reset flip-flop (US). The output of reset gate U4 (pin 4 of NANO gate U4) is used to preset the reset flip-flop. 

During normal operation, the reset flip-flop is preset by each sync 
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reset output of the intelligence dc>codcr to produce a normal timinb 
cycle synchronized by the System Controller. However, if no control 
signal is receivec from the System Controller, the toggled output at 
pin 3 of U4 occurs as a self-reset pulse to preset the reset flip-flop. 
In this case, the timing cycle duration ~s determined by the self-reset 
timing and is synchronized by the local F clock pulses. Thus, each 
timing cycle duration is determined by a sync reset pulse or a self
reset pulse, whichever occurs first to preset US and to clear Ul (see 
Table 4-1). 

The keying function of the reset and keying time decoder involves NANO 
gate U3 (pin 9) and NOR gate U2 (pin 4). Counter output Ul-5 toggles 
~AND gate U3 to produce a keying signal output starting sixteen F 
clock pulses after time O and lasting for another sixteen F clock 
pulses. After this time, counter outputs U-4 and U-3 and NOR gate U2 
inhibit any further keying in the timing cycle. This timing results 
in one DAY keying signal pulse (sixteen clock periods in duration) for 
producing one DAY flash in each timing cycle. 

Keying for the NITE mode involves the NITE keying gate (U4, pin 11). 
During the NITE mode when the NITE-mode latch is set (Q = 1), its Q 
output {U7, pin 1) causes the output of the NITE keying gate to toggle 
as square waves at the f clock rate. As the third input at pin 8 of 
NANO gate U3, the square "''aves inhibit the keying signal output. As 
a resuJt, the NITE keying signal output consists of sixteen pulses 
{occurring at F clock rate) for producing sixteen NITE flicks in each 
ti ming cycle. 

The DAY (and TWI) or NITE keying signal is applied as one input to pin 
8 of LTV gate U4. Normally, U4 toggles by the keying signal input to 
produce a positive-going keying signal output for the trigger genera
tor. Switch SIJ on the timing and trigger board permits maintenance 
personnel to perform a local LTV (lowest triggerable voltage) test. 
When switch SlJ is closed for this test, U4 toggles from its pin 9 in
put to produce constant keying as square waves occurring at the F clock rate. 

4.4.4 Trigger Generator Function 

The trigger generator circuit includes differentiating pulse-shaping driver Q3-Q4 (a complimentary saturated amplifier pair) and silicon
controlled-rectifier Q9. Power for generating the triggers is obtained 
from the 110-volt ac input at terminal 1. Energy storage capacitor Cl9 is in series with inductor LI, rectifier diode D31, current limiting 
resistor R45, and fuse Fl. Inductor Ll delays the current surge 
through Q9 as it is turned on by the keying-signal pulse input. When 
Q9 is gated on, capacitor C19 discharges rapidly through it to form a 
high-impulse trigger signal in the external circuit connected to termi
nal 11. 
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4.4.5 Flash Confirm Function 

TI1e flashing status of each Coruscating Beacon is confirmed by a moni
tor signal that occurs at a programmable time slot which represents 
that Coruscating Beacon's position in the system. For example, the 
monitor signal from Beacon 1 of Tier 6 occurs the earliest in the tim
ing cycle; that from Beacon 4 of Tier 1 occurs the latest. 

To program the monitor-signal time slot, seven outputs from seven
stage counter Ul are diode connected through seven confirmation pro
gramming swjtches (SIB thru SlH) to a common logic line. The settings 
of these seven switches select the Beacon-Tier time slot within the 
timing cycle (see Table 4-2). 

The selected counter outputs and the common logic line effectively act 
as an AND gate. With the logic line supplied a source voltage at a 
logjcal one level, the line will be clamped to a logical zero level un
til the point is reached in the timing cycle when all selected counter 
outputs become a logical one state. At this point (the beginning of 
the selected time Slot), the logic line is unclamped and rises to be
come a logical one. The logical one output is inverted (by U2) to pro
duce a confirm strobe of two F clock periods in duration. 

Shift register stage U6 and NOR gate U2 form the monitor signal genera
tor. Early in each timing cycle, the occurrence of a Coruscating Bea
con flash results in a flash-sense signal input at terminal 4 of the 
timing and trigger board. This flash signal input clears shift regis
ter U6, holding pin 8 of the NOR gate at a logical zero level. Later 
in the timing cycle, the confirm strobe toggles U2 to produce a monitor 
signal output (two F clock periods in duration) and clocks the U6 out
put to a logical one level at the end of the confirm strobe. As a re
sult, U6 inhibits U2 from producing another monitor signal until it is 
cleared in the next timing cycle by another flash sense signal. The 
positive-going monitor signal output from NOR gate U2 passes through 
the monitor ljne drjvcr (amplifier Ql and emitter follower Q2) toter
minal 5 for transmission to the System Controller. 
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Tahle 4-1. Reset and !(eying Timing for FTB-205A System (2723 Series 
tir.nng and trigger board - 60 Hz systemJ 

F 1 ash Control Ul Pin Output Occurrence after 
runction Used Timing Cycle 01 

Self-reset 3 [, 4 l. 600 seconds 

DAY 

DAY 

NITE 

NITE 

flash start 3, 4, [, 5 0.267 second 

flash stop 3' 4, & 5 0.533 second 2 

flash start 3, 4, & 5 0.267 second 3 

flash stop 3, 4, & 5 0.533 second 

1
Normal timing-cycle is 1.500 seconds in duration as synchronized 
by System Controller. 

2
NAND gate U3 (pin 9) is toggled on throughout start-stop interval 
but results in only one DAY flash at the beginning of the interval. 

3
NAND gate U3 (pin 9) is toggled on and off sixteen times at F 
clock rate in start-stop interval to produce sixteen NITE flicks 
during this interval. 
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TahlE- ' -, beacon-Tier Programming for FTB-20.SA System (confirm switch Sl set-4- ..... --tings on 2723 series timing and trigger board, see Figure 4-3; 
switch arm numbers are in parentheses aft.er binary outputs) 

Beacon-Tier SlB SIC SID SlE SlF SIG SlH 
Location l (2) l (3) ~ .!±_ill 8 (6) 16 (7) 32 (8) 

oeacon l' Tier X 0 0 X 0 0 X 

Beacon 2' Tier X 0 X X 0 0 X 

Beacon 3' Tier 0 X 0 X 0 0 X 

Beacon 4, Tier 0 X X X 0 0 X 

Beacon l, Tier 2 X 0 0 0 0 0 X .... 
Beacon 2' Tier 2 X 0 X 0 0 0 X 

Rea con 3' Tier 2 0 X 0 0 0 0 X -Beacon 4' Tier 2 0 X X 0 0 0 X 

Beacon l, Tier 3 X 0 0 X X X 0 

Beacon 2' Tier 3 X 0 X X X X 0 

Beacon 3' Tier 3 0 X 0 X X X 0 
Beacon 4' Tier 3 0 X X X X X 0 

Beacon 1' Tier 4 X 0 0 0 X X 0 

Beacon 2' Tier 4 X 0 X 0 X X 0 

Beacon 3' Tier 4 0 X 0 0 X X 0 

! ! 4' 4 0 X 0 
,......, Beacon Tier X X 0 X 

fkacon l' Tier 5 X 0 0 X 0 X 0 ! .. 
Beacon 2, Tier 5 X 0 X X 0 X 0 

• t 
; i 

Beacon 3' Tier 5 0 X 0 X 0 X 0 I': 
Beacon 4, Ti er 5 0 X X X 0 X 0 

..... Beacon 1' Tier 6 X 0 0 0 0 X 0 

Beacon 2' Tier 6 X 0 X 0 0 X 0 

Beacon 3' Tier 6 0 X 0 0 0 X 0 
~. t Beacon 4' Tier 6 0 X X 0 0 X 0 

---------------- \: 
X = switch closed and 0 switch opened; this table for 60-Hz systems. 
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S. l PREVENTIVE t-l.\INTENANCE 

SECTION 5 

MAINTENANCE 

,- J b- _L,_,- u, 

The glass windows in the Coruscating Beacons must be kept free of smoke 
or grime deposits if the intensity of the flashes is to be maintained. 
How often the windows will require cleaning depends on the environment 
at the site. Probably the most convenient method of cleaning is to use 
a squeeze bottle of a commercially available window cleaner. Spray the 
window and then wipe it clean with a soft cloth or paper towel. 

When cleaning is necessary, take the opportunity to inspect the Corus
cating Beacon installation. Make sure. that all attaching bolts are 
tight and that the vertical beam-spread peak of the Coruscating Beacon 
is aimed at the desired elevation angle. 

5.2 TROUBLESHOOTING 

5.2.1 Locating Sources of Trouble 

Most of the malfunctions of a Coruscating Beacon will be indicated by 
one of the symptoms listed in Table 5-1. These symptoms are determined 
by observation of the flashes from the Coruscating Beacons during DAY-, 
TWI-, and/or NITE-mode operations. 

The components whose failure might produce each of the Table 5-1 symp
toms are given in Table 5-2. For example: symptom "R" (all Coruscating 
Beacons not flashing) may result from lack of system power or from a 
malfunction of the System Controller; lack of system power is by far 
the most probable cause. In fact, the System Controller can be com
pletely disconnected and the Coruscating Beacons will continue to 
flash, but without system control of flash rate and intensity mode. 

5.2.2 Field Tests 

-~-~_I_!'JG: Ah,ays check that no residual de high voltage exists with the 
ac power off when accessing the interior of a Coruscating Beacon. To 
check for high voltage, connect a 20,000 ohms/volt (or higher) meter 
across the 100:1 voltage-divider test point at terminal TB4-7. Do not 
contact any interior wiring or conductors unless the meter reading is 
less than 0.1 volt at TB4-7 (confirm absence of no residual voltage by 
direct measurement of less than 10 volts at capacitors Cl, C3, and CS). 

Certain field tests are conducted when the ac power is on (sometimes 
the de high voltage is present). A normal de high voltage (about 1500 
volts) will produce a meter reading at TB4-7 of about 1500 volts. When 
these tests arc necessary, usc extreme caution to avoid contact with 
live circuits. 
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Symptom 

--
A 

B 

C 

D 

E 

F 

G 

H 

I 

- J 

K 

L 

M 

N 

0 

p 

Q 

R 

-

Tab)e .S-1. Major Symptoms of Trouble 

Coruscating Beacon Under Observation 

DAY-Mode 
Operation 

Weak 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

\~eak 

T\v I int ens i t y 

Skips 

Skips 

I NITE flick 

Out 

TW I -Mode 
Operation 

Weak 

OK 

OK 

OK 

OK 

OK 

DAY intensity 

Out 

OK 

OK 

OK 

Skips 

I NITE flick 

Out 

\.Jeak 

OK 

NI TE-Mode 
Operation 

Bright burst 

3 - 4 f Ii ck burst 

Weak burst 

Out 

OK 

OK 

OK 

OK 

Ragged 

Ragged 

OK 

Out 

All other Coruscating Beacons OK 

No external evidence of problem 

Notes 

No confirmation 

Or holdover 

All Coruscating Beacons flashing (in sync or n;i)-but n~t confirming 

All Coruscating Beacons not flashing 
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Tah]e 5-2. Possible Sources of Trouble 

Component 
AIB C D E F G 

Cl l2 J.J F) 1 4 

C2/C3 (100 wF) 

C4 (3 J.J F) 
- ---- --·--

cs (30 µF) 

FTl flashtube 
-

FTl trigger . w1 re 

Fl /F2 fuse 
-· 

Kl DAY-mode relay 3 

K2 NI TE-mode relay 2 

Ll flash choke 2 
-· 

L2 burst choke 
-----·-------

HOV-] varistor 

PCB-1 HV rectifier board 3 2 

PCB-2 timing & trigger bd I I 5 I 

Rl heater resistor 2 

R2 burst resistor 1 1 

S\./l /SW2 interlock switch 

Tl power transformer 3 

T2 sense transformer 2 

T3 trigger transformer 

Beacon window I 

System Contro 11 er 

Control wiring 
.. ~-------.-~. -- ·---- ---

System power wiring 

:",Numbers rcprec,cnt order of probability 
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Symptoms"' 

H I J K 
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2 

2 

l 

2 

1 

1 
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L. M N o I p Q R 

4 

7 13 

11 

1 3 

3 5 

8 

2 

12 

14 

7 1 
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5 2 

1 

6 10 
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!l'ITE-,\~odc Test. \~i th System Control} er commanding the DAY mode, the 
~ITE-mode operation can be checked at a particular Coruscating Beacon 
as foliows: 

a. Close NITE switch on timing and trigger board of Beacon. 

b. Depress interlock switches SWl and SW2 to check NITE-mode functions 
of that Beaco1:. 

c. After the NITE-mode test, open NITE switch, close Beacon door, and 
note that Beacon functions properly in DAY mode. 

Component Tests. The fol lowing procedures describe the steps to be 
taken to check the conditions of components listed in Table 5-2. For 
some components, the most practical method of field checkout is by 
substituting another component known to be in good condition. Make all 
resistance measurements with the power off. ,For voltage measurements 
that require preliminary adjustments (for example, connecting jumpers 
or disconnecting leads), perform the adjustments with the power off. 

I I 

Resistance measurements across the terminals of a capacitor provide an 
indication of its condition. At the instant the meter leads are ap
plied, the meter should read O ohms. The reading should then increase 
to infinity. The rate of increase will depend on the value of capaci
tance. The capacitor tests described in the following paragraphs give 
the time it should take for the resistance reading to reach 1 megohm, 
based on using the "rl x lOOK" scale of the Triplett Model 630-NA volt
ohm-miJ}jammeter (similar 20,000 ohms/volt V-0-Ms should give the same 
results. 

Note: Measurement readings made with certain volt-ohm-milliarnmeters 
may be erroneous when on a support tower near a radiating antenna mast. 
Make measurements when the antenna is not radiating, or use a meter 
known to be unaffected by an RF_field. 

1. Cl Capacitor 

Before measuring this 2 µF capacitor, remove all leads from its "+" 
terminal. The meter reading should go from Oto 1 megohm in approxi
mately 1.0 second as it approaches infinity. 

2. (2 or C3 Capacito~ 

Re fore measuring ci thcr of these 100 µF capacitors, remove al 1 1 eads 
from its"+" terminal. The meter reading should go from Oto l megohm 
in approximately 51.2 seconds as it approaches infinity. 

3. C4 Capacitor 

Before measuring this 3 µF capacitor, remove the transformer lead from 
one of its terminals. The meter reading should go from Oto l megohm 
in approximately 1.54 seconds as it approaches infinity. 
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.... CS Canaci tor 

Before measuring this 30 -µF capacitor, remove all leads from its "+" 
terminal. The meter reading should go from Oto l megohm in approxi
mately 15.3 seconds as it approaches infinity. 

J. FTl Flashtube 

Check condition of flashtube by using LTV (lowest triggerable voltage) 
function as follows: 

a. Close LTV s",itch on timing and trigger board. [If 2723 Series 
board is used, close NITE switch SlK and remove wire at chassis 
terminal 3 to disconnect ground on coil of NITE-mode relay K2.] 

b. Close interlock switches SWl and SW2 to check LTV.operation. 
Beacon will operate in TWI mode with constant keying at F clock 
rate. Flashtube will flash each time high voltage builds up to 
a level at which it can trigger. 

c. Measure LTV Level (peak of sawtooth wave) at TB4- 7 (O. 01 of volt
age across capacitor CS). LTV level should be from 8 to 11 volts 
(800 to 1100 volts across CS). If not, replace flashtube (refer 
to Paragraph 5.3.2) and recheck LTV. If still not acceptable, 
check items 16 (trigger transformer) and 17 (trigger generator 
circuit) that follow. 

d. After the LTV check, open the LTV switch. [If 2723 Series board 
is used, reconnect K2 ground wire to chassis terminal 3, and per
form NITE-Mode Test as outlined above.] 

6. Kl DAY-Mode Relay 

Before making the following measurements, disable the high-voltage 
circuit by removing HV rectifier board PCB-1. Also make sure that no 
control signal is applied by disconnecting lead from terminal TBl-2. 
Apply power to the Coruscating Beacon and make the following measure
ments: 

From 

C3+ 

C3+ 

To 

CS+ 

GRD-2 

Resistance (ohms) 
DAY Mode NITE Mode* 

0 Infinity 

Infinity 30 K 

*For NITE mode, close NITE rocker switch on timing and trigger board 
PCB-2. Be sure to open swjtch when f:in:ishcd with th:is test. 

7. K2 NITE-Mode Relay 

Before making the following measurements, disable the high-voltage 
circuit by removing HV rectifier board PCB-1. Apply power to the 
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Con1,;c;iti.n1'. hc;1con ;llld rn;1t,c the follov.·i.nf resistance measurements: 

Hcsistance ( ohms I 

f-rorn To DAY Mode NITE Mode* 

TB2-6 CS+ 0 Infinity 

TB2-6 Cl+ Infinity 0 

*For NITE mode, close NITE rocker switch on timing and trigger board 
PCB-2. Be sure to open switch when finished with this test. 

8. Ll Flash Choke 

Measure the resistance from TB2-5 to TB2-6. The resistance should be 
less than or equal to 0.1 ohm. Check visually for signs of arcing. 

9. L2 Burst Choke 

Disconnect the 12 leads at TB2-2 and TB2-3. The resistance between L2 
leads should he approximately 180 ohms. The resistance from either 
lead to chassis ground should be an open circuit (infinity). 

10. PCB-1 HV Rectifier Board 

Substitute a rectifier board known to be in good operating condition. 
The procedure for replacing this board is given in Paragraph 5.3.1. If 
the arc suppression resistor (in negative return to ground) shows signs 
of overheating, look for the arc location and repair the source of the 
problem before using a new board. 

11. PCB-2 Timing and Trigger Board 

Substitute a timing and trigger board known to be in good operation 
condition. The procedure for replacing this board is given in Para
graph 5. 3 . 1. 

12. R2 Burst Resistor 

Check the resistance of this resistor as follows: 

From To Resistance (ohms) 

TB3-5 TB2-3 1500 

13. SWl or SW2 Interlock Switch 

Disconnect power from the Coruscating Beacon. Measure the resistance 
between terminals Fl and TBl-4 for SWl and between F2 and TBl-5 for 
S\\'2. The resistance should be an open circuit with the enclosure door 
opened. Manua 11 y depress either inter] ock sw:i tch; its res:i stance 
should drop to O ohms. 
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FTB-20.S-lA 

1 « . Tl Power Transformer 

Remove H\' rectifier board PCB-1 and timing and trigger board PCB-2 be
fore performing the resistance and voltage measurements outlined below. 

Make resistance measurements as follows (power off): 

Approximate cold 
From Io resistance (ohms) 

TBJ-4 TBl-5 0.7S (120V transformer) 
10. S to 14 (480 V transformer) 

C4+ C4- 11 to 13 

TB3-3 TB3-10 8S to 100 

TB4-l GRD-2 6 to 11 

TB4-2 TB4-3 0.6 to 1.2 

Make voltage measurements as follows (power on): 
From To Voltage (ac) 

TBl-4 TBl-S Input power 

TB3-3 TB3-10 1414 

TB4-l GRD-2 110 

TB4-2 TB4-3 24 

1 ~,. T2 Sense Transformer 

Check the resistance of this transformer as follows: 

From 

TB2-6 

TB4-4 

To 

CS+ 

GRD-4 

Resistance (ohms) 

0 

1. 35 

16. T3 Trigger Transformer 

Measure the resistance of this tranformer from the trigger wire clip 
to the cathode ("-") end of the flashtube (or to TB2-8). The resis
tance should be approximately 170 ohms. 

1 7. Tri__gger Generator Part of PCB- 2 

Substitute a timing and trjgger board known to be in good operating 
condition. The procedure for replacing this board is given in Para
graph S.3.1. 

•• 
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S.:, 1-lAJOR COMPONE/\T REPLACE~i::/\TS 

S.3.1 Printed-Circuit board Replacements 

If a printed circuit board contains a fault, send the board back to the 
factory for repair. FTCA will repair it or replace it and charge only 
for the repair cost. 

CAUTION: WheTJ handling printed circuit boards which contain integrated 
circuit devices, avoid conditions in which you could conduct a static 
charge to the terminals of the board. Keep boards not in use in an 
anti-static (partially conductive) plastic bag that covers the connect
ing lugs. 

As shown in Figure 5-1, the Coruscating Beacon contains two printed
circuit boards: the IN rectifier board (PCB-1) and the timing and trig
ger board (PCB-2). These two boards are mounted in the same way, and 
the procedure for replacing them is the same. 
1. Disconnect ac_power to the Beacon. 
2. Loosen cap screws in the clamps that secure the enclosure door, 

and pul 1 cl amps out\,·ard off edge· of the door. 
3. Open door fully and hold open with brace on left side so safety 

interlock switches remain opened. 

4. With a 20,000 ohms/volt (or higher) meter, check for residual 
voltage on the high voltage capacitors by using the 100:l divider 
test point (LTV) at TB4-7. \\'ait until voltage drops below 0.1 
volt at TB4-7; then check residual voltage on capacitors Cl, C3, 
and CS using highest scale of voltmeter. 

s. 

6. 

When capacitor residual voltages are below 10 volts (direct mea
surements), attach jumper wire from terminal TB3-7 to chassis 
ground. 

Remove fuses Fl and F2 with a fuse puller, and replace the pro
tective cover over the fuse block. 

7. Loosen two hold-down screws in corners of PC board to be replaced. 
8. Loosen board's connector screws at terminal block approximately 

one full turn, but do not remove. 
9. Slide board away from terminal block, lifting back edge of board 

clear of hold-down screws. Continue to slide board until clear of 
terminal block and then remove. 

10. Place new PC bo;1rJ so that all spade connectors arc under hc;i<ls 
appropriate screi-·s on t crminal block. Lower back edge of boar<l 
hold-down screws pass through the board. Slide board as far as 
possible toward terminal block. 

of 
so 

11. Tighten both hold-down screws and the connector screws at terminal 
block. 
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1:. Remove Jumper wire from terminal TB3-7 to ground, replace fuses 
Fl and F2 with a fuse puller, and replace their protective cover. 

13. Close the enclosure door, slide clamps over edge of door, and 
tighten clamp screws. 

14. Restore ac power to the Beacon. 

5.3.2 Flashtube Replacement 

5.4 

Figure 5-2, a side view of the optical head assembly, shows the flash
tube in its operating position. To replace the flashtube, proceed as 
follows: 

1. Perform Steps 1 through 6 of Paragraph 5.3.1. 
2. 

3. 

4. 

5. 

6. 

7. 

Remove trigger wire from spring clip on ceramic post mounted near 
cathode terminal of flashtube (right side). 
CAUTION: Do not touch flashtube quartz with bare hands. Use 
cJeangloves, tissues, or-cloth for handling. Apply pressure for 
removing or iDserting a flashtube directly at its metallic termi
nals. Never apply pressure on the quartz envelope. 

Use a small, flat-blade screwdriver to pry both flashtube termi
nals from the mounting clips. Carefully slide flashtube out 
through opening in either side of reflector. 
Hold new flashtube by cathode terminal (end with trigger wire 
lead), and sljde flashtube carefully through right side of re
flector until anode terminal is positioned over its clip. Be 
sure trigger wire comes through hole on right side of reflector. 
Press anode terminal into its clip by using left forefinger. 
CAUTION: 
nal. 

Be careful so clip does not bend under flashtube termi-

Press cathode terminal of flashtube into its clip'by using right 
forefinger. 

Check that new fl ashtuhe has sj licone rubber jnsulator over its 
trigger wire. If not, remove from old flashtuhc and install on 
new one. 

Connect trigger wire from flashtube into spring clip on ceramic 
post. hrap excess length of wire tightly around clip. Check that 
trigger wire does not come near flashtube cathode terminal. 

8. Perform Steps 12 through 14 of Paragraph 5.3.l. 

REFLECTOR CLEANING 

To cl can the. rcfl ector and opt i ca] 1 ouvcr surfaces of the opt i ca 1 head 
assembly, proceed as follows: 

1. Perform Steps l through 6 of Paragraph 5.3.l 
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2. 

3. 

Pe~iorrr. Steps 2 and 3 of Paragraph 5.3.2 (remove flashtube). 
Disconnect cable of optical head assembly from TB2 (terminals 5, B , 9 , l O , and 1 2) . 

4. Remove optical head assembly from enclosure door by loosening four 
nuts (two on each side), sliding assembly forward toward you, and 
lowering clear of mounting studs. 

5. Set optical head assembly on a flat surface with reflector aimed 
upward. 

6. Remove optical louvers one at a time by bowing them until one end 
is clear of its mounting holes in reflector, then rotate and re
move other end from its mounting holes. 

7. Clean reflector surfaces (curved and flat areas) and optical lou
vers by using water and soft cloth or tissue. 

8. Replace louvers by inserting one end in its mounting hole and bowing sufficiently to allow other end to clear side while being positioned over other mounting hole. (~ote that the smaller louvers are positioned ·farthest from the flashtube.) 
9. Check that louvers are straight after insertion. If not, 

straighten by reverse bowing. 

10. Remount optical head assembly on enclosure door. Lift into posi
tion so four studs with nuts and washers pass through holes in 
optical head assembly, then slide away from you until nuts and 
washers are holding it. Tighten the four nuts. 

11. Reconnect cable of optical head assembly to TB2 (terminals 5, 8, 
9, 10, and 12). 

12. Perform Steps 4 through 7 of Paragraph 5.3.2 (replace flashtube). 
13. Perform Steps 12 through 14 of Paragraph 5.3.1. 

5. 5 DRAWINGS 

The following drawings are included to facilitate signal tracing in the Coruscating Beacon; 

Figure 5-3 Coruscating Beacon, Wiring Diagram 
Figure 5-4 High-Voltage Rectifier Board, Schematic Diagram 
Figure 5-5 Timing and Trigger Board, Schematic Diagram 
Figure 5-6 Coruscating Beacon Digital Signals, Timing Diagram 
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SECTION 6 

PARTS LISTS 

6. l RECOMMENDED SPARE PARTS 

Quantity DescriEtion Part Number 

l box of 10 Fuse, 8 A (120 V input) KTK-8 
4 A (208/240 V input) KTK-4 
2 A ( 480 V j nput) KTK-2 

2 Flashtube 1178 
l ver 3 Varistor, metal oxide 
Beacons (120 V input) 2508-01 

(208/240 V input) 2508-02 
(480 V input) 2508-04 

1 1-N rectifier board assy* 2416 or 2480 

1 Timing & trigger board assy* 2723-02 or 2444-01 

. '. J· ., ~ · - .. i. > - l 1\ 

Manufacturer 

Bussmann 
Bussmann 
Bussmann 

FTCA 

FTCA 
FTCA 
FTCA 

FTCA 

FTCA 

*Denotes a variable assembly; select part number that matches assembly 
installed in your Coruscating Beacons (refer to Preface of this instruc
tion manual) . 
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6.: EL~CTRICAL REPLACEABLE PARTS (60 Hz Systems) 

Desicnation _.i,__ ______ _ 

Cl 

C2 ,C3 

C4 

cs 
fl ,F2 

FTl 

Kl,K2 

Ll 

L2 

MOV-1 

Descrintion 

Capacitor, 2 µF, 4 kV 

Capacitor, 100 µF, 2.5 kV 

Capacitor, 3 µF, 660 Vac 

Capacitor, 30 µF, 2.5 kV 

Fuse, 8 A (120 V input) 
4 A (208/240 V input) 
2 A (480 V input) 

Flash tube 

Relay, DPDT, 24 Vdc coil 

Choke, flash 

Choke, burst 

Varistor, metal oxide 
(l 20 \' input) 
(208/240 \I input) 
(480 \I input) 

Part Number 

2834 

2052 

2060 

2835 

KTK-8 
KTK-4 
KTK-2 

1178 

3288-01 

1101 

2848 

2508-01 
2508-02 
2508-04 

2416 or 2480* 

Manufacture, --- --~--•------- ~--

FTCA 

FTCA 

FTCA 

FTCA 

Bussmann 
Bussmann 
Bussmann 

FTCA 
FTCA 

FTCA 

FTCA 

FTCA 
FTCA 
FTCA 

FTCA PCB- I 

PCB-2 

PCB-3 

HV rectifier board assy 

Timing & trigger board assy 

Bleeder board nssy, used only 

2723-02 or 2444'-0l * FTCA 

Rl 

R2 

SWl ,SIG 

Tl 

T2 

T3 

TBl 

TB2 

TB3 

T!\4 

with P/N 2416 (PCB-1) 
Mounts on Cl 
Mounts on C2,C3,& CS 

Resistor, 30 KQ, 225 W 
Reistor, 1500 Q, 50 W 

s~itch assy, interlock 

Transformer, power, 60 Hz 
(120 \I input) 
(208 & 240 V inputs) 
(480 V input) 

Transformer, sense 

Transformer, trigger 

Terminal block, 6-contact 

Terminal block, 8-contact 

Terminal hlock, ?-contact 

Tcnninal block, II-contact 

*See footnote on page 6-1. 

2087 
2088 
3361 

3758-04 

2055-01 

1517 
2280 
1525 

2881 

2882-02 

3289-0£ 

2698 

2699 

3289-ll 
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SECTION 7 

SUPPLEMENTARY DATA 

FTH-:?OSA-1 

The following pages contain instructions for the options which have 
been included in your Coruscating Beacons. 

7-1/7-2 

3.8.1-119 
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3.8.2 Central AC System 

3.8.2. l Identification 

Tag No. 

Description 

EMLI-(No.) thru 5 

3.8.2.2 Description 
Manufacturer: 
Parts No: 
Spec No: 
Material: 
Weight: 

3.8.2.3 Prescribed Service 
Emergency lighting 

3.8.2.4 Vendor 

Exide Safety Sys; Randolph, MA 02368 

Centaurus III-HID 
P/N 39-113305-00 
N/A 
N/A 

Exide Safety Systems 

3.8.2.5 Special Cautions 
See Centaurus III-HID User's Manual 

3.8.2.6 Periodic Service 
See Centaurus III-HID User's Manual 

3.8.2.7 Parts List 
See Centaurus III-HID User 1 s Manual 

3.8.2.8 Special Tools 
See Centaurus III-HID User's Manual 

3.8.2.9 Maintenance Instructions 
See Centaurus III-HID User's Manual 

3.8.2.10 Acceptance Tests 

3.8.2-1 



P/N 39-11JJ05-00 

CEN'l'AURUS III-HID 

USER'S MANUAL 

7.5 KVA 

Exide Safety Systems Div. 
39 Teed Drive 
Randolph, MA 02368 

8:8.2-2 

REV-0 ECR 2937 

-
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1.1 CHECK CONTENTS OF SHIPMENT - Your Exide Centaurus Central AC System consists of 3 separate packages: 

l Inverter Cabinet 

2 Battery Cabinets (knocked down) 

1 Battery (set of 2~ LEC-150 batteries) 

Check each package for shipping damage, and for proper marking. The inverter carton should be labeled with ESSD PIN 39-~51033-00. Special options or modifications are noted on a tag attached to the inverter. There are additional items packed inside the inverter cabinet. See Step 1.3. ' 

Note: Notify the carriers immediately if any shipping 
~amage is discovered. 

1.2 PREPARE THE SITE - The Centaurus III-HID system must be installed on a clean, dry, level floor. The inverter cabinet weiRhs ~90 lbs. (~00 k~); the loaded battery cabinet weighs 1992 lbs. (905 Kg). 

Leave at least 3 feet (l meter) in front of the cabinets for ventilation and maintenance. Leave at least 3 feet (1 meter) over the cabinets for ventilation. Leave enough space at the left end for line and load wirin~. The inverter cabinet will be installed on the left, the battery cabinet on the rieht, 

- 2 -

3.8/2-5 



1 : ·u-NPACK 7HE INVERTER - Remove the bands and the cardboard ...... -
shroud. A forklift truck may be used to 11ft the inverter off the pallet. The cabinet key is taped inside the inverter compartment. -
A bag is packed in the inverter cabinet, attached to the baffle plate above the transformer. Check the contents of the bag: 

12 jumpers, lead straps II A II .:t:!' 2'11 ss 
6 jumpers, lead straps "B" 4 jumper cables, white, II C II 
1 cable, white, II n11 

1 cable, black 
1 cable, red 

Check the nameplate inside the cabinet to be sure that the power rating and the lin~ and load voltages correspond to the order. Check the option tag (inside inverter) against the order. Check the invert,er for shipping damage. 

Set the inverter into position, adjustinR the feet to make the cabinet level. Remove the desired knockout blank for the line and load wirinP. (There are 3 at the left rear corner). See the line breaker table in step 1.4 to determine the proper breaker si:;,;c. (sec Ji'ir;urr. 1-1). 

0 

0 

----· ------------- ----------

(Figure 1-1) 

- 3 -
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1.4 LINE BREAKER - The Centaurus III-HID must be connected to 
a properly rated line breaker> as follows: 

l I • :.> 

RATING 

5.0KVA 

7.SKVA 

10.0KVA 

120V 

75A 

lOOA 

125A 

BREAKER 

240V 

40A 

60A 

75A 

277V 

40A 

50A 

60A 

The line wiring must be compatible with the specified 
breaker • 

TOOLS HEQUIHlm 

1/4" and 1/2" socket wrench sets 

open end wrench set 

clamp-on ammeter and AC voltmeter 

standard blade screwdrivers 

service wire (see breaker table above) 

wire cutters and strippers 

lOOW test lamp 

standard electrical fittings and hardware 

- '-I -
3.8.20 



1.6 LOAD WIRING 

The Centaurus III-HID was equipped at the factory with the load voltaP,e and breaker combinations specified for your installation. Remove the circuit breaker cover panel. A separate pair of wires should be brought into the wiring compartment for each load branch circuit. Connect the 
neutral wire to the neutral bus, and the black wire to 
the appropriate breaker. The cabinet must be grounded. 
De sure the edee of the knockout hole will not cut throueh line and load wires. See Figure 1-2. 

(Figure 1-2) 

- 5 -
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1.7 UNPACK BAT?ERY CABINET - Check the list below with the contents supplied for each battery cabinet. 

1 base 
2 shelves 
l door 
l left side panel 
l right side panel (with hinge) 1 back panel 
1 top panel (louvred) 4 leveling feet 
4 5/16 hex nuts 

20 1/4-20 x 1/2" hex head bolts 48 1/4-20 hex nut 
48 1/4 split lockwasher 

1 lock and key 

" 1.8 INSTALL LEVELING FEET - Scr~w the 5/16 hex nuts all the way 

0 

onto the feet. Screw the feet into the base, from the bottom, so that about 1-1/4" of thread are exposed. 
Set the base into position to the right of the inverter cabinet (tapped holes are in the rear edge). Leave at least l" of space between the cabinets. Adjust the feet so that the base is level -- check with a spirit level. (See Fig. 1-3) 

0 
Tapped hol~s in rear edge (5) 

_.,,. 

r·\· Tighten nut up \ against base 

) 

(Figure 1-3) 

3.8.2-9 
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Adjust leveling 
screws so base is level 



l.9 ASSEJ\'i3LE.CABINETS - Remove the base to a clear workinE area. With the help of an assistant, place the side panels over the studs on the base, with the shelf rails facing in. See Figure 1-~-

Witb the side panels held upright, place the rear panel into position, and fasten the rear panel to the two side panels loosely with 1/~" hardware, starting at the top. The five bottom holes are tapped in the rear of the base, and do not need nuts. Attach lockwashers and nuts to the studs at the base of each side panel inside the cabinet. 

• 

/ ,, 
.,. 

Hinges 

FRONT 

(FIGURE 1-4) 

I c-
I 

• 
1 .. 
I 
I , .. 

r· 
I 
I .. 
I 
I• 
I 
I .. 
I .. 

- -· -:-l-
.. ., 

., .,, 
/ 

Place the two shelves in position on the rails (mitered corner at rear). Do not fasten with hardwar~ at this time. Make sure the cabinet shell is properly aligned, 

, .. 

,;, 

• 

• 

and tighten all hardware. Remove the shelves. Repeat these instructions for each cabinit. 
NOTE: Do not overtighten the nuts on the studs in the cabinet base. 

3.8.2-10 
- 7 -



• 

• 

1.10 REMOVE KNOCKOUT from the left wall of the battery cabineL, -
and the corresponding knockout from the right wall of the 
inverter, cabinet. The two 4 gauge ~attery cables will 
run through these knockouts. 

Place the battery cabinet shell in place next to the 
inverter cabinet. Line up the knockout holes by adjusting 
the feet, if necessary, and connect the cabinets with a 
threaded nipple or other suitable hardware. If the knockouts 
cannot be lined up, connect the cabinets with an offset nipple 
or flexible conduit. Tighten the locknuts on the leveling 
feet. 

Remove a knockout from the left wall of the second battery 
cabinet, and the corresponding knockout from the right wall 
of the first battery cabinet. Two~ gauge cables will run 
through these knockouts. 

Place the second battery cabinet in pl~ce to the right of 
the first battery cabinet. Connect the cabinets as before. 
See Figure 1-5~ 

~ ~/.D 

K:~~~-----· -. ---~) 

(Figure 1-5) 

- 8 -
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Set cabinet in place and connect 
with l inch threaded nipples or 
other suitable hardware. 



1.11 UNPACK BATTERIES 

Caution: Wear protective goggles or safety glasses when handling batteries. 
Lead-Acid batteries contain sulfuric acid. Nickel-Cadmium batteries contain potassium hydroxide (caustic potash). 

If electrolyte is splashed in eyes, wash immediately with fresh water for at least 30 minutes. Contact a physician immediately. 

If electrolyte is spilled on skin, wash immediately with soap and water. Obtain medical treatment for any burns that result. 
Handle batteries carefully to prevent mechanical damage, which could cause loss of corrosive electrolyte •. 

Insulate tools with electrical tape. Remove all watches and jewelry. 

Check each battery for methanical dama~e. The electrolyte in each cell should be Vl8lble above the tops of the plates. 

CAUTION: The connected battery is a high-energy 144V DC source. It is a serious shock and burn hazard. Avoid body contact with the battery terminals. 

- 9 -
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1.12 LOAD BOTTO~ SHELF - Install 4 LEC-150 batteries in each cabinet on the bottom shelf (base), being careful of polarity, as shown in the figure. The terminal polarity is marked on the top of the battery near each terminal. See Figure 1-6. 

Po.s D 

a Nee, 0 NC<. 

NE-4 tJ 

Il PO$ 0 Pos 

F R..ONT 

p.,.:. D 

NCt,Q 

{FIGURE 1-6) 

- 10 -
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Po.s D A,:. D 

a Nee, QNC<. 

NE.4t) NCloQ 

D PO$ O Pos 

FR.ONT 



1.13 MAKE INTERCELL CONNECTIONS - Using 2 "A" jumpers in each 
cabinet, connect the negative terminal of each battery to 
the positive terminal of the battery to its rigAt. Connect 
a "B" jumper between the rows. See figure 1-7. 

11 D11 jumper to 
right cabine 

\. 
11 C11 Jumper to 
next shelf 

/.- ---~--- Black wire to 
inverter 

/ 

11-• 

{ Figure 1-7} 

Connect the bare end of a "C" jumper to the left front 

(2) 

PCS terminal, and rout~ it toward the rear of the cabinet. 
Connect the bare terminal end of the "D" jumper to the left rear NEG terminal of the left battery cabinet. Feed the other end (insulated) up the right rear corner, through the knockout into the right battery cabinet. 

Check all connections to be sure they are tight. 

Connect the bare end o:f the black cable to the le:ft rear 
NEG terminal in the right cabinet, and feed the other 
( lnsulat-e<.1) ~rnl up Lhc lc.:l'l. r·t:a.r t:ul'l1er, throu~h the.: knot:k
outs in both cabinets, and into the inverter cabinet. 

- 11 

3.8.2-14 

-



-

-

• 

• I 

I 
I 

I 

1.14 COVER THE BATTERIES with cardboard or heavy plastic to protect against accidental short circuits. 
Install the second shelf, mitered corners to the rear on the rails, and secure with lockwashers and hex nuts. Feed the white ''C" jumper from the first shelf up the left rear corner, and route the free end along the left side of the second shelf. Repeat these instructions for each battery cabinet. See Figure 1-8 

Black wire to inverter 

, 

Temporarily cover 
batteries with 

cardboard 

Install second shelf 

/ / 
/ / 

/ / 
/ I I / I I / / v / ti ~ / 

I v / / II / 
I / / II / I / I I / I / 

/ 

•✓ 
/ ,, / 

ti✓ ', ~ V 

{Figure 1-8) 

- 12 -
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1.15 INSTALL four batteries on the second shelf, observing 
the same polarity as on the first shelf. See Step 1.12. 
Attach two "A" jumpers as before. Connect the two 
rows with a "B" jumper, and connect the bare end of a 
"C" jumper to the left front POS terminal. Repeat these 
instructions for .each battery cabinet. See Fig. 1-9. 

+ + 

(Figure 1-9) 

- 13 -
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1.16 ATTACH THE JUMPER from the first shelf to the left rear NEG terminal on the second shelf (completely remov~ the insulator from the terminal). Check all connections to be sure they are tight. Wipe the tops, and coat the ter-minals with No-OX-ID. 

Remove the battery insulating cover from the first shelf and place it over the batteries on the second shelf. Repeat these instructions for each battery cabinet. 
1.17 INSTALL THIRD SHELF on the rails, mitered corners to the rear, and secure with lockwashers and nuts. Feed the white "C" jumper from the second shelf up the left rear corner, and route it along the left side of the third shelf. Repeat these instructions for each battery cabinet. See Figure 1-10. 

4llemporarily cover batteries with cardbcard 
/ 

/ 
·/ Install third shelf ) ,_ 

/ / 
/ / 

/ / 
/ 

I / 
.J v / 
I ,, 
I ,,. 
. / 
I / 

·V 

-

/ / 

" ,, 
/ " / / 

I 
I 
I 
I 
I 
1/ 
V 

/ 

I ,, 

V /. 
/ 

/ 
/ / 

" ,, / .,, 
/ ,, 

(Figure 1-10) 
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1.18 INSTALL the 4 batteries on the third shelf, using 
the same polarity as on the two lower shelves (see step 
1.12). Attach two "A" jumpers as before. Connect 

Ins ta 11 
batteries on 
thirs shelf 

the 2 rows of batteries with a 11 B11 jumper. Repeat these 
instructions for each battery cabinet. See Fieure 1-10. 

Red wire to inverter 

... 

• ... 

(Figure 1-11) 
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1.19 ATTACH THE JUMPER from the second shelf to the left front NEG terminal on the third shelf (completely remove the insulation from the wire terminal). Check all connections to be sure they are tight. Be sure cables in the left rear corner of the cabinet are not pinched. Repeat these instructions for each battery cabinet. 

Connect the remaining end of the "D" jumper to the left front POS terminal on the top shelf of the second battery cabinet (completely remove the insulation from the wire terminal). 

CAUTION: The connected battery is a high-energy 144V DC 1 
source. It is a serious shock and burn hazard. Avoid body contact with the battery terminals. 

1.20 CONNEC'l' 'l'HE HED CAULE (l>ure Lermlnal enc.i) to the posiLlve terminal on the left front battery of the third shelf in lhe lel'L caulnet,. Ca1·el'ully 1'<:!e<.i the lnsulaLe<.i en<.! thr·ough the knockouts into the inverter cabinet. 

1.21 GROUND THE BATTERY CABINET to the inverter cabinet. If> for any reason> the cabinets are not connected by metallic fittings> a separate ground wire (AWG 1~ or larger) must be connected between the cabinets. 

1.22 CONNECT THE BLACK CABLE to the NEG battery terminal in the inverter cabinet (completely remove the insulation from the end of the cable). Be sure that the connection is tight. See Fi~ure 1-14. · ,, 

1.23 WIPE THE TOPS and terminals of the batteries with a clean cloth. Coat the terminals with Exide NO-OX-ID. Inspect to be sure that all batteries have been installed with proper polarity. Label the batteries with the date of installation. 

- 16 -
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1.24 REMOVE THE COVER from the batteries on the second shelf, 
and place it over the batteries on the third shelf. Install 
the top on the battery cabinet, using bolts, lockwashers and 
nuts on the rear wall,. and lock washers and nuts on the side 
walls. Tighten all hardware. Repeat these instructions for 
each battery cabinet. See Figure 1-12. 

Temporarily cover batteries 
with cardboard. 

Install louvered top panel. 

Remove all temporary cardboard covers. 
,II 

/ I 
/ I 

/ 

/. 

{Figure 1-12) 

- l'{ -
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1.25 INSTALL DOORS on all the battery cabinets, using the 

remaining lockwashers and nuts. See Figure 1-13. 

0 

--- ------ ----

(Figure 1-13). 

- 18 -
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1.26 TEST THE INVERTER CONNECTION by connecting a 100 W, 120 V 
test lamo between the POS battery terminal in the inverter 
cabinet and the insulated end of the red battery cable. -
(do not use a neon tester) If the lamp does not glow, 
connect the red cable to the POS battery terminal. Use the 
lamp to test between each battery terminal and ground. 
It should not light. 

If the lamp does glow, make sure the battery circuit 
breaker (CBl) is OFF, and no wires are damaged 
or pinched in either the battery or inverter cabinet. 
(See Figure 1-14) 

Watch the DC voltmeter on the inverter si~nal panel while 
the battery circuit breaker is turned ON. The voltmeter 
should rise to approximately 150 volts and remain there. 
If the voltmeter appears to read low ( 138 volts or less), 
check the polarity of each battery again. 

IMT"T"ECY 
•~c:u,r G,tC'la:Cc. 

(Figure 1-14) 

When the voltmeter indicntcs normal battery voltacc, 
turn the battery circuit breaker OFF and proceed with 
the next step. 

- 19 -
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1.27 CONNECT THE UTILITY LINE to the line terminal block and 
the neutral bar. Make sure the line voltage corresponds 
to the voltage rating on the line terminal block and on 
the nameplate. (See Figure 1-15) 

l.Oi\O 

{Figure l-15) 

- 20 -
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1.28 SYSTEM STARTUP - Turn on the load circuit breakers, and -
the battery circuit breaker (CBl). Set the inverter switch 
(S2) to the SERVICE position. Now apply AC power to the line. 

The load should be energized in approximately 5 seconds. 
If the load does not turn on within the minute, or if 
any other trouble is experienced, see Section 2, "In Case 
of Trouble". When the load turns on, the orange "High Rate" 
charger lamp should light to indicate charger operation. 

1.0~0 

13:-%-tU--X@ 
NC:IIT'~\. 

( Fi g u re 1 - 16 ) 
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Set the inverter switch to the OPERATE position. Press the test button on the front panel. The inverter should turn on, and the load should continue to operate. Release the test button; the inverter will continue to operate for about 5 seconds, and the load will then be transferred back to the line. 
Turn off the AC line. The inverter should start as before. If the buzzer switch is in the ENABLE position, the buzzer should sound, and the red ALARM lamp on the front panel should be lighted. The buzzer can be silenced by moving the buzzer switch to the DISABLE position. I Turn the AC line breaker on. After about 5 seconds, the system will transfer back to line operation, as before, and the char~er will eo on. If the buzzer has been disabled, it will sound again. Return the switch to the ENABLE position. 

'l'hl:.; completes 1..hc in~tullut,lon of l-tw Centaurus System • 

- 21 -
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1.29 SYSTEM OPERATION - In normal operation, the Centaurus system connects the load to the ac line through a ferroresonant transformer. At full load, the load voltage is regulated to+ 5J at any line voltage between 105 and 130 volts (for 120V lines). Line watts will be approximately 10% greater than load watts with the charger not operating. 

The charger takes about 2700 VA from the line. After an extended power failure (1.5 hours or more), the charger will remain on continuously for about 10-12 hours, then eycle on and arr to maintain full buttery charge. During normal operation, the charger will be on (for short periods) for about 10% of the time. 
In. the event of a power failure, brownout, or disturbance on the power line, the system will start the inverter and disconnect the load from the power line 1virtually instantaneously. The load will be powered by the inverter, through the ferroresonant transformer. At full load~ the load voltage is regulated~ 5% during the entire battery discharge period. The inverter frequency is maintained at GOI-lz · .:_ -_%. 

WJ,un Ltu.: nurmul power· 1111c vulla1~1: .i.:; r•<.:H:JLora<l, Lhc t;yutcm will wait until the inverter and the power line are exactly J.11 pliu.;1:, Lliun Lrau;.;fc;r• I.lit: luud IJac:k Lu power line opt:!ration. The transfer in either direction takes pla~e in less than 1/ij cycle. 

In the event of a load fuult (short circuit on the load) the load circuit breaker will clear on either line or inverter operation. An overload may clea~ either the line or load breaker. A fault or overload condition cannot damaee the inverter. 

- 22 -
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1.30 MAINTENANCE - The Centaurus III-HID central AC system is virtually maintenance-free. Normal housekeeping and cleanliness should be observed. Louvers and grills should be dusted or vacuumed annually. The area in front of the cabinet should be kept clean and dry. 
If Exide LEC maintenance-free batteries are used, no water addition is necessary for the life of the battery. Maintenance type batteries should be checked on a regular schedule to keep the electrolyte at the recommended level. 
The system should be tested on a regular basis. Testing can be accomplished by pushing the test button on the front panel, or by turning off the line breaker. Systems with LEC batteries should not be te,sted for extended discharges more than once or twice a year. Maintenance-type batteries may be discharged more frequently. 

I 

When the system transfers to line operation after a test, be sure the charP,e indicator lamp (orange) is lighted, indicating that the charger is operating properly. 

- 23 -
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Ir the 1natallat1on and operating 1nstruct1ons· are rollowed carefully, you ahould encounter no ditriculty v1th the pertormance ot the ayate~. In case any pro~lem ar1aea, consult the chu-t below. It the ayatem cannot be made to perform properly after usin~ the chart, notify your Exide I..1ghtguard d1atributor, or Ex1de L1ghtguard, ESB Incorporated» 39 Teed Dr •• East Randolph, MA 02368. 

TABLE 2-1 

SYMPTOM POSSIBLE CAUSE AS!> CURE 
Battery circuit breaker Check battery polarity. Change 1t won't hold. necessary. 

Be sure line and load wiring are correct. Ir the AC line ia connected to the load terminals, !'!reworks may result. 

Line breaker trips ' Wrong line voltage. Check voltages. immediately. Line and load wiring reveraed. Check 
' and correct wiring. 

Line Breaker trips after a Overload: measure load VA and adJuat few minutea o!' operation. necessary. 
aa 

Line breaker too small. See Section l.~. 
Load breaker trips after Overload: measure load VA and adJuat a rew minutes. as necessary. 
Load br~aker trip3 inuncdi- Lond fault: check wlring and clear ately on system stArt-up. load fault. 
Syatcm will not start when Lluc wlrl111~ lnco1•rcct. Check ror proper line is turned on. voltages at the line input terminals. Chc:r.k l.c:1111u,r•:1turr:; ~1y:;to111 mu:it bo atol'"cd . 

in nrcu above 32op (OOC) and below 105op (lfOOC) for 2~ hours before operation • 
• line, Inverter disabled: check switch S2 

System works on ac 
but will not tran:;fer to (t1~ure 1-8). Switch should be 1n inverter. enable (operate) position. 
System transfers to1n-

'. 

AC line breaker may be tripped. verter, but will noJ; Check breaker. transrer back to line. . .. 
Battery circuit breaker Consult distributor. trips during transfer ..... trom line to inverter. or .... back to line. 

System transfers to in- One or more cells reversed. Check verter 1 but inverter all battery polarities. Battery dis-turns off after a rew charEedi Charee for 24 hours, retest •. seconds. Battery def~ct1vc. Consult distributor. 
Load Voltage too low Overload: Measure load VA and adJuat (under ll4V) as necessary. 

NOTE: Service on internal components should bo done only by qualified technicians. Haz~rdous voltages exist At IIIAny point• in the inverter assembly. 
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3.1 REMOTE ALARM DEVICES - The Centaurus III-HID system has built-in monitor circuits to warn of low or high battery voltage due to charger failure. The circuits will also indicate that a power failure has occurred. 
When an accessory electrolyte level detector is used, the monitor circuit will also warn of low electrolyte level. 
If any of the above conditions should occur, the red "low battery" signal lamp on the front panel will light, and the buzzer will sound. A remote annunciator or other signal device can be operated at the same time by connection to the small terminal blocks in the wiring compartment. 
The terminal board provides acces.s to a SPDT relay contact, rated 3 amperes 120 VAC. To wire a remote device, select either the NO (normally open) or NC (normally closed) relay pole, as required, and the common. The terminal board also provides 2QV AC fused for 1/2 Ampere. 
The NO nnd NC contnct~ nrc ~hown l.nhclcd in the alarm mode. Ji'or example~ of wirine a remote c..lcvlce, see fi~ure 3-1. 
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3.2 AUXILIARY BATTERY INSTALLATION - The Centaurus III-HID 
System is normally rated at a 1.5 hour protection period. 
The protection period at full rated load can be extended 
to 4 hours by the installation of an auxiliary battery. 
The auxiliary battery will usually have the. same rating 
as the original battery. 

Install the auxiliary battery cabinet in a suitable lo
cation. The best place is adjacent to the main cabinet, 
which results in the shortest wire runs. Very long 
wire runs between cabinets may result in a reduction of 
the 4.0 hour protection period. 

The auxiliary battery kit consists of a battery cabinet, 
24 batteries and jumpers fo~ interconnections. Follow 
the battery cabinet assembly instructions in steps 1.7 
through 1.20. 

The proper wire size for battery interconnection depends on 
the inverter power ratin~ and the wire run. Measure the total 
length:, and determlne the wire size from tl')e table below. 

MODEL 3 SP. 
CENTAURUS III-HID 

5.0 

7-5 

10.0 

TABLE 3-I 

WIRE SIZE, AWG* 

CONDUIT RUN:, FEET 
0-5 10 20 4o•• 

8 6 4 2 

6 6 3 l 

6 4 2 00 

*based on 0.2 volts drop each wire 
**for lareer runs, consult factory 
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Use the long interconnection cables supplied with the kit (one red, one black), or fabricate cables of suitable length. Use crimp or compression terminals for connection to the battery posts. Ring lugs are recommended over spade lugs. Connect the black cable to the left front negative terminal on the first shelf of the main battery cabinet, and to the corresponding terminal in the auxiliary battery cabinet. Connect one end of the red cable to the battery cabinet left rear positive terminal on the third shelf of the main battery cabinet. 

CAUTION: Before connecting the remaining terminal, connect a 120 Volt test lamp between the cable end and the positive terminal of the auxiliary battery. If the lamp glows, even dimly, check all battery polarities before proceeding. 

Hcver.sul of one or 111orc ll.:ittcries in this connection can cause batteries to explode. 

When test lamp remains dark, connect the remaininP. positive terminal to the fuse on the positive terminal in the auxiliary cabinet. Complete the cabinet assembly as in steps 1.22 through 1.26. This completes the installation or the auxiliary battery. 
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SEC'l'ION 14 

SYSTEM DESCRIPTION 
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The Cen~aurus III-HID Emergency Li~hting System is a batterypowered inverter-charger intended for use as·a central source of emergency ac power for lighting circuits and critical loads in the event of utility power failure. The Centaurus system is connected between the utility ac line and the critical load or other selected emergency branch circuits. The selected loads will continue to receive power during the utility ac power failure. The Centaurus III-HID is characterized by extremely rapid transfer from ac line to inverter operation, and a true sine-wave output. It is fully compatible with all classes of high-intensity-discharge (HID) lighting systems. 
Figure 4-1 shows the block diagram of the Centaurus system. The ac power line is connected to the system through a transfer switch. The transfer switch is a fully solid-state switch with very rapid response capabilities. When the switch is closed, the utility ac line is connected to the Centaurus system, and to the selected branch loads." The loads are isolated from the utility line by a ferroresonant transformer. 

' I 

Durinr, periods when the ac line is normal, the transfer switch will be closed, energizing the loads by the ac line. The line will also be connected to the Centaurus battery charger and the system monitoring and control circuitry. The charger will rechar~e the battery within 12 hours followinK a utility power failure, and will thereafter mainLain the battery in a fully e!J,.u·i~eu condlllon. 

Wilen u ut.lllt,y power fullurc oce;ur•:;, t.tw :;ystem control circuits sense the failure and disconnect the line from the load by opening the static transfer switch. The branch circuits are now isolated from the power line. After the static switch is open, the inverter 
will be started by the control circuit. The inverter transforms power from the 144V storage battery to ac power at the proper voltage ana frequency to operuLe Lhc emer~ency branch circuits. The inverter supplies power to the load through the power transformer. In addition to adjusting the battery voltage to the proper load voltages, the transformer isolates the ac load from the inverter and battery. 

The inverter will supply ac power to the branch circuits until the battery is completely dischar~ed. For lead-acid batteries, this is defined as a discharge to a terminal voltage of 126 volts. Typically, the inverter will operate for l.5'hours at rated load. At the end of this time the inverter will automatically turn off to prevent excessive discharge and possible damage to the battery. 
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When the utility ac power is restored, the restoration is sensec by the system control circuit. The control circuit closes the static transfer switch, reconnecting the ac line to the loads, and also to the battery charger. If the utility power is restored before the inverter has turned off, the control circuit automatically turns the inverter off when the transfer switch closes. 

The Centaurus III-HID battery charger is a two-state voltagecontrolled charger. After a power failure, and following restoration of utility power, the charger will turn on automatically to recharge the battery. The control circuit monitors the battery voltage continuously. Near full charge, when the battery terminal voltage reaches the maximum charging voltage (upper charge limit), the charger will turn off automatically. For a short period following turn-off, no charge will be delivered to the battery. During this period, the battery terminal voltage will slowly decrease. At a 1 certain point, the charge control circuit will turn the charger on again, and the cycle will be ,repeated. The cycle wi11 operate continuously to charge the battery, and keep it fully charged without overcharging. This charge regime has been designed specifically for charge maintenance of Exide LEC series batteries, particularly recommended for emer~ency lighting applications. 
The utility lirie supplies power for the load> the charger, and tn nv~rcnmA th0 lns~0s in thn ~y~tnm. Thr nizin~ of thn linn c:lreuit breaker 111.:iy be done w:it.h tbc aiu of line current ratings in Section 1.4 of this manual. 
The Centaurus III-HID system is provided with protective circuitry against improper loading or connections. In the event of a load fault (short circuit), the inverter will operate continuously without damage. Output current is limited to approximately twice the rated load current at zero load volta~e. If the load fault is removed, the system will then provide normal output power. 
The system will withstand short overloads, and will maintain usable 
output voltaP,e at up to 40% overload for brief periods. Sustained overloads will clear properly sized line and/or load breakers •. 
Improper battery connection is protected by a battery circuit breaker and a reverse-connected silicon rectifier. The breaker will clear automatically (will not hold) if the battery is reverse· connected. The breaker is located within the wiring compartment of the inverter assembly. 
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CENTAURUS HID 

- SPECIFICATIONS (at 25°C Nominal 120V line Voltage, except as noted) 

MODEL NUMBER 

OUTPUT Pm~ER, VA 

INPUT VOLTAGE 

OUTPUT VOLTAGE 

OUTPUT FREQUENCY 

OUTPUT VOLTAGE 
REGULATION 
Line Operation 

Inverter Operation 

BROWNOUT PROTECTION 

NSFER TIME 

TOTAL HARMONIC 
DISTORTION 

PROTECTION PERIOD 
One Battery 

Two Batteries 
("A" Suffix) 

RECHARGE TIME 

EFFICIENCY 

Line Operation 
{Throughput) 

Charger 

Inverter Operation 

I 

.TING TEMP. RANGE : 
HIPUT VA 
{Including Charger) 

CENTAURUS III-HID 
I 

10,0 5.0 7.5 

5000 .. 7500 10000 

120, 208, 240 or 277 VAC, 60 Hz, single phase 

120,240&277 VAC 60 Hz single or in combination, or 208V single 

Line Frequency, if present, or 60Hz + 1% -

!_ 5% at full load, 105 to 130 V input* 
!_ 5% at full load for specified discharge period 

will 

7700 

transfer to inverter at 102 V minimum* 

3 milliseconds maximum 

Less than lOt at full resistive load 

1.5 hours at rated load 

4.0 hours at rated load 

,J 12 hours 

measured at rated load, unity power factor 

92: minimum 

typical 

85~ minimum 

0° to 40°C (32° to 105°f) 

10200 12700 
- 35 - 3.8.2-37 
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The Centaurus inverter uses a highly reliable silicon controlle& 
rectifier (SCR) circuit in a standard parallel configuration. 
The charger, likewise, is an SCR phase-controlled type, with 
constant current control. These circuits are generally immune 
to damage from transients and surges on the ac line. 

The Centaurus III-HID system is equipped with visual and audible 
indicators to monitor operating conditions. A green "ready" lamp 
indicates that the system is connected to a normal utility line. 
The amber "high rate" charge indicator indicates charger operation. 
It will be on steadily following a power failure. When the bat
teries reach full charge, it is normal for this lamp to flash on 
briefly every few minutes. The red indicator, coupled with an 
audible alarm, will be on during a power failure, and when the 
battery voltage is either too low or too high for any reason. The 
indicator will therefore warn of a charge failure. If the battery 
breaker should open for any reasons the buzzer and lamp will oper
ate intermittently. 

The buzzer can be temporarily defeated in case personnel are 
working in the area during any of the above conditions. 

A push-button test switch, located on the front panel with the 
irn.lit.:aLu1· lw11p:..;, cun ue u:..;ccJ Lo L1:~;I. Lllu upL•r·uLion ol' Ltw :;y~Lcm. 
PushinK the button transfers the system from the operation to 
lrivcr·t.ur· OJJL·r·aLion. When LJw :;wJLcJi L; J'L'lcc:1::.ccl, the :;y::;tern will 
wait for a few seconds before transferring back to line operation. 
The delay insures that a steady line is present. After transfer 
back to line operation, the orange charge indicator will turn on, 
indicating proper charger operation. 

The inverter can be disabled~ for inspection or 
a switch located within the wiring compartment. 
within the wiring compartment are fuses for the 
relay, and a terminal board for connection of a 
alarm. 
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3.8.3 Miscellaneous Lighting Fixtures 

3.8.3.l Identification Description 

N/A Misc Lighting Fixtures 

3.8.3.2 O&M Instructions 

The O&M instructions for the various types of lighting fixtures 

provided are identified in the following shop drawing submittals. 

3.8.3-1 



Patent 3,833,804 

J.8.3-2 

SERIES 44 e 
Low Level Area Light 

• Vandal Resistant 

• Ideal for landscaped areas accentuating 
shrubbery around professional office 
buildings. 

• Provides down light for foot paths and 
lanes with no glare. 

• Optically designed lens for proper light 
distribution. 

-

-
1.712 
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I?? 

, 
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' ' I 
I 
I 
I 
I 

A.B.S. PLASTIC HOOD 

,,--~~~~ 
I LAMP (MV, MH OR HPS) 

I 
I , 

DIRECTIONAL 
FRESNEL LENS 

CONCEALED HOOD 
ATTACHMENT LOCKING ROD 

CAST ALUMINUM SOCKET HOUSING 

SINTERED BRONZE AIR FILTER 

~-----EXTRUDED ALUMINUM POLE 

Available with mansard hood as shown or colonial style shape. Vandal resistant construction in both styles. 
Sintered bronze filter deans all air entering sealed optical compartment. Auxiliary 180° inner reflector 

available for directional applications. 



SPECIFICATIONS: 

Lens is heat-treated clear glass with horizontal ribbing to 
direct rays of light through the louvers. 

Louven are die-cast aluminum, painted with non-glare 
matte finish. They protect retractor from damage and 
minimize glare. 

Sealed optical system with sintered bronze filter built 
into mounting base removes dirt particles from air 
entering enclosed fixture. Assures brighter light and 
lower maintenance cost. 

Cone and Mansard type hoods constructed of A.B.S. 
plastic with Korad finish on outer surface for color 
stability. 

Reflector is optional. Made of Alzak• aluminum with 
specular surface to concentrate beam over 1800 and 
eliminate back spill. 

Fixture base is cast aluminum finished in matte paint. 

"T,ademari:. ol Aluminum Co. of America 

Expanded aluminum metal guard above louvers prevents 
rocks or other debris from hitting retractor. 

Light Sources - Mercury vapor, metal halide, or high 
pressure sodium encased and potted ballast for outdoor 
operation. Ballast can also be of indoor type mounted 
in building or other suitable sheltered location. 

Porcelain mogul socket has heavily plated spring-sup
ported center contact and lamp grip screw shell. 

All hardware is stainless steel or oorrosion resistant 
metal, including tamper-proof sa-ews. 

Standard color of fixture is black. Available with Cone 
style hood or Mansard style hood. 

Pole is of 4½" 0.0. extruded aluminum, brush finished 
and must be ordered separately. 

. . . . - - . ;. - ;. ;-.,"'"' _____ ,. ____ _ 

1 
C 

BALLAST 

_J__ 
G 

T._Ser_i_es_44_. A 

w/Cone style hood 

A B 

44A 30" 171MA' 
44AM 24", 18%" 

OUTLINE DIMENSIONS 

3½"1.D. 
Conduit Hole 

BASE PLATE 

C D 
12½ .. 16 .. 

1n .. 16" 

'K" X 1½" 
Slots (4) 

E F 

10" 8" 
10 .. · 8''. 

3.8.:M i 

G 
4 .. 

..... 

T 
C 

·BALLAST 

__..__ _ _.!_ 

H 

See Cat. 
Page 1.742 

G 

44AM -r 
w/Mansard hood 

I J 

9"' .. 4'' 
9"'': 4 .. 

H 

K 

4½" 

4½''. 

1 7~? 

-

-

-
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Series 44 Catalog Listing 
(iJ .... UC¢ 

FIXTURES WITH POSTLINE TRANSFORMERS INCLUDED: ALUMINUM POLES 

MERCURY 44A-400-120 
VAPOR 44A-250-120 

44A-175-120 
44AM-400-120 
44AM-250-120 
44AM-175-120 

400 Wan • Cone Style 
250 Wan - Cone Style 
175 Wan • Cone Style 
400 Wan • Mansard Style 
250 Wan • Mansard Style 
175 Wan - Mansard Style 

60 
50 
47 
60 
50 
47 

252-C18 

252-C16 

252-C14 

18' Pole w/base cover 40 

16' Pole w/ba• cover 36 

14' -Pole w/base cover 32 
METAL 
HALIDE 

44A-1400-120 
44A-1250-120 
44AM-1400-120 
44AM-1250-120 

400 Watt • Cone Style 
250 Wan - Cone Style 
400 Wan - Mansard Style 
250 Wan - Mansard Style 

62 
50 
62 
50 

252-C12 

252-C10 

252-CB 

12' Pole w/base cowr 28 

10' Pole w/base cowr 24 

8' Pole w/base cowr 20 
HIGH 
PRESSURE 
SODIUM 

44A-22S0-120• 250Watt-ConeStylei,.. 
44A-21 SO-1 20• 150 Wan • Cone Style f 
44A-2100-120• 100 Wan -Cone Style .. -

6' Pole w/base cover 18 

12 
44AM-2250-120• 250 Watt -Mansard Style 

~44~A"!'M;;.·.;;2.,15{)c_..,.iiiiir--::1i.;.50 Wan - Mansard Style 
44AM-2100-1261 1 an -Mansard Style 

61 
-17, 
47 

ey No. Cone Style- 1.87 Mansard Style 2.26 
• Transformers are shipped separate I r field mounting. • These fixtures available with 120 volt ballasts only. 

tion. Other volt· • For 180° reflector. add suffix .. 1 .. to catalog • Catalog Nos. above are for 120 o 
ages available are 208, 240. and 
Suffix to 208, -240 etc. 

SAMPLE SPECIFICATIONS 

277 only. Change number. 

W 1TH 'PE CEt..e-
Fixture: Luminaire shall include ·r glass heat treated lens with horizontal ribbing to direct ray of 
light through the louvers. Louver re to be of die-cast aluminum, painted with non-glare matte 
finish. Design of lens and louvers to such that no glare is visible above the horizontal axis through 
the lamp centerline. Hoods are con ucted of A.B.S. Plastic with Korad finish on outer surface. 
Expanded aluminum sa-een to be vided between top louver and inside of hood to eliminate 
possible entry of rocks or debris. Ho to be removable for maintenance by releasing three tamper• 
proof hood lock screws. Fixture base is to be of cast aluminum finished in matte paint. Optical 
reflector is to be made of Alza1t•a1uminum with specular sunace. Unit shall have a sealed optical 
system with sintered bronze filter built into mounting base to remove dirt particles. An encased and 
potted transformer ____ wan for a ___ lamp at ___ volts shall be provided. A II hardware 
to be stainless steel or corrosion resisting metal including tamper-proof screws. 
Pole: Pole to be 4½" O.D. by minimum. 125" wall extruded aluminum tubing. Pole to have cast base 
of Almag alloy with split type anchor bolt cover. Finish to be brushed aluminum unless otherwise 
specified. 

FOOTCANDLES FOOTCANDLES 

2.8 

3.7 
, 

4.8 

6.2 

8.2 

11.2 

16.5 

22.3 

"A.TIO Of' MOIIIIZ'ONTAL DISTANCE TO MOUNTING HEIGHT RATIO OF N()IIIZONTAL DISTANCE TOIIOUN'1'1lltG MEIGMT 

7 65432101234567 

6 
5 

4 

3 

2 

1 

0 

2 

3 

4 

5 

6 

7 

I , .... - .... 
i r~ - -,.._ ...... 

I-- I--.5 ' ,., ~ r-.. ... ..... , II' 1.5_., r,. 
.... ·' ,, 

j ' 
I/ ,2 .. ~ i.,., ..... r"" .... I\ \ 

I , 31_ ... i--.. .... ' 1 

j f\"" \ 
, \~ 31/ I 

\ ' I\ \. I\. 
r,.. 1,ooZ.l_,, J 

' 
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,._ 
- L, 2,.s' 1/"I 
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" ,_..I,' i,.,,;75_4 "- "' '" "~ i.,., L.-1 -
OM-2250 2!IOW OM-25D250W 

HIG H PRESSURE SODIUM METAL HALIDE 

,__ 

PHOTOMETRICS 

~7 65432101234567 
C, 

~ 6 

~ 5 
;: 
§ 4 
!l 3 

~ 2 
~ 1 

~ 0 

~ 1 
C 
~ 2 
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~ 6 
C 7 
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"' 
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L 

I 
OM-400•- OM-tcOO•-

MERCURY VAPOR METAL HALIOE 

These isolux charts are for units mounted on 10' Pole. To convert the 
isolux chart to Mtg. Height other than 10' -Multiply F.C. Values by factor for that Mtg. Height. 

FC CONVERSION CHART 
MTG.HT. FT. 4' 6' 8' 10' 12" 14' 16' 18' 20' 
FACTOR 6.25 2.78 1.56 1.00 0.69 0.51 0.39 0.30 0.25 



LIGHTING FIXTURE SUBMITTALS 
FOR 

LORD ELECTRIC CO. 
FOR 

SOLAR 10 MEGAWATT CENTRAL 
RECEIVING PLANT 

DAGGETT, CALIF. 

16210 Manning Way• Cerritos, Ca. 90701 

(213) 926-9523 

3.8.3,G 

(714) 994-4590 

-

-



- • --_I ~ .. 
TYPE e ttE, ~c, 

-

-

Ht-I HK ,H..J 
I I 

Ht.-

Appllcatlone 
• Enclosed and gasketed HID lighting 
fixtures for use in tunnels, walkways, 
bridges, storage facilities, processing 
plants, parking lots, foundries, manufac
turing plants, power plants and other lo
cations where moisture, dirt, dust or 
corrosive atmospheres are encountered. 
• Fixtures suited for Class I, Division 2; 
Class II, Divisions 1 and 2; and Class 
Ill. 
• Suitable for use in wet locations. 
• Wide range of wattages and voltages. 
Standard fixtures with choice of in-head 
ballasts for 50- to 400-watt lamps in 120, 
20a, 240, 2n and 480 voltages. 
• Choice of light sources: high pressure 
sodium, metal halide and mercury vapor. 
HPS provides high lumens per watt and 
is the least expensive to operate. 
• Choice of optical assemblies: ( 1) pris
matic globe with or without guard thru 
250W; (2) enclosed reflector with sealed 
lens assembly for 250W and 400W HPS 
and 400W MH and MV; (3) Type V 
closed prismatic glass retractor thru 
400W (Types II, Ill and IV also available 
thru 400W and also polycarbonate 
globes for 100W maximum); and (4) 
Stylmaster Series for use with remote 
ballasts. 
• Choice of mounting hoods: pendant 
(rigid or flexible), 25° angle stanchion, 
ceiling, and wall mounting. 
• Porcelain reflector for standard appli
cations and fiberglass reinforced polyes
ter reflector for installations where 
luminaire is subject to exceptionally se
vere corrosive atmospheres. 
Features 
• Superior corrosion-resistance: copper
free aluminum mounting hoods, ballasts 
and guards with two-coat baked EPOXY 
finish, inside and out. 
• Standard pendant mounting hood for 
rigid or flexible mounting. Balanced 
round design automatically hangs plumb 
when used with flexible hanger. 
• Positive sealing. Hinge and bolt con
struction assures 360° compression at 
all points on gasket. 
• One-piece ballast housing. Individual 
compartments for each component pro
vide even heat dissipation for cooler op
eration and longer ballast life. 

PAGE 2, Effective 1980 
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Mercmaster Enclosed and Gasketed 
HID Lighting Fixtures. 
High Pressure Sodium, Mercury Vapor and Metal Halide. 
UNILETS'~ tor Use with Threaded Metal Conduit. 

~A~ 
18.3-7 "\ 

1701 W Wellington Ave 
Chicago, lll1no,s 6065 7 

Copyright 1980 Printed ,n USA 
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TYPE 
Hf,, Hf,, 

HH
1
H~,H..l 

j Hl.---

• Heat barrier isolates capacitor from 
ballast. Standard non-PCB bio-degrad
able capacitors installed in separate 
compartment. 
• Mogul socket is furnished with 200° C 
welded leads, prewired to the ballast. 
• Porcelain socket assures trouble-free 
operation in high ambient installations. 
• HID Stylmaster fixtures ideal where 
mounting height is restricted and remote 
HID ballasts are required. 
• Guards protect globes from damage. 
Guards snap on easily-spring-action 
stainless balls snap securely into de
tents of fixture. 
• Prismatic glass globes and glass re
fractors are standard (plastic refractors 
also available) and thread directly into 
fixture housing. Eliminate glare and pro
vide uniform light distribution. 
• Vented reflectors result in cooler, dirt
free operation, increased lumen output. 
• Reflectors secured to mounting hood 
with screws (furnished). 
• Choice of reflector styles: white por
celain enamel or fiberglass-reinforced 
polyester; standard dome or 30° ahgle. 
• Optional photocell provides automatic 
··on-off' control. 
• All Mercmaster mounting hoods have 
provision for easy field installation of 
fuses in fixtures (see fuse kit listings). 
Stanclad Materials 
• Mounting hoods, ballast bodies and 
guards: aluminum (copper-free-4/10 
of 1% max.). 
• Reflectors: porcelain enamel steel and 
fiberglass-reinforced polyester. 
• Globes: 50W-100W, threaded pris
matic glass; 150W, 175W, and 250W. 
threaded heat-resistant prismatic glass. 
• Refractors: 50W-150W, heat-resistant 
prismatic glass and plastic; 175W-400W, 
prismatic glass. 
• Enclosed reflector: etched Alzak alu
minum (copper-free-4/10 of 1%) with 
sealed, tempered heat and impact re
sistant lens. 
Standard Finishes 
• Mounting hoods, ballast bodies, 
guards: EPOXY-CLAD finish. Two-coat 
baked finish, electrostatically applied for 
complete uniform surface protection. 

G.>pyright 1980 Printld in U.S.A. 

r 1 •3 
Mercmaster Enclosed and Gasketed 
HID Lighting Fixtures. 
High Pressure Sodium, Mercury Vapor and Metal Halirle. 
UNlLETS® for Use with Threaded Metal Conduit. 

• Steel reflectors: white porcelain 
enamel. 
• Polyester reflectors: natural finish. 

Options 
• Fuses for fixtures. See listings. 
• MV and MH fixtures for quartz auxil
iary lamps. Relay switch installed in fix
ture when specified. Add suffix -MTE to 
fixture catalog number for 120V thru 
2nv, and suffix -480E to fixture catalog 
number for 480V fixture. 
• "Hot restart" emergency option, avail
able for 50W-150W HPS only. Add suffix 
-HRE. 

Stainless Steel 
Pin, Nut and Bolt 

\~ 
Non-PCB 
Capacitor 

Encapsulated 
HPS 
lgnitor 

High Temperature 
Nickel Plated 
Socket 

3.8.3-8 1 (\ 

Compliances 
• UL Listed. 
• UL Standard 57 and 844. 
• Suitable for use ,n wet locations. 
• Class I, Division 2, Groups A, B, C, D. 
Class 11, Division 1 and 2, Groups E,F,G. 
References 
• For additional data on lamp and light
ing fixture selection, see general intro
duction to C<)talog. 

Conduit Hub 
with Setscrew 

Silicone 
Rubber 
Body 
Gasket 

Silicone 
Rubber 
Globe Gasket 

1701 W. Wellington Ave 
Chicago, Illinois 60657 
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Photometric Data: 

TYPE Mercmaster HID Lighting Fixtures. 

Ht>, HC~ 1 

+-IH I I-It'.., H--J I 
HI,., 

Photometric data shown below is based on 
a 100 watt, E-23 1/2 (9,500 lumens) clear 
lamp. For candlepower values for 50 watt, 
use multiplier of .35; for 70 watt, .61, and for 
150 watt, 1 .68. 

No reflector 
Spacing to Mtg. Ht. 
r,atoo 2 00 1 Guard 95 

1".'-'J\l~)J\', llll"!J.. ~ 
---- ....__ \ 
- ---- ' .... ~ "' .. ,_ '\ '\ ' 

30° Angle 
Guard .90 

Standard Dome 
Spacing to Mtg Ht Ratio t 66.1 
Guard .88 

PCt~actor 
Spacing to Mtg. 
Ht. Ratio 1.90:1 

PAG• H, Ellective 1980 

No Reflector 
Effective Floor Cavity Reflectance (Ric) is 20% 

--·r-·-· 
%Celling Rec 80 70 50 30 10 0 ·- ,..... ____ 
%Walls Rw 50 30 10 50 30 10 50 30 10 50 30 10 50 30 10 0 

1 .696 .648 604 641 598 .556 539 .505 .475 444 .419 .395 358 .338 320 277 
2 580 .512 454 533 472 .421 444 .397 .355 .363 326 .293 .287 259 .234 195 

"' - --· .. ---· .. ---- - ~--------- -
~ 3 494 .418 357 453 384 :330 376 322 277 .304 263 277 238 205 1 i'"/ 14? 
Ill 4 429 3',t 291 '.l94 3<'4 269 327 270 .226 264 220 184 206 111 1 . i :·~ 11? a: 

·--
?: s 371 .29b 237 343 272 21H 2Bo ?27 183 230 183 148 1 7R 142 1 :· fJ8'-, ·;. 

1i1 Ill 6 329 .252 198 '.)01 232 181 .249 193 1 ~1 201 155 15fj 119 r)'-j· ,- ~- -, u ----- ---
E 7 291 216 166 267 198 151 220 164 125 .177 133 .099 138 102 •J~-.1 U51 0 
0 8 .260 189 139 .238 174 128 197 144 106 160 .116 .084 123 088 (J/i;,' 041 a: -------·-·· -- ··------ - ~ 

9 .234 166 .119 .215 152 109 178 126 .090 .144 101 .071 .112 077 051 033 
10 .211 .145 103 193 135 094 161 111 .077 130 089 .059 101 .057 0•12 026 

Standard Dome 
Effective Floor Cavity Reflectance (Ric) is 20% 

-------- --····-- ---·--
%Ceiling Rec so ___ J_ __ _ 10 __ - so . JO J -- 10 

0 
---~-----·- -~- -·------ --

%Walls Rw 50 30 10 so 30 10 50 30 10 50 30 10 50 30 10 0 

1 .777 .747 720 759 731 .707 .726 .703 638 .696 .678 .661 .670 .654 .640 . 625 
2 .680 .632 590 666 .621 .584 .638 601 .568 .613 .583 .555 591 565 .5-41 525 

---- ---
"' .!2 3 593 .534 487 .582 526 .483 .559 .512 473 .537 .497 464 .518 484 454 .438 
iv 4 523 .459 409 513 453 405 493 441 .399 .475 .430 393 .458 419 .387 370 a: - - - ···- ·--.------- ---- ---------------·--- -------··- ~-- ---·-
?: 5 459 .391 340 449 .386 .338 434 337 335 .418 .368 .330 .403 .360 325 309 ·;. 

6 .405 .336 289 .397 .330 .284 .382 325 .282 369 317 279 357 .311 27b 260 J ------ .. -•----------····-- --- - ----- ·--· - - ·--

g 7 .357 290 245 .351 286 .241 .338 279 .238 .325 .274 .234 .316 .269 232 217 
0 8 321 256 209 315 .253 .208 .304 .247 .207 .294 .242 204 .284 .237 .202 187 a: ---- ---·-·--------1-------------·-·-- ---------1----------- - ------

9 289 .225 180 .284 222 180 .274 218 178 .265 .213 .177 257 .209 175 160 
10 .260 .198 158 255 198 .157 . 248 . 193 . 156 .240 .189 .153 233 186 ;52 139 

Type V 8" Retractor 
Effective floor CavittReflectance_(_RfcJ_is ~Cl% 

%Ceiling Rec 80 70 so 30 10 0 
---------·- f-- -· ------------- -

%Walls Rw 50 30 10 50 30 10 50 30 10 SO 30 10 50 30 10 o 

"' .!2 

~ 
>, 

-,. 
Ill u 
E 
8 cc 

1 .67 6'' :,8 (i4 60 55 .59 55 53 54 52 50 51 49 .\. -l-l 
2 :,4 4B 42 52 46 41 48 43 .38 44 40 36 40 .,, . j.; ,,c 

3 45 .37 31 ,13 36 30 39 .33 27 .36 31 .27 33 29 5 23 
4 38 30 24 .37 29 .24 33 27 .22 31 25 21 .27 23 20 17 -----f----------
S 33 .25 19 31 24 18 27 .22 17 .26 20 .16 24 .19 1,, 13 
6 27 .21 15 27 20 .15 25 18 13 22 .17 13 .21 16 P 10 

7 25 .18 13 24 17 12 22 .15 11 20 13 10 .18 .13 10 08 
8 22 .15 10 21 15 .10 .20 13 10 18 .13 09 .16 12 08 06 -- ---- ·- -----·-----·-- 1--------- ---··-·--+--------+--
9 .20 13 09 19 13 09 18 .12 08 16 11 .08 15 10 06 05 

10 18 12 OB 18 12 08 16 11 06 .15 .10 .06 13 .09 06 05 

3.1.i-9 \ L 
J~ 
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lsofootcandle Data on Mercmaster 
HID Lighting Fixtures. 

TYPE .••~••t,:. ~if-•t:"6· ;. ,. ' . l,u fie 1 ~r, '~i'(··· .. ,•·:·f 

HH 1 ~a:., HJ 
H L---

Footcandle Chart Mercmasler ,·~- (Initial Horlz. FTC) No Reflector 

... 1-:::. ,--~-
No Guard 
High Pressure Sodium L ~ ~,~,~ 70 Watt-5800 Lumen 
100 Watt-9500 Lumen 

0 10' 20' 30' 40' oO' 
150 Watt-16000 Lumen 

Horizontal Distance from Mounting Point (Ft.) 
Mounting ·---------·--- --- ·-- ------------

Lamp Height, Ft. 0 5 10 15 20 25 30 35 40 45 50 

70 8 .60 2.7 1.5 .73 .38 .21 13 .08 .06 .04 .03 
Watt 10 .39 1.7 1.3 .72 .40 .24 15 .10 .07 05 .04 
HPS 12 .27 1.1 1.1 .68 .41 .26 .17 .11 .08 .06 .04 

15 .17 .66 .81 .60 .39 .26 .18 .13 .09 .07 .05 
20 .10 .37 .43 .40 .33 .25 18 13 .10 .08 .06 

100 8 1.0 4.8 2.7 1.2 .62 .35 .21 .14 .10 .07 .05 
Watt 10 .64 2.8 2.2 1.3 .67 .40 .25 .16 .11 .08 .06 
HPS 12 .44 1.8 1.8 1.3 .71 .42 .28 .18 .13 .09 .07 

15 .28 1.1 1.3 .97 .70 .45 .30 .21 .15 .11 .08 
20 .16 .59 .69 .70 .55 .42 .32 .23 .17 .13 .10 

150 8 2.5 8.3 4.6 2.2 1.1 .6~ .38 .25 .17 .12 .09 • Watt 10 1.6 5.4 4.0 2.2 1.2 .71 .44 .29 .20 .14 .11 
HPS 12 1.1 4.2 3.3 2.0 1.2 .76 .49 .33 .23 .17 12 -15 ,72 2.1 2.4 1.8 1.2 .79 .54 .38 .27 .20 .15 

20 .40 1.1 1.3 1.3 1.0 .73 .54 .40 .30 .23 18 

Footcandle Chart Mercmaster 

T (Initial Horiz. FTC) Standard Reflector 

:-~-
No Guard 

MH High Pressure Sodium 

__L ' ''~- 70 Watt-5800 Lumen 
100 Watt-9500 Lumen 

0 10' 20' 30' 40' 50' 
150 Watt-16000 Lumen 

Horizontal Distance from Mounting Point (Ft.) 
Mounting • Lamp Height, Ft. 0 5 10 15 20 25 30 35 40 45 50 

70 8 14.8 10.0 3.8 1.5 .55 .15 05 03 .02 .01 .01 
Watt 10 9.5 7.7 3.7 16 .74 32 12 .05 .03 02 .01 
HPS 12 6.6 6.6 3.3 1.5 .87 4G 18 10 .05 .02 .02 

15 4.2 4.2 2.7 1.7 .94 .56 33 .18 .10 .06 .03 
20 2.4 2.5 1.9 1.3 .9:> 62 41 .28 18 12 .08 

---,------

100 8 219 16.8 6.3 24 .Bli ?.A .08 ' .05 03 .02 .01 
Watt 10 14.0 12.4 6.0 2.7 1.2 53 19 .07 .04 .03 .02 
HPS 12 9.7 9.4 5.5 2.8 1.4 .73 .36 .20 13 .04 .03 

15 6.2 6.7 4.4 2.7 1.6 .90 .53 .33 .19 .11 05 
20 3.5 4.3 3.1 2.2 1.5 1.0 68 .44 .30 21 .13 

··-----------

150 8 36.9 27.8 10.5 3.8 1.3 .35 .14 .08 .04 03 .02 
Watt 10 23.6 20.8 10.1 4.4 2.0 .78 .29 .11 .07 .04 .03 

-
. 

HPS 12 16.4 15.8 9.2 4.6 2.2 1.2 .54 .30 .16 .06 .04 
15 10.5 11.6 7.5 4.5 2.6 1.5 .86 .42 .26 .16 .08 
20 5.9 7.2 5.2 3.7 2.5 1.7 11 .73 .50 32 ' .19 ~ 

@ -A leto ® 
1701 W. Wellington Ave 

PffLICTR~ COM!! Chicago. Illinois 60657 

MQII aa. ElfectiYe 1980 3.l.3-10 Copyright 1960 Printed 1n U S A 

-~2· ... ~.:;. ,.:·.~::::-11[Jd.i,ic::;;; :: : :.$$ :.;:: ::::,: : : .~::,: :.:::: ~----':.: ····· ·-•. ,, .... Eli ~- _,.- . . 



-

-

-

Mercmaster Dimensions: 
SOW-1 SOW HPS, 

TYPE 175W-250W MH, and 1 OOW-250W MV. 
H0,Hl,, 
HH I i41l. ,i-W 

HL, 

i--- 10.25" 0.A. 
i (26.0an) 

_j 

Pendant Mount 

;-~Dia. 

4 75" ~ / 1· 
(12.lc,m' / 4 _50" 

< ' . ·- --· . (11tm)4~ 
'., (10.lcm) 

. .L. ----

< ' 45"-l 

Wall Mount 

r 
60()" 

·r--··· 
5.50" 
(14.0cm) 

L. 

--\-" 
\ 

Stanchion Mount 

900" 
(22.9cm) · ---·-7 

I ~73" 
(1.9cm) 

9.50" Hood Dia I 
- (24 1cm) ·· -··-I 

.... T' 
2 88" 

, (7 3cm) 

✓ •~,-- .. L 
-;;.,, \\ 

., 

I 

25" 

. ., . 

I 
I 

7 00 

100'' 
(1 / Bern) 

9 50'' Dia 
(?4 1cm) 

(17 Ht:111) 

Fixture with 
8" Retractor 

115 2cm) 

L .. 

L ,/·✓ '\ 

-------_-_ -::.--:- -:=_:r\ 

8.38 I 
e.oo· (21 3cm) 1 o oo 
\20 3cm) 1 (25 4cm) 

I 
I 
I .'Y• 
I , ;. ·• JO 
L_/ 

16 25" 
(41 3cm) 

\ // ,,,.,. 

NU 20, Effective 1980 

14 Jl:f D1t1 

(36 5cm) 

I 

·1 \ 

J 

I I 
I I 

i 

Fixture with Guard and 
Polyester Reflector 

3.8.3-11 

Fixture with 12" 
Retractor 

-, 
3 50" BC 
(8 9cm) 

I 

.A_ 

Drill Points !or 
Box Mounlmg 

9.70" 
(24 6cm) 

/ 

/ 

1.00· 
(2 54cm) 

./ 

f-
(\)~?~m) I 

1025"OA 
(26.0cm) 

1 
1 · 

:.. 9 SO" Hood 01:-1 
(?•i 1cm) 

Ceiling Mount 

7 75' 
/19 7 crn) 

. I 

7.00" 
I17&m) 

J 

C:::::::-::::-==----

1\:TT _________ i' j 

f-

I I 

,I /I I 

.::I I ·-------,---·------ ! 

... 12.38" o,a. 
(31 4cm) 

i .. .., 

IO 75.' Plasllt 
!?/ '.lcmJ 

1701 W. Wellington Ave. 
Chicago, Illinois 60657 
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Class I, Div. 2, Mercmaster Enclosed and Gasketed 
Groups A

0
B,C,Dt Fixtures: High Pressure Sodium-Class II, iv. 1 and 2, 

Groups E,F,G:t: SOW, 70W, 100W and 150W. 
Class Ill. 

High Power Factor (Min. P.F. 90%). Suitable for Use in Wet Locations. 

UL Prismatic Glass Globe or Type V Closed Glass Retractor. 

TYPE .. ~, ~, ~J· c.~~,., , .. / ,JV ""-.,,, J}' ✓ 

Hub Catalog Number 

/ Type Lamp Size With With 8" With 12" 

-tr, I Mounting Watts (Inches) Globe .. Retractor Retractor 

• 
Pendant 50 3/4 LPAL5075o LPAL5075Jo LPAL5075Ro 
One Hub, 1 LPAL501Qo LPAL5010Jo LPAL5010Ro 
Rigid or 
Flexible 70 3/4 LPAL7075* LPAL7075J* LPAL7075R* 
Mounting 1 LPAL7010* LPAL7010J* LPAL7010R* 

100 3/4 LPAL1075* LPAL1075J* LPAL1075R* 
. 

1 LPAL1010* LPAL1010J* LPAL1010R* 

~ ... 
150:j: 3/4 LPAL1575* LPAL1575J* LPAL1575R* 

With Globe, With Retractor 1 LPAL1510* LPAL1510J* LPAL1510R* 
Less Guard (NEMA V) 

- - ---·---- . 

t1 I 
Ceiling 50 3/4 LPCL5075o LPCL5075Jo LPCL5075Ro 
Five Hubs. 1 LPCL501Qo LPCL5010Jo LPCL5010Ro 
Four 
Close-Up 70 3/4 LPCL7075' LPCL7075J* LPCL7075R* 
Plugs 1 LPCL7010* LPCL7010J* LPCL7010R* 

' 100 3;4 LPCL 1075* LPCL1075J* LPCL1075R* 

• 1 LPCL1010' LPCL1010J* LPCL1010R* 
I ~ ---.- 150t 3/4 LPCL 1575* LPCL1575J* LPCL1575R* 

With Globe. W1tl1 Retractor 1 LPCL1510' LPCL1510J* LPCL1510R* 
Less Guard \NEMA V) 

Wall Mount 50 34 LPWBL5075· LPWBL5075Jo LPWBL5075Ro 
Five Hubs, 1 LPWBL501Qo LPWBL501 OJo LPWBL501 ORo 
Four 
Close-Up 70 3/4 LPWBL7075* LPWBL7075J* LPWBL7075R* 
Plugs 1 LPWBL7010* LPWBL7010J* LPWBL7010R" 

1:fP~ 100 3/4 LPWBL1075' LPWBL1075J* LPWBL1075R* 
. 1 LPWBL1010' LPWBL1010J* LPWBL 1010R* 

With Globe, With Refractor 
150:j: 3/4 LPWBL1575* LPWBL1575J• LPWBL 1575R" 

Less Guard (NEMA V) 
1 LPWBL1510' LPWBL 151 OJ• LPWBL1510R* 

- --- - -- - -----------------· -----·-- ---·- -~ ------····-

25° Stanchion 50 1-1/4 LPSL50125o LPSL50125Jo LPSL50125Ro 
One Hub 1-1/2 LPSL50150o LPSL50150Jo LPSU0150flo 

70 1-1/4 LPSL70125' LPSL70125J* LPSL70125R" 
1-1/2 LPSL70150' LPSL70150J" LPSL70150fr 

100 1-1/4 LPSL10125" LPSL 1012SJ* LPSL1012SR• 
1-1/2 LPSL10150' LPSL10150J* LPSL10150fr 

150t 1-1/4 LPSL1s12s· LPSL15125J* LPSL15125A" 

With Globe, With Retracllll 1-1/2 LPSL15150* LPSL 151 SOJ* LPSL15150R" 

Less Guard (NEMA V) 

· Add voltage suffix -MT for 120, 208, 240 or 277V: -480 tor 480V. o50W fixtures have dual tap ballast for 120 and 277V only; add suffix 

9
.~·To order fixture with guard, add suffix G (before adding voltage suffix) tFor specific classified area suitability of each fixture listed, 

:: · ' see ages 6 and 7. tFor Groups E,F, and Guse 8' or 12" retractor only. Heal-resistant glass globe supplied with 150W fixture. 

Discount Schedule UD 
Refer to Pncing Index for price, 
weight, and standard package 

N .. I, Effective t 980 3.8.3-12 
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I •a wrrff .fJI./ 670~£/ .. L-
Clan I, Div. 2, Mercmaster Enclosed and Gasketed Groups ~C,Dt · Fixtures: High Pressure Sodium-Cl••• II, • 1 and 2, 
Groups E,F,G* SOW, 70W, 100W and 150W. Clan Ill. 

High Power Factor (Min. PF 90%). Suitable for Use in Wet Locations. 
UL d Prismatic Glass Globe or Type V Closed Glass Retractor. 

_,,, .. ·•-· V 
Ll I· .. 

• • 

With Globe, With Retractor 
Less Guard (NEMA V) 

-~--~ --·~---------------------- ---

• t - -
With Globe, With Retractor 
Less Guard (NEMA V) 

''; J ..... 
With Globe, With Retractor 
Less Guard (NEMA V) 

-----·-------

With Globe, With Retractor 
Less Guard (NEMA V) 

Discount Schedule UD 
Reier to Pricing Index for price, 
weight, and standard package 

NM a. Et1ec:t1Ye 1980 

Type Lamp 
Mounting Watts 

Pendant 50 
One Hub, 
R1gId or 
Flexible 70 
Mounting 

100 

150:j: 

Ceiling 50 
Five Hubs, 
Four 
Close-Up 70 
Plugs 

,oo 

150:j: 

Wall Mount 50 
Five Hubs, 
Four 
Close-Up 70 
Plugs 

100 

150:j: 

- - ---- ----· ·--

25° Stanchion 50 
One Hub 

70 

- .,... 100 

150t 

,3.8.3-13 

Hub 
Size With 
(Inches) Globe*• 

'.J:,1 LPAL5075 
1 LPAL5010 

3'4 LPAL7075* 
LPAL7010* 

34 LPAL1075* 
LPAL1010" 

3/4 LPAL 1575' 
LPAL1510' 

3i4 LPCL5075v 
1 LPCL5010< 

314 LPCL7075" 
1 LPCL7010' 

3:4 LPCL 1075" 
1 LPCL1010' 

3/4 LPCL1575' 
1 LPCL 1510' 

--------
3 4 LPWBL5075 
1 LPWBL5010, 

3/4 LPWBL7075' 
1 LPWBL7010' 

3/4 LPWBL1075' 
1 LPWBL1010" 

3/4 LPWBL1575* 
1 LPWBL1510* 

1 1 4 LPSL50125 
1 1 2 LPSL50150 

1-1/4 LPSL70125" 
1-1/2 LPSL70150' 

1-1/4 LPSL10125" 
1-1/2 LP:::iL10150" 

1-1/4 LPSL15125" 
1-1/2 LPSL15150" 

Catalog Number 
With 8" With 12" 
Retractor Retractor 

LPAL5075J LPAL5075R 
LPAL5010J LPAL5010R 

LPAL7075J* LPAL7075R* 
LPAL7010J* LPAL7010R' 

LPAL1075J• LPAL 1075R' 
LPAL1010;:J' LPAL1010R" 

LPAL 1575J' LPAL1575R' 
LPAL1510J' LPAL1510R' 

------·· 

LPCL5075J LPCL5075R 
LPCL5010Jo LPCL5010R ✓ 

LPCL7075J' LPCL7075R' 
LPCL7010J' LPCL7010R' 

LPCL1075J' LPCL1075R' 
LPCL1010J' LPCL1010R' 

LPCL1575J' LPCL 1575R' 
LPCL 1510J' LPCL1510R' 

LPWBL5075J LPWBL5075R 
LPWBL501QJ,c LPWBL5010R 

LPWBL7075J* LPWBL7075R* 
LPWBL7010J' LPWBL7010R" 

LPWBL 1075J" LPWBL 1075R' 
LPWBL 1010J" LPWBL 101 OR* 

LPWBL 1575J" LPWBL 1575R' 
LPWBL1510J" LPWBL 151 OR' 

LPSL50125J LPSL50125R 
LPSL50150J< LPSL50150R 

LPSL70125J* LPSL70125R" 
LPSL 70150J' LPSL 70150R" 

LPSL 10125J' LPSL 10125R' 
LPSL10150J' LPSL 10150R" 

LPSL15125J* LPSL 15125R" 
LPSL 15150J* LPSL 15150R' 

1701 W. Wellington Ave 
Chicago, Illinois 60657 
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• • -u 
ca ... I, Div. 2, Mercmaster Enclosed and -Gasketed Qroupa ~C,Dt Fixtures: High Pressure Sodium-Clau II, • 1 and 2, 
GnlupsE,F,G:t SOW, 70W, 100W and 150W. Claulll. 

High Power Factor (Min. P.F. 90%). Suitable for Use in Wet Locations. 
UL Prismatic Glass Globe or Type V Closed Glass Retractor. 

l. PcL /07 5G-/I/IT 

Hub Catalog Number 
Type Lamp Size With With 8'' With 12" 
Mounting Watts (Inches) Globe .. Refractor Refract or 

fl 
Pendant 50 3/4 LPAL5075 LPAL5075Jc LPAL507SR 
One Hub, 1 LPAL5010 LPAL5010J· LPAL5010R'· 
Rigid or 
Flexible 70 3/4 LPAL7075" LPAL7075J" LPAL7075R" 
Mounting 1 LPAL7010" LPAL701QJ• LPAL7010R" 

100 314 LPAL1075' LPAL1075.J-' LPAL1075R' 

. 

HK • 
1 LPAL1010' LPAL 1010-J' LPAL 1010A' 

j,,... ... 
150-t 314 LPAL1575' LPAL1575J' LPAL1575R' With Globe, With Retractor 1 LPAL1510' LPAL1510J' LPAL1510R" Less Guard (NEMA V) 

------

I 
Ceiling 50 3,4 LPCL507Sc LPCL5075J LPCL5075R 
Five Hubs, 1 LPCL5010" LPCL5010J•✓ LPCL5010Rc 
Four 
Close-Up 70 314 LPCL7075' LPCL707SJ• LPCL7075R' 
Plugs 1 LPCL7010" LPCL7010J' LPCL7010R' 

HI-/~ ,oo 3/4 LPCL1075" LPCL107SJ• LPCL1075R' 
1 LPCL 1010" LPCL1010J' LPCL1010R" I .... - 150t 314 LPCL1575' LPCL1575J' LPCL1575R' With Globe. With Retractor 1 LPCL1510' LPCL1510J' LPCL1510R' Less Guard (NEMA V) 

-·--·--
Wall Mount 50 34 LPWBL5075 LPWBL5075J· LPWBL5075R 
Five Hubs, 1 LPWBL501 Q•) LPWBL501 OJ, LPWBL5010R· 
Four 
Close-Up 70 3/4 LPWBL7075' LPWBL7075J' LPWBL7075R" 
Plugs 1 LPWBL7010' LPWBL7010J' LPWBL7010R" 

1t4: 
100 3!4 LPWBL1075" LPWBL 1075J" LPWBL 1075R' 

1 LPWBL1010' LPWBL1010J' LPWBL 101 OR• 

With Globe, With Retractor 150:t 314 LPWBL1575' LPWBL 1575J' LPWBL 1575R" 
Less Guard (NEMA V) 1 LPWBL1510' LPWBL 151 OJ• LPWBL1510R" 

----·------·-

25° Stanchion 50 1-1/4 LPSL50125 LPSL50125J · LPSL50125R 
One Hub 1-1/2 LPSL50150 LPSL50150J· LPSL50150R 

70 1-1/4 LPSL70125" LPSL70125J" LPSL70125R' 
1-1 '2 LPSL70150' LPSL701 SOJ' LPSL 70150A' 

100 1-1.'4 LPSL 10125" LPSL 1012SJ• LPSL10125R" 
1-12 LPSL10150" LPSL101S0J• LPSL101 S0R' 

150:j: 1-1:4 LPSL15125' LPSL15125J" LPSL 15125A" 
With Globe, With Retractor 1-1 '2 LPSL15150" LPSL 151 S0J• LPSL15150R' 
Less Guard (NEMA V) 

olta suffix -MT for 120, 208, 240 or 277V. -480 for 480V. oS0W fixtures have dual tap ballast for 120 and 277V only, arid suffix -DI, .• ··To order fixture with guard, add suffix G (before c1dd1ng voltage sufl1xI tFor sper:1f1c clc1ss1fierl areil su1tc1hil1ty of f'ilc!1 f1)1tu,,, 11,tPrl ~'~~ges 6 and 7. -tFor Groups E,F, and Guse 8 o, 12" refraclor only. HP;rl-re'.;1st;inl ql;i~;', qlolJc ,,,1pplrcrl wrll1 1 ',rJW flxl11rr: 

Dlacount Schedule UD 
Reier to Pricing Index for price, 
weight, and standard package 

MM a, Eltective 1980 
: 3.8.3-14 
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1-1 •18 

-

-

L 
~ 16" ---1 

Porcelain 
Standard Dome 

/;i 
,i. 

y· ,30" Angle 
Porcelain 

L._'\ 
l-----16'-~ 

Polyester 
Standard Dome 

30" Angle 
Polyester 

--1 1 5-112" - 1 r 5-112" 

ro~ l! •·- J L,,_~ 

Reflectors, Refractors and Guards for 
Mercmaster HID Lighting Fixtures. 
Screws Furnished to Fasten Reflectors to Ballast Body. 
Refractors and Reflector/Lens Thread Directly into Ballast Body. 

Description 

Porcelain Steel and 
Polyester Reflectors-
50W-250W* 

Standard Dome 

30° Angle 

Closed Prismatic Refractors-
50W-250W* 

NEMA 11 
NEMA Ill 
NEMA IV 
NEMAV 

Porcelain 

LPR-25ST 

LPR-25AN 

8" Glass 
(50-250W•) 

LPJF-2CG 

LPJF-SCG 

Catalog Number 

12" Glass 
(50-250W•) 

LPRF-2CG 

LPRF-SCG 

Polyester 

LPRP-25ST 

LPRP-25AN 

12" Poly
carbonate 
(50-150W:j:) 

LPRF-2CP 
LPRF-3CP 
LPRF-4CP 
LPRF-SCP 

---1 r 6-3/8" --i i. 6-3/8" 

• 

I I Closed Prismatic Glass Retractor 

-· ·~· 1 At ~~;;'.:::~. 
~ _

12
,, __ -I 

1 

. .__ -- 18" Reflector/Lens 

LPRF-4025 
LPRM-4025 
DTRM-4025 

Glass 12" 
Refractor 

I--- 1 I 
-. 

i ' 

LPBG-8 

r-- 16" or 18" -j 

Heat and Impact 
Resistant 
Reflector/Lens 

LPBG-12 

Steel Guards for 
8" and 12" Refractors 

Fit Glass and 
Polycarbonate Refractors 
Above 

·Max. 150W HPS. t2S0W-400W HPS and 400W MV and MH. :j:100W Max. for MH and MV. 

Discount Schedule UD 
Refer to Pricing Index for price, 
weight, and standard package 

NGa 1a. Effective Oct., 1980 

@App~ 
3.8.3-15 

8" Guard 12" Guard 
(so-2sow·) (so-2sow·) 

LPBG-8 LPBG-12 

1701 W Wellington Ave. 
Chicago, Illinois 60657 

Copyright 1980 Printed in U.S.A. 
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.- • ·a 
Claaa I, Div. 2, Mercmaster Enclosed and Gasketed 
Groups ~C,Dt Fixtures: High Pressure Sodium-ca. .. II, • 1 and 2, 
Qroupa 11,F,Gi SOW, 70W, 100Wand 150W. Cla .. Ill. 

High Power Factor (Min. P.F. 90%). Suitable for Use in Wet Locations. 
UL Prismatic Glass Globe or Type V Closed Glass Retractor. 

H- '!):. \"\, 0 

l-tr.c...,,1 

Hub Catalog Number 
Type Lamp Size With With8" With 12" 
Mounting Watts (Inches) Globe•• Retractor Refract or 

• 
Pendant 50 3i4 LPAL5075. LPAL5075J·· LPAL5075R 
One Hub, 1 LPAL5010< LPAL5010J: LPAL5010R" 
Rigid or 
Flexible 70 3,4 LPAL7075• LPAL7075J• LPAL7075R• 
Mounting LPAL7010• LPAL7010J' LPAL7010R" 

100 3/4 LPAL1075' LPAL 1075J" LPAL1075R' 
1 LPAL1010' LPAL 1010J' LPAL1010R" 

... 
150t 34 LPAL1575" LPAL 1575J" LPAL 157SR• 

With Globe. With Refraclor 1 LPAL1510• LPAL1510J' LPAL1510R• 
Less Guard (NEMA V) 

., I 
Ceiling 5() '.l 4 LPCL5075 LPCL5075J LPCL5075R 
Five Hubs, LPCL5010 LPCL5010J LPCL5010R 
Four 
Close-UI1 70 J ., LPCL7075' LPCL7075J' LPCL7075R' 
Plurr; I LPCL7010' LPCL7010J' LPCL7010R' 

100 314 LPCL1075' LPCL1075J' LPCL1075R* 
1 LPCL1010* LPCL1010J' LPCL1010R' 

I -·--~ 
150-t 3•4 LPCL1575' LPCL1575J' LPCL 1575R' 

With Globe With Retractor LPCL1510' LPCL1510J' LPCL151QR• 
Less Guard (NEMA V) 

-------·-

Wall Mount 50 3 4 LPWBL5075 LPWBL5075J LPWBL5075R 
Five Hubs. 1 LPWBL5010<., LPWBL5010J< LPWBL5010R 
Four 
Close-Up 70 3/4 LPWBL7075* LPWBL7075J* LPWBL7075R* 
Plugs 1 LPWBL7010' LPWBL701QJ• LPWBL7010R' - -,,;, 100 3.4 LPWBL1075' LPWBL 1075J• LPWBL 1075R· 

,;. :.i. LPWBL1010' LPWBL 1010J• LPWBL 1010R· 

With Globe, With Refraclor 150 t 3'4 LPWBL 1575• LPWBL 1575J' LPWBL 1575R• 

Less Guard (NEMA V) 
1 LPWBL1510' LPWBL151QJ• LPWBL 151 OR' 

25° Stanchion 50 1-1 4 LPSL50125 LPSL50125J LPSL50125R, 
One Hub 1 1:2 LPSL50150 LPSL50150J< LPSL50150R 

7ll 1-114 LPSL70125' LPSL70125J• LPSL70125R• 
1-1 2 LPSL70150• LPSL70150J• LPSL 70150R' 

100 1-1.14 LPSL10125' LPSL 10125J• LPSL10125R• 
1-112 LPSL 10150• LPSL10150J' LPSL10150R" 

150t 1-14 LPSL15125' LPSL15125J* LPSL 15125R' 
With Globe, With Retractor 1-1:2 LPSL15150• LPSL15150J' LPSL 15150R· 
Less Guard (NEMA V) 

age -MT for 120, 208, 240 or 277V: -480 for 480V. o50W fixtures have dual tap ballast for 120 and 277V only add suffix 
..... .-7u order fixture with guard. add suffix G (before adding voltage suffix). tFor specific classified area suitability of each fixture listed 

e pages 6 and 7. :j:For Groups E,F, and G use a· or 12" retractor only. Heat-resistant glass globe supplied with 150W fixture. 

Diacount Schedule UD 
Reier to Pricing Index for price, 
weight, and standard package 

Na I. Ett«:tive 1980 
, 3.t.3'16 

1701 W Wellington Ave 
Chicago, Illinois 60657 

Copyright 1980 Printed 1n U.S.A 
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-

r 1 •11 
ClaH I, Div. 2, 
Groups A.B,C,Dt 
Clan II, Div. 1 and 2, 
Groups E,F,Q; 
Class Ill. 

UL 

With Globe, 
Less Guard 

With Retractor 
(NEMA Vi 

if I 
.1 \ -· -:.... - ,..... 

With Globe, 
Less Guard 

With Globe, 
Less Guard 

With Retractor 
(NEMA V) 

,t .·.I' ...... 
With Retractor 

(NEMA V) 

Mercmaster Enclosed and Gasketed 
Fixtures: High Pressure Sodium
SOW, 70W, 100W and 150W. 
High Power Factor (Min. P.F. 90%). Suitable for Use in Wet Locations. 
Prismatic Glass Globe or Type V Closed Glass Retractor. 

Type 
Mounting 

Pendant 
One Hub, 
Rigid or 
Flexible 
Mounting 

Ceiling 
Five Hubs, 
Four 
Close-Up 
Plugs 

Wall Mount 
Five Hubs, 
Four 
Close-Up 
Plugs 

Hub Catalog Number 
Lamp Size With With 8" With 12" 
Watts (Inches) Globe'" Retractor Retractor 

50 3/4 
1 

70 3/4 
1 

100 3/4 
1 

150:t 3/4 
1 

70 3/4 
1 

·100 3/4 
1 

150:t 3/4 
1 

50 3.4 
1 

70 3/4 
1 

100 3/4 
1 

150 :t 3 4 
1 

LPAL5075 
LPAL5010·· 

LPAL7075' 
LPAL7010' 

LPAL1075* 
LPAL1010' 

LPAL1575* 
LPAL1510' 

LPCL5075 
LPCL5010< 

LPCL7075' 
LPCL7010' 

LPCL1075' 
LPCL1010' 

LPCL1575' 
LPCL1510' 

LPAL5075J<· LPAL5075R( 
LPAL5010J: LPAL5010R 

LPAL7075J' LPAL7075R' 
LPAL7010J' LPAL7010R' 

LPAL1075J' LPAL 1075A' 
LPAL 1010\J' LPAL 1010R' 

LPAL1575J' 
LPAL1510J' 

LPCL5075J 
LPCL5010J, 

LPCL7075J' 
LPCL7010J' 

LPCL1075J' 
LPCL 1010J' 

LPCL1575J' 
LPCL1510J* 

LPAL1575R* 
LPAL 151 OR' 

LPCL5075R 
LPCL5010R 

LPCL7075R* 
LPCL7010R' 

LPCL1075R* 
LPCL1010R' 

LPCL1575R* 
LPCL1510R* 

LPWBL5075 · LPWBL5075Jc LPWBL5075R 
LPWBL5010,, LPWBL5010Jo LPWBL5010R 

LPWBL7075* LPWBL7075J* LPWBL7075R* 
LPWBL7010' LPWBL7010J* LPWBL7010R' 

LPWBL 1075* LPWBL 1075J* LPWBL 1075R* 
LPWBL101 0' LPWBL 101 OJ* LPWBL101 OR' 

LPWBL1575* 
LPWBL15f0* 

LPWBL 1575J' LPWBL 1575R' 
LPWBL1510J' LPWBL1510R' 

--------- -·--------··-- - -·----------

With Globe, 
Less Guard 

With Retractor 
(NEMA V) 

25° Stanchion 
One Hub 

50 1-1.'4 

70 

----~>~~: 100 

1-1/2 

1-1/4 
1-1/2 

1-114 
1-1 12 

150:t 1-1/4 
1-1.'2 

LPSL50125•C 
LPSL501 S0c• 

LPSL70125' 
LPSL70150" 

LPSL10125" 
LPSL10150* 

LPSL15125' 
LPSL15150' 

LPSL50125J•: LPSL50125R•. 
LPSL50150J•·. LPSL50150R 

LPSL70125J* LPSL70125R" 
LPSL70150J* LPSL70150R' 

LPSL10125J' LPSL10125A' 
LPSL 10150J' LPSL 101 S0R' 

LPSL15125J' LPSL15125R' 
LPSL15150J* LPSL15150R' 

age i,c -MT for 120, 208, 240 or 277V: -480 for 480V. oS0W fixtures have dual tap ballast for 120 and 277V only: add suffix 
·dlt,i.•~··To order fixture with guard, add suffix G (before adding voltage suffix) tFor specific classified area suitability of each fixturA listed 

see pages 6 and 7. ;For Groups E,F, and G use 8' or 12" retractor only. Heat-resistant glass globe supplied with 150W fixture. 

___ _,) 

p ..... _;, 
·l"!',, 

'(;jjf; 

• 

• 

- Discount Schedule UD 
Reier to Pricing Index for price, 
weight, and standard package 

® 

MM a. Effedive 1980 

A leto ® Pff~coun 1701 W Wellington Ave 
Chicago. Illinois 60657 

Copyright 1980 Printed in USA 
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RAL :?.'1•/v 
ROADWAY /AREA LUMINAIRE 

SUGGESTED RAL LUMINAIRE SPECIFICATIONS 
GENERAL 
LumInaire shall be Crouse-Hinds Company series RAL. cataiog 
number ____ for use with ____ watt ____ lamp. 

MECHANICAL 
Tne maximum weight shall not exceed ____ pounds and its 
maximum effective proIected area (EPA) shall not exceed 2 08 square 
leet 
The housing. door and lampholder housing shall be die cast 
a(um1num 

The ma,n housing shall be provided with integral gussets lor wall 
strength. integral bosses for ballast assembly and reflector mounting, 
and w,th integrally cast lugs tor the door hinge pins 

The door shall be provided with integrally cast h,nge p,ns. ribs and 
bosses to reta,n rhe comb,natIon optical system and lens gasket The 
gasket st1aU be extruded silicone rubber Plated steel lens retatnrng 
strips shall be provrded to retain the lens and also the die cast door 
latches having 1r1regrally cast pivot pms COIi spnngs shall be used 
to provide tension on the door latches. It shall be possible to open the 
door without the use of tools. The door shall be provided ~•,th a 
tempered. impact resistant glass lens 

A h,nged and readily removable ballast assembly complete w,lh 
carrying handle shall be provided to s1mpl1ly pole top and/or bench 
top maintenance. Tne ballast assembly shall sw,ng down to leave 
both hands free lor maintenance. The removal at the ballast assembly 
snail be accomplished without removal of the lamp. The hinged 
port,on ol lhe ballast assembly shall have a handle to fac,lltate 
carrying the assembly 

The standard un,t shall be UL listed (and carry a UL table) suitable for 
outdoor wet loca11on appl1cat1on 

OPTICAL 
The reflector shall be of one piece alzaked aluminum, with the 
flange designed to accept the comb1nat1on gasket. and to tightly seal 
the optical system The rellector llange shall be provided with 
reinforced slots to accept lhe two door latches The lampholder 
housing shall be r,veted to the reflector. gasketed to maintain the 
op11cal system seal Tne lampholder housing shall be provided with 3 
,ntegrally cast sets of bosses lor pre-setting the lampholder posItIon. 
oepend,ng upon the lamp used. 

FINISH 
Lurn1na1re will have a dark bronze thermoset acrylic enamel rm,sh. 

(_ -SOE. - Pc. 
HM \\ ' II 

RAL-400LEC-120-SO-AF-PC 
Many comb1nat1ons of AAL lum1na1res can be 
rnade from a wide varrety of components. A 
typical combmation would be 

This comb1na11on 1s detailed 1n the following 
breakdown of companents. Other combinations 
are made by subst1tut1ng or adding from the tables. 

MODEL 

RAL 

LAMP TYPE 
WATTAGE 

400 LEC 

BALLAST" 
VOLTAGE 

120 

LAMP WATTAGE AND TYPE 

70WH,gl'I Pressure Socliurn 
I OOW High Pressure Sodium 
150W H!gl'I Pressu,e soa1urn 
200W H!Qh Pressure Sochurn 
250W H,gr, Pressu,e Sod1u1:1 
J10W Hign Pressu1e SOd1um 
400W High PYel&unt SodlUffl 
1 75W Ml'!!al Halide 
2.50W Melli Halide 
400W Me1a1 Ha11de 
400W Me!ill Halide 
175WMarcuryVapor 
250W Mercury Vapo, 
400W Mercury Vapor 

B1NHlsa,en,gh1MJ""'1'!1t1:IIJf<PQulaledoJUll)UI p •rPl)lnnnlfJ(l 
t1U00! .. ,1)111,9<1.wilt, ~-Qn l)Owt'< l~na, ~'II" "'R{l3nc'I' ~~•IM•I I"' ~','I IR1no ""'~ 
tsu .. •11111 ,~ 1,!!j,f<l)Jl "'Mir; HOR ,_m,,. 

·::::,','1;~.;. ::::,:~,1/'.:r .. :~.i .~:~m;'";~~" -•m ,.,., ...... u,t 

OPTIONS (add u ouHl1 to catalog numberl 

MOUNTING 
SYSTEM 

SD 

_,. 
lrtlTWT, (UI.J 

'3 
'3 
,5 
;o 
50 
56 
58 

" " 50 
50 .. 
" 50 

II Optical system provides Type II cutoff light dIstrIbu
tIon instead of the Standard Type Ill 

IF 
AF 

Pho1qelectric control receptacle. 
Four-stage air filter Prevents entrance of dust 
particles 00025mm and larger Prevents 
entrance of lerro-magnet1c particles and 
noxious atmospheric contam1nants Restricts 
!he entry of uµ to 40 grains of waler vapor 
per cycle. Lile ,s 15.000 cycles or more 

Sf Single luse, internally mounted. tor one 
line wire ( 120 or 277V). 

OF Double luse. internally mounted. lor both 
line wires. (208. 240 or 480V). 

VS External, auxiliary, vandal shield. 1 /8" thick 
polycarbonate 

MT Mull,-tap ballas1 ( 120. 208. 240, 277V) -
Specify voltage to be wired. II no 
voltage 1s specified, unit will be wired for 277V 

ACCESSORIES (ALL UNITS) (order separately) 
Acc:euo"" ..-e si•uopeo H IIHJ,lflte ,rems ,or lo~d ,n11a11.uon 

lfl.2511P , Pho1oetectric control, 105-285 volt 
ML3117 Pho1oelectric control, 480 volt 
ML5121 Timing adapter. When used w,1n photoelectric 

con1rol w,11 automatically turn off ligh1 3-7 
hours atter 1urn on. Specify voltage ( 120. 240. 
or 277 only) and turn off period (3. 4, 5. 6. or 7 hours). 

MOUNTING SYSTEMS 

SD 

(NO Arm) (1 o·· Arm) ...... 
,.. t--

MOUNTS TO 
Square non-tapered 
aluminum pcles 
SQuare non-tapered 
ateelpcl&s 
SQuare 1apered 
1tee1 pcln 

NOTE Ofa oolN 1eoa,11111Y 
0rO.,Oltlqd"'°""111fl\11Ylllffl•qhucfl 
lufflll'!Ue .. PM Cit catliOojj ~ 

RD 

{Adap1er) 

RDE 

f10"ArmJ .. -.... t--
MOUNTS TO 
Round non-tapered 
aluminum poles 
Round tapered 
aluminum poles 

DIMENSIONS 
!---2s•,1"~ 

T 
811" 

l. 

1---, 
I 1------
I I 
I r------
L----' • l 

t-----3511''-----

3.8.3-18 

-
Wall mounting 
bfacket - mounis 
over 4 inch square 
or rouod eleclncal 
bolC Includes , 0" 
arm 

OPTIONS 
(ALL SUFFIXES) 

AF-PC 

-&IIU(SQ.n.1-

S<!e 
208 

TA 

Tenon adapter 
Slips 2-•nch 
t'lotliontal tenon 
tor rerrohl on 
e•is11ng arms 
Non-ad1us1able 

---
8i'a"dNp• 
18''-'-"--• 
25-11,·tong 

II 

CROUSE-HINDS COMPANY • LIGHTING PRODUCTS DIVISION • SYRACUSE, NEW YORK 13221 
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AS FIEOUIFIEO 

ADO SUl'l'IX A AFTER 
POLE NUMBER IF SIDE 
BRACKET REQUIRED 

Al A I 

SERIES SQS 

SQUARE STEEL POLES 

A B 
POLE NUMBER SHAFT HEIGHT GAUGE 

505-411-8 , •• so. a· I I GA, 

·sos-411-10 , .. so. 10' II GA. 

505-411-12 4" SQ. 12' II GA. 

SOS-411 -14 , .. so. "' II GA. 

sos-" 1-18 , .. so. 16' II GA. 

505-411-18 , .. so. 18' I I GA. 

505-411-20 , .. so. 20' I I GA. 

505-47-20 , .. so. 20' 7 GA. 

505-47-25 , .. so. 25' 7 GA. 

SQS-57-20 5" so. 20' 7 GA. 

S05-57-ZS 5" SQ. 25' 7 GA. 

sos-57-so 5" SO, 30' 7 GA. 

505-57-35 5" so. 35' 7 GA. 

505-157-20 6" so. 20' 7 GA. 

505-67-25 8" so. 25' 7 GA. 

505-157-30 6" so. 30' 7 GA. 

505-67-35 15•• so. 35' 7 GA. 

505-157-39 15" so. 39' 7 GA. 

505-77-30 ,.. so. 30' 7 GA, 

S05-77-JS 7"' so. 35' 7 GA. 

sos-n-39 7" so. 39' 7 GA, 

505-77-45 , .. so. 45' 7 GA. 

505-87-30 8" so. 30' 7 GA, 

SOS-17-35 ... so. 35' 7 GA, 

so5-87-39 ... so. 39' 7 GA, 

505-17-45 ... so. 45' 7 GA. 

S05-87-50 S" SQ, so• 7 GA, 

505-83-39 8" so. 39' 3 GA, 

sos-u-45 II" SQ. '5' 3 GA. 

sos-u-so 11" SO. so· 3 GA. 

C 

[2?·;~_~"~~'--j 
: "PolE. o~(§ ' 
; 1{9 

\{M 

ANCHOR SHIPPING 
l•CIRCLE BOLTS WEIGHT 

a·•·- ]/4ll24X 3 76 LBS. 

a" 3/4X24X3 89 LBS. 

8" 3/4X24X3 101 LBS. 

8" 3/U24X3 114 LBS. 

8" 3/4X24X] 127 LBS. 

8" 3/4X203 1 39 L. BS. 

8" 3/4X24X3 1 52 L.BS. 

8" 3/ 4X 36X4 219 LBS. , .. 3/4X36X4 265 LBS. 

II" 1 X36X4 317 LBS. 
11•• I XJ6X4 376 LBS. 
11·• 1XJ6X4 '35 LBS. ,, .. 1 X 36X4 494 LBS. 

11•• IX36X4 363 LBS. 

11" IX315X4 435 LBS. 
1, .. IX315X4 507 LBS. 
11" I X315X4 579 LBS. ,, .. IX315X4 637 LBS. 

15" I l/4X44X4 650 LBS. 

IS" I l/4X44X4 734 LBS. 
,s .. I l/4X44X4 802 LBS. 

15" I l/4X44X4 903 LBS. 

15" I 1/4X44X4 721 LBS. 

,s•· 1 1/4X44X4 811 LBS. 

15" I 1/4X44X4 896 LBS. 
15 .. I 1 / 4 X 44 X 4 1012 LBS. 
,s .. I 1/4X 44X4 I 121 LBS. 

15 .. 1 1/2X54X6 1200 LBS, 

15" I l/2X5o1X15 1353 LBS. 

I !S" 1 1/2X54X6 1480 LBS. 

O Base Cover 

0 

IMPl!RIAL POLES BY, 

SQS SERIES ARE STRAIGHT WALL STEEL POLES WITH GAUGE THICKNESS AS 
SHOWN IN POLE DATA. 

THESE POLES ARE FURNISHED WITH BASE PL.ATE, ANCHOR BOLTS, HAND 
HOLES WITH GROUND SCREW, AND TENON TOP AS REQUIRED BY CUST. 

POLES TO BE PRIME PAINT FINISH UNLESS SPECIFIED DIFFERENT AT TIME 
OF ORDER. HOT DIPPED GALVANIZED ALSO AVAIL.ABLE IF REQUIRED. 

ON SUFFIX A POLES FOR SIDE LUMINAIRES SPECIFY AS FOLLOWS. 
SQS •••• A FOR SINGLE LUMINAIR ES. 
SQS •••• 2.A FOR DOUBLE LUMINAIRE@ 180°. 
SQS • ••• 2.4.90 FOR DOUBLE LUMINAIRE AT 90". 
SQS • •.. lA FOR TRIPLE LUMINAIRE. 
SQS •••• •A FOR l'OUR LUMINAIRES. 

CUSTOMER TO l'UFINISH MOUN TING IN FOFIMA TION FOFI 8FIACI< ETS. 
TOP TENON TO SE 2 3/11" O.O.X4" PIPE TENON ON ALL TENON TOP ?OLES UNLESS 

SPECIFIED OIFF!RENT AT TIME OF OFIOl!:FI. 

Finish 
Prime Paint 
Galvanized 
Dark Bronze 

IMPERIAL PIPI! & SUPPLY CD., 2750 E. WASHINGTON BLVD .• LOS ANGELES, C.ALIF. 9002 1 (213) 268-8371 
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TYPE 

Totally Maintenance Free 
All Solid State 

The reliable FSS with Model H halogen 
lamps provides high efficiency emergency 
light instantaneously on failure or 
interruption of AC power. 
There are no moving parts-its charger, 
switch, and protector circuits are all solid
state. The pulse-type charger keeps the 
battery freshly charged; the switch circuit 
insures load transfer on AC failure; the 
protector circuit prevents excessive 
battery discharge. The unit is powered by 
the permanently sealed LEC-36 battery, 
which needs no watering or maintenance 
for its 10 year or longer life. 

EMERGENCY 
LIGHTING 
SYSTEMS 

Model FSS 6 Volt Universal 120/277 V AC Input 

PROTECTOR AND SWITCH CIRCUITS 
Solid-state circuits continually monitor both AC and 
DC current. The switch circuit instantly connects 
lamps to battery on AC failure and disconnects 
them when normal power is restored. The protector 
circuit automatically monitors battery output and 
switches the lamps off when rated illumination time is 
reached, preventing excessive discharging. All 
components operate at 50% of their rating to insure 
reliability and long life. 

SIGNAL LIGt-tTS, TEST SWITCHES, AND METERS 
The unit has an internal ready/off switch; a front
mounted "PRESS-TO-TEST" switch for quick testing of 
lamps and battery; an amber ready-light; a red light 
indicating fast charge rate; and an optional front 
mounted voltmeter. 

7 
f 
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Specifications 
- LIGHTGUARDm1 EMERGENCY LIGHTING MODEL FSS DIMENSIONS 

-

-

OPERATION 
Mod<'I I SS provide\ emergency light automatically and 

imtantaneously on failure or interruption of normal AC 

power. 

RATING 

AC INPUT DC OUTPUT 
·-· -- ·-- ·- ---~·-----------·- ~- -·-·-·-

MODIL VOl lS HlRlZ PtlASE WAHS vons WATTS 

I',~ 120/ 277 (,() I \5 h 100 

INSTALLATION 

l:nit is easily field connected for a 120 or 277 volt, 60 

Hz unswitched power source. It should comply with the 

'; ational Electric Code and al I other applicable codes. 

CASE 

The 18 gage steel container and 20 gage steel door are 

coated with an acid-resistant gray finish. The battery, 

and the charger and controls are in separate compart

ments. On the side of the case is an observation port for 

inspection of battery liquid level. The front panel is 

hinged on the top. 

CHARGER 

Sol id-state pulse type charger restores battery to full 

charge within 12 hours, after a discharge not over 1..5 

hours, with a 100 watt load. Charger also monitors bat

tery voltage, and charges on fast rate when necessary. 

Components operate at less than 50% of rating to in

sure reliability and long life. 

BATTERY 

The Lf:C:-36 is a 3-cell, 6 volt, sealed lead-acid, calcium

.illoy grid battery It has a 36 amperf' hour capacity at 

the 8 hour rate, at 77° F, to 87..5% of initial voltage. 

\.-\rticlt> 700-7NfC) Positiw plates have a single insula

t1rn1 of rrnuoporous sPparators. The battery casp is a 

l11gh-irnp<1< t, hPat resistant, transparpnt plastic container 

with perm,mently spaJed cover preventing electrolyte 

i(•akage The battery operates entirely unattended and 

rwecls no watering for 10 years or longer. 

LAMPS 

(,1,p c,111 mount 

I hree hori1ontally 

and vertically 

adiustable Model 
H high efficiency 

12 \\dtt h,1logPn 

1,11111" I ,1111ps C,lll 

1,,, ll'lllOlt'h 

111011111,.d .ilso 

Rated Illumination Time-Hours of Light 
To 87.5% Of Initial Voltage (6 Volts) 

No. of 12 Watt Lamps Hours of Light 

2 8 

4 4 

6 2 

7 1.5 

<.,,,,. d< < <·sso1y slu•,·I ', () lrn d,•t,111 sp,•1 ii 11 ,1t1011s <111<1 

111.(iil dist11i>ut1011 1 rrrv,•s 

ESH SAFETY CANADA LTI>. 
TRENTON ONTARIO 

16" 
40.M(M 

1 
'\_--. 9.25" "' 

"" . • 23.49 CM ~ 
Model FSS-S 

Approx. 

Assembled wt 

42 lbs. 
19 kg 

ORDERING INFORMATION 

V EXAMPLE: FSS 

FSS 
Model 

2H 
25 

No.of 
Lamps 

V 
Voltmeter 

See accessories section to order accessories. 

GUARANTEE 
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EXIDE SAFETY SYSTEMS DIVISION 

"' 
Ir ,h'\1~•111 lJ \ A 

An ESB~ Company 
'--J 

ESB IN CORPORA TED 

RANDOLPH, MASS. 02368 
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MOUNTING BRACKETS 

For Models 8, C, LSS & NAS 

16 gage steel, two fini~hes. Catalog MBBC (charcoal); 
MBBB (hrown) 
17 ¼" X 11" X 33/tt" 
44.88 cm x 27.94 cm x 9.ILl crn 
Approx. Shipping Weight: S lbs.; 2.) kg 

For Models AS & FSS 1 
16 gage steel, g. ray hammertone fini~h. 
( ,11.ilog MBF. 9½'' x 5½" x I¼" 

'.'4 l)ClllX 1l.97cmx3.17cm 
Approx. Shipping Weight: 2 lbs.; .91 kg 

FOR MK-1 & QG-2 

I b gage steel. brown finish. 
Citalog MBQ CJ' x 3" 
22.86 cm x 7.62 cm 
Shipping Weight 
1 lb . 
.4S kg 

EXIDE LIGHTGUARD 
ESB WILLSON CANADA LTD. ESB INCORPORATED 

I ( ,mi 740'1 I 77 fRENTON 

5-4 
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ordering ~RECTA 
BACK MOUNTED EXITS 6" Red Letters 

STENCIL FACE LUMINOUS FACE 

~ CATALOG NO. Dl:SCRIPTION CATALOG NO. l 

~ 
X811•R 120V -~ C n '1 X811-LR 

!EXfu ,--- ·-.;' 
X812•R •:· ;;,,..,&.• 120V & Emergency Socket',: ___ ; ,.: X812•LR 

A-

X813-TR 277V ··cF· 
X813-TLR 

X814-TR 277V & Emergency Socket· ___:_----,. X814-TLR ~:.----

TOP or END M;OLJNTED EXITS 6" Red Letters 

STENC,L FACE LUMINOUS FACE 

• CATALOG NO. DESCRIPTION CATALOG NO. 

~ Ei1T·
1

l 
SINGLE FACE SINGLE FACE 

X821-1R 120V Top or End Mid. X821-1LR 
X822·1R 120V Top or End Mid. & Emergency Socket" X822-1LR 

X823-TE1R 277V End Mounted X823-TE1LR 
X823-TT1R 277V Top Mounted X823-TT1LR 
X824-TE1R 277V End Mounted & Emergency Socket• X824-TE1LR ·~ X824-TT1R 277V Top Mounted & Emergency Socket" X824-TT1LR 

1rf!(ll 
DOUBLE FACE DOUBLE FACE 

,_mt X821-2R 120V Top or End Mounted X821·2LR 
X822-2R 120V Top or End Mtd. & Emergency Socket" X822-2LR 

X823-TE2R 277V End Mounted X823-TE2LR 
X823-TT2R 277V Top Mounted X823-TT2LR 
X824-TE2R 277V End Mounted & Emergency Socket• X824-TE2LR 
X824-TT2R 277V Top Mounted & Emergency Socket• X824-TT2LR 

PENDANT MOUNTED EXITS 6" Red Letters 

STENCIL FACE LUMINOUS FACE 
CATALOG NO. DESCRIPTION CATALOG NO. 
SINGLE FACE SINGLE FACE 

X831-1R 120V X831-1LR 

X832•1R 120V & Emergency Socket• X832·1LR 

X833-T1R 277V X833-T1LR 

X834-T1R 277V & Emergency Socket' X834-T1LR 

DOUBLE FACE DOUBLE FACE 

X831-2R 120V X831-2LR 

X832·2R 120V & Emergency Socket• X832·2LR 

X8:l3T2R 277V X833T2LR 

X8ll4-T2R 277V & Emergency Socket• X834-T2LR 

. RECESSED MdUNTE,O EXITS 6" Red Letters 

STENCIL FACE LUMINOUS FACE 

mW'. 
CATALOG NO. DESCRIPTION CATALOG NO. 

X841•R 120V X841-LR 

X842-R 120V & Emergency Socket' X842-LR 

X843-TR 277V X843-TLR 

X844-TR 277V & Emergency Socket• X844-TLR 

OTH~R COLOR COMBINATIONS 

[~EXIT! 
:

1•EXIT • 

GREEN LETTERS 

STENCIL FACE OR 
LUMINOUS FACE 

To specify substitute suffix Q 
In place of R In Catalog No. 

Example: X811-G 

WHITE LETTERS AGAINST RED 

LUMINOUS FACE 

To specify substitute suffix WR 
In place of R In catalog No. 

Example: X821·1LWR 

4-3-A 
3.8.3-23 

WHITE LETTERS AGAINST GREEN 

LUMINOUS FACE 

To specify substitute suffix WG 
in place of R in Catalo~ No. 

Example: X821-1 LWG 

'DC Lamps (Emergency) Standard 21 Cp (18w) 
See Ordering Information. 
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specifications 

HOUSING: one piece extruded aluminum - .070 minimum wall thickness - with 
precision-mitered corners. Integral design of extrusion adds strength and compact
ness to the unit and slmpllfles the Internal hardware. 

rr11il 
A ::: 1! 

r

····:( ·, 
\ 

I l.~-· \ 

'J 

'1 
I 7 

73/a" 

DOOR PANELS: stendl or luminous face, rugged .050 aluminum backed with non
combustible, lmpa"t ,.,,lstant fiberglass lnsc11ption panels. Door snaps securely 
in closed position by means of concealed hinge and Integral latching device. Close 
fitting of door against Internal ribs of extrusion prevents light leakage. 

LL![ b:/ 
. I 

I.. 
i l 
~ 

FINISH: all exposed metal parts etched for permanence. Cast aluminum canopy 
and pendant assembly matte black. 

BACK MOUNTED UNITS: furnished with heavy gauge, rust resistant steel 
backplate. 

VOLT,,,.1 A tl TOP OR END MOUNTED UNITS: furnished with die-cast aluminum canopy. 

PENDANT UNITS: same as Top or End mounted except furnished witn pendant 
assembly consisting of die-cast aluminum canopy and 12" stem. For other stem 
lengths specify length required alter Catalog No. Example: X831-2R20". 

1~(1 

277 

7 v, .. 
7'\' " 

11,~" 

1"" .. 
fu;• END, PENDANT MOUtHEOI 

11 E''· ITi . ,I 1 I , . 1.1 : 9¼" 
I' :i 1. 1I 

: . •• : I I 

I 
! 

8¼" 

RECESSED UNITS: furnished with heavy gauge, rust resistant, steel recessing box 
and aluminum trim and door. Minimum wall opening required Is 8½" x 13¼". 

LAMPS: 120 Volt IMures are supplied with two 20W. T6½ extended life lamps. 277 
Volt fixtures are ~upplied with two step down transformers. 

ARROWS: supplied standard with all units. Normally concealed, may be exposed 
by sliding arrow plate up or down. 

I i [:~ 

L 1; j ~ 3V.~ 

DOWNLIGHTING: pro¥ided In all units by means of rectangular aperture at bottom 
of housing. Aperture Is shielded with acrylic prismatic diffuser. 

MOUNTING: all surface units mount to standard outlet box (by others) with mount
ing hardware provided. RlcCl-~,:,U) 

If 
LABELS: Underwriter's Laboratories listed. 

D.C. LAMP ORDERING INFORMATION: 
6 Volt - Lamp No. 1130 

12 Volt - Lamp No. 1142 
32 Volt - Lamp No. 1230 

120 Volt - Lamp No. T15 

TYPICA, •ii, ,., 1111 t•A1,,f:j REMOVED 

optional features 

:, l AN OARD WORDING SIGNS: Red letters on fiberglass luminous panel 
M! N, WOMEN, LADIES (4" letters); LOUNGE, STAIRS (3'/r" letters) 

11AE ESCAPE, REST ROOMS (2'/," letters on two lines) 
.,,,. .. 1fy add woro r, .. ,ulred after Catalog No. Exampln ·, 11:>4 11 'l-MEN 

1 SPE.CIAL WORDING SIGNS: Silk screened on glass panel. Contact factory. 

i.l TAMPER PROOF SCREW: for secu11ty applications add suffix "TP" after Catalog No. Example: X821-R-TP 

0 Wl/-1£ GUARD: Add suffix "GD" after Catalog No. Example: X811-R-GD 

I J MOISfUAE PHOOF: Add suffix "MP" after Catalog No. Example: X811-R-MP 

D OPTIONAL FINISHES: 
For Et,ony Bl"ek finish con stencil face only add suffix "EBS" after catalog No. 
Example: X811-R-EBS. For other finishes contact factory. 

EXIDE LIGHTGUARD 
ESB WILLSON CANADA LTD. 

TRENTON ONTARIO 

4-4-A 

3,8.3-24 

ESB INCORPORATED 

RANDOLPH, MASS. 02388 
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Class I, Div. 2, 
Groups A..1..,C,D 
Class II, DIV • ._•-------. 
Groups E,F,G 
Class Ill* 

UL 57 Listed 

TYPE 

Stylmaster Enclosed and Gasketed 
Incandescent Fixtures: 
Stanchion and Outlet Box. 
Suitable for use in Wet Locations. 
With Aluminum Mounting Hood and Prismatic Glass Globe t 

Size 
(Inches) 

45° Stanchion-1-1/4" Conduit 

60-200 Watt A-23 

With Globe 
and Guard 

1-1/4 VPAN10125G 

200-300 Watt PS-30 
1-1/4 VPAN20125G 

Wall-Body includes outlet 
box with five tapped openings 
With mounting lugs and four 
close-up plugs 

60-200 Watt A-23 
1/2 
3/4 

200-300 Watt PS 30 
1/2 
3/4 

VPW81050G 
VPW81075G 

Catalog Number 
With Globe 
Only 

VPAN10125 

VPAN20125 

VPW81050 
VPWB1075 

VPW82050 
VPWB2075 

-----------~------ ---~ - ~- ~ ?P,.- ~ ~-A-N' R_E_f_l._EsToK. 

- Ceiling-Outlet Box Mounting 
Fits SEH or VPJB cast outlet 
box or 3-1i4" or 4" octagonal 
outlet box. Furnished with screws 
and gasket.:j: 

60-200 Watt A-23 VPO810G 
200-300 Watt PS-30 VPOB20G 

Wall-Outlet Box Mounting 
Fits SEH or VPJB·cast outle1 
box or 3-1 /4" or 4" octagonal 
outlet box. Furnished with screws 
and gasket.:j: 

60-200 Watt A-23 
200-300 Watt PS-30 

VPOBW10G 
VPOBW20G 

VPOB10 
VPOB20 

VPOBW10 
VPOBW20 

·see page 4 for temperature limits on individual Stylmaster fixtures. tOrder reflectors and accessories separately See pages 7. 8 and 
9. :j:Order SEH box from Cat Sec. A, 3-1/4" or 4" octagonal steel boxes from Sec. OB and VPJB cast box from this catalog section 

Discount Schedule UD 
Reier to Pricing Index for price, 
weight, and standard package 

NM .. Eftec:lw9 1910 

~· A ·~· p~~ 
3.8.3-25 

170 t W Wellmqtnn Av" 
Ct11cago. lllino,s tiOG'.,/ 

Copyngtll 1980 Printed 111 US.A 
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TYPE 

L " ~ --- 16" ----...j 
Porcelain 

Standard Dome 

.. - . :, 

~\ 
\,. ' 

30" Angle 
Porcelain 

I i-- -- 16" · 

Polyester 
Standard Dome 

12'' 

30'' Angle 
Polyester 

I 

r~-9 
Porcelain and Polyester Reflectors for 
Stylmaster Incandescent Lighting 
Fixtures, and Fixture Weights. 
Suitable tor Use in Wet Locations. 
Available in Steel or Fiberglass Reinforced Polyester. 

Description 

Porcelain Steel and 
Polyester Reflectors 
For 60W-300W 

Calalog Number 
Porcelain Polyestc' 

-1 Standard Dome LPR-25ST LPRP-25ST 

30° Angle LPR-25AN LPRP 25AN 

Fixture and Acceuory Weights of Stylmaster, V-51, and VSA/VSB Seriest 

Typical Mounting Hoods 
- . - - ----- ----- -·-·~ 

Fixture Pendant Lbs. Feed-Thru Lbs. Ceiling Lbs. Wall Lbs. Stanchion Lbs. 

Stylmaster VPA75 2 VPC75 2 VPX75 2 VPOBW10 3 VPAN-125 3 
--~------ --- ·-~--- "·-------------· ----

V-51 VA75 2 VC75 3 VXHA75 4 VGA75 4 VMAN-125 ,, 
' - -- -----~----·-- - -

VSA/VSB VSA2-75 4 -~--- --·- VSB-2 4 -----· -------

Globes and Guards Reflectors 
----------- -- ------------ ·----- ----- ·-- ----- - - - --- --------- --- -· - - - - -- . 

Standard 
Fixture Type Globe Lbs. Guard Lbs. Dome Lbs. 30 Angle Lbs. 

Stylmaster 60-200W VPGL-1 2 VPGU-1 1 LPR-25ST 3 LPR-25AN 2 
200-300W VPGL-2 3 VPGU-2 1 LPRP-25ST 2 LPRP-25AN 2 

- --- ----- ---

V-51 60-150W VGL-1CL 1 VGU-1' 1 VRW-1ST 3 VRW-lAN ~~ 
150-300W VGL-2CL 2 VGU-2' I VRW-2ST 3 VRW-2AN l 

----------- --

VSA/VSB 60-300W VSGL-2CL 3 G-1316 1 VSR-2ST 3 VSR-2AN ·' 300-500W VSGL-5CL 4 G-1318 2 VSR-5ST 4 VSR-5AN j 

tFor weights 1n kilograms multiply number of lbs. by .4536. 'VWG-1 and VWG-2 Steel Guards weigh 1 lb. 

Discount Schedule UD 
Reier to Pricing Index for price, 
weight, and standard package 

Copyright 1980 Printed in U.S.A 

3.8.3-26 

1701 W Wellington Ave 
Chicago, Illinois 60657 

Effective 1980, PAGE 9 
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TYPE 
Dimensions: Stylmaster Incandescent 
Lighting Fixtures. 

f. 
808 
120 Semi 

j 

Pendant Mount 

'/ (ll.)" r- ,ll &m )~ 

I ' " l; I ~ 120 8cm) ? 1;4 · · g~ml 
Feecl-Thru 
Mount 

• 4 06" 
)1103cm) 

4 75 _i_ 
112 tcml 

'~ J± 11/ lict'rt 

4 (.)() ' l ul:t . 

1 1110:>cmlj 1J9m\\ 

ca-. 
Outlet Box 
Mount 

L._ 7 13' -.1 r pe 1cm1 I 

~--:;r, 
~ ~nl 

1063 ---1 
1/7 0cm) 

Wall Mount with Junction Box 

TT . 

45" Angle Mount,:• 

,-;, 1 
4 LH, 

~ .Ill 1'" ,, 

~ ,,,,,· 
~ 1,,· 

Ceiling 
Mount 

1 88 
!4 H.:-m l 

QQl]_t_ ~ , ,, 

,' .••r• 
k10,r !f '> 16 D,a 

11 (1 / crnd M14 Hole'-, 

Outlet Box and 
Mounting Body 

i-- ~1~\crn1 ~ 

l --.-
3JI 

~ (.1'11 

f.-~,~\cm,-i 

Wall Mount 

·Height of hood ts measured to bottom of flange, Height of globe and guard 1s from bottom of flange -01mens1ons of angle are frcw1 c ,,nter 
of pipe Height is measured from pipe stop in stanchion hood. 

NM 10. EttecllYe 1980 

•· ' . . ' ~ ~ 

3.8.3-27 

·-~-

1701 W Well1ng1on Ave 
Chicago, Illinoi s 601'i5 7 

Copyright 1980 Printed 111 US A 
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. · < :···GUTH .· 
- ' . 

C21700 !'!EC l l '80 

SR NoO// Fil:! No (, TYPE -. 

GUTH D~O~~N~R· 1:::~~::_ 1;:::,Li::(~~: 
... the ultimate 1n industrial fluorescent fight.in§ 

~wM~oqo~~ 

unique design enables 48°C ambient operation 

.... .,. ... ,_ ., ..... _________________________________ "'"·"'-

3.8.3-28 
Form 781 
Section 5 
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unique design enables 48°C ambient operation 
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Goth's DOO-UNER® operates 
extra cool for use in 

higher industrial ambients 
... Op to 48°C! 

The Guth Duo-Liner is the most sophisti
cated industrial fluorescent design available. 
With Duo-Liner's end-mounted and ventilated 
ballast compartment it operates extra-cool 
and will provide normal ballast life in high 
ambients up to 48°C ( 1 l 8°F) ... Or, when 
using Duo-Liner in ambients lower than 
40°C, you extend ballast life for extra long 
service which saves owner's replacement 
parts and maintenance costs. 

Plus, Duo-Liner offers better styling than 
conventional industrial fluorescent lighting. 
With added concern for aesthetics in 
industrial facilities, Duo-Liner provides a 
shallower, wider fixture design for broader 
light distribution and its 4-1 /2" depth per
mits more overhead clearance for moving 
equipment. 

Guth's unique Duo-Liner. .. It operates 
normally in higher ambients and saves 
owner's maintenance costs year after year 
... Ifs the Cool One. 

Specification Features: 
End mounted, ventilated ballast compartment isolates 
electrical components from lamp heat ... Extends 
ballast life up to 3-1 /2 times in typical 25° C ambients 
D Ballast compartment door hinges down for easier 
servicing of electrical components and door may be 
removed for servicing ballast at floor level D Fixture 
construction of 20 gauge cold rolled steel finished 
in white acrylic enamel, baked-on 310°F D Fixtures 
standard with 1 0% uplight to reduce ceiling contrast D 
Fast thru-wiring between ballast compartments 
through oversized k.o. 's ... Continuous rows install with 
lamps installed D Compression sockets prevent lamps 
from loosening due to vibration D Units only 4-1/2" 
deep providing extra clearance in low ceiling areas. 
Units 15-1 /2" wide for better lamp utilization and 
higher efficiency D Choice of either single wall or 
double wall reflectors for extra strength and consistent 
light control since outer wall absorbs any abuse D 
Ballasts are CBM/ETL high power factor. Super 
premium ballasts standard on 430 MA units D 
Continuous row mounted units may be ordered as 
"/RO," less-end-caps, to save money. Units rigidly 
fasten together to form extra strong lighting com
ponent D UL. listed and union made . 

Copyright I 978, General Signal, Inc 

2-Guth Lighting 3.8.3-30 
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Duo-Liners available with double wall 
acrylic reflectors (A) ... Makes units extra 
strong and permits outer wall to take 
rough industrial abuse while not 
affecting light distribution. Center "V' 
wireway (B) for quick thru-wiring. No 
need to remove lamps, wires feed 
internally from fixture to fixture. 

Ballast compartment cover hinges down 
for electrical wiring ... May be removed 
for simplified ballast replacemenl Note 
slotted air vents (A) permitting air-flow 
for cooler baUast operation and baUast 
bolted (B) on both ends for maximum 
heat dissipation. 

Unique sliding hanger may be placed 
anywhere along entire length of fixture 
... Alleviates alignment problems when 
hanging. Hanger designed to accept 
chains, conduit, threaded rod or Guth 
hangers which offer job site versatility 
for faster installation. Hanger is cadmium 
plated for lasting resistance to corro
sion. Must be ordered separately. 

DUO-LINER EXTENDS BALlAST LIFE UP TO 3-1/2 TIMES IN 25°C AMBIENTS! 

AMBIENT 
TEMPERATURE RATINGS 

OF DUO-LINER FOR 
FULL-RATED 

BALLAST LIFE 

Duo-Uner 
Catalog No. Lamps 

M4402* 4/F40T12CW (R.S.) 

M4404 2/F96T12CW (Slimline) 

M4408 2/F96Tl2CW/HO (800 MA) 

M441 l 2/F96T12CW/VHO (1500 MA) 

*Furnished standard with Super Premium Ballast. 
**Pendant Mounted 

3.8.3-31 

Maximum BaUast Ufe when 
Ambient for operating Duo-Uner 
fuD baUast in typical 25°C 
life (12 yr.) ambient** 

48°C ( 118°F) 40 years 

40°c (t04°C) 30 years 

45°C (113°F) 36 years 

41 °C (106°F) 31 years 

Guth Ughtlng-3 
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Catalog Listings 
Catalog Lamps/ MiUiamp 
No. Wattage Bulb Rating Length 

/'t\4400/ 120 2/ 40 T-12 430 56-13/16" 
-- -

M~02L120 ll I A/""\' T-12 430 106-5/16" 
N\ ~ 40" , ,.,., 

M4404/I20 2/75 T-12 425 103-1 / 16" 

M4406/120 2/ 60 T-12 800 55-1/16" 
-

M4408/I20 2/ 105 T-1 2 800 103-1/16" 
-

M4410/120 2/ 110 T-12/ T-l 7 1500 55-1 / 16" 

M4411 / 120 2/ 215 T-12/ T-17 1500 103-1/16" 

• Lamps in tandem 
All Units for 120 volt operation. For other voltage, change "/ 120" to 
voltage desired. 
For in-row fixtures (which are less ends) add sulflX "/RO" to catalog 
numbers. Each row of flXtures requires one complete unit plus 
balance of "/ RO" fixtures. 

Installation Data 
Duo-Liner "RO" units mean less end caps. Continuous row 
mounted fixtures slot together and fasten with sheet metal 
screws. End caps are used only on each end of row. When 
installing in continuous rows, order one complete unit and 
the balance as "/RO" units ... Saves time and money. 
800 M.A. f, l 500 M.A. R.O. Unit (and 425 M.A., 75 Watt Unit) 

lj'f'-- ,._, 
, 

I~ 
,, , 

I:"' : \\ 
I- 11·1•. 

430 M.A. R.O. Unit 

II ' 

6i''• ""·1r, 
a a~ .. 

A-7/8" K.O. 
B-1-1/16" K.O. 
C-1-1/8" K.O. 

430 M.A. Doublet R.O. Unit 

4 '>11 , 

Accessories 

SLIDING HANGER-may be 
adjusted along entire length of 
fixture. Sliding hanger accepts 

1/ 4", 3/ 8", 1/ 2" conduit, threaded 
rod, chains or Guth hangers. Order 
catalog number M4416 (per pair). 

METAL LOUVERS-Provides 30" 
x 30° shielding. Heavy gauge. steel 
finished in white acrylic enamel. 
Louvers hinge for relamping. 
Order catalog number M441 7. 
Use 2 per 8' unit. 

WIRE GUARD-Extra strong guard 
is I /8" diameter wire welded at 

each intersecting point. Guard is 
cadmium plated to resist 

corrosion and hinges for lamp 
replacement. Oroer catalog 

number M4418. Use 2 per 8' unit. 

-~ CHAIN HANGERS- Heavy duty 
'Y'' chain for proper balance 

(

/ ot1unit and equal weight dlstribu
hain is 4' long and fits mto 
n fixture top or mto sliding 
r. Order catalog number 

(per pair). 

/ 
SWIVEL HAN.-::G:-;,a,.~_-.:H-eavy gauge l' 
steel hangers include adiusters at 
ho ttom to propt•rly ahgn fixtun·s 

H11nq,·rs abo st'lf 1'dJusl so lixhm•s 
h,mg straight. Order M3937 lor 

I 2" length (per pair). Order A, 
M3939 for 24" length (per pair). y 

Other lengths available. 

PULL SWITCH-For single circuit 
pull switch add "/PS" to catalog 

number. 

CORDSETS-for 12 gauge six 
foot grounded cord and receptacle 
enabling fast installation and 
easy relocation of fooures. 
Order M4081. 

PHOTOMETRIC DATA (Zonal Cavity Method) 
/'t\4411 with T-17 lamps. /'t\4402, /'t\4404, M4408, /'t\4411 with T-12 lamps. 
S/M Ratio 1.4:1 Sf M Ratio 1.4: 1 
Ceiling Adi 80% 50% 10% C_!:i li11g Rell 80% 50% 10% 
Wall Rell 50 30 10 50 30 10 50 30 10 Wall Rell 50 30 10 so 30 10 50 30 10 
RCA 20% RCA 20% 

1 77 74 .71 .70 .68 ,66 .63 .61 .60 1 78 .75 .73 .71 .69 .67 .63 .62 .60 
2 68 ,63 59 ,62 .59 .56 .56 .53 51 2 ,69 .64 .61 .63 .60 .57 .56 .54 .52 
3 60 .54 so ,55 .51 .47 ,49 .46 .44 3 .61 .56 .51 .56 .52 .48 .so .47 .45 
4 .53 47 .42 .49 .44 .40 .44 .40 .38 4 .54 .49 .44 .so .45 .41 .45 .41 .39 
5 47 40 35 .43 .38 .34 .39 ,35 .32 5 .48 42 .37 ,44 .39 .35 .40 .36 ,33 
6 .42 35 .31 .39 .33 .29 .35 .31 ,28 6 .43 .37 .32 .40 .34 .30 .36 .32 .28 
7 .37 31 .26 .35 .29 .25 .31 .27 .24 7 .38 .32 .28 .36 .30 .26 .32 .28 .25 
8 33 27 23 ,31 .25 .22 28 .23 .21 8 .34 .28 .23 32 .26 .23 .28 .24 .21 
9 30 23 .19 .28 22 .19 .25 .21 .1 7 9 .31 .24 ,20 .28 .23 .20 .26 .21 .18 

10 27 21 17 ,25 20 16 23 .18 15 10 28 22 .18 26 .21 17 23 19 .16 

GUTH LIGHTING 
<=s 3.8.3-32 

4-Guth Lighting A UNIT OF GENERAL SIGNAL 
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A new series of energy-efficient wall brackets. 
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The 

Smartly styled exterior wall brackets for low watt H.I.D. lamps. 

The distinctive linear design of Wall-Liter S 
enables the outdoor lighting to compliment 
building facades with a clean, compact wall bracket 
which protrudes 5-3/16" from the surface ... The 
thinnest bracket available for up to 250 watt lamps. 

And Wall-Liter S exterior brackets are energy 
minded, too! Expressly designed in two sizes for 
lower wattage H.I.D. lamps, from 35 watt L.P.S. 
up to 250 watt H.P.S. Wall-Liter S affords the 
versatility of producing equal lighting levels with 
lower wattage lamps, or, providing additional 
illumination for equal wattage ... Either way, 
Wall-Liter S offers peak efficiency which saves 
operating dollars and reduces electrical 
consumption. 

SPECIFICATIONS: 

CONSTRUCTION Heavy gauge die-cast 
aluminum ends and aluminum housing for rugged 
outdoor applications. Unit finished in bronze 
acrylic enamel, baked on at 310°F for lasting 
appearance. Also available in black and two-tone 
bronze/beige finish. 

Guth Lighting • 2 

ELECTRICAL Ballasts are HPF type and 
available for all voltages. Electrical components 
are compartmentalized from lamp heat to extend 
ballast and capacitor life. Lampholder of heavy 
duty porcelain with special compression screw
shell to eliminate lamp loosening from vibration. 
U.L. listed "Suitable for Wet Locations." 

OPTICAL Reflector of specular Alzak* aluminum 
for peak efficiency and lasting lighting performance. 
Specular Alzak reflectors won't pit or corrode 
and wipe clean for lasting efficiency. Reflector 
held captive in aluminum extrusions to assure 
consistent performance. Reflector forms an air 
barrier to isolate lamp heat from electrical 
components. Side reflector surfaces provide lateral 
illumination for additional projection close to wall 
surfaces. 

REFRACTOR Extra strong, heat formed Pyrex** 
glass lens is resistant to thermal shock enabling 
Wall-Liter S' compact fixture design. Lens is 
diffused for better light distribution and silastically 
sealed in hinged, extruded frame. Lens and ballast 
cover are PVC gasketed to form water tight seal. 
• TMAkoe 

3.8.3-35 Copyright 1978, General Signal. Inc. 



For extra protection, Wall-Liter S is available 
with virtually indestructible clear polycarbonate 
shield. Shield extends one-inch from unit to 
eliminate breakage and is open top-and-bottom 
for self cleaning action. 

t Faat, e•y installation . .. 

I Unique "clam-shell" design enables total 
! access to electrical components for fast 

installation and easy malntalnance. Side 
screws reverse to hinge ballast compartment 

door up and glass lens hinges down. 

The Wall-Liter S is also available for 35 watt and 55 watt 
low pressure sodium lamps ... the most efficient lamps known 
to man. The monochromatic yellow color Is non-attractive 
to insects and penetrates fog conditions, plus, it maintains 
constant light output throughout 18,000 hours of lamp life. 

3.8.3-36 3 • Guth Ughtlng 
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CATALOG LISTINGS 

- i Lamp S/M 
Catalog No. / 1ype Wattage Bulb Ratio 

B17-601/120 ! MV 100 E23½ or BT25 3.5:1 

B17-602/120[ MV 175 E28 or BT28 3.5:1 

B17-701/120 i MV 250 E28 or BT28 3.5:1 

B17-603/120 I MH 175S BT28 3.5:1 

,, 817,1{13/120 MH 250 E28 or BT28 3.5:1 

Shipping 
Weight 

(lbs.) 

18 

18 

23 

19 

23 

Dimensions 
Ht. WI. Op. 

115/s" 12¾" 53'1s' 

115/a" 12¾" 53/,s" 

115/s" 183/a" 53/,s" 

115/s" 12¾" 53/,s' 

115/s" 187/a'' 53'1s" 

For Saving Energy Use H.P.S. 
and L.P.S. Wall-Liter SI 

\\ ~ ,, lBH-604/120 HPS 70) E23½ or BT25 3.5:1 18 115/s" 12¾" 53/,s" 

Lighting designs for outdoor environments are 
under severe criticism for wasting electrical 
energy and, yet, there is a growing need for 
night time security lighting. Therefore, the use 
of higher efficiency lamps is desirable since 
L.PS. and H.PS. lamps develop over twice the 
lumens per watt as conventional mercury 
vapor. Not only are higher footcandle levels 
achieved for better protection, but, as 
importantly, there is a significant reduction in 
wasted electricity. 

-

-

B17-605/120 HPS 100 E23½ or BT25 3.5:1 17 115/a" 12¾" 53/,s' 

B17-606/120 HPS 150 E23½ or BT25 3.5:1 19 115/s" 12¾" 53/,s" 

B17-705/120 HPS 250 E18 3.5:1 25 115/s" 183/a" 53'1s" Compare these Lumens-per-Watt 

B17-607/120 LPS 35/55 SOX 35/ 3.5:1 23 115/s" 187/a'' 53/,s" 
SOX 55 

----~-- -~~ 

All units listed for 120 volt operation. For other voltages, change '1/120" to voltage desired. 

Accessories: 
For tamper-proof screws, add "TP" 
For photo-cell control add "PEG" 
For polycarbonate lens shield, add "/LS" 
For cast aluminum outlet box, add "CAB" 
For outside corner mounting bracket, order B214 
For matte black finish, add "/BLACK" 
For bronze housing with beige ballast compartment finish, add "/BR-BE" 

Lamp Type 

LPS (clear) 
LPS (clear) 
HPS (clear) 
HPS (clear) 
HPS (clear) 
HPS (clear) 

~_tl_klear) 
MH (clear) 
MV (coated) 
MV (coated) 

Wattage Lumens 

35 4,800 
55 
70 

100 
150 
250 
175/S 
250 
175 
250 

8,000 
5,800 
9,500 

16,000 
27,500 
15,000 

__gQ,500 
8,500 

13,000 

Lumens/ 
Watt 

137 
145 
82 
95 

106 
110 
85 
82 
48 
52 

INSTALLATION DATA AND DIMENSIONS Mounting Height Conversion Chart* 

Wall-Liter S' unique "clam-shell" 
design opens entire unit for complete 
access. Center screw on each side 
of unit is reversed, freeing ballast 
compartment cover and glass lens 
hinges down. 

r, 
: ' ,, 
7/s" 

"I " I 31/e" 
16 _;_....l----T,. 1" sr,,;• 

1½" ½'.--,-- e 11 5/," 

·1-.'/,," 310'1,'' ~::/ J 
.. '17 3/32" 

Mounting 
Height 

8' 
10' 
12' 
14' 
16' 
18' 
20' 
22½' 
25' 

Footcandle 
Multiplier 

1.56 
1.00 

.69 

.51 

.39 

.31 

.25 

.20 

.16 

With 3/s" I. P stud, unit mounts 
directly to 4" cast outlet box or two 
5/16" K.0.'s for mounting to wall. 
Die-cast ends include 3/a" KO. on 
both ends for ½" side conduit hub 
wiring or photo cell control. *Photometrics taken with 10' mounting 

height. For other mounting heights 

Photometrics: 
Bl 7-605 100 W. H.P.S. 
Clear Lamp 9,500 Lumens 

Guth Lighting - 4 

* For 250W H.1.0. and L.P.S. units. use footcandle multiplier aboue. 

B17-606 150 W. H.P.S. 
Clear Lamp 16,000 Lumens 

20 30' 40 50 

B17-705 250 W. H.P.S. 
Clear Lamp 27,500 Lumens 

r....... 3.8.3-37 

'-b ~~~I~ ~~~~~~~~I '.3 1 C, ~J /< I 

PO BOX 7079 • ST. LOUIS. MISSOURI 631 77 

Bl 7-607 55 W. l.P.S. 
Clear Lamp 8,000 Lumens 

Printed U.S.A. 
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NOTE: 

1. UL LISTED 

2. FINISH: ASA-61 (LIGHT GREY) 
OVER nlMER 

H 

G conduit area 
3. UNIT IS SHIPPED AS INDOOR 

WITH WEATHERPROOF SHiaos TO 
BE INSTALLED BY CUST<l'ER. 
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Stylmaster Enclosed and Gasketed 
Incandescent Fixtures: 
Stanchion and Outlet Box. 
Suitable for use in Wet Locations. 
Wrth Aluminum Mounting Hood and Prismatic Glass Globe. t 

R TWR. LTN 

Size 
(Inches) 

45° Stanchlon-1-1/4" Conduit 

60-200 Watt A-23 

With Globe 
and Guard 

1-1/4 VPAN10125G 

200-300 Watt PS-30 
1-1/4 VPAN20125G 

Wall-Body Includes outlet 
box with five tapped openings 
Wrth mounting lugs and lour 
close-up plugs 

60-200 Watt A-23 
1/2 
314 

VPWB1050G 
VPWB1075G 

Catalog Number 
With Globe 
Only 

VPAN10125 

VPAN20125 

VPWB1050 
VPWB1075 

200-300 Watt PS 30 
1/2 

VPWB2050G _ VPWB2050 · 

314 
- 3Jil': VPWB2075G - VPWB2075 

\U l'lt\ \.. ?\l.,- ~ 5-f\.N .. iEF:lfcToR 
Celling-Outlet Box Mounting 
Frts SEH or VPJB cast outlet 
box or 3-1/4" or 4• octagonal 
outlet box. Fumished with saews 
and gasket.i 

60-200 Watt A-23 
200--300 Watt PS-30 

Wall-Outlet Box Mounting 

VP0B10G 
VPOB20G 

VPOB10 
VPOB20 

Fits SEH or VPJB·cast outlet I 
box 13-1/4" or 4• octagonal · · . 
outlet,-tlmt:-Eumisbe<twithsaews:: =..:..:_-=..-=..:..-· ... :·:·. ·.--:-.-::::._::-::::: ..•. ::c._.c-=-_-===========I 
and et.* R~-1:_,,:.,:: __ L i,,,u~ .. .-.·· ·:·:~L C8t\P . 
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"See page 4 for temperature limits on individual Sly aster llxt·ures. t0rder re~ectors and accessories separat~ly. See pages 7, 8 and 
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1/::-v. 
Clasal,Dlv.2, Stylmaster Enclosed and Gasketed 

Incandescent Fixtures: 
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Stanchion and Outlet Box. 
Suitable for use in Wet Locations. 
With Aluminum Mounting Hood and Prismatic Glass Globe. t 

R TW~ LTN 

Size 
(Inches) 

45° Slanchlon-1-1/4" Conduit 

60-200 Watt A-23 

With Globe 
and Guard 

1-1/4 VPAN10125G 

200-300 Watt PS-30 
1-1/4 VPAN20125G 

Wall-Body lnoludea outlet 
ltox with five lapped openings 
With mounting lugs and four 
close-up plugs 

60-200 Watt A-23 
1/2 VPWB1050G 

3/4 VPWB1075G 

200-300 Watt PS 30 
1/2 
3/4 

Celling-Outlet Box Mounting 
Fils SEH or VPJB cast outlet 
box or 3-1/4" or 4" octagonal 
outlet box. Furnished with screws 
and gasket.t 

60-200 Watt A-23 VPOB10G 

200-300 Watt PS-30 VPOB20G 

Wall-Outlet Box Mounting 
Fits SEH or VPJB·casl outlet 
box or 3-1/4" or 4• octagonal 
outlet box. Furnished with screws 
and gasket.t 

60-200 Watt A-23 VPOBW10G 

200-300 Wan PS-30 VPOBW20G 

Catalog Number 
With Globe 
Only 

VPAN10125 

VPAN20125 

VPWB1050 
VPWB1075 

VPOB10 
VPOB20 

VPOBW10 
VPOBW20 

·5ee page 4 for temperature llmi.ts on individual Stylmaster fixtures. tOrder reflectors and accessories separately. See pages 7, 8 and 

9. tQrder SEH box from Cat. Sec. A, 3-1/4" or 4" octagonal steel boxes from Sec. OB and VPJB cast box from this catalog section. 

Discount SclMclul• UD 
Refer to Pricing lndelc for price, 
weight, and standard package 
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