
Westinghouse I .L. 41-777C 
INSTALLATION • 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. 

APPLIC A TION 

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 ONSTR U C TION 

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 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 Tran sformer - 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 

SUP ERSEDES I.L. 41-7778 
*Denotes change from superseded issue.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. 

Pha se 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 tum 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 I ndicator - 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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11 INPUT 
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Fig. 1 Type Sl Relay in an FT-21 case (front view). 
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TYPES SI AND SI-1 RELAYS --------------------------------------------------�� -� L�-�4 1�- 7� 77�c 

INTERNAL SCHEMATIC 

Fig. 2 Block diagram of the Type Sl- 1 Relay in FT-11 
case (diagram of Sl-1 without the operation indica­

tor is 763A630). 

OPERAT I ON 

The components o f  the SI-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 dio de 
(Z2) of the sensing circuit establishes the reference 
voltage from the emitter of Q 1 to negative and allows 
a base current to flo w  in Q 1 through R5 to negative. 

When a. c. current is applied to the prim ary of the 
transformer (T), a voltage is produced on the second­
ary side that is proportio nal to the amo unt of resis­
tance in the rheostat (S1). This single p hase voltage 
is applied to the phase splitter circuit where a three 
p hase vol tage is produced, rectified, and applied to 
resistor R5 of the sensing circuit. If the voltage from 
the rectifier is greater than the referen ce voltage 
acro s s  the sensing circuit, Q1 turns off to allo w Q 2 
to turn off which pro duces an output. 

When Q2 turns off, po sitive voltage is applied 
to the feedback circuit such that a vol tage is applied 
to the base of Q1 . By varying the m agnitude of this 
voltage, the dropout of the relay can be regulated 
from appro ximately 98o/c to Oo/c of pickup. 

When l arge currents are applied to the p rimary 
of the input transformer, the Zener clipper on the 
secondary prevents the voltage applied to the elec­
tronic com�nents from becoming excessive. 

The operation of the type SI relay is simil ar to 
the Sl - 1, except that the SI has three o vercurrent 
inputs. These three inputs are applied through seper­
ate p hase splitting and setting circuits to a common 
sensing circuit which operates on the m aximum 
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. 

CHARACTERISTICS 

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

TABLE I 
Range Scale Marking 

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

.5 - 2 amperes . 5  . 7 5  1 . 0  1. 2 5  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 CJ5 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 outp ut. Settings between the 
scale markings can be obtained by applying the de­
sired current to the relay and setting the rheo stat 
at the desired point. 

The Sl relay is avail able 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 c an 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 w ave 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 YPES Sl AND SI-1 RELAYS --------------------------------------------------

TABLE II 
ENERGY REQUIREMENTS 

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

Range Setting Setting Angle 5 amp s. Angle 

.25-1 

. 5-2 

1-4 

2-8 

4 -16 

10 - 40 

4 

. 2 5  

. 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 

0.17 

0. 31 

0. 42 

0 . 5 4  

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 . 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 

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. 9 5  

2. 65 

2. 35 

2. 21 

2. 0 

1. 4 

1. 1 

0. 9 5  

0. 8 5  

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 

3 3  

3 4  

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 

TABLE J1I 

CURRENT RATINGS 

Rating of the Ov ercurrent Units 

Range Continuo us Rating 
(Amp eres) 

One Second Rating 
(Amp eres) 

1 

2 

4 

10 

. 25-1 6 

. 5  -2 8 

-4 

-8 

-16 

-40 

10 

12 

15 

20 

TABLE lY 
Battery Drain 

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

48 Volts 
D . C. 

32M A 
65MA 
32MA 
65MA 

18 5 

3 50 

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. 

SETTING 

The pickup o f  the relay is s elected by adjusting 
the rh eo stat, S,  in the front of the relay. Setting in 
between the scale marking can be made by app lying 
th e desired current and adjusting the rheo stat until 
an output i s  obtained. 

INSTAL LATION 

The relay s should be mounted on switchbo ard 
p anels or their equi valent in a lo cation fre e  from 
moi sture. Mount the relay vertically by m eans o f  
th e fo ur mo unting holes o n  t h e  flange for s emi­
flush mounting or by m eans of th e rear mounting 
stud or studs for projection mounting. Either a 
mounting stud or the mo unting screws may be utiliz­
ed for grounding the relay. Th e electrical connec­
tions m ay be made directly to the terminals by 
means o f  screws for ste el-panel mounting or to th e 
terminal studs furni shed with the relay for thick 
p anel mounting. The terminal studs may be easily 
remo ved or inserted by locking two nuts on the 
stud and then turning th e proper nut with a wrench. 

Fm detailed FT case information, refer to I.L. 
41-0 76. 
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TYPES Sl AND S l-1 RELAYS 

INTERNAL SCHEMATIC 

RED HANDLE ----

II 

CURIEMT TEST JACK 
�TERMIUL 

I.L. 41-777C 

be dictated by exper ience to be suitable to the 
p articular application. 

Cal ibrat ion 

Use th e follo wing pro c e dure for calibrating the 
Sl-1 relay if the rel ay adj ustments have been dis­
tributed. This pro c edure shoul d not be used until it 
is apparent that the relay is not in proper working 
order. A new scal e  plate  may be necessary when 
p arts are changed. This procedure must be repeated 
for the other two inputs on the typ e S I  rel ay. 

Spl i tter Adju stments  

1. Tum rheo stat ( S) on front o f  relay to extreme 
counter- clo ck wise po sition. 

2. Apply minimum S current to the proper relay 

762A 784 terminal s. 
�--------------------------�--�� 
Fig. 3 Block diagram of the Type Sl R elay in F T-2 1 

case (for Sl with single o utput omit the circuits 
connected to terminal 2; dwg. no. 763A629. 

ADJUSTMENTS AND MAl NTEN ANCE 

The proper adjustments to insure correct op era­
tion o f  this relay have been made at the factory and 
should not be disturbed after receipt by the custom er. 

Acceptance Te sts 

The follo wing check is recomm ended to insure 
that the rel ay is in proper working order. All check s 
can best be p erform ed by connecting the relay p er 
the test circuit of Fig. 1 1. Refer to fig. 4 and mak e  
similar connections for the test o f  the S I relay. 

1. Minimum trip current - Check pickup at the 
minimum and maximum s etting. This is ac­
complished by applying the sp ecified 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
o ut shoul d be check ed to be appro ximately 
9 7o/c of the pickup when the a. c. current is 
gradually reduced. 

Routi ne Mai ntenance 

All relays should be check ed at l east once 
every y ear or at such other time intervals as may 

3. With a high resistance voltm eter (a. c. ) adjust 
p hase splitter potentiometer such that three 
voltages approximately equal to each other 
are obtained acro ss TP 1, printed circuit 
board terminal 12 and printed circuit board 
terminal 18 or 1 4. 

D i al Cal ibration (S) 

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

2. Connect a high resistance d. c. voltm eter 
acro s s  terminals 1 and 2. Terminal 1 is 
po sitive. 

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

4. Turn S rheo stat until the relay op erates 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 amp eres 
to relay to make it op erate. 

2. Lo wer S amp eres to desired droput value and 
adj ust P potentiometer until voltmeter drop s 
to approximately zero. 

3. V erify dropout and pickup several time s  by 
raising a. c. current until relay op erates and 
then lowering the a. c. current until rel ay 
dropouts. 
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Fig. 4 Internal Schematic for the typ e Sl-1 R elay. 
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* Fig. 5 Internal Schematic for the type Sl-1 R elay with an operation indicator. 
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TYPES Sl AND Sl-1 RELAYS������������������������� -I_.L _._4 _1-_n�7c 

Trouble Shoot i ng Procedure 

Use the follo wing pro cedure to locate the so urce 
of  trouble if  the SI- 1  rel ay or the SI  relay is not 
operating correctly. 

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

2. Cherk resi stances as li sted on the int ernal 
schemati c o f  th e relays. 

3. Check voltages as listed on the el ectri cal 
checkpoints. 

R ENEWAL PA R T S  

Repair work can b e  done mo st sati sfactorily at 
the factory. Ho wever, interchangeable parts can be 
furni shed to c ustomers who are equipped for doing 
repair work. Wh en ordering parts, al ways give the 
complete nameplate data. 

ELECTR ICAL CHECKPOINTS 

Connect relay per test circuit o f  Fig. 1 1. All 
voltage readings should be made with a high resi st­
ance voltmeter. Refer to Fig. 12, 1 3  or 14 for printed 

circuit board points. For som e  readings it  is neces­
sary to scrape varni sh from the components to make 
a connection at the point. 

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

Component N egati ve terminal Appro ximate 
d. c. voltage 

z2 2 7 

z3 2 less than .6 volts 

z5 2 45 volts 

II Minimum Trip A_C. current appli ed 

Circuit Terminal s Voltage 

P hase TP 1 to bo ard 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. -------- -------- ----------------------------

Th e abo v e  terminals are for the S I-1 r elay. For  
corresponding terminal s for the  S I  relay, refer to 
the rel ay. 
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TYPES Sl AND Sl-1 REL AYS 

E LEC T R I C A L PAR TS LIST 

8 

C ircuit 
Symbol 

CI- C 2- C3 
C4-C5 t t 

TYPE S l  

Description 

CAPACITORS 
.5 MFD. 
.25 MFD. 

DIODES 
D18- D 20-D22 tt IN459.A 

D19-D 21 tt IN457A 

P1-P 2-P3 
P4-P 5 tt 

Q1-Q3 tt 
Q2-Q4 tt 

R1- R4- R7 
R2-R5- R8 
R3-R6-R9 
R10- R12 
H l l-Rl3 
R14-R19 
R15-R21 
R16-R20 
R17- R22 
R18-R23 
R24 

S1-S2-S3 

T1-T 2  
T3 

Z1- Z 2- Z3 

Z4-Z6 tt 
Z5- Z7 tt 
Z8 

tt 
tt 
tt 
tt 
tt 
tt 
tt 

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

TRANSISTORS 
2N6 5 2A 
2N697 

RESISTORS 
1/ 2W 
25 W 
25 W 

2. 7 K 0 
50 0 
300 0 
15K 0 
39K 0 

- 1/2 w 
1/2 w 

* 2.7K 0- 5 W  
3.9 K 0 2 W  
33 K 0 1/2 w 
1 K 0 1/2 w 
10 K D 1/2 w 
500 D 40 w 

RHEOSTAT 
1.5K 0 - 25 W 

TRANSFORMER 
S# 410C268 
S#410C268 

ZENER DIODES 
INI832C 

IN957B 
IN368B 
INI8 29A 

tt Us ed only in rel ay with doubl e output. 

Circuit 
Symbol 

C1 
C 2  
C3t 

D l  TO D6-D8 
D 7  
D9 - D lO t 

p 1 
p 2 

Q 1 
Q 2  

R 1  
R 2  
R 3  
R 4  
R 5  
R lO 
R 6  
T 7  
R 8  
R 9  
R 14 
R 12 t 
R 13 t 
Rllt 

Sl 

T 

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

QS 1 t 
SW 1 t 

L t 

T YPE Sl-1 

Description 

CAPACITORS 

.5 MFD 
. 25 MFD 
6 . 8  MFD 

DIODES 
IN459A 
IN457A 
CER- 69 

POTENTIOMETERS 
2.5K 0 
200 K 0 

TRANSISTORS 
2N6 5 2A 
2N697 

1/4 w 
1/4 w 

RESISTORS 
2 . 7K 
5 0  
300 
15K 
39K * 2.7K 
3.9K 
33K 
1K 
!OK 
500 
4 . 7K 
8 20 
3.9K 

0 - 1/ 2 w 
0 25W 
0 - 25 W 
0 - 1/2 W 
0 - 1/2 w 
0 5 W  
0 2 W  

RHEOSTAT 

0 - 1/2 w 
0 - 1/2 W 
0 - 1/2 W 
0 - 40 W 
0 1/2 W 
0 - 1 w 
D - 1/ 2 W 

1.5 K 0 - 25 W 

TRANSFORMER 
S tt410C268 

ZENER DIODES 
INI832C 
IN957B 
IN3686B 
INI8 29A 

SWITCHES 
2N1881 
Stt 184A611H01 

LAMP 
Stt 183A8 25G05 

t Used only in rel ay with op eration indicator 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



0 
0 • z 

, . 
�� 

�) C\ 'r 'y 
X X 

� �f I 
t- -+--, ----14------+ 

I " ,----------.v-,.-. ----, -----------: 
I l �JI- I � �nJ · 11 

! 1 ;r�� I 

� 'o I ::' ' I I 

T I I 
I I . I 

;; I 
I 

I 
I 
I 

• ____ __j 

543D90l 

Fig. 6 Internal Schematic for the type Sl Relay with a single output. 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS _____________ _ 

" :lJ  r<YY1 

543D'225 

Fig. 7 Internal Schematic of the type Sl Relay with a double output. 
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TYPES Sl AND Sl-1 0 VERCU RR EN T RELAY s ___________________ ..:..:c,·.=.:L. :..:..4:..:..1-..:.7;_77..;;:_c 

8 

7 

CJ) 6 0 
z 
0 
0 5 
11.1 
CJ) 
..J 
� 4 
� 

z 3 

11.1 
� 
.... 2 

0 

CJ) 
c 
z 
0 
0 
11.1 
(/) 
..J ..J -
� 
z -
11.1 
2 
.... 

0 

8 

7 

6 

5 

4 

3 

2 

0 

I 

' 
� � I-MAXIMUM OPERTING Tl MES 

� v 

""' � MINIMUM OPERATING TIMES 

� z / r--
\ v ' / 

'"""" R 
2 4 6 8 10 12 14 

MULTIPLES OF PICK -UP VALUE 

Fig. 8 Operating time for the type Sl and Sl-1 R elays. 
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20 

836A566 

Fig. 9 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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TYPES Sl AND Sl-1 OVERCURRENT RELAYS ____________________ _ 

12 

120 VOLTS 
A.C. 

125 VOLTS 
D.C. ��--------------� 

0 

e Cl 

[[[] 
19 

� 

Fig. 10 Test c:ircuit for the type S/-1 Relay. 

����� 0 ���� 
��� B8 

02 
em 

ee I R6 

rTI:J lo1ol I [[!] R IO 

� @!!] [[ill E) I Rl3 

I 

-

-

-
-� 

0)= TEST POINT 

I 
I 
I 

Fig. II Component location on printed circuit board for the type S/-1 Relay. 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS ________________ __;,;I·:=.L.:...4:.:.1·.:...;77,;,.7c,;;.., 

-

0 

19 

I 

(\J 
0 

�-

* Fig. 12 Component lo cation on printed circuit board for the type Sf Relay. 

691B438 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS ---------------------

14 
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- -r � � - r�------, .... 1��1 t 

. f  j-{_ 9 
..... ,� ---f::t-� 1& 

0 p-t::-j-
- -+ � t .... . 1-rl-----1,: 

! 3 . :I II 
.!Jo. 3- ,_ 11 I 

16 'I II ' I I 
�-61.. 1\. :\ 

� \ 

I'AII EL LOCATIO!! \ 
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TE� IIIAL All D 
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PAIIEL CUTOUT I DR I LLIII 
FOil SEMI FLUSII MTQ. 
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P•!\JECTIOII MTQ. 

( FIIOifT VIEW) 
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Westinghouse I. L .  41-777F 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES 51 AND 51-1 OVERCURRENT RELAYS 

CAUTION: Before p utting rel ay into s ervice, op er­
ate the rel ay to check the electrical connections. 
Clo se output switches last when p lacing relay in 
service. Op en outp ut switches first when r emo ving 
relay from s ervice. 

A P PLIC ATION 

These o vercurrent relays are static d evioes that 
pro duce a d. c. output voltage when the input current 
in them exceeds a given value. This o utput voltage 
is  used as the input to other devices that trip a 
breaker. 

Tne number of inputs and o utputs varie s  with 
the typ e of relay. Generally, these are as follo ws: 

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

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

C ON ST R U C TION 

The typ e Sl-1 relay consists of an input trans­
former, a setting circuit, a phase splitter circuit, a 
s ensing 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 SI rel ay in addition to these components 
has two inp ut transformers, two phase splitter cir­
cuits, and either a single o utput or a dual o utput 
transistor circuit. 

The components are connected as shown in 
Fig. 4 to 7. 

I nput Transformer - The input transformer is a two 
winding typ e with a non-tapp ed primary winding and 
a tapp ed 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 

S UPERSEDES I.L. 4 1-777E, dated S eptember 1971 0 Denotes change from superseded issue. 

acro s s  the s econdary winding o f  the input trans­
former and consists of two branches, a resistor and 
a rheo stat connected in p arallel with a resistor and 
Zener dio de. This circuit loads the transformer and 
produces a secondary voltage proportional to the 
input current. The rheo stat has a lo ckin·g feature to 
minimize accidental change o f  current s etting. 

Phase Splitter Circuit - The phase splitter ci-rcuit 
consists of two capacitors, resistor, potentiom eter 
and a three-phase rectifier bridge. This circuit con­
v erts the singl e phase a. c. voltage from the o utput. 
of the transformer to a three-phase voltage and rect­
ifies this voltage to d. c. 

Sensing Circuit - The s ensing circuit consists o f  
three resistors, a transistor and a Z ener diode; 
This circuit is connected betwe en the o utput 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 o f  
a normally conducting transistor, Zener dio de, three 
resistors and a diode. This circuit is the final out­
p ut stage of the rel ay. 

Feedback Circuit - The feedback circuit consists 
of a re sistor, potentiom eter, and diode. This circuit 
controls the dropo ut current o f  the rel ay. 

Voltage Regulator Circuit - The voltage regul ator 
circuit consists of a silicon po wer regulator and a 

All possible contingencies which may arise during 
installation. operation, or maintenance, and all 
details and variations of this equipment do not 
purport to be covered by these instructions. If 
.fitrther information is desired by purchaser re­
garding his particular installation, operation or 
maimenance of his equipment, the local West­
inghouse Electric Corporation representative 
should be contacted. 
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series resistor. The silicon power regulator is a 10 
watt Z ener dio de mounted on an aluminum h eat sink. 
The s eries r esistor i s  a 3-llz inch resistor and is 
used to r educe the supply voltage to the Zener 
voltage. 

IOH 
SETTING 

11 - 13 
OUTPUT 

TERMINAL 1 

Operational I ndicator - The op erational indicator 
consists of a silicon control rectifier, lamp, micro­
switch, Z ener diode, and thre e  resistors. This cir­
cuit is triggered by a signal from the output o f  the 
relay. 

INPUT TRANSFORMERS 

• 
• 

VOLTAGE 
--��- REGULATOR 

ZENER DIODE 

loH OUTPUT 
TERMINAL 2 11 INPUT 

'---TERMINALS 8 & 9 
13 !INPUT 
TERMINALS 6 & 7 

Fig. 1 Type Sl Relay in an FT-21 case (front view). 
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TYPES Sl AND Sl-1 RELAYS -------------------------1:.!-..:....4-�::Zzr� 

INTERNAL SCHEMATIC 

CHASSIS OPERATED 
-SHORT I MG SWITCH 

TEST SWITCH 

CURRENT TEST JACK 

TERNIMAL 

Fig. 2 Block diagram of the Type S/-1 Relay in FT-11 
case 

OPE RATION 
The components of the SI- 1 relay are connected 

as shown in Fig. 4 and Fig. 5.  With no input to the 
relay, all transistors (Q 1 and Q2) are conducting and 
a very small output i s  obtained from the relay. Zener 
diode (Z2) of the sensing circuit establishes the 
referenc e voltage from the emitter of Q 1 to negative 
and allows a bas e c urrent to flow in Q 1 through R5 
to negative . 

When a. c. current is applied to the primary o f  the 
transformer (T), a voltage i s  p roduced on the s econd­
ary side that i s  p roportional to the amount o f  resi s­
tance in the rheo stat ( S1). This singl e phase voltage 
is appli ed to the phase splitter circuit where a three 
p hase voltage i s  produc ed, rectified, and applied to 
resi stor Rs o f  the s ensing circuit. If the voltage from 
the recti fi er i s  greater than the reference voltage 
acro ss the sensing circuit, Q1 turns o ff to allo w Q2 
to turn o ff which pro duces an output. 

When Q2 turns off , positive voltage is applied 
to the feedback circuit such that a v oltage is applied 
to the base of Ql on relays when feedback resistor 
"P" is used, the dropout of the relay can be re­
gul ated from approx imately 98% to 85% of pickup 
by varying the magnitude of this voltage. On those 
relays without adj. feedb ack resistor, the magnitude 
of feedback voltage is s et to give the proper dropout 
ratio for a snappy pickup. 

When large currents are applied to the p rim ary 
of  the input transform er, the Zener clipper on the 

secondary prevents the voltage applied to the el ec­
tronic components from becoming excessi v e. 

The operation of the type SI relay is similar to 
the SI-1 except that the SI has three ov ercurrent 
inputs. These three inputs are applied through separ­
at e phas e splitting and s etting circuits to a common 
s ensing c ircuit which operates on the maximum 
voltage applied to it. 

Figs.  6 and 7 show the connections of the SI 
w ith single output and the SI with a dual output. 

CHARACTERISTICS 
The Sl- 1 rel ay i s  avail able in the current ranges 

shown in Tabl e I. 

TABLE I 
Range Scale Marking 

. 25- 1 ampere . 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 55 6 8 
4 - 16 amp eres 4 6 8 10 12 16 

10 - 40 amp eres 10 15 20 25 30 40 

Th e setting of the rel ay i s  the minimum current 
required to pro duce an outp ut. Settings between the 
scal e  m arkings can be obtained by applying the de­
sired current to the rel ay and s etting the rheo stat 
at the desired point. 

Th e Sl relay i s  avail abl e with any combination 
of three of the abov e  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 b e  
o f  a different output than the other two. 

The operating time of the relay is shown in 
Fig. 8 .  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 9 shows the op erate times 
for differ ent points on the fault wave for fault cur­
rents at twice pickup. 

For breaker fail ure applications, the SI relay i s  
modified t o  obtain a fast reset c haracteristic .  With 
reference to Fig. 6, the filtering capacitor, C4, is 
remov ed and the dropout ratio is set at 90% of pick­
up. This lower dropout ratio allows a snapped pick­
up without the filtering capacitor. The reset curves 
of the relay is shown in Fig. 13 and Fig. 14. The 
external sc hematic of the relay in a breaker failure 
application is shown in Fig. 15. 
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TABL E II 
E N E RGY R E QUIR EM E NTS 

Atnp 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 0.17 7.5 23 51° 

.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 

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 

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 

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 

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 

TABL E J1I 
CURRENT RATINGS 

Rating of the Overcurrent Units 
Range Continuou s  Rating 

(Amp eres) 
One Second Rating 

(Amp eres) 
.25-1 6 

.5 - 2 

1 -4 

2 -8 

4 

10 

- 16 

-40 

8 

10 

12 

15 

20 

TABL E rl 
Battery Drain 

Sl-1 Relay 

48 Volts 
D. C. 

32MA 
SI-1 Relay with Indicator 65MA 
SI-Relay Single Output 
SI Relay Dual Output 

32M A 
65MA 

185 

350 

400 

400 

400 

460 

125 Volts 
D.C.  

6 5  MA 
100 MA 
65 MA 

105 MA 

Maximum Output 20 MA at 20 Volts D . C. 

S E TTING 
The pickup o f  the relay is s el ected by adj usting 

the rheo stat, S, in the front of the rel ay. Setting in 
between the scale marking can be made by applying 
th e desired current and adjusting the rheo stat until 
an o utp ut is o btained. 

0 I N STAL LATION 

The relay should be mounted on switchboard 
panels or their equivalent in a location free from dirt, 
moisture, excessive vibration and heat. Mount the 
relay vertically by means of the rear mounting stud 
or studs for the type FT proj ection case or by means 
of the four mounting holews on the flange for the 
semi-flush type FT case . Either the stud or the 
mounting screws may be utilized for grounding the 
re lay. External toothed washers are provided for use 
in the locations shown on the outline and drilling 
plan to facilitate making a good e lectrical connec­
tion between the re lay case , its mounting screws or 
studs, and the re lay pane l. Ground Wires are affixed 
to the mounting screws or studs as re quired for 
poorly grounded or insulating panels. Other e le ctrical 
connections may be made directly to the terminals by 
means of scr ews for steel panel mounting or to the 
terminal stud furnished w ith the re lay for thick pane l 
mounting. The terminal stud may be easily removed 
or ins erted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail information on the FT case refer to 
I .L.  41-076. 
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TYPES Sl AND S l-1 RELAYS I.L. 41-777F 

Calibration 

Use the following procedure for calibrating the 
SI-1 relay if the relay adjustments have been dis­
tributed. This proc edure should not be used until it 
is app arent that the relay is not in proper working 
order. A new scal e  plate may be necessary when 
p arts are changed. This pro cedure must be repeated 
for the other two inputs on the typ e S I  relay. 

Spl itter Adjustments 

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

,,. •• ,.,.---- counter- clock wise po sition. 

CURIUT TEST JACI 

762A784 

Fig.  3 Block diagram of the Type Sl Relay in F T-21 

case (for Sl with single output omit the c ircuits 

connected to term inal 2). 

ADJUSTMENTS AND MAl NTENANCE 

The prop er adjustments to insure correct op era­
tion o f  this relay have been m ade at the factory and 
should not be disturbed after receipt by the custom er. 

Acceptance Tests 
The following check is recommende d to insure 

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

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

2. Dropout- After checking pickup, the drop­
out should be checked to be 96 to 98% of 
the pickup when the a.c. cur rent is gradually 
reduced. For relay with fast reset character­
istics, the dropout ratio should be 90 to 98%. 

Routine Maintenance 

All relays should be check ed at l east once 
every year or at such other tim e interval s as may 
be dictated by exper ience to be suitabl e to the 
9articular application. 

2. Apply minimum S current to the prop er relay 
terminals. 

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

D i al Cal ibration (S) 

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

2. Connect a high resistance d. c. voltmeter 
acro s s  terminals 1 and 2. Terminal 1 is  
po sitive. 

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

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

Dropout (P) (Where Used) 

1. Set S on desired point and apply S amp ere s  
t o  relay to mak e it op erate. 

2. Lower S amp eres to de sired dropout v alue and 
adjust P potentiometer until voltmeter dr op s 
to appr oximately zero. 

3. V erify dropout and pickup s everal tim e s  by 
raising a. c. current until relay op erates and 
then lowering the a. c. current until rel ay 
dropouts. 

On those relays ,  where dropout adjustment P 
is not used, the dropout ratio will be 96 to 98% of 
pickup on the standard relay and 90 to 99% on the 
fast r eset rel ay. 
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6 

Fig. 4 Internal Schematic for the type Sl- 1 Relay. 
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F ig. 5 Internal Schematic for the type Sl-1 Relay with an operation indicator. 
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TYPES Sl AND Sl-1 RELAYS������������������������ I _.L _. _• 1 _� _7_7F� 

Trouble Shooting Procedure 

Use the following pro c edure to locate the source 
of  troubl e if the S I- 1  relay or the SI  rel ay is not 
op erating correctly. 

1. Inspect all wires and connections, p aying 
p articular attention to print ed circuit ter­
minal s. 

2. Check resistances as listed on the internal 
schem atic o f  the relays. 

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

R E N EWAL PAR TS 

Repair work can be done mo st satisfactorily at 
the factory. However, interchangeabl e p arts can be 
furnished to customers who are equipped for doing 
rep air work. When ordering p arts, al ways give the 
complete  nam eplate data. 

ELECTRICAL CHECKPOINTS 

Connect r elay p er test circuit of Fig. 10. All 
voltage readings should be made with a high resist­
ance voltmet er. Refer to Fig. 1 1  or 12 for printed 

circuit board 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 125 volts d. c. 

Component N egative terminal Approximate 
d. c. voltage 

-- -------------- ________ -=:__ 

2 

2 

2 

7 

less  than .6 volts 

45 volts 

II Minimum Trip A. C. current applied 

Circuit Terminal s 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 abo ve terminals are for the S I - 1  rel ay. For 
corresponding terminals for the SI relay, refer to 
the rel ay. 
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543D90l 

Fig. 6 Internal Schematic far the type Sl Relay with a single output. 
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TYPES Sl AND Sl-1 O VERCURRENT RELAYS_ I.L. 41-777F 

543D225 
Fig. 7 Internal Schematic of the type Sl Rel ay with a double output. 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS ---------------------
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Fig. 8 Operating time for the type Sl and Sl-1 Relays. 
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Fig. 9 Operating time for the type Sl and Sl-1 f�elays as a function of fault in ciden ce angle at twice minimum trip. 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS __________________ 
1 -

_
L .

_
4

_
1 -

_
77

_
7

_
F 

125 VO LT S 
D.C. 

0 

8 Cl 

[[0 
19 

� 

+�--------------------� 

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

120 VOLTS 
A.C. 

0= TEST POINT 

Fig. 1 1  Component location on printed circuit board for the type Sl- 1 Relay. 
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TYPES SI AND Sl-1 OVERCURRENT RELAYS--------------------
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Fig. 12 Component location on printed circuit board for the type Sf Relay. 
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TYPES Sl AND S l-1 RELAYS�� �������������������������-·_ 4 _1 . _77_7_F 
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TYPICAL RESET TIME OF Sl RELAY 
(MINIMUM CURRENT SETTHIIG-GO%MOPOUT RATIO-C4 OMITTED l 

� I t 
- I I I I 1 1/' 

CURRENT REDUCED ro 800./o f>la<UP __/ 

I CURi�T1AEDU(ED r 1%PrUP( -v 
I CU�ENT IREoJCED �0 OJ/. P�Uf"� 

� f--f-l--
I--

I v- 1/ I r-.... /ir r--I'.. I 
II 
I 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3 2  
MULTIPLES O F  MINIMUM PICK-UP CURRENT 

Fig. 13 Reset time of Sl Relay with C4 remo ved at minimum setting 

TYPICAL RESET TIMES Of Sl R ELAY 

(MAXIMUM CURRENT SETTING-90 •.<. DROPOUT RATIO- C4 OMITTED) 

f 
CURRENT REDUCED TO 80% PICKUP� 

v -
I CUR

,
ENT 

I
REDL

1
CED 0 5 %PICKUP I\ 

I CURRENT RE UCED TO 10% 
1
PICK0P \ \ 

,-... .......... \ \ 
l /' 1 

I 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 

MULTIPLES Of MINIMUM P ICK-UP CURRENT 

Fig. 14 Reset time of Sl Relay with C4 removed at maximum setting. 

877A102 

877A098 
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X CONTACT MAY BE- USED .T O 
RETRI P  PROTECTED B-REAKER 

r--------- 10 ------, -

I 1 I 
I I I -j> 

I A � 
�Is --< 
-Ic -< II 

POWER SUPPLY 
POS. 

I 

I 

I 
I 

SHI ELDED 
CONTROL CABLE 

BFI SEAL-IN 
(OPTIONAL) DC POS, 

I I 
r-j 
I 

T0-50 : 
DEV62 I 

---------------------� 
8 

«--
3!0 � II e I�']"'� """'"I ,::;;,c: -+--r I 

I 
SI I 

L____ __________________ DEV. 50 I lit _____________ __ J 

� 
50-S I OVERCURRENT RELAY. ( INT SCHEME '543D9QI) 

52a.- CIRCUIT BREAKER AUXILIARY SWITCH. 
62 -TD-50 T I M E  DELAY RELAY.(INT. SCHEMES 3504A92 AND 880A70�) 

62X-PRIMARY BREAKER FAILURE INITIATION. 
. 

62Y-S ECONDARY BREAKER FAIWRE INITIATION. 
86BF - BREAKER FAILURE LOCKOUT RELAY. 

DC NEG; 

t- SPP SURGE PROTECTiml CAPACIT ORS, 
TO BE USED 'WHEN SURGE VOLTAGE 
MAY EXCEED 2500 VOLTS PEAK. 

0 Fig. 15 External schematic of Sl- TD-50 Breaker Failure System. 

) 

DC NEG, 

t- USE 52 a I NPUt' ONLY WHERI;.6;!X OR 62Y 
OPERATION CAN OCCUR AT A L"EVEL BELOW 
THE SETTING ·oF THE SI ISlrelt AS ON 
TRANSFOR'MER CIRCUITS·) 

2 05C547 

-t 
-< 
., 
m Cll 
� 
>­z 
c 
� ' 

:::0 
m 
1 
>­-< Cll 
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TYPES Sl AND Sl-1 OVERCURRENT RELAYS _________________ __.I:.:..:.L::..· .::..41 :....:·7:..:.7;..;_7F 

1:. 
I 

-L 6.375 
(161.93) 

10.438 
(265.13) 

t 

5.219 
(132.56) 

PAN E L  LOCAT I O N  

'· 

. 563 
(14.:3()) 

'1 1 1 .125 

. 250 DIA. 4 HOLES FOR 
(6

,
35) 

.190·32 MTG. SCREWS 

(80.98) � � 3.188 

L

l (3.18) R. 

SEMI- F LUSH MTG , PANEL CUTOUT 8 D R I LL I NG 
P ROJ E C TION MTG, FOR SEM I- F LUSH MTG. 

57-D-7901 

0 Fig. 16 Outline and drilling plan for the type Sf R elay in the FT-21 case. 
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TYPES Sl AND Sl-1 OVE'RCURRENT RELAYS---------------------

.250 DIA. 4 H OLES F OR 
16•351 

.190-32 MTG, SCREWS 

PANEL CUTOUT 8 DRILLING 

FOR SEMI- FLUSH MT G. 

2.328 
(59.13)---.t 

57-D-7900 
0 Fig. 17 Outline and drilling plan for the type Sl-1 Relay in the FT-11 case. 
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Westinghouse 1 .  L .  4 1 -777 . 1  F 

INSTAL LATION • OPERAT ION • MAIN TENANCE 

INSTRUCT IONS 
TYPE SIU OVERCURRENT RELAY 

Caution: It is recommended that the user of t his 
equipment become acquainted with the in­
formation in this instruction leaflet and 
in the system instruction leaflet before 
energizing the system. 
Printed c ircuit modules should not be 
removed or inserted when the relay is 
energized . Fai lure to observe this pre­
caution can result in an undesired tripping 
output and c ause c omponent damage . 

A P P L I C A T I O N 
The type SIU relay is an assembly of solid- state 

overcurrent units t hat produce a d-e output voltage 
when the input a-c current exceeds a given value .  
Thi s output voltage is used as inputs to other 
devices that perform various functions in a protective 
relaying syst em .  

The number o f  overcurrent functions will vary 
with the relaying system in which the relay is 
applied .  Some of the typical overcurrent functions 
that can be supplied in the assembly are as follows :  

--- - ' .. -----�--·-

1 1 I nput I [ Symbol Function I Tran s-
, former , 

�0- - t�G�-�-;,-wund Fault Detecto� ��,0 I 
� I � 
�

-
--�e�o Sequence Detector� 1 N?n I 

I 
�
� Special Application such as ! i

A
�uPJ N Fault Reclose Block Gap 

' 

I i I N
Al?r

n I, I los [ Carrier Start 
, i Gap 

'-------· �--------------
--· --+ __ ___, I, Gr?und Fault Detector for Direct , 10H Tnp through SRU or SAR Devices 

� -
�
---�-------

Air 
Gap 

i rBH/IcH 1 �h.ase Fault Detector for Direct Air I : Tnp through SRU or SAR Devices Gap 

t�Out-o�-�tep Supervi sion-- -- -"-=-! Non 
Air 
Gap 

�--�-�
�
----- -

� 
I IA/Ic Optional Fault Detector in , �?n 

L__ �irectio���mpariso��heme 
_ _l_ G�p 

S U PERSEDES I . L .  4 1 -777. 1 E , dated J u l y 1 974 
*Denotes change fr om superseded issue.  

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

The type SIU relay consists of printed circuit 
boards mounted in a standard 1 9-inch wide panel , 
5 1/4 inches ( 3  rack units) high . Plug in modules 
are used to obtain a modular type design. In general , 
the number of modules wil l vary with the appl ications; 
however , each package will contain a voltage 
regulator module and one or more overcurrent modul es . 
For some applications ,  additional logic modules 
are included in the package . 

Each overcurrent function consists of an input 
transformer ,  an overcurrent module ,  and a resistor­
Zener diode protective network. The overcurrent 
module can either be a single input module with 
one output or a dual input module with a single 
output. 

Input Tran sformer - The input transformer is a two­
winding type with a non-tapped primary winding and 
a tapped secondary winding. Fig. 1 8  shows the rel­
ative location of these components . The secondary is 
connected to t he overcurrent module and to the 
resistor-Zener diode protective network. The input 
transformer may either be an air-gap transformer or 
a non-air-gap transformer. An air-gap transformer is 
utilized where minimum transient over-reach is 
desired and a non-air gap transformer is utilized in 
applications where over-reach is not a problem .  
Overcurrent Module - The ove rcurrent module consists 
of a setting circuit , phase splitter circuit , sensing 
circuit ,  amplifier circuit , feedback circuit and an 
output circuit . The location of component s on the 
overcurrent board is shown in Fig . 3 and the schematic 
is shown in Fig. 4 .  

A II possible contingencies which may arise during 
imtallation,  operation,  or maintenance, and all 
details and variations of this equipment do not 
purport to be co vered by these instructions. If 
Jimher infhrmation is desired by purchaser re­
garding his particular installatio n ,  operation or 
maintenance of his equipment ,  the local West­
inghouse Electric Corporation representative 
should be con tacted. 
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TYPE SIU OVERCURRENT RELAY -----
--------------------

a. Setting Circuit - The setting circuit is con­
nected across the secondary winding of the 
input transformer and consi sts of two branches. 
two resistors and a rheostat on the module 
connected in parallel with a resistor and 
Zener diode mounted off the board . This 
circuit loads the transformer and a:c lows a 
secondary voltage to be produced that is pro­
portional to the input current . The rheostat 
has a locking feature to minimize aceidental 
change of current setting. 

b . Phase Splitter Circuit - The phase splitter 
circuit consists of a c apacitor , two resistors ,  
a potentiometer and a three-phase rectifier 
bridge. This circuit converts the singl e­
phase a . c .  voltage from the output of the 
transformer to a three-phase voltage and 
rectifies this voltage to d . c .  

c .  Amplifier Circuit - The amplifier circuit 
consists of a transistor and associated re­
sistors and capacitors .  The transistor is 
normal ly not conducting. 

d. Sensing Circuit - The sensing circuit consists 
of a resistor, Zener diode , and a transistor 
with associated components .  This circuit is 
connected between the output of the phase 
splitter circuit and the amplifier circuit . 
In this circuit , the voltage from the phase 
splitter network must be high enough to break 
down the Zener diode to turn on the transistor . 

e .  Output Circuit - The output circuit consists 
of two resistors .  a diode , and a Zener diode. 
Thi s output can be measured from the front of 
the module by means of test points .  

f .  Feedback Circuit - The feedback circuit 
consists of a resistor , potentiometer , and 
diode . This circuit controls the dropout cur­
rent of the overcurrent uni t .  

Voltage Regulator Module - The voltage regulator 
module consists of a transistor , and two Zener 
diodes .  Two resistors mounted o ff of the module 
determine the rating of the power supply . The voltage 
output from the module is 20 volts with reference 
to negative of the station battery. The schematic 
of the module is shown in Fig. 5 and the location 
of components on the module is shown in Fig. 6. 

OTHER MODULES - Other modules may be included 
in the SIU package. Among these are a timer module 
and two logic modules--a phase module and a ground 
module . These modules are utilized to perform func-

2 

* 

tions other than an overcurrent function in the overall 
protective relay system .  

1 . Timer Module - This module i s  a transistor , 
Zener diode ,  capacitor and resistor type of 
timer . The module is used in conjunction with 
a high-set overcurrent unit to slow the trip­
pring time of the overcurrent unit . The schematic 
of the timer module is shown in Fig. 7 and 
the location of components on the module is 
shown in Fig. 8 .  

2 .  Logic Modules - The logic modules contain 
various logi c functions and are used to con­
nect phase or ground relays into a protective 
relay system. The phase module is shown in 
Fig. 9 and the location of components i s  
shown i n  Fig. 1 0 .  The ground modul e schematic 
is shown in Fig. 1 1  and the location o f  com­
ponents is shown in Fig. 1 2 .  

OPERAT I O N 

The functions of the SIU relay are connected 
according to the logic diagram that applies to the 
particular relay . Typical logic diagrams are shown 
in Figures 13 and 14 .  With reference to the logic 
drawings and the schematic of the overcurrent unit 
of Fig. 4, transistors Ql and Q2 are normally not 
conducting and no output is obtained from the over­
current unit . When a. c .  current is applied to the 
primary of the transformer of the overcurrent unit , 
a voltage is produced on the secondary side that 
is proportional to the amount of resistance in the 
rehostat (Sl ) .  This single-phase voltage is applied 
to the phase splitter circuit where a three-phase 
voltage is produced , rectified , and applied to re­
sistor R4 of the sensing circuit . If the voltage from 
the rectifier is greater than the voltage breakdown 
of the Zener diode ( Zl ) ,  the Zener diode breaks 
down to allow base current to flow in transistor Q l . 
Q l  turns on to allow base current to flow in tran­
sistor Q2 . When Q2 turns on ,  a voltage is obtained 
across RIO which is the output of the unit. 

When Q2 turns on , positive voltage is applied to 
the feedback circuit (R9, R12 )  such that a voltage is 
applied to Ql . By varying the magnitude of this 
voltage , the dropout of the re lay can be set to values 
greater than 90% of pickup. 

When large currents are applied to the primary of 
the input transformer, the Zener c lipper on the secon­
dary prevents the secondary voltage from becoming 
excessive. 
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TYPE SIU OVERCURR ENT RELAY -----------------------...:.;I .:.=L.:.... 4.:...:1...;:-7..:.7.:...:7 -�1 F 

Ampere Setti ng Range 

. 5 - 2 

1 - 4  

2 - 8  

4 - 1 6 

1 0 - 40 

1 1 1  Current laggin g v olta ge .  

0 . 50 

0 . 75 

1 . 00 

1 . 25 

1 . 50 

1 .  75 

2 .00  

1 . 0  

1 . 5  

2 . 0  

2 . 5  

3 . 0  

3 . 5  

4 . 0  

2 

3 

4 

5 
6 

7 

8 

4 

6 

8 
10 

1 2  
1 4  
1 6  

1 0  

1 5  

20 

25 

30 

35 

40 

TAB LE I 

ENERGY REQUIREMENTS 

Volt Ampere P . F . 1 1 1  
a t  Setti ng Ang le 

AIR-GAP TRANS FORMER DESIGN 

0 . 1 0 48° 

0 . 1 2  50 

0 . 26 5 1  

0 . 38 55 

0 . 50 57 

0 . 67 58 
0 . 86 60 

0 . 1  46 

0 . 2  47 

0 . 3  48 

0 . 4  4 8 . 5  

0 . 6  50 

0 . 8  5 2  

1 . 0 53 

0 . 1  39 

0 . 2  38 

0 . 3 5 38 

0 . 5  39 

0 . 7  40 
0 . 9  4 1  
1 . 2  4 2  

0 . 1 6  3 2  

0 . 3 2  29 
0 . 57 29 
0 . 80 28 
1 . 1 0 28 

1 . 87 28 
1 . 50 28 

0 . 40 1 3  

0 . 8 5  1 2  

1 . 50 1 1  

2 . 25 1 1  

3 . 25 1 0  

4 . 60 1 0  

5 . 75 10 

Volt Amperes P. F . 1 1 1  

a t  5 Amps . Ang le 

5 . 8  5 0  

5 . 8  50 

5 . 7  50 

5 . 7  50 

5 . 7  57 

5 . 5  57 

5 . 3  60 

2 . 1  4 2  

2 . 0  46 

1 . 8 47 

1 . 7  49 

1 . 6  50 

1 . 6 54 

1 . 5  54 

0. 7 1  3 8 . 5  

0 . 58 3 7 . 5  

0 . 53 37 . 5  

0 . 5  3 8 . 5  

0 . 49 40 
0 . 47 40 

0 . 46 40 

0 . 26 3 1  
0 . 26 29 

0 . 2 1  29 
0 . 2 1  29 

0 . 20 29 

0 . 20 29 

0 . 20 29 

0 . 1 0 1 3  

0 . 09 1 2 . 8  

0 . 09 1 2 . 5  

0 . 09 1 2  

0 . 09 1 2  

0 . 09 1 2  

0 . 09 1 2  
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TY PE SIU OVERCURRENT RELAY ---·---------------------

I 

4 

Ampere Sett ing Range 

! 
20 
30 
40 

20 - so 50 
60 
70 
so 

0 . 50 
0 . 75 
1 . 00 

. 5 - 2  2 . 25 
1 . 50 
1 .  75 

I 2 . 00 

1 . 0  
1 . 5  

I 2 . 0  
1 - 4  2 . 5  

3 . 0  
3 . 5  
4 . 0  

2 
3 
4 

2 - S  5 
6 
7 
s 

4 
6 
s 

4 - 16 1 0  
1 2  
1 4  
1 6  

1 1 1  Current lagging voltage 

TAB LE I (CONT' D. )  

EII'IERGY REQUIREMENTS 

Volt Ampere P. F .
1 1 1 

at Setti ng Ang le 
Volt  Amperes 

at 5 Amp s. 

AIR-GAP TRANS FORMER DES IGN (CONT' D . ) 

1 . 0  7 0 . 07 
2 . 5  6 . 5  0 . 07 
4 . 5  6 . 0  0 . 07 
7 . 0  5 . 0  0 .07  
10 .0  5 .0  0 . 07 
1 6 . S  5 . 0  0 . 07 
1 9 . 5  5 . 0  0 . 07 

NON AIR-GAP TRANS F ORMER . DESI GN 

0 . 0 6 1 1 . 5 /  2 . S  
0 . 09 2 2 . 7  
0 . 1 3  4 2 . 6  
0 . 1 7  8 2 . 5  
0 . 2 1  1 2  2 . 3  
0 . 26 14 2 . 1  
0 . 3 1  1 5  2 . 0  

I 0 . 0 6 1 0 . 5  f 1 . 3  
0 . 1 0 0 . 5  1 . 1  
0 . 1 5  5 . 5  0 . 9  
0 . 1 9 I 9 . 0  O . S  
0 . 25 i 1 1 . 0 0 . 7  
0 . 3 2  1 4 . 5  0 . 6  
0 . 3 7  1 6 . 5  0 . 6  

0 .07  S f  0 . 44 
0 . 1 2  1 . 5  0 . 3 3  
0 . 1 S  5 . 5  0 . 2S 
0 . 25 S . 5  0 . 25 
0 . 3 5 1 0 . 5  0 . 23 
0 . 4 5  1 3  0 . 2 2  
0 . 50 1 4  0 . 2  

0 . 1 0 6 f  0 . 1 4 
0 . 1 5  3 0 . 1 0 
0 . 25 5 . 5  0 . 1 0 
0 . 3 5  7 . 5  0 . 09 
0 . 50 9 o . os 
0 . 65 9 . 5  O . O S  
o . s  1 0  o . os 

f Current leading voltage 

P . F . ( 1 1  
A ng le 

9 
S . 5  
S . 5  
7 
7 
7 
7 

1 7 . 5  
1 5 . S  
1 4 . 5  
1 4 . 5  
1 5 . 5  
1 6 . 5  
1 S . O  

4 
4 
5 . S  
s 
1 1  
14 
1 6  

6 f 
1 . 5  
5 . 5  
S . 5  
10 . 5  
1 3  
1 3 . 5  

5 . 4 / 
3 
6 
s 
9 . 5  
1 0 . 5 
1 1 . 5  

! 
I 

i 
I i 

i 

i I I 
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TYPE SIU OVE RCURRENT RELAY -----------------------.:..:.1.::.;L.�4:..:.1-�7.!..;77:..:...1!.!..F 

C H A R A C T E R I S T I C S  

The SIU r e l ay i s  avai l ab l e  w ith t h e  following 
range s :  

Air-Gap De s i g n  N o n  Ai r-Gap Des i g n  

. 5  - 2 
1 - 4  
2 - 4  
4 - 1 6  

1 0 - 40 
20 - so 

. 5 - 2  
1 - 4 
2 - S  
4 - 1 6  

The s c al e  m arkings o f  t h e  r e l ay represent the 
a . c .  current required to p roduce an o utput . These 
scale m arkings are accurate w it h in 1 0% o f  the v al u e  
sp e c i fi e d  on the s c a l e  p l a t e .  If a more ac c urate 
p i c kup or setting between the s c al e  m arkings i s  
d esired , t h e  current c an b e  app l i ed t o  the r e l ay and 
the s etting rheo stat set at the sp ecific current . 

The operating time o f  the r e l ay i s  shown in F i g .  
1 5 . A s  shown in t h e  figure , t h e r e  i s  a m aximum and 
minimum operating t i m e  for the r e l ay fo r e ac h  multiple 
o f  p ic k up .  T h i s  d i ffere n c e  in t i m e  is d u e  to the 
;J oint on the c urrent wave that t h e  fault c urrent i s  
ctpp l i e d .  F i g .  1 6  shows the op eratin g  t i m e s  for 
d i fferent points on the faul t  w av e  for fault currents 
:.tt twice p i c k u p .  

The r e s N  time o f  the overcurrent unit  i s  shown 
. n Fig. 1 7 .  This reset time assumes that the faul t  
'" u r r e n t  i s  int errupted a t  c urrent ?.ero . 

Range 

. 5 - 2 
1- 4 

2 - S  

4 - 1 6  

1 0 - 40 

20 - so 

TABLE I I  
CURRENT RAT INGS 

Rati n g s  of Overcurrent Un i t s  
Ai r-Gap a n d  Non Ai r-Gap 

Cont i nuous  On e  Second 
Rat i ng Rat i n g  

(Ampere s )  (Amperes)  

s 350 

10  400 

1 2  400 

1 5  400 

20 400 

20 400 

___ __ I 

* 

* 

I I : 
I 

TABLE Ill  
BATTERY DRA IN PER BOARD 

Power Sup ply: 1 5  M i l l i ampere 48 V d . c .  
2 5  M i l l i ampere 1 25 V d . c .  

Max . a l lowable c urrent: 1 00 M i l l i ampere 

Board Non-Operate Operate 
Cond i t ion  Condit ion  

Ground S M a .  1 5  M a .  

P hase 4 M a .  1 2  M a .  

Timer 4 M a .  S M a .  

IoH 0 3 M a .  

ros 0 3 M a .  

ro 0 3 M a .  

lA/Ic 0 3 M a .  

l A-OS 0 3 M a .  

lBHilCH 0 3 M a .  

I N  0 3 M a .  

T o  d etermine total d r alfl , add p ow e r  supply drain 
to drain for operate c ond i t i o n  for eac h  fu nct ion of 
c ;-;e appli c at i o n .  This drain d oes not i !1 c lude the d.c . 
c urrent taken off the output of t h e  mud u l e s  by 
e x t er nal c onnected d e vi c e s .  

TABLE I V  

GENERAL CHARACTERIST ICS 

M aximum Number o f  Overcurrent 
Units P e r  R e l ay s 

M aximum N umber of Air-G ap U nits 
P er R e l ay i n  C onjunct ion with 

3 Non A i r  G ap Units 

Ad j ustable Range o f  2 to S 
Timer Module M i l l i s econds 

M aximum Tran sient Overreach 1 7  
A ir-Gap D e si gn P e r  Cent 

M aximum Transient Overreach S5 
Non Air-Gap Design P e r  Cent 

5 
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TYPE SIU OVERCURRENT RELAY ______ ·-------------------------------------------

SETT IN G 

The pickup of each overcurrent function is made 
by adjusting the rheostat in the front of the function' s 
module .  Settings in between the scale marking can 
be made by applying the desired current and adjusting 
the rheostat until an output is obtained. 

INSTA L LAT ION 

The SIU relay is supplied on a relay rack as a 
p art of a complete relay system assembly. The 
location must be free from dust , exce ssive humidity , 
vibration , corrosive fumes heat. The maximum ambient 
t emperature around the chassis must not exceed 
55°C .  

ADJUST MENTS AND MA INTENANCE 

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

Acceptance Tests 

The following check i s  recommended to insure 
that the relay is in proper working order . :Refer to 
the logic diagram that applies to the re lay and 
apply current to the proper termin als .  

1 .  Minimum trip current - Check pickup at the 
minimum and maximum settings.  This is ac­
complished by applying the specified current 
and checking that a voltage of approximately 
20 volts appears acro ss the output t est points 
when the a. c .  current is within 1 0% of the 
settings. 

2 .  Dropout - After checking pickup , the dropout 
should be greater than 90% of the pi ckup as 
the current is gradually reduced. 

Calibration 

use the following procedure for calibrating the 
overcurrent unit if the module adj ustments have 
been disturbed .  This procedure should not be used 
until it i s  apparent that the module i s  not in proper 
working order. A new scale plate may be necessary 
when p arts are changed . On a dual input overcurrent 
module , the procedure has to be repeated for the 
second input. 

Phase Splitter Adj u stments 

6 

1 .  Turn rheostat on front of module to lowest 
setting .  

2 .  Apply minimum s etting current to t h e  proper 
relay terminals .  

3 .  U sing 
adj ust 

a high resistance voltmeter ( a .  c . )  
phase splitter potentiometer ( R 1 3 )  

such that three voltages approximately equal 
to each other are obtained across TP l ,  printed 
circuit bo ard terminal 9 ,  and printed circuit 
board terminal 1 0 .  If a scope is available , 
adj ust R 1 3  such that the following waveform 
is obtained across TP2 and printed circuit 
board terminal 1 .  

P eaks are i n  a sawtooth arrangement 

Dial Calibration (S) 

1 .  Apply the proper d . c .  voltage to the relay. 

2. Connect a high resistance d . c .  voltmeter across 
the red and black Test Point s .  

3 .  Apply the desired S c urrent t o  proper relay 
terminals .  

4 .  Turn S rheostat until the  relay op erates as 
indicated by a sudden reading of approximately 
20 volt s d . c .  on voltmeter . 

Dropout ( R 1 2) 

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

2 . Lower S amperes to desired dropout value 
and adjust R 1 2  until voltmeter drop s to ap­
proximately zero. 

3. Verify dropout and pickup several times by 
raising a. c .  current until unit operates and 
then lowering a .c .  current until unit drops out. 

TROUB LE SHOOTIN G PROCEDURE 

Use the following procedure to locate the source 
of trouble if the SIU overcurrent module is not 
operating correctly. 

1 .  Check voltages as listed on the electrical 
checkpoints.  

2 .  Check resistance as listed on the internal 
schematic of the overcurrent module .  

3 .  Inspect all wires and connections p aying 
p articular attention to printed circuit terminal . 
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TYPE SIU OVERCURRENT RELAY ----------------------I _. L _. _4 _1 -_77_7._l_F 

E LEC TRICA L C HEC KPOIN TS 

The modules c an be checked with reference to 
the following voltages.  All voltage readings should 
be made with a high resi stance voltmeter. 

I . Overcurrent Modu l e  

a. No A . C .  Current Input 

All test point voltages should read approxi­
mately zero volts. 

b.  Minimum Trip A.C.  Current Applied 

Circuit Terminals Typical 
Voltage 

Phase TP 1 to Board 1 0  6 . 2  volts a .c .  
Splitter TP 1 to Board 9 6 . 2  v olts a.c .  

Bo ard 9 to Board 10 6 . 4  volts a. c .  

Setting Board 8 to Board 1 0  1 2 . 5  volts a .  c .  

Sensing TP2 to Board 1 (Neg . )  7 . 5  volts d . c .  

Amplifier TP3 to Board 1 (Neg . )  
at twice pickup 0 

Output Red TP (pqs . )  to 
Black TP (Neg. ) 20 volts d . c .  

I I . Ground Board 

Voltage i n  D.C. Volts 

Term i n a l  No I nput I nput 
Condition Condition 

TP 1 to Board 1 (Neg . )  1 3 . 5  0 

TP2 to Board 1 16 .0  0 

TP3 to Board 1 16 .0  0 

TP4 to Board 1 0 1 6 .0  

TP5 to Board 1 20.0 ' 0 

TP6 to Board 1 0 20.0 

TP7 to Board 1 0 1 6 . 0  

T P 8  t o  Board 1 20 0 

TP9 to Board 1 0 20 

I ll .  Phase Board 

Voltage in D.C .  Vol ts 

Terminal No I n put I nput 
Condition Condition 

TP 1 to Board (Ne g . )  1 6  0 

TP 2 to Board 1 20 0 

TP3 to Board 1 0 20 

TP4 to Board 1 1 6  0 

TP 5 to Board 1 0 1 6  

Board 9 t o  Board 1 0 20 

IV . Timer Board 

Voltage in D.C . Volts 

Terminal No I nput I nput 
Condifion Condition 

TP 1 to Board 1 (N eg.)  1 2 : 5  0 

TP2 to Board 1 0 1 2  (Min. Set)-

18 (Max.Set) 

TP3 to Board 1 20 0 

Red TP(pos . )  to Black 

TP (Neg.)  0 20 

RENEWA L PAR TS 

Rep air work can be done most satisfactorily 
at the factory . However,  interchangeable p arts c an 
be furnished to customers who are equipped for 
doing repair work. When ordering p art s ,  always give 
the complete nameplate data. 
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TYPE S I U  OVERCURRENT RELAY ------------------------

MODULE 

8/0 TIMER (D) 

PHASE ( C) -----. 

GROUND ( B) ----... 

POWER SUPPLY ( A) · 

F i g .  1 .  Photograph (front v iew) 

TRAN SFORMER LOCATION 

UPPER los OR I N -----------... 

LOW E R  IOH 

UPPER lc  
LOWER lA 

UPPER i cH 
LOWER I sH 

O VERCURRENT F UNCTION SLOT 
r---------- loH ( F) 

los ( H) 
IN ( I }  
IO (J) 
IA/I c  ( K ) 
18 (L) 

lAo s ( M) 

Fig.  2 .  P hotograph (rear view w ith cover removed) 
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TYPE S IU OVE RCU R RENT RELAY ------------------------'· L_._4_1-_7,;..;77..;_. l,;..;F 

5 2  

R 3  

[ii] 

� � � I 

® � '=======:il 
r - C 3  

Fig. 3 .  L ocation of  Components on Overcurrent M odule 

7 " -- - -
1 3 � -------- _ .; 

eor- __ -- _ ' P H ASE ,I 
I I � I S E T T I N G  : 1 s P L I T T E R ' :2 �L_ ___ --�-11>; ' 

,:�_·:�I�Gl��SP����:� 
· �

---��-- J  

� S E N  S I N
G r--���=�-� , 

I 
- _..__ _ I ' 

- -.j A M P L I F I E R ! -1 I t 

14 �20 VO L T S  _______________ _ � L A C K  
T P  

I <(-N E G  _____________ ._ ----- ___:r 

TP H D  
'BUFFER J. 5. 

Fig. 4. Sch ematic of O vercurrent M odule 

C A PI>. C i -J  V� 
C i - cz- c4 

r, 

67 1B96 1  

STYLE R E  )< REF. 
1 87A&24Hi l  � O.� MFt. 

, 1 87A 50 8 H0 9  \ .5 MFD 

67 1B94 5 
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TYPE SIU OVERCURRENT RELAY --------------------------------------------------

1 0  

RELAY TYPE SRU 

---- - --- - --- --, I 
I 

I I 
I 

* Fig.  5 .  Schematic of P ower Supply M odule 
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TYPE S IU OVERCURRENT RELAY _______________ _,.;. _______ ,. L_._4_1 -_77:...;.7,;.;. l�F 

10 <'----

' 
1 14  � -- - -
1 

I I  "/t 
B U F F E R � _____, f i M( 

I I D E L AY - f 
BLACK 

T P  

MOUNTED O N  FRONT 
PANEL OF MODULE 

a:: c:: l r c3 o: 

I Ol ,.,] 0 4  5 '  • Rt5;---r_ > 

. 1 0  
t<--

-� a] 1 r!i-� 
T 

t � , i-, 

T +"- o• 

z2 D l  J � t-� - R9 ' z3 �TP3 I T P i h )TP2 tct: 10:: 
-

Jtot -----.--·�H�t�@-=io�o---.1·1 � ] I u C21 t 13 :ij f I Z 4 
i d R.ft 

I 

I 
L _ __ _ _ T I ht E  R 

Fig.  7. Schematic of T imer Module 
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TYPE S I U OVERCURRENT RELAY-------------------------------------------------

, - -
14 

I 
I 
I 

I 
I 

LLI en 
ct :r:: a.. 

I 
I 

-

1 2  

10 

1 2  

P H A SE 

RELAY- TYPE S J U  

�����: �� � 

� � 

Fig. 9. Schematic of Phase Module 

CAPACITOR STY L E  R£Q, R E F. 

C I - C 2 - C 4 849A437H04 3 . 047 MFO. l 
C 3  1 8 8 A669H05 I 2 7  M F D  ' 

D I ODE 
0 1 0 2 - 03 - 04 837A692H03 4 I N 6 4 5 A  

* R E S I STOR 
RI·R2· RB·RI7·R37·R60 629A53 1 H 4 8  6 4 . 7 K  �� 

R 4 - R I 0  
RI4-RI9-R25 

629A53 1 H 5 6  5 I OK 
·-

����- 629A531 H78 4 8 2 K  
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U N L E S S  OTHERWISE SPECIFIED. 
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TYPE S IU OVERCURRENT RELAY _______________________ ,_. L_. _4_1 ".;...:77..:...7·:...:..:.1 F  

PQS. ��  � ---

i ORIV'ER I lOUTPUT �-- --_, g 
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* Fig . 1 1 .  Schematic of G round Mod ule 
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PART OF 
J 1  

POS. 4 �� - - -;-�)TO TERM. 
f!-1 +20V I All CKT 

co�·.fRoL RA F-2 ���P
E
L� I 

VOLTAGE [ S�3 �� TO TERM 
• 2 �EG. ALL CKT. 

3 � A 
NEG. i_ .§.?�5.Q.B.J 

SDGU-2 1 32 �---------------' 

SKDU-,!l¢ 130 :1 �H 
SKDU-3¢ 3 1 � 

OS-2 

. ' 
'--------J '--------J -

..2.'0' 
BLACK I 

(AS VIEWED FROM 
REAR OF RELAY} 

J 1  ' - - - - - - - - - - - - - - - - - - - - - -
251 17- 9 1 1-
261 18-101 2-
27 l 19-ll i 3-
28I 20-12 I 4-
29l 21-13l s-
3ol 22-14l 6-
31 1 23-151 7-
321 24-161 8-

) 

TERMINAL 
BLOCK 

I AOS 

Fig. 13. Typical  Logic D iagram of SIU Relay 
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V1 

PAR ! J F  

P01 [1t'� - �� 

D c :� PO'II'ER 
• 20 w I ALL Cll IV 

CONaOI SUPPLY 
VOLTAGf 

�� _lfLI_J� � · - ] HL CKf 8 [ "., 

!lEG l ______ill 
; _LJ.l!l'll:..J 

C H A S S I S  G R O U N D  

, --- - --- - --- -=- - � 
< ' 8 

2� 11- •I , _  

26/ 1 8- !Oj a-
27/ 19- II/ 3-
,., 20- lzj · -

2� 2 1- t5/ 5-
30/ 22- 14/ &-
31J u- � �  7-
32j 24- lllj · -

( FROM��x�r;m;ELAY ) 

PttA �f " 

I P�5[ l 

TfRli:I�AL 
�LOC� 

-- - --- - --- -

D 
�> 

� BLACI _jr ] ___i_ �w 

{':J 
t IL� 

-- - --- - --- - I t!!!!_IO� 

1 BH 

1Hs 
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'" 

� o. 
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r, 
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r• l llAcf1 
----� 

, --- - - --- - --- -
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2 0 1 C l 4 1  
Fig. 1 4 .  Typical Logic D iagram of SIU Relay 
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TYPE S IU OVERCURREN T RELAY ________ , ________________________________________ __ 

<f> 
0 

8 

6 5 
u 
UJ 
</) 
:::; 4 --' 
� 

0 

\ 
i\ \ 

\ 
1\ !--------- """ 

0 

I l 
----1 

r I-MAX IMUM OPERATI N G  TIMES � I� I I 

"' 0 � 0 "' "' :J .J ......____ 1-- I 
1--------

i 
l; 

MINIMUM OPERATING TIMES 

/ I 

"' 2 
i= 

� v 
6 8 10 12 14 16 18 20 

MULTIPLES OF PICK-UP VALUE 

5313 1 2 5  

8 

7 

6 
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3 

2 

(' V\ 1\ \ 1\ I 

f\ \ I I i \ I � ! 
J f\ I J � v F---1 ' ' j 

I I 
I I 

: 1 l 
T __, 0 

0 40 80 1 20 160 200 240 280 320 360 
ANGLE IN DEGREES 

5 3 8 1 2 6  
Fig . 1 5 .  Operating Time of O vercurrent Module of SIU Re lay F i g .  1 6 .  Operating Time for the Type SIU R e lay O vercurrent 

M odule as a Function of Fault Incidence A ng le A t  
Twice Minimum Trip 

l l 
1 8  

I 

1 6  
(;) 
0 
z 1 4  
0 u w 
(f) 1 2  
_j 
_j 
:!! ! 0  
z 

8 w 
� 
f- 6 

lr v • 

J \ I 
I \ 

" \ ' i 
� I \ l 

; I I 

I i 
1\ 

C U R R E N T  R E DU C E D  TO 0 %  O F  pull 
4 

I 
I 

2 

0 , ...._ 
0 2 4 6 8 1 0  1 2  1 4  1 6  1 8  20 22 24 26 28 40 
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878A620 

Fig .  1 7 . Reset Time of the Overcurrent Module of the Type SIU R e lay. Current interrupted at Current Zero. 
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TYPE S I U  OVERCURRENT RELAY 

Rc R E S I STOR 
STYLE NO. 134-0388 

REAR V i E W 
O V E R  CURRENT R A N G E  I N  

F U N C T I ON A M P E R E S  

! BH , IC H ,  ] O H  0. 5 - 2  
I - 4 

2 - 8 
4 - 1 6  

1 0 - 4 0 
20 - 8 0  

IA , !B , !C , IAOS , 0. 5 - 2 

r o .  ros . IN I - 4  
2 - 8 I 4 - 1 6  

T R A N S F O RM E R  
S T Y L E 

6 9 1  8 0 0 2 G O I  ! 
6 9 1 8 0 0 2 G 0 2 

6 9 1 B 0 0 2 G 0 3  
6 9 1 8 0 0 2 G 0 4  
6 9 1 8 0 0 2 G 0 5  

6 9 1 8 0 0 2 G 0 6  

6 9 1 8 0 1 7  G O I  

6 9 1 8 0 1 7  G 0 2  

6 9 1 8 0 1 7 G 0 3  

6 9 1 8 0 1 7 G 0 4  

I. L. 41-777. 1 F 

cA. Z E N ER C LIPPER 

OVER c U RRENT 
FUN C T I O N  

I C H  
I BH 
I c 
1_ p.  

l A O S  I B  
I o  J:: B 
Ios I N 
I o H 

S T Y LE N O .  1 84-A<c i 7 HOID 

TRI>.N S FORM E R  

HARDWARE POSITION WHEN ONE R E S I ST O R  
I S  U S E D  

TRAN S F O R M \c R ,  1-< o  R E SISTCR, AND 
7.: A  ? F N F �-' Cl \ P �' t_ K  1--'0 S \IIONS 

P - PA PB 
Q - QA - Q B  
R - R A- R B  
U - U A LJ P,  
V - VA - V B  
:X - X A - X B  
y YA - Y B  
z ZA - z  E� 

717B206 
Fig.  1 8 .  L ocation of Transformers, Zef!er C lipper and RC Res istor in SIU R elay . 
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TYPE S I U OVERCURRENT RELAY ____________________________________________________ ___ 
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INSTALLATION • 

Westinghouse I .L. 41 -777.3A 
OPERATION • MAINTENANCE 

INSTRUCTIONS 
TY P E  S I -T O V E R C U R R E N T  R ELAY 

CAUTION: Before putting relays into service, remove al l  

blocking which may have been inserted for the 

purpose of securing the parts d u ring shipment, 

make sure that al l  moving parts operate free­

ly, inspect the contacts to see that they are 

clean and close properly, and operate the relay 

to check the settings and electrical connections. 

APPLI CATION 

The S I-T relay i s  a high speed overcurrent device intend­

ed for use as a fault  detector for distance relays, as a direct 

trip u nit, in a breaker fai lure scheme or any similar applica­

tion requiring an accu rate current level detector. I t  contains 

th ree overcurrent u n its, each of which may be independently 

sl:t and each of which may be used for a phase or ground 

relaying function. 

The ou tput unit  is a telephone relay equipped with two in­

dependent contacts. The di rect trip SI-T is further equipped 

with an ICS (indicating contactor switch) for each of the two 

trip circuits. 

The SI-T can ·be used in applications requiring continuous 

en ergization above pickup level. Also, it has a dropout ratio 

of xg% or higher and a maximum transient overreach of 20%. 

I t  is frequency compensated to prevent its operating on 

the h ig h  frequency cu rrent associated with line energization. 

C O N STRUCTI O N  

The type S I-T relay consists of th ree input current trans­

formers, three resistor-zener diode protective networks, th ree 

setting circuits, three phase splitter circuits, an OR circuit,  a 

sensing circuit, an amplifier circuit and a telephone relay .  The 

rday for direct trip application also includes two indicating 

contactor switches. 

The components are connected as shown in  Figs. 3 and 4. 

Input Transformer - The input transformer is a two­

winding type with a tapped primary winding and a non­

ta pped secondary winding. The secondary is connected to the 

resi sto r-zener diode protective network on a small circuit 

board, to the setting c ircuit,  and to the phase splitter circuit. 

Setting Circuit - The setting circuit is con n ected across 

the secondary winding of the input transformer and consists 

of a rheostat on the front panel and a resistor on the main cir­

cuit board. It is in  paral lel with the resistor-zener diode 

protective netwo rk. This circuit loads the transformer and 

al lows a secondary voltage to be produced that is propor­

tional to the input current .  The rheostat has a locking feature 

to mini mize accidental change of current setting. 

Phase Splitter Circuli - The pha se splitter circuit con­

sists of two capacitors, th ree resistors, and a th ree-phase rec­

t ifier bridge. This circuit converts the single-phase ac voltage 

from the output of the transformer to three voltages 60° out 

of phase with each other and rectifies these voltages. 

OR Circuit - Combining three th ree-phase rectifiers, th e 

vol tage across the resistor R20 will  be the highest output 

voltage from these rectifiers. 

Sensing Circuit - The sensing circuit  consists of a 

resistor, zener diode and 
·
a transistor with associated com­

ponents.  Th is c i rcuit is connected between the output of the 

O R  circuit and the amplifier circuit .  In this circuit, the 

voltage from the OR circuit must be high enough to break 

down the zener diode to turn on the transistor. 

Amplifier Circuit - The amplifier circuit consists of a 

transistor and associated resistors and capacitor. The tran­

sistor is normally not conducting. 

Feedback Circuit - The feedback circuit consists of a 

resistor and a diode. This circuit controls the dropout current 

or the overcu rrent unit .  

A II possible contingencies which may arise during installation, operation, or maintenance, and all 
de/ails and varia/ions of this equipment do not purport to be covered by these instructions. If further 
inj"onnalion is desired by purchaser regarding his particular installation, operation or maintenance of 
his equipment,  the local Westinghouse Electric Corporation representative should be contacted. 
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TY P E  SI-T O V E R C U RRENT R ELAY 

Output Circuit - The output circuit consists of a tran­
sistor d river, a telephone relay and several voltage dropping 
resistors. The transistor is normally not conducting and the 
two telephone relay contacts are open. For direct trip applica­
tion there are two Indicating Contactor Switches. 

Indicating Contactor Switches ( I C S) - The indicating 
contactor switch is a small de operated clapper type device. A 
magnetic armature, to which leaf-spring mounted contacts 
are attached, is attracted to the magentic core upon energiza­
tion of the switch. When the switch closes the moving con­
tacts bridge two stationary contacts, completing the trip cir­
cuit. A lso during this operation, two fingers on the armature 
dellect a spring located on the front of the switch which allows 
the target to drop. The target is reset from the outside of the 
case by a push rod located at the bottom of the cover. 

Power Supply - The power supply circuit com.ists of a 
Lencr diode, a capacitor and two resistors. It is rated for sup­
ply voltages of either 48 volts de or 1 25 volts de. The output 
from the Lener diode is 20 volts de. As an option, there are 
another Lener diode and two voltage dropping resistors for 
rated su pply voltage of 250 volts de. 

OP ERATI ON 
The logic diagram of the SI-T relay is  shown i n  Figs. 

and 2. With reference to the logic diagrams and the internal 
schematics Fig. 3 and Fig. 4, transistors, Q 1 , Q2 and Q3 are 
normally not conducting and the contacts of the telephone re­
lay are open. When ac current is applied to the primary of the 
transformer (T 1 , T 2 or T 3), a voltage is produced on the 
secondary side that is proportional to the amount of resis­
tance in the rheostat (R 1 ,  R2 or R 3) .  The single phase! voltage 
is applied to the phase splitter circuit where three voltages 
60° out of phase a re produced, rectified, and applic:-.d to the 
resistor R20. If the voltage from rectifier is greater than the 
voltage breakdown of zener diode (Z4), the zener diode con­
ducts to allow base current to flow in transistor Q l . In turn, 
Q2 and Q3 are t11rned on to operate the telephone relay. 

When Q2 turns on, positive voltage is applied to the feed­
back circuit ( R26) such that a voltage is applied to Q 1 . The 
value of R26 controls the dropout ratio which is s'et above 
88% of pickup.  

When three ac input currents are applied simultaneously 
the sensing circuit operates on the voltage across R20, which 
is dependent on the maximum of the three bridge rectifier 
outputs. 

When large currents are applied to the primary of the in­
put transformer, the zener diode on the secondary prevents 
the secondary voltage from becoming excessive. 

2 

C H ARACTERI STICS 
The Sl-T relay i s  available with the following ranges of 

overcurrent functions: 

0.25 to 8 amps 

0.5 to 1 6 amps 

2 to 64 amps 

The range of the overcurrent unit is obatined in two ways: 

I .  - A I to 4 range by means of the rheostat on the front 
panel. 

2 .  - Transform"er taps which multiply the rheostat setting 
by one of the following: I ,  4, or 8 .  

The scale markings of the relay represent the a c  current 
required to operate the output telephone relay. These scale 
markings are accurate within 1 0% of the value specified on 
the scale plate. If a more accurate pickup or setting between 
the scale markings is desired, the current can be applied to the 
relay and the rheostat set at the desired point. 

The operating time of the relay is shown i n  Fig. 7. There is 
a maximum and minimum operating time for the relay for 
each multiple of pickup. This difference in time is due to the 
point on the current wave that the fault current is applied. 

The reset time curve is shown in Fig. 8. It is taken at the 
condition of the current interrupted at current zero and main­
tained at zero. 

The transient overreach is a maximum of 20%. 

The frequency response of the relay is shown in Fig. 9.  It 
shows that the maximum sensitivity is occured at 60 Hz. 

Battery Current Drain: 33 milliamperes (max.) for 48, 
125 and 250 volts de. 

Energy Requirements: (Table I) 
' 

Transformer Current Ratings: (Table II)  

TRIP C I RCUIT (FOR R ELAYS WITH ICS U N IT) 

The main contacts will safely close 30 amperes at 250 
volts d-e and the seal-in contacts of the indicating contactor 
switch will safely carry this current long enough to trip a 
circuit breaker. 

The indicating contactor switch has two taps that provide 
a pickup setting of 0.2 or 2 amperes. To change taps requires 
connecting the lead locating in front of the tap block to the 
desired setting by means of a screw connection . 
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TY P E  S l -T OVERC U R RENT R ELAY ----------------------1-. L_. 4_1_-7_7_7 ._3A 

TRIP C I R C U ITS CON STANTS 

(FO R  R ELAYS WITH ICS U N I T) 

Con tactor Switch -

0.2 ampere tap . . . . . . . . . . . . . . . .  6 .5  ohms d-e resistance 

2.0 ampere tap . . . . . . . . . . . . . . . . . 0. 1 5  ohms d-e resistance 

S ETT I N G S  

0 The relay must be set for the desired levels o f  current 

and where equipped with a n  ICS unit, a tap must be selected 

depending on the device being operated. 

I .  Fault Detector - where the S I-T is used as a fau lt de, 

tector, its principal function is to add to the security 

of the system for circumstances such as loss of poten­

tial on distance relays. This requires a setting above 

the maximum load current and below the minimum 

fault current for which i t  must respond. 

2. Direct Trip - these applications require that dif­

ferences in fault  current be sufficient to distinguish 

location . The setting should be 1 25% of the maximum 

sym metrical fault current for which operation is not 

desired. For applications involving direct energiza­

tion of a breaker trip coil, the ICS 2.0 ampere tap should 

be used. For energization of lockout relays (such as the 

W L )  that produce high speed coil cutoff by their own 

contact action, the 0.2 ampere tap of the I CS should 

be chosen. 

3. Breaker Failure - Trip coil energization that does 

not cause the cessation of current flow in the breaker 

after adequate passage of time i s  identified as breaker 

fai lure and appropriate clearing action is  initiated. 

The Sl- T can be used to sense this breaker current flow. 

A pickup setting below maximum load current is per­

m i ssable from the relay viewpoint. A setting above 

maximum load current is more secure, but the set­

tings must  be below minimum phase and ground fault .  

levels . An a l lowanc <: must be made in the setting of 

the separate breaker fai lure timer to accomodate the 

reset time of the SI-T relay as shown in Figure. 8. 
The pickup o f  the relay is made by adj u sting the rheostat 

and the setting o f  the m ultiplier of the tap plate in the front of 

the relay. Setting in between the scale marking can be made 

by applying the desired current and adjusting the rheostat un­

ti l  the telephone relay operates. 

I N D ICATING CONTAC TOR SWITCH ( I C S )  

The o n l y  setting required on t h e  I CS u n i t  is t h e  selection 

of the 0.2 or 2.0 ampere tap setting. This selection is  made by 

connecting the lead located in front of the tap block to the 

desired setting by means of the connecting screw. 

I N S TALLATI O N  

The relays should be mounted o n  switchboard panels or 

their equivalent in a location free from m oisture. Mount the 

relay vertically by means of the four mounting holes on the 

!lange fo r semi-llush m ou nting or by means of the rear moun­

ting stud or studs fo r projection mounting. Either a mounting 

stud o r  the mounting screws may be util ized for grounding the 

relay. The electrical connections may be made d irectly to the 

terminals by mea ns o f  screws for steel-panel mounting or to 

the terminal studs furnished with the relay for thick panel 

mounting. The term inal studs may be easily removed or in­

serted by lock ing two n uts on the stud and then turning the 

r rorer nut  with a wrench. 

For detailed FT case information, refer to I . L . 4 1 -076. 

ADJU STM ENTS A N D  MAI NTE N A N C E  

The rroper adjustments t o  insure correct operation o f  this 

relay have been made at the factory and should not be dis­

trubed after receipt by the customer. 

ACC EPTANCE TESTS 

The fol lowing check is recommended to insure that the 

relay is in proper working order. Refer to the internal 

schematics and apply current to the proper terminals .  

I .  Minimum Trip Current - Check pickup at  the mini­

mum and maximum settings. This is accomplished by 

applying the specified current and checking the pickup 

o f  the output telephone relay when the ac current is 

within I O'fo of the settings. 

2.  Dropout - A fter checking pickup, the dropout should 

be greater than 88% o f  the pickup as the current IS 
gradual ly reduced. 

I N D ICATI NG C O N TACTOR S W I TC H  ( I C S )  

Close t h e  m a i n  relay contacts a n d  pass su fficient d-e cur­

rent through the trip circuit  to close the contacts of the ICS.  

This  value of current should be not greater than the particular 

I CS tap setting being used . The operation indicator target 

should d rop freely. 

The contact gap should be approximately .047" between 

the br idging moving contact and the adjustable stationary 

contacts. The bridging moving contact should touch both 

stationary contacts simultaneously. 

ROUTINE MAINTENANC E  

A l l  relays should b e  checked at least once every year o r  at 

such other time intervals as may be dictated by experience to 

be su itable to the particular application.  
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TYPE SI-T OV ERC U R RENT R ELAY 

TABLE I 

ENERGY R EQ U I REM ENTS 

AMPERE RHEOSTAT PCIKUP OHMS AT P.F. OHM:) AT P.F. 
RANGE SETTING MULTIP. AMPS PICKUP ANGLE 5 MIPS. ANGLE 

.250 .250 1 .70 2 1 .0 1 .3 1 5  

.375 .375 1 .5 1 9.0 1 .3 1 5  

.500 .500 1 .4 1 8.0  1 .3 1 5  

.625 .625 1 .3 1 7.5  1 .3 1 5  

.750 .750 1 .3 1 7.0 1 .2 1 5  

.875 .875 1 .2 1 6.0 1 .2 1 5  
1 .000 1 .000 1 .2 1 5.5  1 .2 1 5  

. 250 4 1 .0 0 . 1 90 9.5 0 . 1 90 8.5 

.375 1 .5 0 . 1 80 8.5 0. 1 80 8.0 

. 500 2.0 0 . 170 7.0 0 .170 7.5 
.25-8 .625 2.5 0 . 170 6.5 0 . 1 70 7.0 

.750 3.0 0 . 1 65 6.0 0 . 165 6.5 

.875 3.5 0 . 1 60 6.0 0 . 1 60 6.5 
1 .000 4.0 0 . 1 60 6.0 0 . 160 6.0 

.250 8 2 .0 0.082 5 .5  0.082 5.5 

.375 3.0 0.080 5 .0 0.080 5 .0 

.500 4.0 0.078 4.0 0 .078 4.0 

.625 5 .0 0.077 4.0 0.077 4.0 

.750 6.0 0.076 4.0 0.076 4.0 
.875 7.0 0.075 4.0 0.075 4.0 

1 .000 8.0 0.075 3.5 0.075 3.5 

.50 .50 0.42 20.0 0.35 1 5 .0 

.75 .75 0.37 1 8.0 0.35 1 5.0 
1 .00 1 .00 0.34 1 6.0  0.34 1 5.0 
1 .25 1 .25 0.33 1 5.0  0.33 1 5.0 
1 .50 1 .50 0.32 1 4. 5  0.32 14 .5  
1 .75 1 .75 0.31 1 4.0 0.31 1 4.0 
2.00 2.00 0.31 13.5 0.31 1 3 .5 

.50 4 2 .0 0.055 6.5 0.055 6.5 

.75 3.0 0 .052 6.0 0.052 6.0 
1 .00 4.0 0.051 5.5 0.051 5.5 

.5-1 6 1 .25 5 .0  0.050 5 .0  0.050 5.0 
1 .50 6.0 0.049 4 .5  0.049 4.5 
1 .75 7 .0  0 .048 4.5 0.048 4.5 
2.00 8.0 0 .048 4.5 0.048 4.5 

.50 8 4 .0 0.029 4.0 0.028 4.0 

.75 6.0 0 .028 4.0 0 .028 4.0 
1 .00 8.0 0 .027 3.5 0.027 3.5 
1 .25 1 0.0 0 .027 3 .5  0.027 3.5 
1 .50 1 2.0 0 .027 3.5 0.027 3.5 
1 .75 14.0 0 .027 3 . 5  0.027 3.5 
2.00 1 6.0 0 .027 3.5 0.027 3.5 

2.00 2.00 0.040 8.0 0.040 8.0 
3.00 3.00 0 .037 7.5 0.037 7.5 
4.00 4.00 0 .035 7.0 0.035 7.0 
5.00 5.00 0 .034 6.5 0.034 6.5 
6.00 6.00 0 .033 6.5 0.033 6.5 
7.00 7.00 0 .033 6.5 0.033 6.5 
8.00 8.00 0 .032 6.5 0.032 6.5 

2.00 4 8.00 0 . 0 1 5  2 . 5  0.01 5 2.5 
3.00 12.00 0.01 5 2.5 0.01 5 2.5 
4.00 1 6.00 0.01 5 2 .5  0.01 5 2.5 

2-64 5.00 20.00 0.01 5 2 .5  0 .015 2.5 
6.00 24.00 0.015 2.5 0.01 5 2.5 
7.00 28.00 0.01 5 2.5 0.01 5 2.5 
8.00 32.00 0 .015 2 .5 0.01 5 2 .5 

4 

TA BLE I 

EN ERGY R EQ U I R EM ENTS ( Continued ) 

AMPERE RHEOSTAT PCIKUP OHMS AT P.F. OHMS AT P.F. 
RANGE SETTING MULTIP. AMPS PICKUP ANGLE 5 AMPS. ANGLE 

2.00 8 1 6.00 0 .014 2 .5  0 .014 1 .5 
3.00 24.00 0.014 2.5 0 .014 1 .5 
4.00 32.00 0 .014 2 .5  0 .014 1 .5 
5.00 40.00 0.01 4 2.5 0 .014 1 .5 
6.00 48.00 0 .014 2 .5  0.014 1 .5 
7.00 56.00 0.01 4 2 .5. 0 .014 1 .5 
8.00 64.00 0.014 2.5 0.014 1 . 5  

TABLE I I  

C U R RENT R ATI N G S  

RHEOSTAT CONTINUOUS ONE SECOND 
RANGE MULTIP. RATING AMPERES RATING AMPERES 
.25-1 1 3 .5 88 

4 9.0 80 
8 1 2 . 0  8 8  

.5-2 1 7 1 85 
4 1 5  1 85 
8 24 1 85 

2-B 1 24 400 
4 24 400 
B 24 400 

CALI B RATION 

Usc the fol lowing procedure for calibrating the relay,  if  

the relay adj ustments h ave been disturbed. This  procedure 

should not be used until it is apparent that the relay is  not in 

proper working order.  A new scale plate m ay be necessary 

when parts are changed. This procedure must be repeated for 

the other two inputs. 

PHASE S P LITTER C H EC K  

I .  Turn rheostat o n  front of relay to lowest setting. 

2. Apply minimum setting current to the proper relay 

terminals. 

3 .  Connect scope across output of phase splitter (TP I ) . 

Set scope for ac deflection and the following wave­

form should be observed. 

� 
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TYP E S l -T OVERC U R R E NT R ELAY _______________________ I_. L_. _41_-7_7..;..7_.3_A 

D I A L  C A L I BRATI O N  

A pply the p roper de voltage between ter m i n a l s  2 0  a n d  

5 .  Tmn i n a l  2 0  i s  posit ive.  

' Con nect a de vol tmeter across T P 2  and term i n a l  5 .  

3 .  A pply t h e  desi red cu rrent t o  proper relay t er m i n a l s .  

.f . T u rn rheostat on front of  relay clockwise from extreme 

coun ter-clock wi se posit ion u n it I the  relay operates 

as indicated by a sudden readi n g  of  approximately 

20 volts  de on meter.  

I N D I C ATOR C O N TA C T O R  SWITCH ( I C S) 

C lo-;c thc m a i n  relay contacts  and pass s u fficient d-e cur­

rent t h rough the tr ip circuit  to close the con tacts of  the ICS. 
Th i s value of current should be not greater than t h e  particu lar 

I CS tap set t i n g  being used . The operation indicator target 

-; h o u l d  drop free ly .  

T RO U B L E  SHOOTING P R O C E D U R E  

l l  sc the ldillwing procedu res t o  locate the sou rce of  trou­

ble if  the rel ay is not operating correctl y .  

I .  C heck vol tage as  l i sted on the electrical checkpoints .  

1 C heck resistance as  l isted on the i nternal  schematic o f  

t h e  n.: l a y .  

3 .  I nspect a l l  W i res and connections,  p a y i n g  particu l a r  

attention to p ri nted circui t  term i n a l s .  

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

Thc r c l a y  can hc checked with reference to the fol lowing 

vo l tage':  All  vn ltage readings s h o u ld be made with a h igh 

rc' i ' ta ncc v o l t m eter.  

I .  Nn .\C C u rrent  I n put  ( for 48 volts de)  

Test Terminal 

T P I 

T P 2  

T P 3  

T P4 

Typical Voltage 

less t h a n  0.6 volts 

less than 0 . 6  volts  

48 volts 

20 volts 

1 M i n i m u m  Trip  A C  C u r rent Applied 

Test Terminal 

T P I  

Tl'2  

T P 3  

TP4 

Typical Voltage 

7 5  volts 

20 volts 

less than 0 .6  v o l t s  

20 volts 

R EN EWAL PARTS 

Repa i r  w o r k  can b e  done most sat isfactori ly at  the fac­

tory . H o wever, i nterchangeable parts can be fu rnished to 

c u stomers w h o  are e q u i pped for doing repair work . When 

o rdering parts, a l ways give the com plete n a m eplate data .  
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I.L. 41 -777.3A 
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C H A S S I S  O P E R AT E D  
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>
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t 

I C U R R E N T  TEST J A C K  
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F T - 2 2 

F R O N T  VI E W  

, r  the Type 51_ T Relay  without  ICS 

10 

CAPAC I T O R  S T YLE N O .  R E Q . R E F. 
C l - C4 - C 7 - C l 2  1 8  8 A 6 6 9 H 0 3 4 0 . 1  t H O. 

C 2 - C 5 - C B 1 8 8 A 6 6 9 H O I  3 0 .4 7  M F D .  
C 3 - C6 - C 9 8 7 6 A 4  09H I 5 3 0 . 2 2  M F D .  

C I O  1 8 7 A 5 0 8 H 0 9  I 1 , 5  M F D .  
C l l  1 8 7 A S O B H 05 I 0 , 4 7  M F D .  

C I 3 TO C I B  7 6 2  A 6 8 0H02 6 O.OO I M F D . 

D I O D E  
D l  T O  0 1 9  1 8 4 A B 5 5 H 07 1 9  I N 4 5 7 A  

f-pOTEN T I O M  E T E R 

R I - R 2 - R 3  8 3 6 A 6 3 5 H 07 3 5 K - 1 2  1/2 W 

� R E S I S T O R  -
R 4 - R 9 - R I 4  1 8 5 A 2 0 9 H 06 3 s o n - 5 W  
R 5 - R I O - R I 5  7 6 3 A  1 2 9 H 0 3  3 5 o o n - s w  

R 6 - R B - R l l - R l 3 - R I G - R 1 8  6 2 9 A 5 3 1 H 5 8  6 1 2  K 
R 7 - R l 2 - R l 7  6 2 9 A  5 3 1 H 4 9  3 5 . 1  K 

R l 9 - R 2 1 - R 22 - R 24 - R 2 5  6 2 9 A  5 3 1 H 56 5 10 K 
R 2 0  6 2 9 A 5 3 1 H 73 I 51 K 
R 2 3  6 2 9 A  5 3 1 H 5 2  I 6.8 K 
R 2 6  I B 4 A  7 6 3 H79 I 1 50 K - I/2W-!5% 
R 2 7  7 63 A I 2 7 H 0 3  I 2 K - 3 W 

R 2 8  1 8 5 A 2 07 H 3 1  I 1 , 5 K - 2 W  

R 2 9  1 8 4 A 6 36 H I O  I 6 K - S W  
R30 763 A 1 2 9 H O I  I 5 K - 5 W 

* R 3 1 7 6 2  A 6 79 H O  I I 1 5 0 11. - 3 W  

* R 3 3  7 6 3 A 0 98 H 2 5  I 4 K - 12 W 

T R A N S F O R M E R  

T I - T 2 - T 3 7 7 4 8 484 G02 3 , 5 - 1 6 A .  

T R A N S I S T O R  

Q l  8 4 8 A B 5 1 H 0 2  I 2 N 3 4 1 7  

0 2  8 4 9 A 4 4 1 H O  I I 2 N 3 6 4 5  

0 3  8 37 A 6 1 7 H O  I I 2 N 3 5 8 9  

Z E N E R  D I O D E  
Z I - Z 2 - Z 3 I 8 4 A 6 1 7 H 0 6  3 I N I B 3 2 C  

Z 4  1 8 6 A 7 9 7 H 06 I I N 9 5 7 B  

Z 5  1 8 7 A 9 3 6 H I 7  I I N 3 0 5 0 B  

Z 6  849A487 H O I  I I N4 747 A 

Z 7  6 29 A 3 6 9 H O I  I I R 20 0  

* Z B  7 6 2 A 6 3 1 H I I  I I N  3 0 1 1  B 

T E L E P H O N E  RELAY 

T R  5 4 1  D 5 1 4 H 2 4  I 1 , 500 !1 - 24 v. 

�.· R ESISTORS TO BE 1 1 2  w.± 2 "'o U N L E S S  OT H E R W I S E  SPECIFIED, 
* " F O R  250 V. O N LY. 
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TY P E  S I -T OV ERC U R RENT RELAY -----------------------•_.L_. _41_-_77_7_.3_A 

16 15 14 13 12 I I  10 9 8 7 6 5 4 3 2 I 

350 1 A2 1  

1 7  r81Z8 � 1 8 19 22 Z lr@l20 e �21 23 24 0 2 6 27 @Jz2 0Z 3@ 

35 0 1 A22 

Fig. 5. Componen t Location on O vercurrent Module. Fig. 6. Component Location on Zener Diode Module 
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TYPICAL OPERATING T IMES OF OVER C U R R ENT \ MODULE OF Sl- 1 FREQUENCY COM PENSATED 
RELAY. 
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35 1 2A81  

Fig. 7 Typical Operating Time o f  the Type Sf- T Relay. 

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  S I -T OVERC U R RENT R ELAY-------------------------
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RESET TIME OF THE TYPE ST-T RELAY CURRENT INTERRUPTED AT CURRENT ZERO 

Fig. 8. Typical Reset Time o f  the Type Sl- T Relay. 
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TY�CAL F R EQ U E N C Y  H E SPONSE C U RVE OF 
F R E Q U E N C Y  C O M PEN SAT U J  SFT R ELAY 
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Fig. 9. Typical Frequency Response Curve o f  the Type Sl- T 

Relay. 
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TY P E  S l -T OVERC U R R E NT R ELAY----------------------.:.:I.L:.:·..::.41.:.:-:...:77:....:.7..:=:.3A 

1 0. 438 
( 2 65 . 1 3  ) 

t 

d��) DIA , 4 HOLES FOR ' . 190-32 MTG, SCREWS 

3 . 1 8 8  : 1 : 1  . 125 
R ± 1 I {6.375 8Q.9 8 ) -� �· 1 8 ) . 

( 16 1 . 9 3  ) PA NEL LOCATION 4 � ( 149.2 3 ) 
S E M I - FLUS H MTG ,  PANEL CUTOUT 8 DR I L L I N G 

PROJ E C TION M TG ,  
FOR SEM I - FLUSH MTG .  

D I M EN S I O N S  I N  I NC H E S  

D IM ENS I O N S  I N  M M -..__ � 1 .8 1 3  
� (4 6 . 0 5 ) 

LARGE I NT E R NAL 
a E X TERNAL 
TOOTH WAS HER 

S M A L L  
EXTERNAL 
TOOTH E D  
WASHERS 

. 190-32 SCREW 1 . 3 4 4  
SPACERS FOR ( 3 4 . 1 4 )  

-_ . 250 � .g l 6 ( .397) ' _, (6. 35)  
. 3.75 1 .031 ""*1·1.031 + 1.031 :-t- 1.03 1 (9 5 3  ) R 

26. 19)  (26. 1 9 )  (26. 1 9 )  (26 . 19 ) . . 
THIN PAN EL S  --+-----+------r:t:-----+-�--t---

1 83A I 58 
0 Fig. 1 0. Outline and Drilling Plan for the Type Sl- T Relay in 

the FT-22 Case. 
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