
INSTALLATION 
Westinghouse I .L. 41 -777 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES 51 AND 51-1 OVERCURRENT RELAYS 

CAUTION: Before putting relay into service, oper­

ate the relay to check the electrical connections. 
Close output switches last when placing relay in 
service. Open output switches first when removing 
relay from service. 

A P P L I C A T I O N  

These overcurrent relays are static devices that 
produce a d. c. output voltage when the input current 
in them exceeds a given value. This output voltage 
is used as the input to other devices that trip a 
breaker. 

The number of inputs and outputs varies with 

the type of relay. Generally, these are as follows: 

Type SI relay-three inputs, one or two outputs. 

Type Sl-1 relay-one input, one output. 

C O N S T R U C T I O N  

The type SI-1 relay consists of an input trans­

former, a setting circuit, a phase splitter circuit, a 

sensing circuit, an amplifier circuit, a voltage re­
gulator circuit, a feedback circuit and a transistor 
output. An operational indicator is an optional unit. 
The type Sl relay in addition to these components 

has two input transformers, two phase splitter cir­
cuits, and either a single output or a dual output 
transistor circuit. 

The components are connected as shown in 
Figs. 1 to 4. 

Input Transformer - The input transformer is a two 

winding type with a non-tapped primary winding and 

a tapped secondary winding. The secondary is 

connected to the setting circuit and from a fixed 
tap to the phase splitter circuit. 

Setting Circuit - The setting circuit is connected 

N EW I NF OR MATION 

across the secondary winding of  the input trans­

former and consists of two branches, a resistor and 
a rheostat connected in parallel with a resistor and 
Zener diode. This circuit loads the transformer and 

produces a secondary voltage proportional to the 
input current. The rheostat has a locking feature to 
minimize accidental change of current setting. 

Phase Splitter Circuit - The phase splitter circuit 
consists of two capacitors, resistor, potentiometer 

and a three-phase rectifier bridge. This circuit con­
verts the single phase a. c. voltage from the output 

of the transformer to a three-phase voltage and rect­
ifies this voltage to d.c. 

Sensing Circuit - The sensing circuit consists of 
three resistors, a transistor and a Zener diode. 
This circuit is connected between the output of the 
phase splitter circuit and the amplifier circuit. In 

this circuit, a reference voltage is established 
which turns the transistor on. To turn the transistor 

off, the output voltage from the phase splitter must 
be greater than the reference voltage. 

Amplifier Circuit- The amplifier circuit consists of 

a normally conducting transistor, Zener diode, three 
resistors and a diode. This circuit is the final out­
put stage of the relay. 

Feedback Circuit - The feedback circuit consists 
of a resistor, potentiometer, and diode. This circuit 
controls the dropout current of the relay. 

Voltage Regulator Circuit - The voltage regulator 
circuit consists of a silicon power regulator and a 

series resistor. The silicon power regulator is a 10 
watt Zener diode mounted on an aluminum heat sink. 

The series resistor is a 3-% inch resistor and is 

used to reduce the supply voltage to the Zener 
voltage. 

Operational Indicator - The operational indicator 
consists of a silicon control rectifier, lamp, micro­
switch, Zener diode, and three resistors. This cir­

cuit is triggered by a signal from the output of the 
relay. 
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IOH 
SET TING 

Fig. 1 Type Sl R elay in an FT-2 1 case (front view). 

• 
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VOLTAGE 
R EGULATOR 
ZENER DIODE 
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Sl P RINTED 
CIRCUIT BOARD 

WITH DUAL 
OUTPUT 

PHASE SP LITTER 
POT E NTIOMETERS 

(Pl,  P2, P 3) 

II� 

Fig. 2 Type S/ Relay in an FT- 2 1  case (rear view). 

DROPOUT 
-'---POT ENTIOM ETERS 

(P4, P S) 
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T Y P E S SI A N D SI- 1 R ELAYS-----------------------------------------------------

INTERNA.L.SCHEMATIC 

CHASSIS OP£JIATED 
-SHORTllfG SWITCH 

TEST SWITCH 

CUIIIIEIH TEST JACK 

TERMINAL 

Fig. 3 B lock diagram of the Type Sl- 1 Relay in F T- 1 1  
case (diagram of Sl- 1 without the operation indica­
tor is 763A 630). 

O P E R A T I O N  

The components of the Sl- 1 relay are connected 

as shown in Fig. 5. With no input to the relay, all 
transistors (Q 1 and Q2) are conducting and a very 

small output is obtained from the relay. Zener diode 
( z2) of the sensing circuit establishes the reference 

voltage from the emitter of Q 1 to negative and allows 
a base current to flow in Q1 through R5 to negative. 

When a. c. current is applied to the primary of the 
transformer (T), a voltage is produced on the second­
ary side that is proportional to the amount of resis­
tance in the rheostat (S 1). This single phase voltage 
is applied to the phase splitter circuit where a three 
phase voltage is produced, rectified, and applied to 
resistor R5 of the sensing circuit. If the voltage from 

the rectifier is greater than the reference voltage 
across the sensing circuit, Q 1 turns off to allow Q2 
to turn off which produces an output. 

When Q2 turns off, positive voltage is applied 

to the feedback circuit such that a voltage is applied 

to the base of Q1 . By varying the magnitude of this 

voltage, the dropout of the relay can be regulated 
from approximately 98o/c to Oo/c of pickup. 

4 

When large currents are applied to the primary 
of the input transformer, the Zener clipper on the 
secondary prevents the voltage applied to the elec­
tronic components from becoming excessive. 

The operation of the type Sl relay is similar to 
the Sl - 1, except that the Sl has three overcurrent 
inputs. These three inputs are applied through seper­
ate phase splitting and setting circuits to a common 

sensing circuit which operates on the maximum 
voltage applied to it. 

F'igs. 6, 7, and 8 show the connections of the 

Sl- 1, SI with single output with the Sl with a dual 
output. 

CHARACTERISTICS 

The Sl- 1 relay is available in the current ranges 
shown in Table I. 

T A B L E  I 
Range Scale Marking 

.25- 1 ampere .25 .4 .5 .6 .8 1.0 

.5 - 2 amperes .5 .75 1.0 1.25 1.5 2.0 

1 - 4 amperes 1.0 1.5 2.0 2.5 3.0 4.0 

2 8 amperes 2 3 4 5 6 8 

4 - 16 amperes 4 6 8 10 12 16 

10 - 40 amperes 10 15 20 25 30 40 

The setting of the relay is the m1mmum current 
required to produce an output. Settings between th(! 
scale markings can be obtained by applying the de­
sired current to the relay and setting the rheostat 
at the desired point. 

The Sl relay is available with any combination 
of three of the above ranges. In the usual applica­
tion, two inputs are the same range with an output. 
The third input is of a different range and can be 
of a different output than the other two. 

The operating time of the relay is shown in 

Fig. 9. .As shown in the figure, there is a maximum 
and minimum operating time of the relay for each 
multiple of pickup. This difference in time is due 
to the point on the current wave that the fault cur­
rent is applied. Figure 10 shows the operate times 
for different points on the fault wave for fault cur­
rents at twice pickup. 
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T A B L E  TI 
E N E R G Y  R E Q U I R E M E N T S  

Ampere VA at P.F. VA at P.F. 

Range Setting Setting Angle 5 amps. Angle 

.25- 1 

.5-2 

1-4 

2-8 

4-16 

10-40 

.25 

.4 

.5 

.6 

.8 

1.0 

.5 

. 75 

1.0 

1. 25 

1.5 

2.0 

1 

1.5 

2 

2.5 

3 

4 

2 

3 

4 

5 

6 

8 

4 

6 

8 

10 

12 

16 

10 

15 

20 

25 

30 

40 

Q. 17 

0.3 1 

0.42 

0.54 

0.8 1 

1.20 

0. 17 

0.31 

0.42 

0.54 

0.8 1  

1. 20 

0. 17 

0.31 

0.42 

0.54 

0.8 1 

1.20 

0.22 

0.39 

0.60 

0.85 

1. 17 

1.94 

0.26 

0.49 

0.80 

1. 15 

1.57 

2.56 

1.0 

2. 1 

3.6 

5.9 

8. 1 

14.4 

7.5 

15 

2 1  

25 

30 

35 

7.5 

15 

2 1  

25 

30 

35 

7.5 

15 

2 1  

25 

20 

35 

7.5 

15 

2 1  

25 

30 

35 

8.5 

13 

15 

16.5 

17.5 

19 

3 

4 

5 

6 

6 

6 

23 

22.8 

22.7 

22.6 

22.2 

2 1.8 

8.80 

8.50 

8. 10 

7.80 

7.60 

7. 10 

3. 15 

2.95 

2.65 

2.35 

2. 2 1  

2.0 

1.4 

1. 1 

0.95 

0.85 

0.80 

0.73 

0.4 1 

0.34 

0.3 

0.29 

0.28 

0.25 

0.25 

0.23 

0.2 1  

0.2 1 

0.20 

0.20 

5 1° 

50 

48 

48 

48 

48 

32 

32 

33 

34 

36 

37 

16 

19 

2 1  

25 

28 

30 

1 3  

15 

2 1  

25 

30 

35 

8.5 

1 3  

15 

16.5 

17.5 

19.0 

3 

4 

5 

6 

6 

6 

T A B L E  JII 

C U R  R E N T  RATINGS 

Rating of the Overcurrent U nits 

Range Continuous Rating 

1 

2 

4 

10 

(Amperes) 

.25- 1 6 

.5 -2 8 

-4 

-8 

- 16 

-40 

10 

12 

15 

20 

T A B L E  IT 

One Second Rating 
(Amperes) 

185 

350 

400 

400 

400 

460 

Battery Drain at 125 Volts D.C. 

Sl- 1  Relay 

Sl- 1 Relay with Indicator 

Sl- Relay Single Output 

SI Relay Dual Output 

S E T T I N G  

65 Milliamperes 

100 Milliamperes 

65 Milliamperes 

105 Milliamperes 

The pickup of the relay is selected by adjusting 
the rheostat, S, in the front of the relay. Setting in 
between the scale marking can be made by applying 
the desired current and adjusting the rheostat until 
an output is obtained. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
moisture. Mount the relay vertically by means of 
the four mounting holes on the flange for semi­
flush mounting or by means of the rear mounting 
stud or studs for projection mounting. Either a 
mounting stud or the mounting screws may be utiliz­
ed for grounding the relay. The electrical connec­
tions may be made directly to the terminals by 
means of screws for steel-panel mounting or to the 

terminal studs furnished with the relay for thick 

panel mounting. The terminal studs may be easily 
removed or inserted by locking two nuts on the 
stud and then turning the proper nut with a wrench. 

For detailed FT case information, refer to I.L. 
4 1-076. 
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TYPES Sl AND S 1- 1 RELAYS 

INTERNAL SCHEMATIC 

lED IAIIDLE ----

762A784 

Fig. 4 Block diagram of the Type Sl Relay in F T- 21 
case (for Sl with single o utput omit the circuits 
connected to terminal 2; dwg. no. 763A 6 29. 

A D J US T M E N TS A N D  M A l  N T E N A NCE 

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory and 
should not be disturbed after receipt by the customer. 

Acceptance Tests 

The following check is recommended to insure 

that the relay is in proper working order. All checks 
can best be performed by connecting the relay per 
the test circuit of Fig. 1 1. Refer to fig. 4 and make 
similar connections for the test of the SI relay. 

be dictated by experience to be suitable to the 
particular application. 

Calibration 

Use the following procedure for calibrating the 
SI- 1 relay if the relay adjustments have been dis­
tributed. This procedure should not be used until it 
is apparent that the relay is not in proper working 
order. .A new scale plate may be necessary when 

parts are changed. This procedurf must be repeated 
for the other two inputs on the type SI relay. 

Splitter Adjustments 

1. Turn rheostat (S) on front of relay to extreme 
counter-clockwise position. 

2. Apply minimum S current to the proper relay 
terminals. 

3. With a high resistance voltmeter (a. c.) adjust 

phase splitter potentiometer such that three 
voltages approximately equal to each other 

are obtained across TP 1, printed circuit 
board terminal 12 and printed circuit board 
terminal 18 or 14. 

Dial Calibration (S) 

1. Apply 125 volts d.c. to relay terminals 10 

and 2. Terminal 10 is positive. 

2. Connect a high resistance d.c. voltmeter 
across terminals 1 and 2. Terminal 1 is 
positive. 

3. Apply desired S current to terminal 8 and 9. 

4. Turn s rheostat until the relay operates as 

1. Minimum trip current - Check pickup at the indicated by a sudden reading of approxi-

minimum and maximum setting. This is ac- mately 20 volts d.c. on meter. 

complished by applying the specified current 
and checking that the voltmeter reads approx­

imately 20 volts when the current is within 
3o/c of the setting. 

2. Dropout - After checking pickup, the drop­
out should be checked to be approximately 
97o/c of the pickup when the a. c. current is 
gradually reduced. 

Routine Maintenance 

All relays should be checked at least once 
every year or at such other time intervals as may 

6 

Dropout (P) 

1. Set s on desired point and apply S amperes 

to relay to make it operate. 

2. Lower S amperes to desired droput value and 
adjust P potentiometer until voltmeter drops 

to approximately zero. 

3. Verify dropout and pickup several times by 

raising a.c. current until relay operates and 
then lowering the a.c. current until relay 
dropouts. 
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Trouble Shooting P rocedure 

Use the following procedure to locate the source 
of trouble if the S I- 1  relay or the S I  relay is not 
operating correctly. 

1. Inspect all wires and connections, paying 

particular attention to printed circuit ter­
minals. 

2. Check resistances as listed on the internal 

schematic of the relays. 

3. Check voltages as listed on the electrical 
checkpoints. 

R E N E W A L  P A R T S 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doing 

repair work. When ordering parts, always give the 
complete nameplate data. 

E L EC T R I C A L  C H EC K P O I N TS 

Connect relay per test circuit of Fig. 1 1. All 

voltage readings should be made with a high resist­
ance voltmeter. Refer to Fig. 12, 13 or 14 for printed 

circuit board points. For some readings it is neces­
sary to scrape varnish from the components to make 

a connection at the point. 

I No . .A.C. Current Input 125 volts d. c. 

Component Negative terminal 
Approximate 
d. c. voltage 

z2 2 7 

z3 2 less than .6 volts 

z5 2 45 volts 

II Minimum Trip A C. current applied 

Circuit Terminals Voltage 

Phase TP 1 to board 18 7. 5 volts a. c. 

Splitter TP 1 to board 12 7. 5 volts a. c. 

Board 12 to board 18 7. 5 volts a. c. 

Setting Board 16 to board 18 15 volts a. c. 

Output Terminal 1 ( +) and 2 18 to 22 volts 
D. C. 

The above terminals are for the S I- 1  relay. For 
corresponding terminals for the S I relay, refer to 

the relay. 
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TYPES Sl AND Sl-1 RELAYS __________________________ ___:.:;I .L:.:·.....;;4�1 --=-77;..;7 

Circuit 
Symbol 

CI-C2-C3 
C4-C5 t t 

E L E C T R I C A L  
TYPE Sl 

Description 

CA- P A CI TO R S  

.5 MFD. 

.25 MFD. 

DIO D E S  

D1 TO D 18-D20-D22 tt IN459.A 

D 19-D2 1 tt 

P 1-P2-P.3 
P4-P5 tt 

Q 1-Q3 tt 
Q2- Q4 tt 

R 1-R4-R7 

R2-R5-R8 
R3-R6-R9 
R 10-R 12 

Rll-Rl3 
R 14-R 19 
R 15-R2 1 
R 16-R20 
R 17- R22 
R 18-R23 
R24 

8 1-82-83 

T 1-T2 
T3 

Z 1- Z2- Z3 

Z4-Z6 tt 
Z5-Z7 tt 
Z8 

tt 
tt 
tt 
tt 
tt 
tt 
tt 

IN457A 

PO T EN TIO M E T E R S 

2.5K 0 - 1/4W 
200K 0- 1/4W 

T R AN SI S TO R S  

2N652A 

2N697 

R E SI S TO R S  

2.7 K 0 1/2W 

50 0 25 W 
300 0 25 W 

15 K 0 1/2 w 
39 K 0 1/2 w 
1 K  0 3 W  
3.9 K D 1 W  
33 K D 1/2 w 
1 K 0 1/2 w 
10 K 0 1/2 w 
500 0 40 w 

R H EO S T A T  

1.5 K D - 25 w 

T R AN S FO R M E R  

S# 4 10C268 

S#410C268 

Z EN E R  DIO D E S  

INI832C 

IN957B 

IN368B 

INI829A 

tt Used only in relay with double output. 

P A R T S L I S T  
TYPE Sl-1 

Circuit 
Symbol Description 

C A P ACITO R S  

C 1  .5 MFD. 
C2 .25 MFD. 

DIO D E S  

D1 TO D6-D8 IN459A 
D7 IN457A 
D9 - DlO t CER - 69 

PO T EN TIO M E T E R S 

p 1 2.5K 0 1/4 w 
p 2 200 K 0 1/4 w 

T R AN SI S TO R S  

Q 1 2N652A 
Q 2  2N697 

R E SI S TO R S 

R 1  2.7 K 0 1/2 w 
R 2  50 0 25 w 
R 3  300 0 25 w 
R 4  15 K 0 1/2 w 
R 5  39 K 0 1/2 w 
R 10 1K 0 3 W  
R 6  3.9 K 0 1 W  
T 7  33 K 0 1/2 w 
R 8  1 K D 1/2 w 
R 9 - R 1 1  t 10 KD 1/2 w 
R 14 500 0 40 w 
R 12 t 4.7 0 1/2 w 
R 13 t 820 D 1 W  

R H EO S T A T  

8 1  1.5 K 0- 25 w 
T R AN S FO R M E R 

T 8 #410C268 

Z EN E R  DIO D E S  

Z 1  INI832C 
Z 2  IN957B 
Z 3-Z 4 t IN3686B 
Z 5  INI829A 

S WI T CH E S  

Q8 1  t 2N 188 1 
8W 1 t 8# 184A611H01 

L A MP 

L t 8# 183A825G05 

t Used only in relay with operation indicator 
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Fig. 7 Internal Schematic for the type Sl Relay with a single output. 
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TY P E S  Sl AND Sl- 1 O V E R CU R R EN T  R E LAY S  ____________________ _ 
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Fig. 9 Operating time far the type Sl and Sl- 1 Relays. 
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Fig. 10 Operating time for the type Sl and Sl-1 Relays as a function of fault in cidence angle at twice minimum trip. 
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TY P E S  Sl AND Sl- 1 O V E RCU R R ENT R EL AY S  --------------------=-=1 -..:.L :....:· 4:..:.1�·7 :..: 77 

125 V O LT S  

D. C. 

+�-------------------� 

Fig. J l Test circuit for the type Sl- l Relay. 
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[QIJ rn::LJ lotoJ I RIO I 7 

f!I:J @:I] [[II] C!DJ � I Rl3 I 
19 I 

� - - - -� 
Fig. 1 2  Component location on printed circuit board for the type Sl- l Relay. 
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TY P E S  Sl AN D Sl- 1 O VE RCU R R EN T  R E LAY S--------------------

@!!] [QIT] EJ ���EJ [Qj]J [ill] 
fQill [Qli] []]I] [Qill [QI[J 
[QIQ] [Q]J ID22I IT:!] 
[H) [[!] rn::rn 8 [!I!] 
[[!] ern e [Q!£1 [[!] � [[iTI [[[] [[I] ITIJ WI] e [ill] 

[QI!] 

Cl C2 C3 e G 
[]TI] 1m 
m:o I R l 4 I ()TPI �TP2 0TP3 e 0 8 G I Rl 5 I I Rl9 I 

[[I] [IT] [[[] [[!] I R2 1 I 
19 I 

� 
- -----

� 
836A568 

Fig. 13 Component location on printed circuit board for th e type Sl Relay. 
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TY P E S  Sl AN D Sl- 1 O V E RCU R R EN T  R E L AY S  -----------------__.:.'o.!:· L.._. �- u.. 

I 
I 
I t 

T£1841UL AIID 
MOUITIMG DETAI LS 

� 01 A. 10 MOlES 
OR CUT OUT 

I •• � DIA.� MOLES FOil --s �� 1 

25 
/ .190-32 MT8.SCII£WS 

2 _ ____..., � 32 l 1 
-fj7- $--- -· 1 f -/--+-----: 

=I!! _,!! 

PAIIEL CUlOOT I DR I U.I .  
FOR SEMI FLUSII MT8. 

------, 

.. 

� ___ _} 

PAIEL DIIIU.I•& OR CUTOUT FOR Pt.ru ECTI 011 MT&. 

( FIIO!fT Yl EW) 

\ \ \ 
TEIIMIIAL .... u 

57-D-7901 
Fig. 14 O utline and drilling plan for the type Sl Relay in the FT·21 case. 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS--------------------

TEIIMIIIAL MID 
MOUIITIIIG .DETAILS 

• I 90-32 SCREW 

5- 111 SCREW 
I ll ( FOR TH I CK 

PAIIEL USE 
�I ll  STUD) 16 .190-32 SC1t£W 

9 
Ts 

I 

5 Ts • 1�32 MTa.scltEws { 9 L i D I A.IJ IIO�ES FOR 

221 I-
ff ,- . � 

t ---,--

I'MEL CUTOUT & DRtLLI II 
Fot SEMI -FLUSH MTQ. 

-1 .... 
.. 

PILOT PLATE SNAP} WHEN US.ED ON RELA.Y (TAB 
TO REAP..) 

!-+--�,.---------- 5 � __ _.,. 
8 

-"'oo:::-�t---- 2 !.! 
���---....,:& .. ,_ __ ....__ __ 

PAIIEL DlltLLIH OR CUlOUT FCMI 
PI!OJECTIOII MTa. 

(FI!OIIT V IEW) 

57-D-7900 

Fig. 15 O utline and drilling p lan for the type Sl- 1 Relay in the FT-1 1 case. 
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INSTALLATION 
Westinghouse I. L. 41 -777A 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES 51 AND 51-1 OVERCURRENT RELAYS 

CAUTION :  Before putting relay into service, oper­

ate the relay to check the electrical connections. 
Close output switches last when placing relay in 

service. Open output switches first when removing 
relay from service. 

A PP L I C A T I O N  

These overcurrent relays are static devices that 
produce a d. c. output voltage when the input current 
in them exceeds a given value. This output voltage 
is used as the input to other devices that trip a 
breaker. 

The number of inputs and outputs varies with 
the type of relay. Generally, these are as follows: 

Type Sl relay-three inputs, one or two outputs. 

Type Sl- 1 relay-one input, one output. 

C O N S T R U C T I O N  

The type Sl-1 relay consists of an input trans­
former, a setting circuit, a phase splitter circuit, a 
sensing circuit, an amplifier circuit, a voltage re­
gulator circuit, a feedback circuit and a transistor 
output. An operational indicator is an optional unit. 
The type SI relay in addition to these components 
has two input transformers, two phase splitter cir­

cuits, and either a single output or a dual output 
transistor circuit. 

The c0mponents are connected as shown in 
Figs. 1 to 4. 

Input Transformer - The input transformer is a two 

winding type with a non-tapped primary winding and 

a tapped secondary winding. The secondary is 
connected to the setting circuit and from a fixed 
tap to the phase splitter circuit. 

Settin g  Circuit - The setting circuit is connected 

SUPERSEDES L L. 41 - 777 
*Denotes change from superseded issue. 

across the secondary winding of the input trans­

former and consists of two branches, a resistor and 
a rheostat connected in parallel with a resistor and 
Zener diode. This circuit loads the transformer and 
produces a secondary voltage proportional to the 
input current. The rheostat has a locking feature to 
minimize accidental change of current setting. 

P hase Sp litter Circuit - The phase splitter circuit 
consists of two capacitors, resistor, potentiometer 
and a three-phase rectifier bridge. This circuit con­
verts the single phase a. c. voltage from the output 

of the transformer to a three-phase voltage and rect­
ifies this voltage to d.c. 

Se nsin g  Circuit - The sensing circuit consists of 

three resistors, a transistor and a Zener diode. 
This circuit is connected between the output of the 
phase splitter circuit and the amplifier circuit. In 
this circuit, a reference voltage is established 
which turns the transistor on. To turn the transistor 

off, the output voltage from the phase splitter must 
be greater than the reference voltage. 

Amp lifier Circuit - The amplifier circuit consists of 

a normally conducting transistor, Zener diode, three 
resistors and a diode. This circuit is the final out­
put stage of the relay. 

Fee dback Circuit - The feedback circuit consists 
of a resistor, potentiometer, and diode. This circuit 
controls the dropout current of the relay. 

Volta ge Re gul ator Circuit - The voltage regulator 
circuit consists of a silicon power regulator and a 
series resistor. The silicon power regulator is a 10 
watt Zener diode mounted on an aluminum heat sink. 

The series resistor is a 3-Yz inch resistor and is 

used to reduce the supply voltage to the Zener 
voltage. 

Ope rational Indicator - The operational indicator 

consists of a silicon control rectifier, lamp, micro­

switch, Zener diode, and three resistors. This cir­
cuit is triggered by a signal from the output of the 
relay. 
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TYP E S  Sl A ND Sl- 1 R E L AYS-------------------------

2 

IOH 
SE TTIN 

Fig. 1 Type Sf Relay in an FT- 21  case ( front view). 
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VOLTAGE 
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Sl P RINTED 
CIRCUIT BOARD 

WITH DUAL 
OUTPUT 

P HASE SP LITTER 
POT E NTIOMET ERS 

(Pl, P 2, P 3) 

Fig. 2 Type Sl Relay in an FT- 2 1  case (rear view). 

DROPOUT 
-'---POTENTIOM ETERS 

(P4, P 5) 
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T Y P E S SI A N D S I - 1  R E L AYS-----------------------------------------------------

INTERNA.l.SCHEMATIC 

CHASSIS OPERA TEO 
-sHORTING SWITCH 

TEST SWITCH 

CURRENT TEST JACK 

TERMINAL 

Fig. 3 Block diagram of the Type Sl- 1 Relay in FT- 1 1  
case (diagram of  Sl- 1 without the operation indi co­
tor is 763A 630). 

O P E R A T I O N  

The components of the Sl- 1 relay are connected 
as shown in Fig. 5. With no input to the relay, all 
transistors (Q 1 and Q2) are conducting and a very 

small output is obtained from the relay. Zener diode 
(Z2) of the sensing circuit establishes the reference 
voltage from the emitter of Q 1 to negative and allows 
a base current to flow in Q 1 through R5 to negative. 

When a. c. current is applied to the primary of the 
transformer (T), a voltage is produced on the second­
ary side that is proportional to the amount of resis­
tance in the rheostat (S 1). This single phase voltage 
is applied to the phase splitter circuit where a three 

phase voltage is produced, rectified, and applied to 
resistor R5 of the sensing circuit. If the voltage from 
the rectifier is greater than the reference voltage 
across the sensing circuit, Q 1 turns off to allow Q2 
to tum off which produces an output. 

When Q2 turns off, positive voltage is applied 

to the feedback circuit such that a voltage is applied 
to the base of Q1 . By varying the magnitude of this 

voltage, the dropout of the relay can be regulated 
from approximately 98o/c to Oo/c of pickup. 

4 

When large currents are applied to the primary 
of the input transformer, the Zener clipper on the 
secondary prevents the voltage applied to the elec­
tronic components from becoming excessive. 

The operation of the type Sl relay is similar to 
the SI - 1, except that the Sl has three overcurrent 
inputs. These three inputs are applied through seper­
ate phase splitting and setting circuits to a common 
sensing circuit which operates on the maximum 
voltage applied to it. 

F'igs. 6, 7, and 8 show the connections of the 
SI - 1, Sl with single output with the SI with a dual 
output. 

CHARACTERISTICS 

The Sl- 1 relay is available in the current ranges 
shown in Table I. 

T A B L E  I 
Range Scale Marking 

.25 - 1 ampere .25 .4 .5 .6 . 8  1.0 

.5 - 2 amperes .5 . 75 1.0 1.25 1.5 2.0 

1 - 4 amperes 1.0 1.5 2.0 2.5 3.0 4.0 

2 8 amperes 2 3 4 5 6 8 

4 - 16 amperes 4 6 8 10  12 16 

10 - 40 amperes 10 15 20 25 30 40 

The setting of the relay is the m1mmum current 
required to produce an output. Settings between the 
scale markings can be obtained by applying the de­
sired current to the relay and setting the rheostat 
at the desired point. 

The SI relay is available with any combination 
of three of the above ranges. In the usual applica­
tion, two inputs are the same range with an output. 

The third input is of a different range and can be 
of a different output than the other two. 

The operating time of the relay is shown in 

Fig. 9. .As shown in the figure, there is a maximum 
and minimum operating time of the relay for each 
multiple of pickup. This difference in time is due 
to the point on the current wave that the fault cur­
rent is applied. Figure 10 shows the operate times 
for different points on the fault wave for fault cur­
rents at twice pickup. 
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Ampere 

Range 

T A B L E JI 
EN ER G Y  R EQ U I R EM EN T S  

Setting 

VA at P. F. 

Setting Angle 

VA at 

5 amps. 

P. F. 

Angle 
-------------------------------------

.25 - 1 

.5 - 2  

1 - 4  

2 - 8  

4 - 16 

10 - 40 

.25 

.4 

.5 

.6 

.8 

1.0 

.5 

. 75 

1.0 

1.25 

1.5 

2.0 

1 

1.5 

2 

2.5 

3 

4 

2 

3 

4 

5 

6 

8 

4 

6 

8 

10 

12 

16 

10 

15 

20 

25 

30 

40 

Q.17 

0.31 

0.42 

0.54 

0.81 

1.20 

0.17 

0.31 

0.42 

0.54 

0.81 

1. 20 

0.17 

0.31 

0.42 

0.54 

0.81 

1.20 

0.22 

0.39 

0.60 

0.85 

1.17 

1.94 

0.26 

0.49 

0.80 

1.15 

1.57 

2.56 

1.0 

2.1 

3.6 

5.9 

8.1 

14.4 

7.5 

15 

21 

25 

30 

35 

7.5 

15 

21 

25 

30 

35 

7.5 

15 

21 

25 

20 

35 

7.5 

15 

21 

25 

30 

35 

8.5 

13 

15 

16.5 

17.5 

19 

3 

4 

5 

6 

6 

6 

23 

22.8 

22.7 

22.6 

22.2 

21.8 

8.80 

8.50 

8.10 

7.80 

7.60 

7.10 

3.15 

2.95 

2.65 

2.35 

2.21 

2.0 

1.4 

1.1 

0.95 

0.85 

0.80 

0.73 

0.41 

0.34 

0.3 

0.29 

0.28 

0.25 

0.25 

0.23 

0.21 

0.21 

0.20 

0.20 

51° 

50 

48 

48 

48 

48 

32 

32 

33 

34 

36 

37 

16 

19 

21 

25 

28 

30 

13 

15 

21 

25 

30 

35 

8.5 

13 

15 

16.5 

17.5 

19.0 

3 

4 

5 

6 

6 

6 

Range 

.25 - 1 

.5 - 2 

1 - 4 

2 - 8  

4 

10 

- 16 

- 40 

T A B L E :m 

CUR R E N T  RATINGS 

Rating of t he Ove rcurrent Units 

Continuous Rating 
(.Amperes) 

6 

8 

10 

12 

15 

20 

T A B L E N 

One Second Rating 
(Amperes) 

185 

350 

400 

400 

400 

460 

Battery Drain at 125 Volts D. C. 

Sl-1 Relay 

Sl-1 Relay with Indicator 

Sl- Relay Single Output 

Sl Relay Dual Output 

S E T T I N G  

65 Milliamperes 

100 Milliamperes 

65 Milliamperes 

105 Milliamperes 

The pickup of the relay is selected by adjusting 
the rheostat, S, in the front of the relay. Setting in 
between the scale marking can be made by applying 
the desired current and adjusting the rheostat until 
an output is obtained. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
moisture. Mount the relay vertically by means of 
the four mounting holes on the flange for semi­
fl ush mounting or by means of the rear mounting 
stud or studs for projection mounting. Either a 
mounting stud or the mounting screws may be utiliz­
ed for grounding the relay. The electrical connec­
tions may be made directly to the terminals by 
means of screws for steel-panel mounting or to the 
terminal studs furnished with the relay for thick 
panel mounting. The terminal studs may be easily 
removed or inserted by locking two nuts on the 
stud and then turning the proper nut with a wrench. 

For detailed FT case information, refer to I.L. 
41-076. 
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TYP E S  Sl AND S l- 1  R ELAYS 

INTERNAL SCHEMATIC 

C.USIS OPUAT!O 
SIIOITII8 IWITCit 

TEST SWITCH 

CUIIEJIT TEST JACI 

TUMIUL 

762A784 
Fig. 4 Block diagram of the Type Sl Relay in F T- 21  

case (for Sl  with single o utput omit the circuits 
connected to terminal 2; dwg. no. 763A 6 29. 

A D J U S T M EN T S  A N D  M A l  N TEN A N CE 

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory and 
should not be disturbed after receipt by the customer. 

Acceptance Te sts 

The following check is recommended to insure 
that the relay is in proper working order. All checks 
can best be performed by connecting the relay per 
the test circuit of Fig. 11. Refer to fig. 4 and make 
similar connections for the test of the SI relay. 

1. Minimum trip current - Check pickup at the 
minimum and maximum setting. This is ac­
complished by applying the specified current 
and checking that the voltmeter reads approx­
imately 20 volts when the current is within 
3o/c of the setting. 

2. Dropout - After checking pickup, the drop­
out should be checked to be approximately 
97o/c of the pickup when the a. c. current is 
gradually reduced. 

Routi ne Maintenance 

All relays should be checked at least once 
every year or at such other time intervals as may 

6 

be dictated by exper ience to be suitable to the 
particular application. 

Calibration 

Use the following procedure for calibrating the 
SI-1 relay if the relay adjustments have been dis­
tributed. This procedure should not be used until it 
is apparent that the relay is not in proper working 
order . .  A new scale plate may be necessary when 
parts are changed. This procedur� must be repeated 
for the other two inputs on the type Sl relay. 

Sp litte r  Adjustme nts 

1. Turn rheostat (S) on front of relay to extreme 
counter-clockwise position. 

2. Apply minimum S current to the proper relay 
terminals. 

3. With a high resistance voltmeter (a. c.) adjust 
phase splitter potentiometer such that three 
voltages approximately equal to each other 
are obtained across TP 1, printed circuit 
board terminal 12 and printed circuit board 
terminal 18 or 14. 

Dial Calibration ( S) 

1. Apply 125 volts d.c. to relay terminals 10 
and 2. Terminal 10 is positive. 

2. Connect a high resistance d.c. voltmeter 
across terminals 1 and 2. Terminal 1 is 
positive. 

3. Apply desired S current to terminal 8 and 9. 

4. Turn S rheostat until the relay operates as 
indicated by a sudden reading of approxi­
mately 20 volts d. c. on meter. 

Dropout (P) 

1. Set S on desired point and apply S amperes 
to relay to make it operate. 

2. Lower S amperes to desired droput value and 
adjust P potentiometer until voltmeter drops 
to approximately zero. 

3. Verify dropout and pickup several times by 

raising a.c. current until relay operates and 
then lowering the a.c. current until relay 
dropouts. 
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543D903 
Fig. 6 Internal Schematic for the type Sl- 1 Relay with an operation indicator. 
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8 

Trouble Shooting P rocedure 

Use the following procedure to locate the source 
of trouble if the SI-1 relay or the SI relay is not 
operating correctly. 

1. Inspect all wires and connections, paying 
particular attention to printed circuit ter­
minals. 

2. Check resistances as listed on the internal 
schematic of the relays. 

3. Check voltages as listed on the electrical 
checkpoints. 

RE N EWA L P AR T S 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doing 
repair work. When ordering parts, always give the 
complete nameplate data. 

ELEC TRI CAL CHECK P OI N TS 

Connect relay per test circuit of Fig. 11. All 
voltage readings should be made with a high resist­
ance voltmeter. Refer to Fig. 12, 13 or 14 for printed 

circuit board points. For some readings it is neces­
sary to scrape varnish from the components to make 
a connection at the point. 

I No. A. C. Current Input 125 volts d.c. 

Component Negative terminal Approximate 
d. c. voltage 

z2 2 7 

z3 2 less than . 6 volts 

z5 2 45 volts 

II Minimum Trip A. C. current applied 

Circuit Terminals Voltage 

Phase TP 1 to board 18 7.5 volts a.c. 

Splitter TP 1 to board 12 7.5 volts a.c. 

Board 12 to board 18 7.5 volts a.c. 

Setting Board 16 to board 18 15 volts a.c. 

Output Terminal 1 ( +) and 2 18 to 22 volts 
D. C. 

The above terminals are for the SI-1 relay. For 
corresponding terminals for the Sl relay, refer to 
the relay. 
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E L E C T R I C A L  P AR T S L I S T  

Circuit 
Symbol 

CI·C2-C.3 
C4-C5 t t 

TYPE Sl  

Description 

CA P A CI TO R S 

. 5  MFD. 

. 25 MFD. 

DIO D E S  

D1 TO D 18-D20-D22 tt IN459.A 
D 19·D21 tt 

P 1-P2-P.3 
P4-P5 tt 

Q 1-Q3 tt 
Q2-Q4 tt 

R1·R4-R7 
R2·R5-R8 
R3-R6-R9 
R10·R12 tt 
Rll-Rl3 tt 
R14-R19 tt 
R 15-R2 1 tt 
R16-R20 tt 
R 17-R22 tt 
R18-R23 tt 
R24 

S1-S2-S3 

T1-T2 
T3 

Z1-Z2-Z3 

Z4-Z6 tt 
Z5-Z7 tt 
Z8 

IN457.A 

PO T EN TIO M E T E R S 

2. 5K D - 1/4W 
200K D - 1/4W 

T R AN SI S TO R S  

2N652A 
2N697 

R E SI STO R S  

2. 7 K D 
50 D 
300 D 
15 K D 
39 K D 
1 K  D 
3. 9 K D 
33 K D 
1 K D 
10 K D 
500 D 

R H EO S T A T  

1/2W 
25 W 
25 W 
1/2 W 
1/2 w 
3 W  
1 W  
1/2 w 
1/2 w 
1/2 w 
40 w 

1. 5 K  D - 25 W 

T R AN S FO R M E R  

S #  410C268 
S #4 1 0C268 

Z EN E R  DIO D E S  

INI832C 

IN957B 
IN368B 
INI829A 

tt Used only in relay with double output. 

Circuit 
Symbol 

C 1  
C2 

D1 TO D6-D8 
D7 
D9 - D 10 t 

p 1 
p 2 

Q 1 
Q 2  

R 1  
R 2  
R 3  
R 4  
R 5  
R 10 
R 6  
T 7  
R 8  
R 9- R 1 1  t 
R 14 
R 12 t 
R 13 t 

S 1  

T 

Z 1  
Z 2  
Z.3- Z 4  t 
Z 5  

QS 1  t 
sw 1 t 

L t 

TYPE Sl-1 

Description 

C A P A CITO R S  

. 5  MFD. 

. 25 MFD . 

DIO D E S  

IN459A 
IN457A 
CER - 69 

PO T EN TIO M E T E R S 

2. 5K D 
200 K D 

T R ANSI STO R S  

2N652A 
2N697 

R E SI S TO R S  

2. 7 K D 
50 D 
300 D 
15 K D 
39 K D 
1K D 
3. 9 K D 
33 K D 
1 K D 
10 K D  
500 D 
4.7 D 
820 D 

R H EO S T A T  

1/4 w 
1/4 w 

1/2 w 
25 w 
25 w 
1/2 w 
1/2 W 
3 W  
1 W  
1/2 w 
1/2 w 
1/2 w 
40 w 
1/2 w 
1 W  

1. 5 K D - 25 W 

TRANSFORMER 
S 1t4 10C268 

Z EN E R  DIO D E S  

INI832C 
IN957B 
IN3686B 
INI829A 

SWI T C H E S  

2N1881 
Sit 184A61 1H01 

L A MP 

S it 183A825G05 

t Used only in relay with operation indicator 
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TYPES Sl AND Sl-1 RELAYS-------------------------
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* Fig. 7 Internal Schematic lor the type Sl Relay with a single output. 
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�POS. 

�OU
T

PUT 
It AND l3 

�t 

2 J
OUTPUT 

'•• 

5 )NE6. 

"EQ. CAPAC ITO,_ ' CI-CZ-C:S 
2 C4-C!5 

DIODE 
20 OLTODli·DZ0-022 
2 019 -021 

POTENTIOMETER ' PI-PZ- P:S 
2 P4 P!i 

TRANS IS TOR 
2 01- Q:S 
2 QZ-04 

RESISTOR ' RI-R4-R7 ' R2-RS- R8 ' R3-R6-R9 
2 RIO RIZ 
2 R I I -RL3 
2 RI4-RI9 
2 Rt!5-R21 
2 11:16 RZO 
2 Rl7 R22 
2 ... "" 
I A24 

RHEOSTAT ' st sa-n 

T�ANSFO�MER 
• TI-T2 
I T 3  

ZENER OIOOE ' ZI-Z2-Z3 
• Z4-Z8 • ZS-Z7 
I " 

STYLE PfO. L.oc. 
18 7A624H1L 
117A624H02 

-114A8SSH08 
184A8!5!5H01 

129A430HO:S 
629A430H05 

I84A638Hie 
t84_A631H18 

629AS30H42 
13403U 
1202847 

82.9,t,!530H80 
S29A530H70 
184AIS56HO'S 
187A843H41 
187A8 4 1 H 8 3  
t87A841H21 
829A!530H58 
19U63JS 

I:U8017 

4IOC281 
410C288 

114A617H08 
188A717tt08 
IISA2 12H08 
114A817HOI 

REF. 
.15 MFO. 
.ZSMFO. 

IN459A 
IN4!57A 

2.5KJL-t/4 W 
ZOOKA-1/4 W 

2N652A 
2 N697 

2.7KA-I/2 W 
50.1\.. -25W 
300.1\. -25. 
1!5KA -IIZW 
39K.fl... -1/ZW 

3.9K.J\. -IW 
33KA -I/2W 
IK"- -1/ZW 
\OK A. -112 W n�-•ow 

LSK.A.-2SW 

INII32C 
1Nei5TI 
tfii38HI 
INIUIA 

-1 -< -a 
m 
Cl' 
!!! 
> % 
0 
!!! . 
0 
< m 
;:;tl n c: 
;:;tl ;:;tl m % -1 
;:;tl m r > -< 
Cl' 
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TY P E S  Sl AND Sl - 1  O V E R CU R R EN T  R E LAY S  ____________________ _ 

8 ' 
7 \ 

(/) 6 0 
z 0 0 

5 L£J 
(/) 
::::i _J 4 
:::E 
z 

3 

L£J � 
1- 2 

� r->-MAXIMUM OP E RAT ING T IMES 

� v 

"" r-f.- MINI M U M  OPE R A T I N G  T I M ES 

""-K-/ 1'---. 
\ v ' / 

.......... r-..L 
0 

0 2 4 6 8 10 12 1 4  16 1 8  20 

M U LTI PL E S  O F  P I C K -U P  VALUE 

Fig. 9 Operating time for the type Sl and Sl- 1 Relays. 

8 

7 

6 

Cf) 0 
5 z 

0 0 1&.1 Cf) 4 

_J 
_J 

� 3 
z 

w 
:::E 2 

1-

\ 1\ 
\ 1\ 

1\ \ 
J \ J 1\ v � IJ " ./ ""'-

0 

0 40 80 120 16 0 20 0 240 280 320 360 

A N GL E  I N  D E G R E E S  836A566 
Fig. 10 Operating time for the type Sl and Sl- 1 Relays as a function of fault incidence angle at twice minimum trip. 
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TY P E S  Sl AN D Sl- 1 O VE RCU R R E N T  R EL AY S  ___________________ 
I_.L_._41_·7_77_A 

125 VO LT S  

D.C. 

© 

8 
[[CJ 

19 

� 

+�------------------� 

Fig. 1 1  Test circuit for the type S/- 1 Relay. 

����� 0 ���� 
Cl ��� G e 02 rm 

ee I R6 I 
[QIJ [[LJ lo1oJ I RIO I 1 

� illiJ [!JJJ � I Rl3 I 
I - - - -� 

Fig. 1 2  Component location on printed circuit board for the type Sl- 1 Relay. 

120 V OLTS 

A.C. 

O)=TEST POINT 
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TY P E S  Sl AN D Sl- 1 O V E R CU R R EN T  R E LAYS--------------------

@ill [ill] B ���0 [ill] [ill] 
!ill] [QJ]J [[[[] [QI1J [[OJ 
[QIQ] ITIJ lD22l IT::!'] 
[[!] []I] []]]] e [!ill 
[IT] ern e @!£] (Q3J [ff] [[ill [[]] [[I] [TI] [[[0 e [ill] 

[QI!] 

Cl C2 C3 8 G 
[]IQJ [ffi 
[[ill I R l 4 I O)TPI O}TP2 (Q)TP3 e I R l 5 I 8 8 G I R l 9  I 

[[0 [[!] [TIJ liT] I R21 I 
19 I 

� 
- -----

� 
Fig. 13 Component location on printed circuit board for the type Sf Relay. 
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TY P E S  Sl AN D Sl- 1  O V E RCU R R EN T  R ELAY S ------------------'-· L_ . ...,4_1-...,77 .... 7A..;.. 

I 
I 
! ' r - � 

.., 
- _-[ 

L u -- - 1-r------1 
I 3 I - �1 3 - i-. I i '  16  

I : I  ���:��-� 
I'IIO.IECTIO. MTG. ______ _j 

TEIINIIIAL AIID 
MOUITt•G DETAI LS 

f D I A. 10 MOLES 
Olt CUT OUT 

--s 9� 1 
I r. , o••·'  MOLES FoR 

25 
/ . 180-32 MT&. SCRtwS 2 - --1 � 32 1 I 

-w- +- �· l f � ::---+--------" 
=I� - I �  

., 

PAIIEL CUTOUT I DR I LLI •  
FOR SEMI FLUSII NT&. 

ell 

� • .1 �  t l ..kt ! -+.- t !_,.; 32 32 32 32 
PAIEL DRI LLI 18 OR CUTOUT FOR PW ECTI 0. NTG· 

( FltOIT Yl EW) 

-rf - I 
.. 

- _ _ _ l 

57-D-7901 
Fig. 14 O utline and drilling plan for the type Sf Relay in the FT- 2 1  case. 

15 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES Sl AND Sl-1 OVE RCU RRENT RELAYS--------------------

TEIIMIUl MD 
MOUITIIG .DETAILS 

o 19C>o32 SCIIEW 

5- 111 SCIIEW 
Ill ( FOil TII I CK PAIIEL US£ 

�18 STUD) 16 
o 19C>o32 SCIIEW 

9 
Ts 

I 

5 Ts o lto-32 MTCioSCIIEWS { 9 �� i D I Aoll MO�ES FOil 

2 21  � 
ff ,- . � 

t ----r-
-1 .... 

PAIIEL CUTOUT & DRILLIIQ 
FOI SEMI-FLUSH MT8o 

-

PI LOT PLA.TE SNAP} WHEN USED ON R.E.LA.Y (TAB 
TO R E.A.F�.) 

f4---"'o::,------- s � ------..! 
8 

�-..... t---- 2 !!  
��---�&4 ,-.�'------

PAIEL DttLLIII OR CtmiUT FOtl 
PIIOJECTIOII NT8o 

(FI!OIIT V I EW) 

57-D-7900 

Fig. 15 O utline and drilling plan for the type Sl- 1 Relay in the FT-1 1 case. 
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Westinghouse I . L.  4 1 -7778 

IN 5 TALL A Tl 0 N • OPERATION • MAINTENAN CE 

INSTRUCTIONS 
TYPES 51 AND 51-1 OVERCURRENT RELAYS 

CAUTIO N: Before putting relay into service, oper­
ate the relay to check the electrical connections. 
Close output switches last when placing relay in 
service. Open output switches first when removing 
relay from service. 

A P P L I C A T I O N 

These overcurrent relays are static devices that 
produce a d. c. output voltage when the input current 
in them exceeds a given value. This output voltage 
is used as the input to other devices that trip a 
breaker. 

The number of inputs and outputs varies with 
the type of relay. Generally, these are as follows: 

Type Sl relay-three inputs, one or two outputs. 

Type SI- i relay- one input, one output. 

C O N S T R U C T I O N 

The type Sl-1 relay consists of an input trans­
former, a setting circuit, a phase splitter circuit, a 
sensing circuit, an amplifier circuit, a voltage re­
gulator circuit, a feedback circuit and a transistor 
output. An operational indicato r is an optional unit. 
The type Sl relay in addition to these components 
has two input transformers, two phase splitter cir­
cuits, and either a single output or a dual output 
transistor circuit. 

The c0mponents are connected as shown in 
Figs. 1 to 4. 

Input T ransformer - The input transformer is a two 
winding type with a non- tapped primary winding and 
a tapped secondary winding. The secondary is 
connected to the setting circuit and from a fixed 
tap to the phase splitter circuit. 

Setti ng C i rcu it - The setting circuit is connected 

S U PE RSEDES I . L.  41 -777A 
*Denotes change from superseded i ss ue .  

across the secondary winding of the input trans­
former and consists of two branches, a resistor and 
a rheostat connected in parallel with a resistor and 
Zener diode. This circuit loads the transformer and 
produces a secondary voltage proportional to the 
input current. The rheostat has a locking feature to 
minimize accidental change of current setting. 

P h ase Sp l i tter Circuit - The phase splitter circuit 
consists of two capacitors, resistor, potentiometer 
and a three- phase rectifier bridge. This circuit con­
verts the single phase a. c. voltage from the output 
of the transformer to a three- phase voltage and rect­
ifies this voltage to d.c. 

Se ns ing Circuit - The sensing circuit consists of 
three resistors, a transistor and a Zener diode. 
This circuit is connected between the output of the 
phase splitter circuit and the amplifier circuit. In 
this circuit, a reference voltage is established 
which turns the transistor on. To tum the transistor 
off, the output voltage from the phase splitter must 
be greater than the reference voltage. 

Ampl i fie r Circuit - The amplifier circuit consists of 
a normally conducting transistor, Zener diode, three 
resistors and a diode. This circuit is the final out­
put stage of the relay. 

Feedback Circuit - The feedback circuit consists 
of a resistor, potentiometer, and diode. This circuit 
controls the dropout current of the relay. 

Volta ge Re gu l ator Circuit - The voltage regulator 
circuit consists of a silicon power regulator and a 
series resistor. The silicon power regulator is a 10 
watt Zener diode mounted on an aluminum heat sink. 
The series resisto r is a 3-lh inch resistor and is 
used to reduce the supply voltage to the Zener 
voltage. 

Ope rational Indicator - The operational indicator 
consists of a silicon control rectifier, lamp, micro­
switch, Zener diode, and three resistors. This cir­
cuit is triggered by a signal from the output of the 
relay. 
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1 3  
SETTING 

I OH 
SETTI NG 

1 1 - 1 3 J OUTPUT 
TERMINAL 1 

2 

l oH OUTPUT 

TE RMINAL 2 1 1 INPUT 
....__

T E RMI NALS 8 & 9 
1 3 I N P U T  

T E RMINALS 6 & 7 

* Fig. 1 Type Sl Relay in an FT-21 case (front view). 

' 

VOL TAG E 
-....:..:...__ R EGULATOR 

Z EN E R  DIODE 
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Sl P RI N TED 
CI RCU I T  BOARD 

WITH DUAL 
OUTPUT 

PHASE SP L I TT E R  
POT E NTIOM E T ERS 

(Pl,  P2, P 3) 

Fig. 2 Type S/ R elay in an FT- 2 1  case (rear view). 

DROPOUT 
-'--- POTEN T IOM ETERS 

(P4, P 5) 
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T Y P E S SI A N D SI- 1 R ELAY S-----------------------------------------------------

INTERNA.L.SCHEIIIATIC 

CHASSIS OPERUEO 
SHORTING SWITCH 

TEST SWITCH 

CUitRENT TEST JACK 

TERMINAL 

Fig. 3 Block diagram of the Type Sl- 1 Relay in FT- 1 1  
case (diagram of  Sl- 1 without the operation indi ca­

tor is 76 3A 6 30). 

O P E R A T I O N  

The components of the SI- 1 relay are connected 
as shown in Fig. 5. With no input to the relay, all 
transistors ( Q1 and Q2) are conducting and a very 
small output is obtained from the relay. Zener diode 
( Z2) of the sensing circuit establishes the reference 
voltage from the emitter of Q 1 to negative and allows 
a base current to fl ow in Q 1 through R5 to negative. 

When a. c. current is applied to the primary of the 
transformer (T),  a voltage is produced on the second­
ary side that is proportional to the amount of resis­
tance in the rheostat ( S1). This single phase voltage 
is applied to the phase splitter circuit where a three 
phase voltage is produced, rectified, and applied to 
resistor R5 of the sensing circuit. If the voltage from 
the rectifier is greater than the reference voltage 
across the sensing circuit, Q1 turns off to allow Q2 
to turn off which produces an output. 

When Q2 turns off, positive voltage is applied 
to the feedback circuit such that a voltage is applied 
to the base of Ql . By varying the magnitude of this 
voltage, the dropout of the relay can be regulated 
from approximately 98o/c to Oo/c of pickup. 

4 

When large currents are applied to the primary 
of the input transformer, the Zener clipper on the 
secondary prevents the voltage applied to the elec­
tronic components from becoming excessive. 

The operation of the type SI relay is similar to 
the SI -1, except that the Sl has three overcurrent 
inputs. These three inputs are applied through seper­
ate phase splitting and setting circuits to a common 
sensing circuit which operates on the maximum 
voltage applied to it. 

Figs. 6, 7, and 8 show the connections of the 
* Sl-1 ,  Sl with single out put and the Sl with a dual 

output. 

CHARACTER I S TICS 

The SI- 1 relay is available in the current ranges 
shown in Table I. 

T A B L E  I 
Range Scale Marking 

. 25- 1 ampere . 25 . 4  . 5  . 6  .8 1. 0 

. 5  - 2 amperes . 5  . 75 1. 0 1. 25 1. 5 2. 0 

1 - 4 amperes 1.0 1 .5  2. 0 2. 5 3.0 4. 0 

2 8 amperes 2 3 4 5 6 8 

4 - 16 amperes 4 6 8 10 12 1 6  

10 - 40 amperes 10 15 20 25 30 40 

The setting of the relay is the minimum current 
required to produce an output. Settings between the 
scale markings can be obtained by applying the de­
sired current to the relay and setting the rheostat 
at the desired point. 

The SI relay is available with any combination 
of three of the above ranges. In the usual applica­
tion, two inputs are the same range with an output. 
The third input is of a different range and can be 
of a different output than the other two. 

The operating time of the relay is shown in 
Fig. 9. .As shown in the figure, there is a maximum 
and minimum operating time of the relay for each 
multiple of pickup. This difference in time is due 
to the point on the current wave that the fault cur­
rent is applied. Figure 10 shows the operate times 
for different points on the fault wave for fault cur­
rents at twice pickup. 
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TYP E S  Sl AND Sl- 1 R E LA YS ________________________ ....:.':.:· L:.:... 4:.:1..:..-7.:.:..:778 

Ampere 

T A B L E  TI 
E N E R G Y R E Q U I R E M E N TS 

VA at P . F. VA at P . F. 

Range Setting Setting Angle 5 amps. Angl e 
---------�----�----�----�------� 

.25 - 1 

.5 - 2  

1 - 4  

2 - 8  

4 - 16 

10 - 40 

. 25 

. 4  

. 5  

.6 

.8 

1 . 0  

.5 

.75 

1 . 0  

1.25 

1.5 

2.0 

1 

1.5 

2 

2. 5 

3 

4 

2 

3 

4 

5 

6 

8 

4 

6 

8 

10 

12 

16 

10 

15 

20 

25 

30 

40 

Q. 17 

0.31 

0.42 

0.54 

0. 81 

1. 20 

0.17 

0.31 

0. 42 

0. 54 

0. 81 

1. 20 

0. 17 

0.31 

0.42 

0.54 

0.81 

1.20 

0.22 

0.39 

0. 60 

0. 85 

1.17 

1.94 

0.26 

0.49 

0.80 

1.15 

1.57 

2.56 

1.0 

2.1 

3.6 

5. 9 

8. 1 

14. 4 

7. 5 

15 

21 

25 

30 

35 

7.5 

15 

21 

25 

30 

35 

7.5 

15 

21 

25 

20 

35 

7.5 

15 

21 

25 

30 

35 

8.5 

13 

15 

16. 5 

17.5 

19 

3 

4 

5 

6 

6 

6 

23 

22.8 

22.7 

22.6 

22.2 

21.8 

8.80 

8.50 

8. 10 

7.80 

7. 60 

7. 10 

3.15 

2. 95 

2. 65 

2.35 

2.2 1 

2.0 

1 . 4  

1.1 

0.95 

0.85 

0.80 

0.73 

0.41 

0. 34 

0.3 

0.29 

0.28 

0.25 

0.25 

0.23 

0.21 

0. 2 1  

0. 20 

0.20 

51° 

50 

48 

48 

48 

48 

32 

32 

33 

34 

36 

37 

16 

19 

21 

25 

28 

30 

13 

15 

21 

25 

30 

35 

8.5 

13 

15 

16.5 

17.5 

19.0 

3 

4 

5 

6 

6 

6 

T A B L E  Jli 

C U R R EN T  RATI N GS 

Rating of the Overcurrent U n its 

Range Continuous Rating 
(Amperes) 

One Second Rating 
(Amperes) 

.25 - 1 6 

.5 - 2 8 

1 - 4 10 

2 - 8 12 

4 - 16 15 

10 - 40 20 

T A B L E IT 
Battery Drain 

* 

Sl-1 Relay 
Sl-1 Relay with Indicator 
SI-Relay Single Output 
SI Relay Dual Output 

48 Volts 
D. C. 

32MA 
65MA 
32MA 
65MA 

185 

350 

400 

400 

400 

460 

125 Volts 
D.C. 

65 MA 
100 MA 

65 MA 
105 MA 

Maximum Output 20 MA at 20 Volts D. C. 

S E T T I N G  

The pickup of the rel ay is selected by adjusting 
the rheostat, S, in the front of the rel ay. Setting in 
between the scale marking can be made by appl ying 
the desired current and adjusting the rheostat until 
an output is obtained. 

I N S T A L L A T I O N 

The rel ays shoul d be mounted on switchboard 
panels or their equivalent in a location free from 
moisture. Mount the relay verticall y by means of 
the four mounting hol es on the flange for semi­
fl ush mounting or by means of the rear mounting 
stud or studs for proj ection mounting. Either a 
mounting stud or the mounting screws may be util iz­
ed for grounding the relay. The electrical connec­
tions may be made directly to the terminals by 
means of screws for steel-panel mounting or to the 
terminal studs furnished with the rel ay for thick 
panel mounting. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the 
stud and then turning the proper nut with a wrench. 

For detail ed FT case information, refer to I. L. 
41-076. 
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TYP E S  S l  AND S l- 1  R E L AY S  

INTERNAL. SCHEMATIC 

lED IAJIDLE --

CKASSIS OPEUTU 
Stt01TII6 SWITCtl 

TEST SWITCH 

CURIEIT TEST JACI 

TEIMIIAL 

762A784 
Fig. 4 Block diagram of th e Type Sl R elay in FT-21 

case (far Sl with single o utp ut omit the circuits 
connected to terminal 2; dwg. no. 763A 629. 

A D J U S T M E N T S  A N D  M A l  N T E N ANCE 

The proper adjustments to insure correct opera­
tion of this relay have been m ade at the factory and 
should not be disturbed after receipt by the customer. 

Acceptance Tests 

The foll owing check i s  recommended to insure 
that the relay is in proper working order. All checks 
can best be performed by connecting the relay per 
the test circuit of Fig. 11. Refer to fig. 4 and make 
similar connections for the test of the SI relay. 

1. Minimum trip current - Check pickup at the 
minimum and maximum setting. This is ac­
complished by applying the specified current 
and checking that the voltmeter reads approx­
imately 20 volts when the current is within 
3o/c of the setting. 

2. Dropout - .After checking pickup, the drop­
out should be checked to be approximately 
97o/c of the pickup when the a. c. current is 
gradually reduced. 

Routine Maintenance 

All relays should be checked at least once 
every year or at such other time intervals as may 

6 

be dictated by exper ience to be suitable to the 
particular application. 

Cali brat ion 

Use the following procedure for calibrating the 
SI-1 relay if the relay adjustments have been dis­
tributed. This procedure should not be used until it 
is apparent that the relay is not in proper working 
order. .A new scale plate may be necessary when 
parts are changed. This procedur� must be repeated 
for the other two inputs on the type S I  relay. 

Sp litte r Adjustments 

1. Turn rheostat (S) on front of relay to extreme 
counter-clockwise position. 

2. Apply minimum s current to the proper relay 
terminals. 

3. With a high resistance voltmeter (a. c. ) adjust 
phase splitter potentiometer such that three 
voltages ap proximately equal to each other 
are obtained across TP 1, printed circuit 
board terminal 12 and printed circuit board 
terminal 18 or 14. 

Dial Calibration ( S) 

1. Apply 125 volts d. c. to relay terminals 10 
and 2. Terminal 10 is positive. 

2. Connect a high resistance d. c. voltmeter 
across terminals 1 and 2. Terminal 1 is 
positive. 

3. Apply desired S current to terminal 8 and 9. 

4. Turn S rheostat until the relay operates as 
indicated by a sudden reading of approxi­
mately 20 volts d. c. on meter. 

Dropout (P) 

1. Set S on desired point and apply S amperes 
to relay to make it operate. 

2. Lower S amperes to desired droput value and 
adjust P potentiometer until voltmeter drops 
to approximately zero. 

3. Verify dropout and pickup several times by 
raising a. c. current until relay operates and 
then lowering the a.c. current until relay 
dropouts. 
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8 

T rouble Shooting P rocedure 

Use the following procedure to locate the source 

of troubl e  if the S I- 1 rel ay or the SI rel ay is not 
op erating correctly. 

1. Inspect all wires and connections, paying 

p articular attention to printed circuit ter­
minals. 

2. Check resistances as listed on the internal 

schematic of the relays. 

3. Check voltages as listed on the el ectrical 
checkpoints. 

R E N EW A L P A R T S 

Repair work can be don e  most sati sfactorily at 

the factory. Ho wever, interchan geabl e p arts can be 

furnished to customers who are equipp ed for doing 

repair work. When ordering p arts, al ways gi ve the 
compl ete nameplate data. 

E L E C T R I C A L  CHE CK P OI N TS 

Connect relay p er test circuit of Fig. 1 1. All 

voltage readings should be made with a high resist­
ance voltmeter. Refer to Fig. 1 2 ,  1 3  or 1 4  for printed 

circuit board points. For some readings it i s  neces­
sary to scrap e varnish from the components to make 

a connection at the point. 

I No . .  A. C. Current Input 1 25 volts d. c. 

Component Negative terminal 
Approximate 
d. c. voltage 

z 2 2 7 

z 3 2 1 ess than . 6 volts 

z5 2 45 volts 

II Minimum Trip A. C. current appli ed 

Circuit Termin al s  Voltage 

Phase TP 1 to board 18 7. 5 volts a. c. 

Splitter TP 1 to board 1 2  7. 5 volts a. c. 

Board 12 to board 18 7. 5 volts a. c. 

setting Board 16 to board 18 15 volts a. c. 

Output Terminal 1 (  +) and 2 18 to 22 volts 
D. C. 

The above terminal s are for the S I- 1  relay. For 
corresponding terminal s for the SI relay, refer to 
the relay. 
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TYP ES Sl AN D Sl - 1  R EL AYS _________________________ :.:,:I . L::.:·..;:4�1 -.:.;,77:...:.7..::.B 

E L E C T R I C A L  P A R T S L I S T  

Circuit  
Symbol 

CI- C 2- C 3  
C4-C5 t t 

TYP E S l  

De scription 

C A P A CI TO R S 

. 5  MFD. 

. 25 MFD. 

DIO D E S  

D 18-D 20- D22 tt IN459.A 

D 19-D 2 1  tt 

P 1-P 2-P3 

P 4- P 5  tt 

Q 1- Q3 tt 
Q2- Q4 tt 

R 1- R4-R7 

R 2· R5- R8 

R3- R6- R9 
R l0- R 1 2  tt 
R l l- R 13 tt 
R l4- R 19 tt 
R 15- R2 1 tt 
R 1 6-R20 tt 
R 17- R22 tt 
R 18-R23 tt 
R 24 

S1-S2-S3 

T 1-T2 

T 3  

Z 1- Z 2- Z3 

Z 4- Z6 tt 
Z5- Z7 tt 
Z8 

IN457.A 

PO T EN TIO M E T E R S 

2. 5K D - 1/4W 

200K D - 1/4W 

T R AN SI S TO R S  

2N652A 

2N697 

R E SI S TO R S 

2. 7 K D 
50 D 
.300 D 
1 5 K  D 
39 K D 

* 2. 25K D -
3.9 K D 
33 K D 
1 K D 
10 K D 
500 D 

R H EOSTAT 

1/ 2W 

25 W 
25 W 

1/ 2 w 
1/ 2 w 
3 W  

1 w 
1/ 2 w 
1/ 2 w 
1/ 2 w 
40 w 

1 . 5 K  D - 25 W 

T R AN S FO R M E R  

Stt 4 10C268 

S# 4 10C268 

Z EN E R  DIO D E S  

INI832C 

IN9 57B 

IN368B 

INI829A 

tt Used only in relay with double output. 

Circuit 
Sym bol 

C 1  
C 2  

* c3 t 

D 1  TO D6-D8 
D7 
D9 - D lO t 

p 1 

p 2 

Q 1 
Q 2  

R 1  
R 2  
R 3  
R 4  
� 5  
R 10 
R 6  
T 7  
R 8  
R 9  
R 14 
R 12 t 
R 13 t 

* R 1 1  t 

S 1  

T 

Z 1  
* Z 2 - Z6 t 

Z 3 - Z4 t 
Z 5  

QS 1  t 
sw 1 t 

L t 

TYP E S l- 1  

De scription 

C A P A CITO R S 

. 5  MFD 

. 25 MFD 
6 . 8  MFD 

DIO D E S  

IN459A 
IN457A 
CER - 69 

PO T EN TIO M E T E R S 

2. 5K D 
200 K D 

T R ANSI S TO R S  

2N652A 
2N697 

R E SI S TO R S  

2. 7 K  D -
50 D 
300 D -
15 K D -
39K D 

1/ 4 w 
1/ 4 w 

1/ 2 w 
25W 
25 W 
1/2 W  
1/ 2 W  

- 3 W  
1 W  
1/ 2 W  
1/2 w 
1 /2 W  

* 2. 25K D 
3 . 9 K D 
3 3 K D -
1 K  D 
10 K D -
500 D 

* 4 . 7 K  D 
820 D 
3 . 9K D -

R H EO S T A T  

40 W 
1/ 2 W  
1 W  
1/ 2 W  

1. 5 K D - 25 W 

T R AN S FO R M E R 

S # 4 10C268 

Z EN E R  DIO D E S  

INI832C 
IN957B 
IN.3686B 
INI829A 

S WI T C H E S  

2N 188 1 

S tf 184A6 1 1H0 1 

L A MP 

S tl  1 83A825G05 

t Used only in relay with op eration indicator 
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TYPES Sl AND Sl-1 RELAYS---------------------------

10 

0 
.. • R  , c  

� � �  

" L' •• 
IZ 

* Fig. 7 Internal Schematic for the type Sl Relay with a single output. 
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TY P ES Sl AN D Sl- 1 O V E RCU R R ENT R E LAYS ___________________ 
I_. L_. _41 _-7_77_B 
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Fig. 8 Internal Schematic of  the type Sl Relay with a double output. 
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TY P E S  Sl AND Sl - 1  O V E RCU R R EN T  R E L AY S  ____________________ _ 

8 \ 
7 \ 

<I) 6 0 
z 0 0 5 LLI 
<I) 
.J 
.J 4 
::::;: 
z 

3 

LLI ::::1! 
.... 2 

1\ r-t-MAXIMUM O PE R AT ING TIMES 

"< v 

"" � M INI M U M  OP E R A TI N G  TI M ES 

1"'-K / r--
\ v "" / ......... � 

0 

0 2 4 6 8 10 12 1 4  1 6  18 20 

M U LTI PL E S  O F  P I C K - U P VALU E 

Fig. 9 Operating time for the type Sl and Sl- 1 R elays. 
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en 0 5 z 
0 0 LLI <I) 4 

.J 
.J 

� 3 
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::::t 2 
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\ 1\ 
\ 1\ 

\ � 
J \ 1 l v "" / II " "-

0 

0 40 80 120 16 0 200 2 40 280 320 360 

A N G L E  I N  D E G R E E S  836A566 
Fig. 10 Operating time for the type Sl and Sl- 1 Relays as a function of fault incidence angle at twice min imum trip. 
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TY P E S  Sl AN D Sl- 1 O V E RCU R R E N T  R EL AY S  -------------------'-· L_._4_1 ·_77_78 

125 VO LT S  

D . C. 

+·r------------� 

<0 

Cl 

C0 
[KCJ 

1 9  

� 

Fig. 1 1  Test circuit for the type Sl- 1 Relay. 

����� 0 ���� 
� � � G 8 02 [ffi 88 I R 6  

[[[] rn::o lo t ol I RIO 7 

� [QJTI � rm I R l 3  

I - - - -� 
I 
I 
I 

120 VOLTS 

A.C .  

O= TEST PO INT  

* Fig. 1 2  Component location o n  printed circuit board for the type Sl- 1 Relay. 
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TY P E S  Sl AN D Sl- 1 O V E RCU R R EN T  R E L AY S--------------------

@I!] [QIIJ 0 ���a liD!] [QJ]J 
IQTI] [Qll] []TIJ [Q!]J [[IT] 
mill [IT] ID22I []I] 
[[!] [QIJ []]]] 8 [[ITI 
[Q]J [TI] e � [[!] [Q]J []IT] [Q]] [[I] [TI] [[[[] e [ill] 

[QI!J 

Cl C2 C3 8 G 
[[IT] [IT] 
mil I R l 4 I {O)TPI CO}TP2 O)TP3 e I R l 5 I 8 8 G I R l 9 I 

[IT] [[D [TI] [ill I R21 I 
1 9  I 

� 
- - - -- -

� 
Fig. 13 Component location on printed circuit board for the type Sf Relay. 
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TY P ES Sl AN D Sl- 1 O V E R CU R R EN T  R E L AY S  -------------------I ._L ._4_1 -..;..77;..;.7.;;.B 

� . 190-32 SCREW j ti�.£L 
� / SPACERS FOI! 

I 

5 AIIEL USE 

fs·ll STUD) 

l I • 190-32 SCREW 

- 1 ��� �-: nli!.l"!!h. 

'\ --WF= ::_ -=-----

� 
�-- - - - - - --= I "' '  

- -.. D I A. 

TEIIMIUL AIID 
MOUITI IG  DETAI LS 

3 if 01 A. 10 MOLES 
Olt CUT OUT 

· fe � D I M· NOLES FOR 
--s 9� 1 

25 
/ . 190-32 MT&. SC1t£WS 2 - --l � 32 1 I 

f �� ¢-- -· 
l 
=I� 

PAIIEL CUTOUT A DI U U.l• 
FOit SEMI FLUSM MT&. 

��.!� l l �l l� l l� 32 32 32 32 
PAIEL DltiU.I•a Olt CUTOUT FOR 
PI!N ECTI 011 MT8· 

( FltOirT Yl EW) 

.. 

57-D-7901 
Fig. 14 O utline and drilling p lan for the type Sl Relay in the FT-21  case. 
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TYPES Sl AND Sl-1 OVERCU RRENT RELAYS--------------------

TE181111AL MD 
MOUIITIIIG -DETAI LS 

• I!IC>-32 SCREW 

5- 111 SCREW Ill ( FOit TH I CK 
PAIIEL USE 

;_ I ll  STUD) 16 
• I!IC>-32 SCitEW 

9 
Ts 

I 

u 1_ u _ I 
. lto-32 MTa. sc•m 

2 ...,_ { S�l•l "i DI M IIOLES FOit 

32 � 

t -� 

PMEL CUTOUT & DWILLI18 
FOR SEMI•FLUSH MT&. 

-lN 

PI LOT PLATE SN�P} WHEN USED ON R.E.LA.Y (TAB 
ro RE.A.") 

f-4-----.o:....,---------- 5 � __ ....., 
8 

�-++olt---- 2 !!  �r...L.-----..&� ,..,..___..'--__ 

PAIIEL DttLLIH OR ClllOUT FDW 
PltC!IJECTIO. NT&. 

(FI!OtiT V I EW) 

57-D-7900 

Fig. 15 O utline and drilling p lan for the type Sl- 1 R elay in the FT- 1 1  case. 
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Westinghouse I . L .  4 1 -777C 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES 51 AND 51-1 OVERCURRENT RELAYS 

CAU T I O N :  Before putting relay into service,  op er­

ate the relay to check the el ectrical connections. 
Clo se output switches l ast when placing relay in 

service. Open output switches first when removing 
relay from service. 

A P P L I C A T I O N 

These overcurrent relays are static devices that 

produce a d. c. output voltage when the input current 
in them exceeds a given value. Thi s output voltage 
is used as the input to other devices that trip a 

breaker. 

The number of inputs and outputs vari es with 

the typ e of relay. Generally,  these are as follows: 

Typ e SI relay-three inputs, one or two outputs. 

Typ e Sl -1 relay-one input, one output. 

C O N S T R U C T I O N 

The typ e Sl- 1 relay consists of an input tran s­

former, a setting circuit, a phase splitter circuit, a 

sensing circuit, an amplifier circuit, a voltage re­
gulator circuit, a feedback circuit and a transistor 
output. An op erational indicator is an optional unit. 
The typ e Sl relay in addition to these components 
has two input transformers, two phase splitter cir­

cuits, and either a single output or a dual output 
transistor circuit. 

The components are connected as shown in 

Figs. 1 to 4. 

I nput T ran sformer - The input transformer is a two 

winding typ e with a non-tapped primary winding and 

a tapp ed secondary winding. The secondary i s  

connected to the setting circuit and from a fixed 

tap to the phase splitter circuit. 

Setti ng C i rc u i t  - The setting circuit is connected 

SUPERSEDES I . L. 4 1 -7778 
* Denotes change from superseded i ss u e .  

acro ss the secondary winding o f  the input trans­

fann er and consists of two branches, a resistor and 
a rheostat connected in p arallel with a resi stor and 
Zener diode. This circuit loads the transfonner and 

produces a secondary voltage proportional to the 

input current. The rheo stat has a locking feature to 
minimize accidental change of current setting. 

P ha se Sp l i tter Circuit  - The phase splitter ci.rcuit 
consists of two capacitors, resi stor, potentiom eter 
and a three-phase rectifier bridge. This circuit con­

verts the singl e phase a. c. voltage from the output 

of the transformer to a three-phase voltage and rect­
ifies this voltage to d. c. 

Sen s i n g  Circu it  - The sensing circuit consists of 

three resi stors, a transistor and a Zener diode. 

This circuit is connected between the output of the 

phase splitter circuit and the amplifier circuit. In 
thi s circuit, a reference voltage i s  established 
which turns the transistor on. To turn the transistor 

off, the output voltage from the phase splitter must 
be greater than the reference voltage. 

Ampl i fi er Circuit - The amplifier circuit consists o f  

a nonnally conducting transistor, Zener dio de, three 
resi sto rs and a diode. This circuit is the final out­
put stage of the relay. 

Feedback Circuit  - The feedback circuit consists 
of a resi stor, potentiometer, and diode. This circuit 
control s the dropout current of the relay. 

Vol tage Regul ator C i rcu it  - The voltage regulator 
circuit consists of a silicon po wer regulator and a 

series resistor. The silicon po wer regul ator is a 10 
watt Zener dio de mounted on an aluminum h eat sink. 

The seri es resistor is a 3-lh inch resistor and i s  

used to reduce the supply voltage to the Zener 
voltage. 

O perational  I nd i cator - The op erational indicator 

consists of a silicon control rectifi er, l amp ,  micro­

switch, Zener dio de, and thre e  resistors. This cir­
cuit i s  triggered by a signal from the output of the 

relay. 
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1 3  
SETTING 

I OH 
SETTING 

1 1 - l3  
OUTPUT 

TERMINAL 1 

2 

l oH OUTPUT 

TE RMINAL 2 1 1 INPUT 
'---

T E RMI NALS 8 & 9 
1 3 INPUT 

T E RMINALS 6 & 7 

Fig. 1 Type Sl Relay in an FT-2 1 case (front view).  

VOL TAG E 
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T YP ES SI AND SI- 1 R E L AYS ............... ------------------------------------------�'�- L�- �4 1�-7�7�7c 

INTERNAL SCHEMATIC 

Fig. 2 Blo ck diagram of the Type Sl- 1 Relay in F T- 1 1  
case (diagram of Sl- 1 without the operation indica­
tor is 763A 630). 

O P E R A T I O N  

Th e components of  th e Sl- 1 rel ay are connected 
as shown in Fig. 5. With no input to the rel ay, all 
tran sistors ( Q 1 and Q2) are conducting and a very 
small o utput is o btained from the relay. Zener dio de 
( Z2) o f  th e sensing circuit establishes th e reference 
voltage from the emitter of  Q 1 to negative and allows 
a base current to flo w  in Q 1 through R 5 to negative. 

When a. c. current is appli ed to the prim ary of the 
tran sform er (T) ,  a voltage is pro duced on the second­
ary side that i s  p roportional to the amount o f  resi s­
tance in the rhea stat ( S1) .  Thi s singl e p hase voltage 
is  applied to the phase splitter circuit where a three 
phase voltage is produced, rectifi ed, and applied to 
resistor R5 o f  th e sensing circuit. If the voltage from 
the rectifier i s  greater than the reference voltage 
acro ss the sensing circuit, Q 1 turn s o ff to all o w  Q 2 
to turn off which pro duces an output. 

When Q 2 turn s o ff, po sitive vol tage is applied 
to the feedback circuit such that a vol tage is  applied 
to the base o f  Q1 . By varying the m agnitude o f  thi s 
voltage, the dropout o f  the rel ay can be regulated 
from app ro ximately 98o/c to Oo/c of pi ckup. 

When l arg e currents are applied to the p rimary 
o f  th e input transform er, th e Zener clipp er on the 
secondary prevents the voltage appl i ed to the el ec­
tronic co mpj::m ents from becoming excessive. 

The op eration of the typ e SI rel ay is simil ar to 
the SI - 1 , excep t  that the SI has three overcurrent 
inputs. These three inputs are applied thro ugh sep er­
ate phase splitting and setting circuits to a common 
sen sin g  circuit which op erates on the maximum 
voltage applied to it. 

Figs . 6, 7, and 8 show the connections of the 
Sl- 1 ,  SI with single output and the SI with a dual 
output. 

CHA R ACTERISTICS 

The Sl- 1 relay i s  availabl e in the current ranges 
shown in Tabl e I. 

T A B L E  I 
Range Scal e Marking 

. 25 - 1 amp ere . 25 . 4  . 5  . 6  . 8  1 .0  

.5  - 2 amp eres . 5  . 75 1 .0  1 .  25  1 . 5 2.0 

1 - 4 amp eres 1 . 0  1 . 5 2. 0 2. 5 3.0 4.0 

2 8 amp eres 2 3 4 '!5 6 8 

4 - 1 6  amp eres 4 6 8 10 12  16 

10 - 40 amp eres 10 15 20 25 30 40 

Th e setting of the relay is the minimum current 
required to produce an o utput. Settings between the 
scal e m arkings can be obtained by applying the de­
sired current to the rel ay and setting the rheo stat 
at the desired point. 

Th e Sl relay is avail abl e with any combination 
of  three of the above ranges. In the usual applica­
tion, two inputs are the sam e range with an output. 
The third input is  of  a di fferent range and c an b e  
o f  a different output than the other two .  

T h e  op erating time of  th e relay i s  shown in 

Fig. 9. As shown in th e fi gure,  there is  a maximum 
and minimum op erating time of  the rel ay for each 
multipl e of pick up .  Thi s difference i n  time i s  due 
to the point on the current w ave that the fault cur­
rent is applied. Figur e 10 shows the operate times 
for different points on the fault wave for fault cur­
rents at twice pickup. 
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T A B L E  JI 
E N E R G Y  R E Q U I R E M E N T S  

Amp ere VA at P . F. VA at P . F. 

Range Setting Setting Angl e 5 amp s. An gl e 

. 25 - 1 

. 5 - 2  

1 - 4 

2 - 8  

4 - 16 

10 - 40 

4 

. 25 

. 4  

. 5  

. 6  

. 8  

1 . 0  

. 5  

. 7 5  

1 . 0  

1 .  25 

1. 5 

2 .0  

1 

1 . 5  

2 

2. 5 

3 

4 

2 

3 

4 
5 

6 

8 

4 

6 

8 

10 

1 2  

1 6  

1 0  

1 5  

20 

25 

30 

40 

0 . 17 

0 . 3 1  

0 . 4 2  

0 . 54 

0 . 8 1 

1. 20 

0 . 17 

0 . 3 1  

0 . 4 2  

0 . 54 

0 . 8 1  

1 .  20 

0 . 17 

0 . 3 1  

0 . 4 2  

0 . 54 

0 . 8 1 

1. 20 

0 . 22 

0 . 39 

0 . 60 
0 . 8 5  

1 . 1 7  

1 . 9 4  

0 . 26 

0 . 49 

0 . 80 

1 . 1 5  

1 . 57 

2. 56 

1.0 

2. 1 

3. 6 

5 . 9  

8 . 1 

14 . 4 

7. 5 

15 

21 

25 

30 

35 

7. 5 

1 5  

2 1  

25 

30 

35 

7. 5 

1 5  

2 1  

25 

20 

35 

7 . 5 

1 5  

2 1  
25 

30 

35 

8 . 5 

1 3  

1 5  

16. 5 

17. 5 

19 

3 

4 

5 

6 

6 

6 

23 

22.8 

22. 7 

22. 6 

22. 2 

2 1. 8  

8 . 80 

8. 50 

8. 10 

7.80 

7 . 60 

7. 10 

3. 1 5  

2. 9 5  

2 .65  

2. 35 

2. 2 1  

2.0 

1. 4 

1. 1 

0 . 9 5  
0 . 8 5  

0 . 80 

0 .  73 

0 . 4 1  

0 . 34 

0 . 3 

0 . 29 

0 . 28 

0 . 25 

0 . 25 

0 . 23 

0 . 2 1  

0 . 2 1  

0 . 20 

0 . 20 

5 1° 

50 

48 

48 

48 

48 

32 

32 

33 

34 

36 

37 

16 

19 

2 1  

25 

28 

30 

1 3  

1 5  

2 1  
2 5  

30 

35 

8. 5 

1 3  

1 5  

16. 5 

17. 5 

19 . 0  

3 
4 

5 

6 

6 

6 

Range 

. 25 - 1 

. 5  - 2 

1 - 4 

2 

4 

10 

- 8  

- 16 

- 40 

Sl- 1 R elay 

T A B L E  JII 
C U R R ENT RAT I N GS 

Rating of the Overc urrent U n its 

Continuous Rating 
(Amp eres) 

6 

8 

10 

1 2  

1 5  

20 

One Second Rating 
( Amperes) 

1 8 5  

3 50 

400 

400 

400 

460 

T A B L E  IT 
Battery Drai n 

48 Volts 
D . C. 

3 2M A 

1 25 Volts 
D.C. 

Sl- 1 Relay with Indicator 
SI-Relay Single Output 

65MA 

65 MA 

100 MA 
3 2M A  65 MA 

SI R elay Dual Output 

Maximum Output 

65MA 105 MA 

20 MA at 20 Volts D . C. 

S E T T I N G  

The pickup o f  th e rel ay i s  sel ected by adj usting 
th e rheostat, S, i n  the front of the relay. Setting in 
between the scal e marking can be made by applying 
th e desired current and adj usting the rheo stat until 
an output i s  o btained. 

I N S T A L L A T I O N  

The relays shoul d b e  mounted on switchbo ard 
p anel s  or their equivalent in a lo cation free from 
moi sture. Mount the rel ay vertically by m eans o f  
th e four mounting hol es o n  the fl ange for semi­
fl ush mounting or  by m eans of the rear mounting 

stud or  studs for proj ection mounting. Either a 
mounting stud or the mounting screws may be utiliz­
ed fo r gro unding th e rel ay. The el ectrical conn ec­
tions m ay be m ade directly to the terminal s by 
m ean s o f  screws for steel-p an el mounting or to the 
terminal studs furni shed with the rel ay for thick 
p an el mounting. The terminal studs may be easily 
remo ved or inserted by l o cking two nuts o n  th e 
stud and then turning the proper nut with a wrench. 

Fm detailed FT case information, refer to I . L .  
4 1-076. www . 
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T Y P E S  Sl AND S l- 1 R E L AY S  

INTERNAL SCHEMATIC 

!tED HAIIDLE -�-

I ,  

CHASSIS OPERATED 
-- SttOIT IJIG SWITCH 

TEST SWITCH 

CURIEIT TEST JlCK 

-TERMIUL 

(62A(84 

Fig. 3 Block diagram of the Type Sf Relay in FT- 2 1  
case (for Sf with single output o m i t  t h e  circuits 
connected to terminal 2; dwg. no. 763A 629. 

A D  J U S  T M E N  T S AN D M A I N T  E N  A NCE 

Th e proper adj ustments to insure correct op era­
tion o f  thi s rel ay have been m ade at the factory and 
shoul d not be disturbed after receip t by the custom er. 

Acceptance Tests 

The following check i s  recomm ended to insure 
that the rel ay is  in p rop er working order. All check s 
can best be p erformed by connecting the rel ay p er 
th e test circuit of Fig. 1 1. R efer to fig. 4 and mak e 
simil ar connections for the test o f  the S I  rel ay. 

1. Minimum trip current - Check pick up at the 
minimum and maximum setting. Thi s  i s  ac­
complished by applying the sp ecifi ed current 
and checking that the voltm eter reads approx­
imately 20 volts when th e current is within 
3o/c of the setting. 

2. Dropo ut - After checking pickup ,  the drop­
o ut shoul d be check ed to b e  appro ximately 
9 7o/c of the pick up when the a. c. current i s  
gradually reduced. 

Rout i ne Mai ntenance 

All relays should be ch eck ed at l east once 
every y ear o r  at such other time interval s as may 

I .L.  41 -777C 

be dictated by experience to be suitabl e to the 
p articular application. 

Cal i bration 

Use the following p ro c edure for calibratin g  the 
S l- 1 rel ay if  the relay adj ustments have been dis­
tributed. Thi s p ro cedure should not be used until it 
i s  app arent that the relay i s  not in prop er working 
order. A new scale plat e  may be necessary when 
p arts are changed. Thi s pro c edure must be repeated 
for the other two inputs on the typ e SI relay. 

Sp l i tter Ad j u stments 

1. Tum rheo stat ( S) on front of  relay to extreme 
counter- clock wise po sition. 

2. Apply minimum S current to the proper relay 
terminals. 

3. With a high resi stance voltmeter ( a. c. ) adj ust 
p hase splitter potentiometer such that three 
voltages appro ximately equal to each other 
are o btained acro ss TP 1, printed circuit 
bo ard terminal 12 and printed circuit bo ard 
terminal 18 or 1 4. 

D i a l  Cal i bration ( S) 

1. Apply 125 volts d. c. to relay terminal s  10 
and 2. Terminal 10 is po siti ve. 

2. Connect a high resi stance d. c. voltmeter 
acro ss terminal s 1 and 2. Terminal 1 i s  
po sitive. 

3. Apply desired S current to terminal 8 and 9. 

4. Turn S rheostat until the relay op erates as 
indicated by a sudden reading of  appro xi­
mately 20 volts d. c. on meter. 

D ropout (P) 

1. Set S on desired point and apply S amp eres 
to relay to m ak e  it op erate. 

2. Lower S amp eres to desired droput value and 
adjust P potentiometer until voltmeter drop s 
to appro ximately zero. 

3. V erify dropout and pick up several time s  by 

rai sing a. c. current until rel ay op erates and 
then lowering the a. c. current until rel ay 
dropouts. 
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Fig. 4 Internal Schematic for the type Sl- 1 Relay. 

J;- - - - - - - - - - - - - - -' �· ( m " 1 " 

-�� [b 1 

.. ]J I  1 " " 

r I . I .. 1 . 
I o <  

I "  " 

� l 
I ·� 

I 

� [< 
.!L.. -,C1 � 

I-'>--,, . � '� " l-

"r " L{' L' 

" 

r - �/. ' . ' 

'i. 
'" 

;; 0 

I 
/ , I  

I 
� "I 

J 
I 

po " I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __]-

* F ig. 5 Internal Schematic for the type Sl- 1 R elay with an operation indicator. 

5431>902 

0100£ R[PLACFS JUMPn WHEN D I ODf OUTPUT I S REQIJIRED. 
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' 

" 

' OUTPUT 
I 
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T rouble  Shoot i n g  P rocedure 

Use the follo wing pro cedure to lo cate the source 
of  tro ubl e if the S I- 1 relay or the SI relay is not 
op eratin g  correctly. 

1. Insp ect all wires and connections, p aying 
p arti cular attention to printed circuit ter­
minals. 

2. Check resistances as listed on the internal 
schematic of the relays. 

3. Check voltages as listed on the el ectrical 
checkpoints. 

R E N E W A L  P A R T S  

R ep air work can be done mo st satisfactorily at 
the factory. Ho wever, interchangeabl e p arts can b e  
furnished to customers who are equipp ed for doing 
repair work. When ordering p arts, al way s  gi ve the 
complete nameplate data. 

E L E C T R I C A L  C H E C K P O I N T S  

Connect rel ay p er test circuit o f  Fi g. 1 1. All 

voltage readings should be made with a high resi st­
ance voltmeter. Refer to Fig. 12 ,  1 3  or 1 4  for p rinted 

circuit bo ard points. For som e  readings i t  is neces­
sary to scrap e varnish from the components to make 
a connection at the point. 

I No. A� C. current Input 1 25 volts d. c. 

Component Negative terminal Appro ximate 
d. c. voltage 

z 2 2 7 

z 3 2 l ess than . 6  volts 

z5 2 45 volts 

II Minimum Trip A. C. current applied 

Circuit Terminal s Vol tage 

P hase TP 1 to bo ard 18 7 . 5 volts a. c. 

Splitter TP 1 to board 1 2  7. 5 volts a. c. 

Bo ard 12 to board 18 7. 5 volts a. c. 

Setting Board 16 to board 18 15 volts a. c. 

Output Terminal 1 ( +) and 2 18 to 22 volts 
D. C. 

The abo ve terminals are for the S I- 1  relay. For 
corresponding terminal s for the SI relay, refer to 
the relay. 
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T Y P ES Sl AN D Sl- 1 R EL AYS 

E L E C T R I C A L  P A R T S L I S T  

8 

C i rcu it  
Symbol 

--- - - -

TYP E S l  

Desc ription 

C A P A C I T O R S 

CI-C2-C3 
C4-C5 t t 

. 5  MFD. 

. 25 MFD. 

D I O D E S  

D18- D20-D22 t t  IN459A 
D19-D21 tt IN457A 

P O T E N T I O M E T E R S 

P1- P2-P3 
P4- P5 t t  

2. 5K D - 1/4W 
200K D - 1/4W 

Q1- Q3 t t  
Q2-Q4 t t  

R1-R4-R7 
R2-R5-R8 
R3-R6-R9 
R10-R12 tt 
Rl l- R13 tt  
R14-R19 tt  
R15-R21 tt 
R16-R20 t t  
R17-R22 tt  
R18-R23 tt 
R24 

S1-S2-S3 

T1-T2 
T3 

Z1-Z2-Z3 

Z4- Z6 tt 
Z5-Z7 t t  
Z8 

T R A N S I S T O R S  

2N652A 
2N697 

R E S I S T O R S  

2. 7 K D 
50 D 
300 D 
15 K D 
39 K D 

* 2.7K D -
3.9 K D 
33 K D 
1 K D 
10 K D 
500 D 

R H E O S T A T  

1/2W 
25 W 
25 W 
1/2 w 
1/2 w 
5 w 
2 W  
1/2 w 
1/2 w 
1/2 w 
40 w 

1. 5 K  D - 25 W 

T R A N S F O R M E R  

S!t 4 1 0C268 
S!t 4 1 0C268 

Z E N E R  D I O D E S  

INI832C 

IN957B 
IN368B 
INI829A 

tt Used only in rel ay with doubl e output. 

C i rc u it 
Symbo l  

C1 
C2 
C3 t 

D 1  TO D6-D8 
D7 
D9 - DlO t 

p 1 
p 2 

Q 1 
Q 2  

R 1  
R 2  
R 3  
R 4  
R 5  
R IO 
R 6  
T 7  
R 8  
R 9  
R 14 
R 12 t 
R 13 t 
R 11 t 

S l  

T 

Z 1  
Z 2 - Z6 t 
Z 3 - Z4 t 
Z 5  

QS 1 t 
sw 1 t 

L t 

T YP E  S l- 1  

De scription 

C A P A C I T O R S 

. 5  MFD 

.25 MFD 
6. 8 MFD 

D I O D E S  

IN459A 
IN457A 
CER - 69 

P O T E N T I O M E T E R S 

2. 5K D 
200 K D 

T R A N S I S T O R S  

2N652A 
2N697 

R E S I S T O R S  

2. 7 K  D -
50 D 
300 D -
15 K D -
39K D -

* 2 . 7K D 
3 . 9 K  D 
33 K D -
1 K  D 
lO K D 

1/4 w 
1/4 w 

1/2 w 
25W 
25 w 
1/2 W 
1/2 W 
5 W  
2 W  
1/2 W 
1/2 w 
1/2 W 

500 D - 40 W 
4 . 7 K  D 
820 r; -
3. 9K D -

R H E O S T A T  

1.5 K D 

T R A N S F O R M E R 

S tt 410C268 

Z E N E R  D I O D E S  

INI832C 
IN957B 
IN.3686B 
INI829A 

S W I T C H E S  

2N1881 

1/2 W 
l W  
1/2 W 

25 w 

S tt 184A611H01 

L A MP 

S tt 1 83A825G05 

t Used only in rel ay with op eration indicator 
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5431:>901 

Fig. 6 Internal Schematic far the type Sl Relay with a single output. 
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TYP ES Sl AN D Sl- 1 O V E RCU R R ENT R E LAYS ____________ _ 

543D225 
Fig. 7 Internal Schematic of  the type Sl Relay with a double output. 
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TY P E S  Sl AND Sl - 1  O V E R CU R R EN T  R E L AY S  ___________________ ..:..:I -=L.:.... 4.:..:1...:.-7.:....:77-=-c 
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\ /"""""_ - M AX I M U M O P E R T I N G  T l  M E S  � v 

� � r M I N I MU M  OP E R A T I N G  TI M ES 

� K-/ r--
\ i'... v 

/ 
.......... r-..L. 

2 4 6 8 1 0  1 2  1 4  

M U LTI P L E S  O F  P I C K - U P  V ALU E 

Fig. 8 Operating time for the type Sl and Sl- 1 R elays. 
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836A566 

Fig. 9 Operating time for the type Sl and Sl- 1 Relays as a fun ction of  fault in cidence an gle at twice min imum trip. 
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TY P E S  Sl AN D Sl- 1 O V E RCU R R EN T  R EL AY S  ____________________ _ 

12 

1 25 VO LT S  

D . C .  

120 V O LT S  
A . C .  

+�----------� 

0 

6 C l  

[]I] 
1 9  

� 

Fig. 10 Test circuit for the type Sl- 1 Reloy. 
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�· TEST POINT 
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Fig. 1 1  Component location on printed circuit board fo r the type Sl- 1 Relay. 
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TY P E S  Sl AN D Sl- 1 O V E R CU R R EN T  R E LAY S  -----------------""'I .=L �. 4;..;..1 -_77_7..;...,c 

* Fig. 12 Component location on printed circuit board for the type Sf R elay. 

69 1B438 
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TY P E S  Sl AN D Sl- 1 O V E RCU R R EN T  R E L AY S  ---------------------

1 4  

I �  32 

��� . _ _ .."j , 190-32 SCIIEW / \ 1,.::-c- ..-------1 il i�• ·  I \! • I  P .. EL 
I I - ·r---
1 I / 

/ 
� / SPACERS FOR 

� �-� TH i ll  P .. ELS l·1tl � I (/ .· - ·kl�o�
C
f?tcr I 5 PAII EL USE 

1 , • .  �n -.6-•a sruo> 
I m ,  . - -� 'J ��� . " . 190-32 SCREW 

-..1.- l t ! i11-� FOil TM I CK PAIIEL !-L[�tjj:+tt:r£· USE . 1 90-32 STUD 

) ���-_:_ _ - -� 1 l , rt-_ _ _ _ _ ,1 . . . - - -�1}=--=---=- _ _ _ _ I I 

)�� - - - - - - - -
1_ " I � " D I A . 

TERMIUl AIID 
MOUlTING DETAI LS 

-- s  !� 1 
I t  1 - DI A." IIOLES FOil il/ "  . 190-32 MTQ. SCIIEWS 

2 25 � � 32 �. �' " 

�::.-------'1---� __;::t!f- -

-

-- 1 =I� - I �  .. 
ct> ,_r;:; - � ;_I - � - -=-t 

I .:1 t-; - t::. ,:;: ,I I ,.. - «> I t r_ _ ,ll�·��- ; rD i ''f'] 
- .... : 2 � ,.._ I 1 8  

I._ 5 ..! _J • 
PAll EL CUlOUT I DR I LL I II 
FOR SEMI FLUSM MTQ. 

PAIEL DR I LLI116 OR CUTOUT FOil Pl!!\.1 ECT I 011 MTQ. 

( FROifT Y I EW) 

I 
J 

57-D- 7901 

Fig. 13 Outline and drilling plan for the type Sl Relay in the FT- 2 1  case. 
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TY P E S  Sl AN D S l - 1  O V E RCU RR ENT R EL AYS -------------------_.:.:1 -:.:L.:... 4:.:1..:..:-7.:._77:...::c 

- I  � D I A.  

• 190-32 SCREW 

5 ·- 1 11  SCREW j 1 6 
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PANEL USE _ __ 
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PAIIEL CUTOUT I DRI LLIIG 
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Fig. 14 Outline an d drilling p lan for the type Sl- 1 Relay in the F T- 1 1  case. 
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Westinghouse I . L . 4 1 -777D 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTION S 
TYPES 51 AND 51-1 OVERCURRENT RELAYS 

CAU T I O N :  Before putting rel ay into service ,  op er­
ate th e rel ay to check the el ectrical connections. 
Clo s e  o utput switches l ast when placing rel ay in 
service. Op en output switches first when removing 
rel ay from service. 

A P P L I C A T I O N  

These overcurrent relay s are stati c devices that 
pro duce a d. c. output voltage when the input current 
in them exceeds a given value. This output voltage 
is used as the input to other devi c es that trip a 
breaker. 

The number of  inputs and o utputs vari es with 
th e typ e of relay. Generally, th ese are as follows: 

Typ e SI rel ay- three inputs, one or  two outputs. 

Typ e SI- 1 rel ay-one input, one output. 

C O N S T R U C T I O N  

The typ e SI- 1 relay consi sts o f  an input trans­
fo rmer, a setting circuit, a phase splitter circuit, a 
sensing circuit, an amplifier circuit, a voltage re­
gulator circuit ,  a feedback circuit and a tran si stor 
output. An op erational indicator is an optio nal unit. 
The typ e  SI relay in addition to these components 
has two input tran sform ers, two phase splitter cir­
cui ts, and either a singl e o utput or a dual output 
transi stor circuit. 

The components ar e connected as shown in 
Fig.  4 to 7 .  

I nput Transformer - The input tran sform er is  a two 
winding typ e with a non-tapp ed prim ary wi nding and 

a tapp ed secondary winding. The secondary i s  
connected to the setting circuit and from a fi xed 
tap to the phase splitter circuit. 

Setti ng C i rc u i t  - Th e setting circuit is conn ected 

SUPERS E D ES I . L . 4 1 -777C and  L-SP E C .  835945B 
* Denotes change  f rom s uperseded i s s u e .  

acro s s  th e secondary winding o f  the input trans­
former and consi sts of two branches, a resi stor and 
a rheostat connected in p arallel with a resi stor and 
Zen er dio de. Thi s circuit loads th e transform er and 
pro duces a secondary voltage p roportional to th e 
input current. The rheo stat has a locking feature to 
minimi ze acci dental change o f  current setting. 

Phase Sp l i tter C i rc u i t  - The phase splitter circuit 
consists of two capacitors, resi stor, po tentiometer 
and a three-phase rectifier bri dge. Thi s circuit con­
verts the singl e phase a. c. voltage from th e output 
of the transformer to a three-phase voltage an d rect­
ifies this voltage to d. c. 

Sen s i n g  Ci rcu i t  - Th e sensing circuit consi sts of 
three resi stors, a tran si stor and a Zener diode. 
Thi s circuit is  conn ected between the output o f  the 
phase splitter circuit and the amplifi er circuit. In 
this circuit, a reference voltage i s  established 
which turns the transistor on. To turn the tran sistor 
off, the output voltage from th e phase splitter must 
be greater than the reference voltage. 

Amp l i fier  Ci rcu i t  - The amplifier circuit consists of 
a norm ally conducting tran si stor, Zener dio de, three 
resisto rs and a diode. Thi s circuit is  th e final out­
put stage of th e relay. 

Feedback C i rc u i t  - The feedback circuit consi sts 
of  a resi stor, potentiometer, and dio de. This circuit 
contro l s  the dropout current of the relay. 

Vo l tage Regul ator C i rc u i t  - The vol tage regulator 
circuit consists of a silicon po wer regulator and a 
series resi stor. The silicon po wer regulator i s  a 10 
watt Zener dio de mounted on an aluminum h eat sink. 
The series  resistor is a 3-1/z inch resi stor and i s  
used to reduce t h e  supply voltage to the Zener 
voltage. 

O perational I nd icator - Th e o p erational indicator 
consists of a silicon control rectifier, l amp ,  micro­

switch, Z ener diode,  and thre e  resi stors. Thi s cir­
cuit i s  tri ggered by a signal from the o utput of the 
rel ay.  
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I O H  
S E T T I N G  

I ]  - l 3 
OUT PUT 

T E R M I N A L  1 

I N P U T  T R ANSFO R M E R S  

1 1 I N P U T  
T E RM I N ALS 8 & 9 

1 3 I N P U T 
T E RM I NA LS 6 & 7 

Fig. 1 Type Sl R elay in an FT-2 1 case (frant view). 
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TYP ES SI AND SI- 1 R ELAYS----------------------------------------------�··�L.�4�1-�77UQ7D 

Fig. 2 B lo ck 
case 

INTERNAL SCHEMATIC 

diagram of the Type 

CHASSIS OPERATED 
SHORTING SWITCH 

763A63l 

Sl- 1 R elay in F T- 1 1  

O P E R A T I O N  
* The c omponents of the SI- 1 r e l ay are c onnected 

* 

as shown in Fig.  4 and Fig.  5. Wit h no i np ut to the 

relay,  all transistors ( Q 1 and Q 2) are conduct ing and 

a very s m al l  output is obtained fro m  t he relay. Zener 

diode ( Z2) o f  the sensing c ircuit e stabli s h e s  the 

refer enc e vol tage from the emitter of  Q 1 to negative 

and allo w s  a base c urrent to flo w  i n  Q 1 t hrough R5 
to negative . 

When a. c. current i s  appl i e d  to the p ri m ary o f  th e 

tran sform er ( T) ,  a vol tage i s  p ro du c e d  on the s econd­

ary side that i s  p roportional to the amo unt o f  r e s i s­

tanc e  i n  the rheo stat ( S l).  This sin gl e  p h a s e  vol tage 

is appl i ed to the phase spl i tter circuit wh ere a three 

p h a s e  vol tage is produced,  recti fi ed ,  and app l i e d  to 
resi sto r R5 o f  th e s ensing circuit. If the vol tage from 

the rectifier i s  greater than the referen c e  voltage 

acro s s  the sensing circuit,  Q 1 turns o ff to all o w  Q2 
to turn o ff which pro duces an o utput. 

When Q 2 turns off, positive voltage i s  appl ied 

to the feedback circuit such t hat a voltage i s  applied 

to the base of Q 1 on relay s  w here fe edb ack r es i stor 

" P "  i s  u s e d ,  the dropout of the r e l ay c an b e  

regul ated from approxi mately 98% t o  8 5% o f  p ickup 

b ·. varyi ng the mag nitude of this voltage . On those 

relays without adj . fe edback r e sisto r ,  the magnitude 

of feedback voltage is set to give the proper dropout 

ratio.  

When l arge currents are app l i e d  to th e p ri m ary 

o f  the i nput transformer, the Zener clipp er o n  th e 

s econdary p revents the vol tage appl i ed to the el e c­

tro n i c  co mponents from beco m i n g  e x c es si v e. 

* The operation of the type SI r elay is s i m i l ar to 

* 

* 

* 

the SI- 1 e x cept t hat the SI has thr e e  over curre nt 

i np ut s .  These thr e e  inputs are applied t hrough s e p ar­

at e phas e splitting and s etting c ir cuits to a c o m mon 

s en sing c ircuit which op erates on the maximum 

voltage applied to it.  

Figs . 6 and 7 show t he con nections o f  the SI 

w ith si ngl e output and the SI with a dual o utput. 

CHARAC T E RISTICS 

The S l - 1 rel ay i s  avai l abl e in the current rang e s  

sho wn i n  Tabl e I .  

T A B L E  I 
Range Scal e Mark i n g  

. 25 - 1 amp ere . 25 . 4  . 5  . 6  . 8  1 . 0  

. 5  - 2 amp eres . 5  . 7 5  1 . 0  1 .  25 1 . 5 2.0 

1 - 4 amp eres 1 . 0  1 . 5  2.0 2. 5 3. 0 4.0 

2 8 amp eres 2 3 4 55 6 8 

4 - 1 6  amp ere s 4 6 8 10 1 2  1 6  

10 - 40 amp eres 1 0  1 5  20 2 5  30 40 

Th e s etti n g  o f  the rel ay i s  the minimum current 

required to p ro duce an o utput. Settings b etween the 

scal e m arki n g s  c an b e  o btai n e d  by applyin g  the de­

sired current to the rel ay and s etting the rheostat 

at the d esired p o i nt. 

Th e Sl relay i s  avai l abl e with any combinati o n  

o f  three o f  t h e  abo v e  ran ges. In the u sual appl i c a­

tion ,  t wo inputs are the sam e  ran g e  with an o utput. 

The third input is of a different ran g e  and c an b e  

o f  a different o utp ut than t h e  oth er t wo .  

The operating time o f  the r el ay i s  s how n i n  

Fig.  8 .  A s  s hown i n  the figure,  there i s  a m aximum 

and minimum op erating time of the r elay for e ac h  

multip l e  o f  pickup . This d i fference i n  t i m e  is d u e  

t o  the point o n  t h e  c urrent w a v e  t hat the fault c ur­

r e nt i s  appl i e d .  Figur e  9 shows the op erat e  t i m e s  

for different point s  on the fault w av e  f o r  fault cur­

r ent s at twice pickup .  

F o r  breaker failure applicatio ns , the S I  r el ay i s  

modified to obtain a fast r e s et c haracteristic.  With 

r e ference to Fig.  6 ,  the filtering capac itor,  C4 , is 

removed and the dropout r atio i s  s et at 90% o f  p i ck­

up . This lower dropout ratio all o w s  a snapped p ick­

up without the filtering capac itor .  The r e set curves 

of the relay i s  s hown i n  Fig.  1 3  and Fig.  14 .  The 

ext ernal sc hematic of the relay in a breaker fail ur e 

app l ic ation is shown in Fig. 1 5 .  
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T A B L E  II 
E N E R G Y  R E Q U I R E M E N T S  

Amp ere VA at P . F. VA at P. F. 

Range Setting Setting Angl e 5 amp s. Angl e 

. 25 - 1 

. 5 - 2  

1 - 4 

2 - 8  

4 - 16 

10 - 40 

4 

. 25 

. 4  

. 5  

. 6  

. 8  

1 . 0  

. 5  

. 7 5  

1 . 0  

1 .  25 

1. 5 

2 .0  

1 

1. 5 

2 

2. 5 

3 

4 

2 

3 

4 

5 

6 

8 

4 

6 

8 

10 

1 2  

1 6  

10 

15  

20 

25 

30 

40 

0 . 17 

o .  31 

0 . 4 2  

0 . 54 

0 . 8 1  

1 .  20 

0 . 17 

0 . 3 1  

0 . 42 

0 . 54 

0 . 8 1  

1 .  20 

0 . 17 

0 . 3 1  

0 . 42 

0 . 54 

0 . 8 1  

1 .  20 

0 . 22 

0 . 39 

0 . 60 

0 . 8 5  

1 . 17 

1 . 9 4  

0. 26 

0 . 49 

0 . 80 

1 . 15  

1. 57 

2. 56 

1.0 

2. 1 

3. 6 

5 .9  

8 . 1 

14. 4 

7 . 5 

15  

21  

2 5  

30 

35 

7. 5 

1 5  

2 1  

25 

30 

35 

7. 5 

15  

21  

25 

20 

3 5  

7. 5 

1 5  

2 1  

25 

30 

3 5  

8. 5 

1 3  

15  

16. 5 

17. 5 

19 

3 

4 

5 

6 

6 

6 

23 

22. 8 

22. 7 

22. 6 

22. 2 

2 1 . 8  

8 . 80 

8. 50 

8. 10 

7 .80 

7 . 60 

7. 10 

3. 1 5  

2. 9 5  

2.65 

2. 35 

2. 2 1  

2. 0 

1 . 4  

1. 1 

0 . 9 5  

0 . 8 5  

0 . 80 

0 . 7 3  

0. 4 1  

0 . 34 

0 . 3 

0 . 29 

0. 28 

0. 25 

0 . 25 

0 . 23 

0 . 2 1  

0 . 2 1  

0 . 20 

0 . 20 

5 1 °  

50 

48 

48 

48 

48 

3 2  

3 2  

33 

34 

36 

37 

16 

19 

2 1  

25 

28 

30 

1 3  

1 5  

2 1  

25 

30 

35 

8. 5 

1 3  

15  

16. 5 

17. 5 

19.0 

3 
4 

5 

6 

6 

6 

T A B L E  JII 
C U R R E N T  RATINGS 

Rati n g  of the O verc urrent U n its  

Range Continuous Rating 
( Amp eres) 

One Second Rating 
( Amp eres) 

. 25 - 1 6 

. 5  - 2 

1 - 4 

2 - 8  

4 

10 

- 16 

- 40 

8 

10 

1 2  

15  

20 

T A B L E  IT 
Battery Drain 

SI- 1 R elay 
SI- 1 Relay with Indicator 
SI-Relay Singl e Output 
SI R elay Dual Output 

48 Volts 
D. C. 

3 2M A 
65MA 
3 2M A 
65MA 

185 

350 

400 

400 

400 

460 

1 25 Volts 
D . C .  

65 M A  

100 MA 
65 MA 

105 MA 

Maximum Output 20 MA at 20 Volts D . C. 

S E T T I N G  

The pickup of  th e rel ay i s  sel ected by adj usting 
the rheostat, S, in the front o f  the rel ay. Setting in 
between the scal e  marking can be made by applying 
th e desired current and adjusting the rheostat until 
an o utput is o btain ed. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
p anel s or their equivalent in a lo cation fre e  from 
moi sture. Mount the relay vertically by m ean s o f  
th e fo ur mounting hol es on the flang e  for semi­

flush mounting or  by m eans of  the rear mo unting 
stud or  studs for proj ection mounting. Either a 

mounting stud o r  the mounting screws may be utiliz­
ed fo r grounding th e rel ay. The el ectri cal conn ec­
tions m ay be m ade directly to the terminal s by 
m ean s o f  screws for steel-pan el mounting or to th e 
terminal studs furni shed with the rel ay for thick 
p an el mo unting. The terminal studs m ay be easily 

remo ved or inserted by l o cking two nuts o n  the 
stud and then turning th e prop er nut with a wrench. 

Fo r detail ed FT case information, refer to I . L .  
4 1-076. www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



TYP ES Sl AN D S l- 1  R E L AYS 

INTERNAL SCHEMATIC 

I.L. 4 1-7770 

Cal i bration 

Use the foll o wing procedure for calibrating the 
SI- 1 relay i f  the relay adjustments have been dis­
tri buted. Thi s pro c edure shoul d not be used until it  
i s  app arent that the relay i s  not  in prop er working 
order . .  A new scal e  plate may be necessary when 
p arts are changed. Thi s pro c edure must be rep eated 
for the other two inputs on the typ e S I  relay. 

Sp l i tter Adju stments 

1. Tum rheo stat ( S) on front o f  relay to extrem e 

m "'"o" � counter- clock wi s e  po sition. 

762A784 

* Fig.  3 Blo ck diagram of the Typ e Sl Relay in F T- 2 1  

case ( for S l  with single output omit the c ircuits 

connected to terminal 2). 

* 

A D J U S T M E N T S  A N D  M A l  N T E N A NCE 

Th e proper adjustments to insure correct op era­
tion of thi s  rel ay have been m ade at the factory and 
shoul d not be di sturbed after receipt by the custom er. 

Acceptance Tests 

The following check is  recommended to insure 
that the relay is in proper working order. All checks 
can be st be performed by connecting the relay p er 
the test circuit of Fig. 10 . Refer to fig. 6 or fig. 7 
and mak e  simil ar connections for the te st of the 
SI relay. 

1. Minimum trip current - Check pick up at th e 
minimum and maximum setting. Thi s  i s  ac­
complished by applying the sp ecified current 
and checking that the voltmeter reads appro x­
imately 20 volts when th e current i s  within 
3o/c of the setting. 

* 2 .  Dropout - After checking pickup , the drop­
out should be checked to be 96 to 98o/c of 
the pickup when the a.c.  current is  gradually 
r educed. For r elay with fast reset character­
istics,  the dropout ratio should be 89 to 
9 2%.  

Rout i ne Mai ntenance 

All relays shoul d be check ed at l east once 
every y ear o r  at such other tim e  interval s as m ay 

b e  dictated by experience to b e  suitabl e to the 
p articular appl ication. 

2. Apply minimum S current to the proper relay 
terminal s. 

3. With a high resi stance voltmeter ( a. c. ) adjust 
p hase splitter potentiometer such that three 
vol tages appro ximately equal to each other 
are o btained acro ss TP 1,  printed circuit 
board terminal 1 2  and printed circuit bo ard 
terminal 18 or 14. 

Dial Ca l i brati on ( S) 

1. Apply 1 25 volts d. c. to relay terminal s 10 
and 2. Terminal 10 i s  p o sitive. 

2. Connect a hi gh resistance d. c. vol tm eter 
acro s s  terminal s 1 and 2. Terminal 1 i s  
po sitive. 

3. Apply desired S current to terminal 8 and 9 .  

4. Turn S rheostat until the relay op erates as 
indi cated by a sudden reading of approxi­
mately 20 volts d. c. on m eter. 

* Drouput (P) (Where U s ed) 

* 

1. Set S on desired point and apply S amp eres 
to relay to mak e  it op erate. 

2. Lower S amp eres to desired droput value and 
adjust P potentiometer until voltmeter drop s 
to appro ximately zero. 

3. V erify dropout and pick up several times by 

rai sing a. c. current until rel ay op erates and 
then lo wering the a. c.  current until relay 
dropouts. 

On those relays , where dropout adj ust ment P 
is not used , the dropout ratio will be 9 6  to 9 8% of 
p ickup on the standard relay and 89 to 9 2% on the 
fast reset relay .  
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T Y P ES Sl AND Sl- 1 R EL AYS 

Ji 

' 

� 

�----------- ----, ,----t-�--,--<�CI 01 I 

!" . I L__---+---+-"W �- -�� - �r�- � J�� 1(-@•oo. 

I " 
I I _,__________ QIIIIT JOI .. 8 V D t 

I I liD. STYLE 
0 671 B 560GOI I 0 6718551801 

L __ 171 1556GOl 

543D'902 

or,� 
. 

* Fig. 4 Internal Schematic for the typ e Sl- 1 Relay. 
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06718561GOI WITHOUT 09 

671 8562G02 W I T H  09 

/ , I 

l� c· 

r-tj/. ' " ' 

'i. 
,, " � � 

TYPICAL VALUE 
OF R7 

. 

\t<: 

STYLE 
OF R 7  

3 3 K  I N  SERIES 187A 6 4 1 K63 WITH 200K- P2 
33K IN S E R I E S  187A641H63 WITH 200K- P 2  

1 8 0  K WITH 184A763HBI P 2 SHORTED 

I 
'" I 

" ' 
I 

:I 
6718561G02 WITHOUT 09 p �BO

SKH-���763H81 

0� I T  FOR �8 �DC 

,.. 
� 

� ONI T FO� �8 VDC 

"" " ' 

""' "' 
'-7 l 

'" 

' 

' 

"' 

OUTPUT 

I 

5302D49 
* Fig. 5 Internal Schematic for the type Sl- 7 R elay with an operation indicator. 
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Trouble  Shooting P rocedure 

Use the following p rocedure to lo cate the source 
of  troubl e if  the S I- 1 rel ay or  the SI relay is not 
op erating correctly. 

1. Insp ect all wires and conn ections, p aying 
p articular attention to printed circuit ter­
minals. 

2. Check resistances as l i sted on the internal 
schematic of the relays. 

3. Check voltages as l isted on the el ectrical 
checkpoints. 

R E N E W A L  P A R T S  

Repair work can be done mo st sati sfactorily at 
the factory. Ho wever, interchangeabl e p arts can be 
furnished to customers who are equipp ed for doing 
repair work. When ordering p arts, al ways gi ve the 
compl ete nameplate data. 

E L E C T R I C A L  C H E C K P O I N T S 

Connect r elay p er test circuit of Fig. 10.  All 
voltage readings should be made with a high resist­
ance voltmeter. Refer to Fig. 1 1  or 1 2  for printed 

circuit bo ard points. For som e  readings it  is neces­
sary to scrap e varnish from the components to make 
a connection at the point. 

I No. A . C .  Current Input 1 25 volts d. c. 

Component N egati ve terminal 
Approximate 
d. c. val tage 

z 2 2 7 

z 3 2 l ess than . 6  volts 

z5 2 45 volts 

II Minimum Trip A .  C. current appli ed 

Circuit Terminal s Vol tage 

Phase TP 1 to bo ard 18 7. 5 volts a. c. 

Splitter TP 1 to bo ard 1 2  7. 5 volts a. c. 

Board 12 to board 18 7. 5 volts a. c. 

setting Board 16 to board 18 15 volts a. c. 

Output Terminal 1 (  t) and 2 18 to 22 val ts 
D. C. 

The abo ve terminal s are for the S I- 1  rel ay. For 
corresponding terminal s for the SI relay, refer to 
the relay. 
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TY P E S  Sl AND Sl - 1  O VE R CU R R EN T  R E L AY S  ____________________ _ 

10 

(/) 0 
z 0 u 
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(/) 0 
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0 u LLJ 

0 

8 

7 

6 

5 

U) 4 
...J 
_J 

� 3 
z 

LLJ :::t 2 

� 

\ 
:\ r-1- M A X I M U M  O PE R AT I N G  T I M E S  

� / 

"' r-f- M I N  I M U M  O P E R A T I N G  TI M ES 

"" K / ,....._ 
\ � v 

/ """""' f-.L__ 
2 4 6 8 1 0  1 2  1 4  1 6  

M U LTI PL E S  O F  P I C K  - U P  V AL U E  

* Fig. 8 Operating time for the type Sl and Sl- 1 R elays. 
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0 40 80 1 2 0  1 6 0  2 0 0  2 40 280 320 3 60 

A N G L E  I N  D E G R E E S  
83 6A566 

Fi g. 9 Operat ing time for the type Sl and Sl- 1 R elays as a function of fault in c iden c e  angle at twice m in imum trip. 
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TY P E S  Sl AN D Sl- 1 O V E RCU R R E N T  R ELAY S  __________________ .;..;..I.L=·....;4..;..1-....;77..;...;;.7D 

125 VO LT S 

D. C .  

0 

C0 C l  

[!I] 
1 9  

� 

+�--------------------� 

Fig. 10 Test circuit for the type Sl- 1 Relay. 

� � � � �  0 ���� 
��� B e  

0 2  
[ll] 

s e  I R 6  
[QYJ rKD lo 1 oj I R I O  7 

� @II] [[IT] [!II I R l 3 

I - - - -� 
I 
I 
I 

120 V OLTS 
A . C. 

0= TEST POINT 

* Fig. 1 1  Component location on prin ted circu� board fo r the type Sl- 1 Relay. 
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TY P E S  Sl AN D Sl- 1 O V E R CU R R EN T  R E LAY S--------------------

0 

I 

(\J (.) 

e 

j 69 1 B438 L__· ----------------------------------------------� 
* F i g. 12  Component location on printed circuit board for the type Sf R elay. 
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T YPICAL RESET TI ME OF Sl RELAY 
( M I N I MUM CURRENT SETTING-90% DROPOUT RATIO-C4 OMITTED ) 

I I 1--- I I _l � 
CURRENT REDUCED TO 80"/o PICKUP _/ 

. 

I CURrNT rDlED 10 1% PrUP y r--v 
v _j CUR�ENT IREDJCED �0 ol.t. PIC�US 
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* Fig. 13 Reset time of Sl R elay with C4 removed at min imum setting 

TYPICAL RESET TIMES OF S l  RELAY 
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* Fig. 1 4  Reset time of Sl R elay with C4 removed at maximum setting. 
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50 - S  I OV ERCU RR E N T  R E LAY. 

52a.- CIRCUIT BREAKER AUXILIARY S W I T C H .  

62 - T0-50 T l  M E  DELAY R E L AY. 

62X - PR IMARY BREAKER FAILURE IN ITIATION. 

62Y - S ECONDARY BREAKER FA I W R E  INITIATION. 

86BF - BREAKER FAILURE LOCKOUT RE LAY. 
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A- B U F F E R  F U R N ISHED ONLY IN 
TD-50 RELAYS WITH SEA!=IN 
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* Fig. 15 External schemat i c  of Sf- TD- 50 Breaker Failure System. 
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TY P E S  Sl AN D Sl- 1 O V E R CU R R EN T  R E L AY S  -------------------1-_L-'-. _4 1-'-- 7'"'"7�70 
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57-D-7901 

Fig. 16 O utline and dr i l l ing plan for the typ e  Sf Rel ay in the FT- 2 1  case. 
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TY P ES Sl AND Sl- 1 O V E RCU RR E N T  RELAY S --------------------
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Fig. 1 7  O utline and dril ling plan for the type Sl- 1 Relay in the F T- 1 1  case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D I VI S I O N  N EWAR K, N .  J. 
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