INSTALLATION

Westinghouse I.L. 41.777
OPERATION e MAINTENANCE

INSTRUCTIONTS

TYPES SI AND SI-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.

APPLICATION

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 follgws:

Type SI relay-three inputs, one or two ‘outpaits.

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

CONSTRUCTION

The type SI-1 relay consists“ef an#input trans-
former, a setting circuit, a phase splitter circuit, a
sensing circuit, an amplifier cir€uit, a voltage re-
gulator circuit, a feedbackgcireuit and a transistor
output. An operational indicatdr is an optional unit.
The type SI relay in addition to these components
has two input transformers, two phase splitter cir-
cuits, and eithenp,a ‘single output or a dual output
transistor cireuit.

The component§ are connected as shown in
Figs. 1to 4.

Input Transformer — The input transformer is a two
winding type with a non-tapped primary winding and
agtapped secondary winding. The secondary is
connected to the setting circuit and from a fixed
tap*toythe phase splitter circuit.

Setting Circuit — The setting circuit is connected

NEW INFORMATION

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. Thigycircuit loads the transformer and
produces a s€€ondary voltage proportional to the
input current;\ The theostat has a locking feature to
minimize aecidental change of current setting.

Phase) Splitter Circuit — The phase splitter circuit
consistsWef two capacitors, resistor, potentiometer
andea three-phase rectifier bridge. This circuit con-
verts the single phase a.c. voltage from the output
of the“transformer to a three-phase voltage and rect-
ifies'this voltage to d.c.

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

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

Feedback Circuvit — 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-%2 inch resistor and is
used to reduce the supply voltage to the Zener
voltage.

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

EFFECTIVE AUGUST 1965
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Fig. 1 Type S| Relay in an FT-21 case (front view).
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Fig. 2 Type SI Relay in an FT-21 case (rear view).
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INTERNAL . SCHEMATIC
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Fig. 3 Block diagram of the Type SI-1 Relay in FT-11
case (diagram of SI-1 without the operation indicao-

tor is 763A630).

OPERATION

The components of the SI-1 relay are connected
as shown in Fig. 5. With no input to the relay, all
transistors (Q; and Qg) are conducting and a g/€ny
small output is obtained from the relay. Zener (diode
(Z9) of the sensing circuit establishes the reference
voltage from the emitter of Q1 to negative and allows
a base current to flow in Q1 through Ry téynegative.

When a.c. current is applied to the primary of the
transformer (T), a voltage is produeed on.the second-
ary side that is proportional to the amount of resis-
tance in the rheostat (S1). This _single'phase voltage
is applied to the phase splittergeircuit where a three
phase voltage is produced, rectified, and applied to
resistor R5 of the sensing circuit. If the voltage from
the rectifier is greater'than ‘the reference voltage
across the sensing €ircuit,/Q; turns off to allow Q2
to turn off which produces an output.

When Qo turns off, positive voltage is applied
to the feedback circuit such that a voltage is applied
to the bage 0fyQp. By varying the magnitude of this
voltage, the dropout of the relay can be regulated
from approximately 98% to 0% of pickup.

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

The operation of the type SI relay is similar to
the SI-1, except that the SI has three overcurrent
inputs. These three inputs are applied.through seper-
ate phase splitting and setting citeuits, 6 a common
sensing circuit which operates, onythe maximum
voltage applied to it.

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

CHARACTERISTICS

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

TABLETI
Range Scale Marking
225-91 ampere .25 .4 .5 .6 .8 1.0

.5 |~ 2 amperes S .75 1.0 1.25 1.5 2.0
- 4 amperes 1.0 15 20 2.5 3.0 4.0
— 8 amperes 2 3 4 5 6 8
4 -16 amperes 4 6 8 10 12 16
10 -40 amperes 10 15 20 25 30 40

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

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

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

Ly



TYPES SI AND SI-1 RELAYS

1.LL41-772
TABLE 1T TABLE 1III
ENERGY REQUIREMENTS
G Q T CURRENT RATINGS
Ampere VA at P.F. VA at P.F. . f the O .
Range Setting Setting Angle 5 amps. Angle Rating of the Overcurrent Units
.25 0.17 7.5 23 51° Range Continuous Rating One“‘Second Rating
0.31 15 29.8 50 (Amperes) (Amperes)
05 _ 1 0.42 21 22.7 48 25— 1 6 185
B 0.54 25 22.6 48 b5 o—2 8 350
.8 0.81 30 22.2 48 1 —4 10 400
1.0 1.20 35 21.8 48 2 -8 12 400
5  0.17 7.5  8.80 3 vooe R 400
’ ’ ’ ’ 2 10 —40 20 460
.75 0.31 15 8.50 32
1.0 0.42 21 8.10 33
5_ o TABLE I¥
1.25 0.54 25 7.80 34
1.5 0.81 30 7.60 36 Battery Drain at 125 Volts D.C.
2.0 1.20 35 7.10 31 SI- 1 "Relay 65 Milliamperes
SI-TWRelay with Indicator 100 Milliamperes
1 0.17 7.5 3.15 16 . .
SI-Relay Single Output 65 Milliamperes
1.5 0.31 15 2.95 19 SI Relay Dual Output 105 Milliamperes
1—4 2 0.42 21 2.65 21
2.5 0.54 25 2.35 25
3 0.81 20 2.21 28 SETTING
4 1.20 35 2.0 g The pickup of the relay is selected by adjusting
the rheostat, S, in the front of the relay. Setting in
2 0.22 7.5 ¢ 13 between the scale marking can be made by applying
3 0.39 15 1.1 15 the desired current and adjusting the rheostat until
9_8 4 0.60 21 0.95 21 an output is obtained.
5 0.85 25 0.85 25
8 1.94 35 0.73 35
The relays should be mounted on switchboard
0.26 8.5 0.41 8.5 panels or their equivalent in a location free from
0.49 13 0.34 13 moisture. Mount the relay vertically by means of
) 15 0.3 15 the four mounting holes on the flange for semi-
4 — 16 y . 16 flush mounting or by means of the rear mounting
J T35 16.5 0.29 5 stud or studs for projection mounting. Either a
12 1.57 17.5 0.28 17.5 mounting stud or the mounting screws may be utiliz-
16 2.56 19 0.25 19.0 ed for grounding the relay. The electrical connec-
tions may be made directly to the terminals by
10 1.0 3 0.25 3 means of screws for steel-panel mounting or to the
15 2.1 4 0.23 4 terminal studs furnished with the relay for thick
panel mounting. The terminal studs may be easily
10> 40 20 3.6 5 0.21 5 removed or inserted by locking two nuts on the
25 5.9 6 0.21 6 stud and then turning the proper nut with a wrench.
30 8.1 6 0.20 6
40 14.4 6 0.20 6 For detailed FT case information, refer to I.L.

41-076.
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Fig. 4 Block diagram of the Type S| Relay in FT-21
case (for S| with single output omit the circuits
connected to terminal 2; dwg. no. 763A629.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
shouldnot be disturbed after receipt by the customer

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order,“All ‘¢hiécks
can best be performed by connectinggthe relay per
the test circuit of Fig. 11. Refer to)fig.“4,and make
similar connections for the test of the Sk.relay.

1. Minimum trip current — Checksépickup at the
minimum and maximum Setting. This is ac-
complished by applying the specified current
and checkingghat the,voltmeter reads approx-
imately 204voltsfwhen“the current is within
3% of the setting.

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

Routiné™Maintenance

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

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

Calibration

Use the following procedure for calibrating the
SI-1 relay if the relay adjustments have been dis-
tributed. This procedure should not/begused until it
is apparent that the relay is nothin propler working
order. ‘A new scale plate maymbe mecessary when
parts are changed. This procédure ‘must be repeated
for the other two inputs on the type/SI relay.

Splitter Adjustments

1. Turn rheostat(8) on front of relay to extreme
counter-clockwise’position.

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

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

Dial Calibration (S)

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

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

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

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

Dropout (P)

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

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

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

iy
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TYPES SI AND SI-1 RELAYS

Trouble Shooting Procedure circuit board points. For some readings it is HECEO o
b low 1 b sary to scrape vamish from the components to
Use t e' following procedure to locate the spurce a connection at the point.
of trouble if the SI-1 relay or the SI relay is not

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

1. Inspect all wires and connections, paying

particular attention to printed circuit ter- Componrent Negative terminal App roﬁmate
R 6 jc. voltage
minals.
2. Check resistances as listed on the internal 22 2 7
schematic of the relays. Z3 2 ess than .6 volts
2 45 volts

3. Check voltages as listed on the electrical Zs
checkpoints.

II Minimum Trip A t applied
RENEWAL PARTS Circuit inals Voltage
Repair work can be done most satisfactorily at Phase board 18 7.5 volts a.c.
the factory. However, interchangeable parts can be Splitter to board 12 7.5 volts a.c.
furnished to customers who are equipped for doing oard 12 to board 18 7.5 volts a.c.
repair work. When ordering parts, always give the
complete nameplate data. Board 16 to board 18 15 volts a.c.
utput Terminal 1(+) and 2 18 to 22 volts
ELECTRICAL CHECKPOINTS D.C.
Connect relay per test circuit of Fig. 11. The above terminals are for the SI-1 relay. For
voltage readings should be made with a high resist- corresponding terminals for the SI relay, refer to
ance voltmeter. Refer to Fig. 12, 13 or 14 for pri& the relay.



Ale Fia L

TYPES SI AND SI-1 RELAYS

L.L. 41777

ELECTRICAL PARTS LIST
TYPE SI TYPE SI-1
Circuit D ioti Circuit o
Symbol escription Symbol Description
CAPACITORS CARACITORS
CI-C2-C3 .5 MFD. C1 .5 MFD.
C4-C5 t1 .25 MFD. c2 .25 MFD.
DIODES . DIODESS
D1 TO D18-D20-D22 11 IN459A D1TO D6-D IN459A
19-Da1 11 IN4STA D7 IN457A
D D9-D10 t CER- 69
POTENTIOMETERS POTENTIOMETERS
P1-P2-P3 2.5k () — 1/4W P1 25K Q0 — 1/4W
P4-P5 t1 200K () — 1/4W P2 200K Q — 1/4 W
TRANSISTORS
TRANSISTORS Ql ONB52A
Q1-Q3 t1 2N652A Q2 IN697
- N697
Q2Q4 1t 2 RESISTORS
R1Y 27K Q — 1/2 W
|
RESISTORS g o S
R1-R4-R7 27K Q — 1/2W R3 300 0 — 25W
R2-R5-R8 50 Q) — 25W R4 15K Q — 1/2W
R3-R6-R9 300 —25w g?o ??(KQQ - ;/V%W
RI10-R12 11 15K 0 — W R6 39KO — 1W
R11-R13 7% 39K O -/ 2W T17 33K O — 1/2W
R14-R19 t1 1K Q0 =.3W R8 1K Q — 1/2W
R15-R21 tt 3.9K (O - dw R9 —R11 ¢ VKO — 1/2W
R16-R20 1t 33K O £ yow R 14 5000 — 40W
R12 1 47 Q0 — 1/2W
R17-R22 t1 1K & 1/2w R13 820 O — Tw
R18-R23 tt 0K~ 1/2W
R24 5000 — 40 W RHEOSTAT
S1 L5K Q — 25 W
RHEOSTAT
S1-S2-S3 MK QO — 25w TRANSFORMER
T S #410C268
TRANSEORMER ZENER DIODES
T1-T2 S# 410C268 z1 INI832C
T3 S#410C268 Z2 IN957B
Z3-74 t IN3686B
ZENER DIODES Z5 INI8S29A
Z1-72-73 INI832C SWITCHES
Z4-76 t1 IN957B QS1 ¢ 2N1881
25277 11 IN368B SW1 t S# 184A611H01
Z8 INI829A
LAMP
Lt S# 183A825G05

t1 Used only in relay with double output.

t Used only in relay with operation indicator
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Fig. 15 Outline and drilling plan for the type SI-1 Relay in the FT-11 case.
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INSTALLATION

Westinghousey I.L. 41-777A
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPES SI AND SI-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.

APPLICATION

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

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

Type SI relay-three inputs, one or twofoutputs.

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

CONSTRUCTION

The type SI-1 relay consists,offan dnput trans-
former, a setting circuit, a phdse ‘splitter circuit, a
sensing circuit, an amplifier Circuit, a voltage re-
gulator circuit, a feedback®eircuit’and a transistor
output. An operational in@icator‘is an optional unit.
The type SI relay in addition to these components
has two input transformers,”two phase splitter cir-
cuits, and either alsingle output or a dual output
transistor circuit.

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

Input Transformer — The input transformer is a two
winding typé’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

SUPERSEDES I.L. 41-777
*Denotes change from superseded issve.

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

Phdse 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-
ifiegthis voltage to d.c.

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

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

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

Voltage Regulator Circuit — The voltage regulator
circuit consists of a silicon power regulator and a
series resistor. The silicon power regulator is a 10
watt Zener diode mounted on an aluminum heat sink.
The series resistor is a 3-% inch resistor and is
used to reduce the supply voltage to the Zener
voltage.

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

EFFECTIVE APRIL 1966



TYPES SI AND SI-1 RELAYS

13

SETTING INPUT /fTRANSFORMERS

I —
SETTING

6‘;&227312%) 4,.,_,

| VOLTAGE

OH : : - - REGULATOR
SETTING , 3 L J ZENER DIODE

Fig. 1 Type SI Relay in an FT-21 case (front view).
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S| PRINTED
CIRCUIT BOARD
WITH DUAL
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(P4, P5)
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POTENTIOMETERS P 19481718 51413 12
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Fig. 2 Type S| Relay in an FT-21 case (rear view).



TYPES SI AND SI-1 RELAYS

INTERNAL . SCHEMATIC

l‘—{£ b
REQULATOR

CHASSIS OPERATEO
“SHORTING SWITCH

RED MARDLE .
[ TEST SWITCH

“CURRENT TEST JACK

™ TERMINAL

T63A631

Fig. 3 Block diagram of the Type SI-1 Relay in FT-11
case (diagram of SI-1 without the operation indica-

tor is 763A630).

OPERATION

The components of the SI-1 relay are connegted
as shown in Fig. 5. With no input to the relay, all
transistors (Qp and Qg) are conducting and agvery
small output is obtained from the relay. Zener digde
(Z9) of the sensing circuit establishes the peference
voltage from the emitter of Q1 to negative and allows
a base current to flow in Qp through Rg to, negative.

When a.c. current is applied to‘the primary of the
transformer (T), a voltage is produeed @nshe second-
ary side that is proportional to(the afhount of resis-
tance in the rheostat (S1). This Singlé phase voltage
is applied to the phase splitter circuit where a three
phase voltage is produeed, téctified, and applied to
resistor Ry of the sefising €ircuit. If the voltage from
the rectifier is greater than the reference voltage
across the sensing-€ircuit{ Q1 tumns off to allow Q2
to turn off which produces an output.

When Qg turns off, positive voltage is applied
to the feedback circuit such that a voltage is applied
to the base 0f, Q1. By varying the magnitude of this
voltage, the dropout of the relay can be regulated
from approXimately 98% to 0% of pickup.

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

The operation of the type SI relay is simiilar to
the SI-1, except that the SI has three overcurrent
inputs. These three inputs are appliedsthrough seper-
ate phase splitting and setting Circuitsgto a common
sensing circuit which operatés omny the maximum
voltage applied to it.

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

CHARACTERISTICS

The SI-I‘telaysi's available in the current ranges
shown,in Table I.

TABLETI
Range Scale Marking
»25=0,1 ampere .25 .4 .5 .6 .8 1.0
.5 < 2 amperes ) 75 1.0 1.25 1.5 2.0
1 - 4 amperes 1.0 1.5 2.0 25 3.0 4.0
2 — 8 amperes 2 3 4 5 6 8
- 16 amperes 4 6 8 10 12 16

10 -40 amperes 10 15 20 25 30 40

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

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

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

pr



TYPES SI AND SI-1 RELAYS LL. 41-777A
TABLE IL TABLE 1III
ENERGY REQUIREMENTS
CURRENT RATINGS
Ampere VA at P.F. VA at P.F. . )
Range Setting Setting Angle 5 amps. Angle Rating of the Overcurrent Units
.25 0.17 7.5 23 51° Range Continuous Rating OnefSecond Rating
4 031 15 22.8 50 (Amperes) (Amperes)
o5 _ 1 0.42 21 22.7 48 .25 -1 6 185
T 0.54 25 22.6 48 5= 2 8 350
.8 0.81 30 22.2 48 1 —4 10 400
1.0 1.20 35 21.8 48 2 -8 12 400
4 — 16 15 400
.5 0.17 7.5 8.80 32
10 — 40 20 460
) 0.31 15 8.50 32
1.0 0.42 21 8.10 33
5 _ o TABLE I¥
1.25 0.54 25 7.80 34
1.5 0.81 30 7.60 36 Battery Drain at 125 Volts D.C.
2.0 1.20 35 7.10 31 SI-TwmRelay 65 Milliamperes
SI-13Relay with Indicator 100 Milliamperes
1 0.17 7.5 3.15 16 . .
Ls 0.31 15 095 0 SIaRelay Single Output 65 Milliamperes
' ’ : 1 SI Relay Dual Output 105 Milliamperes
1_4 2 0.42 21 2.65 21
2.5 0.54 25 2.35 25
3 0.81 20 2214 28 SETTING
4 . .
1.20 35 2.0 &L The pickup of the relay is selected by adjusting
the rheostat, S, in the front of the relay. Setting in
2 0.22 . 144 13
7.5 between the scale marking can be made by applying
3 0.39 15 1.1 15 the desired current and adjusting the rheostat until
9_8 4 0.60 21 0.95 21 an output is obtained.
5 0.85 25 0785 25
6 1.17 30 0.80 30 INSTALLATION
8 1.94 35 0.73 35
The relays should be mounted on switchboard
0.26 8.5 0.41 8.5 panels or their equivalent in a location free from
0.49 13 0.34 13 moisture. Mount the relay vertically by means of
416 8 0f80 15 0.3 15 the four mounting holes on the flange for semi-
- 10 “i5 6.5 0.29 16.5 flush mounting or by means of the rear mounting
N 16. : : stud or studs for projection mounting. Either a
12 1.57 17.5 0.28 17.5 mounting stud or the mounting screws may be utiliz
16 2.56 19 0.25 19.0 ed for grounding the relay. The electrical connec-
tions may be made directly to the terminals by
10 1.0 3 0.25 3 means of screws for steel-panel mounting or to the
15 2.1 4 0.23 4 terminal studs furnished with the relay for thick
20 3.6 5 0.21 5 panel mounting. The terminal studs may be easily
1040 : ) removed or inserted by locking two nuts on the
25 5.9 6 0.21 6 stud and then tuming the proper nut with a wrench.
30 8.1 6 0.20 6
40 14.4 6 0.20 6 For detailed FT case information, refer to I.L.

41-076.
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INTERNAL SCHEMATIC

CHASSIS OPERATED
I~ SHORTING SwiTCH

RED NAWDLE — [
H

——TEST SWiTCH
T cumnent TesT aacx
[™vemnaL

FRONT VIEW |
Ton I

T62AT8Y

Fig. 4 Block diagram of the Type S| Relay in FT-21
case (for S| with single output omit the circuits
connected to terminal 2; dwg. no. 763A629.

ADJUSTMENTS AND MAINTENANCE

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

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. ‘All che¢ks
can best be performed by connecting the relay per
the test circuit of Fig. 11. Refer toyfig. 4yand make
similar connections for the test of the Shrelay.

1. Minimum trip current — Check pickup at the
minimum and maximum setting. This is ac-
complished by applyingéthe/specified current
and checking that theyvoltmeter reads approx-
imately 20 volts swhen the current is within
3% of the setting.

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

Routine#Maintenance

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

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

Calibration

Use the following procedure for calibrating the
SI-1 relay if the relay adjustments have been dis-
tributed. This procedure should not fbbe aiSed until it
is apparent that the relay is notWin proper working
order. A new scale plate maygbe necessary when
parts are changed. This procedure must be repeated
for the other two inputs on the type S1 relay.

Splitter Adjustments

1. Turn rheostat (8), on front of relay to extreme
counter-clgckwiseposition.

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

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

Dial Calibration (S)

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

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

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

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

Dropout (P)

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

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

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

sy,

By,



TYPES SI AND SI-1 RELAYS

1.L. 41-727A
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TYPES St AND SI-1 RELAYS

Trouble Shooting Procedure

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

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

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

3. Check voltages as listed on the electrical
checkpoints.

RENEWAL PARTS

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

ELECTRICAL CHECKPOINTS

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

4

4

Q
o
¥

L 4

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

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

Component Negative terminal ‘gp é).r::i:;agt:
2 : @ :
Z3 2 s than .6 volts
Zg @ 45 volts
II Minimum Trip A 9 i
Circuit Voltage
Phas 7.5 volts a.c.
Splitte 7.5 volts a.c.

ard 12 to board 18

7.5 volts a.c.

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

ut Terminal 1(+) and 2 18 to 22 volts

D.C.

he above terminals are for the SI-1 relay. For
corresponding terminals for the SI relay, refer to

the relay.



TYPES SI AND SI-1 RELAYS

1.L. 41=777A

ELECTRICAL PARTS LIST
TYPE SI TYPE SI-1
Circuit . Circuit o
Symbol Description Symbol Description
CAPACITORS CAPACITORS
CI-C2-C3 .5 MFD. Cl1 .5 MED.
DIODES D1TO D6-D8 DIODIIEI\SI459A
D1 TOD18-D20-D22 tt IN459A D7 IN457A
D19-D21 tt IN457A D9-D10 + CER- 69
POTENTIOMETERS POTENTIOMETERS
P4.p5 1t 200K () — 1/4W P2 20K Q — 14w
TRANSISTORS
TRANSISTORS Q1 9N652A
Q1-Q3 1t 2N652A Q2 2N697
Q2-Q4 Tt 2N697 RESISTORS
R1 27K Q — 1/2 W
RESISTORS R2 50 0 A
R1-R4-R7 27K O — 1/2w R3 300 0 — 25W
R2-R5-R8 50 Q — 25W R4 15 K QQ - V2w
R3-R6-R9 3000 — 28W A PR - Vaw
R10-R12 it 15K O — 2w R6 39KQO — 1W
R11-R13 1% 39K (0 —N/2W T17 33K 0 — 1/2W
R14-R19 tt 1K 0 —.3W R8 1K Q - 1/2W
R15-R21 1% 3.9K Q/f~ N\ R9—RI11 1 10 KQQ - 1/2W
R16-R20 1t 33K Q "L 1/2W gi; + io'? QO _ L;(/)zww
R17-R22 Tt 1K @ +12W R13 1 820 Q — 1W
R18-R23 Tt wKQ - 1/2w
R24 500 — 40 W RHEOSTAT
S1 15K Q — 25 W
RHEOSTAT
TRANSFORMER
-S2- MK QO — 25W
S1-52-83 . T S #410C268
TRANSFORMER ZENER DIODES
T1-T2 S# 410C268 Z1 INI832C
T3 S#410C268 Z2 IN957B
Z23-Z4 1t IN3686B
ZENER DIODES Z5 INIS29A
Z1-72-73 INI832C SWITCHES
7476 11 IN957B QS1 t 2N1881
Z5-27 1t IN368B SW1 t S# 184A611HO1
Z8 INI829A
LAMP
Lt S# 183A825G05
1 Used only in relay with double output. t Used only in relay with operation indicator
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—MAXIMUM QPERATING TIMES
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Fig. 9 Operating time fof the type Slfand SI-1 Relays.
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Fig., 10 Operating time for the type S| and SI-1 Relays as a function of fault incidence angle at twice minimum trip.
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TYPES SI AND SI-1 OVERCURRENT RELAYS I.L. 41-777A

Z3—(0)
O 120 VOLTS
A.C.
125 VOLTS
D.C.
@-
8364565
Fig. 11 Test circuit for the_type SI-1 Relay.
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Fig. 12 Component location on printed circuit board for the type SI-1 Relay.
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Fig. 13 Componentilocation on printed circuit board for the type S| Relay.
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INSTALLATION

Westinghouse 1.L. 41-777B
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPES S1 AND SI-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.

APPLICATION

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

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

Type SI relay-three inputs, one or two ‘Qutputs.

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

CONSTRUCTION

The type SI-1 relay consists@ef anginput trans-
former, a setting circuit, a phase splitter circuit, a
sensing circuit, an amplifier?cireuit, a voltage re-
gulator circuit, a feedback _cireuit and a transistor
output. An operational indicator is an optional unit.
The type SI relay in addition/to these components
has two input transformers, two phase splitter cir-
cuits, and eithér a ‘sifigle output or a dual output
transistor circtit.

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

Input Transformer — The input transformer is a two
winding type with a non-tapped primary winding and
a ,tapped secondary winding. The secondary is
connecéted to the setting circuit and from a fixed
tapatosthe phase splitter circuit.

Setting Circuit - The setting circuit is connected

SUPERSEDES I.L. 41-777A

*Denotes change from superseded issue.

across the secondary/ winding of the input trans-
former and consists of two Jbranches, a resistor and
a rheostat connectedWin parallel with a resistor and
Zener diode. Thi§, circuit loads the transformer and
produces a seeendary” voltage proportional to the
input currents' The theostat has a locking feature to
minimize aecidental change of current setting.

Phdse), Splitter Circuit — The phase splitter circuit
consistsWef two capacitors, resistor, potentiometer
and,a three-phase rectifier bridge. This circuit con-
verts the single phase a.c. voltage from the output
of thettransformer 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 tums the transistor on. To turn the transistor
off, the output voltage from the phase splitter must
be greater than the reference voltage.

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

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

Voltage Regulator Circuit — The voltage regulator
circuit consists of a silicon power regulator and a
series resistor. The silicon power regulator is a 10
watt Zener diode mounted on an aluminum heat sink.
The series resistor is a 3-% inch resistor and is
used to reduce the supply voltage to the Zener
voltage.

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

EFFECTIVE JANUARY 1967



TYPES SI AND SI-1 RELAYS
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TYPES SI AND SI-1 RELAYS

INTERNAL . SCHEMATIC

CHASSIS OPERATED
I~ SHORTING SWITCH

RED MANDLE

Fmr SWITCH
[™CURRENT TEST JAcK

™~ TERMINAL

7634631

Fig. 3 Block diagram of the Type SI-1 Relay in FT-11
case (diagram of SI-1 without the operation indica-

tor is 763A630).

OPERATION

The components of the SI-1 relay are conneeted
as shown in Fig.5. With no input to the relay, all
transistors (Qp and Qg) are conducting and agvery
small output is obtained from the relay. Zener diode
(Z9) of the sensing circuit establishes theg€éferenece
voltage from the emitter of Q1 to negative and allows
a base current to flow in Qq through R5 fo, negative.

When a.c. current is applied to the primary of the
transformer (T), a voltage is produeed‘ongthe second-
ary side that is proportional tolthe amount of resis-
tance in the rheostat (S1). This singl€ phase voltage
is applied to the phase splitter circuit where a three
phase voltage is produced, ‘rectified, and applied to
resistor Rg of the sensingeircuit. If the voltage from
the rectifier is greater than the reference voltage
across the sensing'eircuit; Q1 turns off to allow Qg
to tum off which produeces an output.

When Qo tumnsgoff, positive voltage is applied
to the feedback circuit such that a voltage is applied
to the base 0f Q1. By varying the magnitude of this
voltage, the dropout of the relay can be regulated
from approXimately 98% to 0% of pickup.

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

The operation of the type SI relay is similar to
the SI-1, except that the SI has thmee overcurrent
inputs. These three inputs are applieddhrough seper-
ate phase splitting and setting circuits £0 a common
sensing circuit which operates omn, the maximum
voltage applied to it.

Figs. 6, 7, and 8 show the connections of the

* SI-1, SI with single output,_and the SI with a dual

output.
CHARACTERISTICS

The SIal‘telaywi's available in the current ranges
shown,in Table L.

TABLETI
Range Scale Marking
»25=) 1 ampere .25 .4 .5 .6 .8 1.0

.5 = 2 amperes .5 .15 1.0 1.25 1.5 2.0
- 4 amperes 1.0 1.5 20 25 3.0 4.0

— 8 amperes 2 3 4 5 6 8

- 16 amperes 4 6 8 10 12 16

10 -40 amperes 10 15 20 25 30 40

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

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

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

P



TYPES SI AND SI-1 RELAYS

I.L. 41-777B

TABLE 1L
ENERGY REQUIREMENTS
Ampere VA at P.F. VA at P.F.
Range Setting Setting Angle 5 amps. Angle
.25 0.17 7.5 23 51-
0.31 15 22.8 50
0.42 21 22.7 48
-1 0.54 25 22.6 48
.8 0.81 30 22.2 48
1.0 1.20 35 21.8 48
.5 0.17 7.5 8.80 32
.75 0.31 15 8.50 32
1.0 0.42 21 8.10 33
o2 .25 0.54 25 7.80 34
1.5 0.81 30 7.60 36
2.0 1.20 35 7.10 37
1 0.17 7.5 3.15 16
1.5 0.31 15 2.95 19
1—a 2 0.42 21 2.65 21
2.5 0.54 25 2.35 25
3 0.81 20 2.21 28
4 1.20 35 2.0 30
2 0.22 7.5 14 13
3 0.39 15 1.1 15
9_38 4 0.60 21 0.9%5 21
5 0.85 25 0785 25
6 1.17 30 0.80 30
8 1.94 35 0.73 35
0.26 8.5 0.41 8.5
0.49 13 0.34 13
4—16 0:80 15 0.3 15
10 015 16.5 0.29 16.5
12 1.57 17.5 0.28 17.5
16 2.56 19 0.25 19.0
10 1.0 3 0.25 3
15 2.1 4 0.23 4
A 20 3.6 5 0.21 5
25 5.9 6 0.21 6
30 8.1 6 0.20 6
40 14.4 6 0.20 6

TABLE 1II

CURRENT RATINGS

Rating of the Overcurrent Units

Range Continuous Rating One Second Rating

. (Amperes) (Amperes)
25— 1 6 185
b =2 8 350
1 -4 10 400
2 -8 12 400
4 — 16 15 400
10 — 40 20 460
TABLE IY
Battery Drain
* 48 Volts 125 Volts
D.C. D.C.
SI-L, Relay 32MA 65 MA
SI-1 Relay with Indicator 65MA 100 MA
SI-Relay Single Output 32MA 65 MA
SI Relay Dual Output 65MA 105 MA
Maximum Output 20 MA at 20 Volts D.C.
SETTING

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

INSTALLATION

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

For detailed FT case information, refer to I.L.
41-076.
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INTERNAL SCHEMATIC
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Fig. 4 Block diagram of the Type SI Relay in FT-21
case (for S| with single output omit the circuits
connected to terminal 2; dwg. no. 763A629.

ADJUSTMENTS AND MAINTENANCE

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

Acceptance Tests

The following check is recommended to inslure
that the relay is in proper working order., “All chécks
can best be performed by connectingqthe relay per
the test circuit of Fig. 11. Refer toMig. 4yand make
similar connections for the test of the Shrelay.

1. Minimum trip current — Checkspickup at the
minimum and maximum setting. This is ac-
complished by applying the specified current
and checking that theyvoltmeter reads approx-
imately 20 goltsdéwhen ‘the current is within
3% of the setting.

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

Routine““Mgaintenance

Ally, relays should be checked at least once
every ¥ear or at such other time intervals as may

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

Calibration

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

Splitter Adjustments

1. Turn rheostat (8).on front of relay to extreme
counter-clockwiseposition.

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

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

Dial Calibration (S)

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

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

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

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

Dropout (P)

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

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

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

g
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5430902

Fig. 5 Internal Schemati€ for the type SI-1 Relay.

543D903

% Fig. 6 Internal Schematic for the type SI-1 Relay with an operation indicator.



TYPES SI AND SI-1 RELAYS

Trouble Shooting Procedure

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

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

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

3. Check voltages as listed on the electrical
checkpoints.

RENEWAL PARTS

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

ELECTRICAL CHECKPOINTS

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

4

Q
o
¥

L 4

circuit board points. For some readings it is nec o
sary to scrape vamnish from the components to

a connection at the point. < ’

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

Approfimate

CompoRrent Negative terminal

.c. voltage
2 \ 7
Z3 2 @: s than .6 volts

Zs ZQ 45 volts
II Minimum Trip A, nt applied

Circuit Voltage

Phase
Splitter

7.5 volts a.c.
7.5 volts a.c.
7.5 volts a.c.

Board 16 to board 18 15 volts a.c.

18 to 22 volts
D.C.

Terminal 1(+) and 2

he above terminals are for the SI-1 relay. For
corresponding terminals for the SI relay, refer to
the relay.



TYPES SI AND SI-1 RELAYS

I.L. 41-7778

ELECTRICAL PARTS LIST

TYPE SI TYPE SI-1
Circuit D L. Circuit L.
Symbol escription Symbol Description
CAPACITORS
CAPACITORS o1 L
CI-C2-C3 .5 MFD. c2 25 &“EE
C4-C5 Tt .25 MFD. *C31 6.8"MFD
DIODES 6.08 % & i
D18-D20-D22 t1 IN459A géTO i ;g:ggi‘
D19-D21 Tt IN457A D9-DI10 +t CER- 69
POTENTIOMETERS POTENTIOMETERS
PLP2P3 9.5K () — 1/4W P1 2.5k QO ~ 1/4 W
TRANSISTORS
Q1-Q3 1t 2N652A Q2 2N697
Q2-Q4 11 2N697 RESISTORS
R1 27K Q - 1/2 W
RESISTORS R 50 O — 25w
R1-R4-R7 2.TK Q — 1/2W R3 300 Q - 25W
R2-R5-R8 50 O~ 25W gg égé{ 8 - };%
R3-R6-R9 300 0 — 26W R 10 * 225K () — 3W
R10-R12 tt 15K QO —, 1/2W R6 39K O — 1W
R11-R13 1t 39K O — W2 W T7 33K Q — 1/2W
R14-R19 11 * 225K () —m3 W R8 1K 8 - 1/2w
R15-R21 11 39K QO AW R9 10K gz 1/2W
- Y @ R 14 500 - 40W
R16-R20 t1 3 R12 1 * 47K Q - 1/2W
R17-R22 1t 1K § H1/2W R13 1 820 (O — 1w
R18-R23 tt 100K g 1/2W *R11 1 39K ) — 1/2W
R24 500 Q — 40 W RHEOSTAT
S1 1.5K Q) — 25W
RHEOSTAT
TRANSFORMER
1-S2- 1.5k 0 — 25 W
51-82-83 T S #410C268
TRANSEQRMER ZENER DIODES
T1-T2 S# 410C268 71 INI832C
T3 S#410C268 *Z2-76 1 IN957B
Z3-74 t IN3686B
ZENER DIODES Z5 INI829A
Z1-Z2-7.3 INI832C SWITCHES
Z4-76 1t IN957B QS1 t 2N1881
25-27 ti IN368B SW1 t S# 184A611HO1
Z8 INI829A
LAMP
Lt S# 183A825G05

tt1 Usedonly in relay with double output.

t Used only in relay with operation indicator
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* Fig. 7 Internal Schematic for the type SI Relay with a single output.
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5430225

Fig. 8 Internal Schematic of the type S| Relay with a double output.
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INSTALLATION

Westinghouse  I.L. 41-777C
OPERATION ¢ MAINTENANCE

INSTRUCTI O NCS

TYPES S1 AND SI-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.

APPLICATION

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

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

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

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

CONSTRUCTION

The type SI-1 relay consists, ofyan input trans-
former, a setting circuit, a,phase splitter circuit, a
sensing circuit, an amplifierjcircuit, a voltage re-
gulator circuit, a feedbackseircuit’ and a transistor
output. An operational indicator)is an optional unit.
The type SI relay in_additien‘to these components
has two input transformers) two phase splitter cir-
cuits, and either%a single output or a dual output
transistor cireuit.

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

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

Setting Circuit - The setting circuit is connected

SUPERSEDES I.L. 41-777B

*Denotes change from superseded issue.

across the secondary/ winding of the input trans-
former and consistsgof two branches, a resistor and
a rheostat connected Imyparallel with a resistor and
Zener diode. This“eircuit loads the transformer and
produces a sgécondary voltage proportional to the
input current¥The rheostat has a locking feature to
minimize a€€idental change of current setting.

Phase ‘Splitterf Circuit — The phase splitter circuit
consists of, two capacitors, resistor, potentiometer
and“amthree-phase rectifier bridge. This circuit con-
vertshthe single phase a.c. voltage from the output
ofithe, transformer to a three-phase voltage and rect-
ifies this voltage to d.c.

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

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

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

Voltage Regulator Circuit — The voltage regulator
circuit consists of a silicon power regulator and a
series resistor. The silicon power regulator is a 10
watt Zener diode mounted on an aluminum heat sink.
The series resistor is a 3-%2 inch resistor and is
used to reduce the supply voltage to the Zener
voltage.

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

EFFECTIVE MARCH 1968
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Fig. 1 Type Sl Relay in an FT-21 case (front view).
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I.L. 4}-777C

INTERNAL SCHEMATIC

i VOL{"&
REGULATOR _

CHASSIS OPERATED
“"SHORTING SWITCH

RED WANDLE

~— TEST SWITCH
CURRENT TEST JACK
™ TERMINAL

7634631

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

tor is 763A630).

OPERATION

The components of the SI-1 relay arejconnected
as shown in Fig.5. With no input to the relay, all
transistors (Qq and Qg) are conducting and, a very
small output is obtained from the relay.” Zener diode
(ZZ) of the sensing circuit establishes the“reference
voltage from the emitter of Q1 t6 negative'and allows
a base current to flow in Qp threughyR5 to negative.

When a.c. current is applied to“the primary of the
transformer (T), a voltaggis produced on the second-
ary side that is proportional to the amount of resis-
tance in the rheo statg('S1). This single phase voltage
is applied to the phasé splitter circuit where a three
phase voltage is“produeed, rectified, and applied to
resistor Rg/0T the sensing circuit. If the voltage from
the rectifier & greater than the reference voltage
across the semsing circuit, Qi turns off to allow Qg
to turn off which“produces an output.

When Q9 turns off, positive voltage is applied
to the feedback circuit such that a voltage is applied
to.the base of Q;. By varying the magnitude of this
veltage, the dropout of the relay can be regulated
from approximately 98% to 0% of pickup.

When large currents are applied togtheyprimary
of the input transformer, the Zener ¢lippet, on the
secondary prevents the voltage appliedito_the elec-
tronic comppnents from becoming excessive.

The operation of the type SI relay is similar to
the SI-1, except that the SI "has three overcurrent
inputs. These three inpdts arefapplied through seper-
ate phase splitting and setting“eircuits to a common
sensing circuit whigh Operates on the maximum
voltage applied to it.

Figs. 6, 7, 4and 8)show the connections of the
SI-1, SI withgsinglemoutput and the SI with a dual
output.

CHARACTERISTICS

ThepSI-1 relay is available in the current ranges
showniyin Table I.

TABLEI
Range Scale Marking
.25—- 1 ampere .25 .4 .5 .6 .8 1.0

.5 - 2amperes 5 .75 1.0 1.25 1.5 2.0
- 4 amperes 1.0 1.5 2.0 2.5 3.0 4.0
- 8 amperes 2 3 4 55 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 minimum current
required to produce an output. Settings between the
scale markings can be obtained by applying the de-
sired current to the relay and setting the rheostat
at the desired point.

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

The operating time of the relay is shown in
Fig. 9. As shown in the figure, there is a maximum
and minimum operating time of the relay for each
multiple of pickup. This difference in time is due
to the point on the current wave that the fault cur-
rent is applied. Figure 10 shows the operate times
for different points on the fault wave for fault cur-
rents at twice pickup.
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a
m Output
25
28
The pickup of the relay is selected by adjusting

TABLE II
ENERGY REQUIREMENTS
Ampere VA at P.F. VA at P.F.
Range Setting Setting Angle 5 amps. Angle
.25 0.17 7.5 23 51°
.4 0.31 15 22.8 50
0.42 21 22.7 48
25 -1 0.54 25 22.6 48
0.81 30 22.2 48
1.0 1. 20 35 21.8 48
.5 0.17 7.5 8.80 32
.75 0.31 15 8.50 32
1.0 0.42 21 8.10 33
5-2 1.25  0.54 25 7.80 34
1.5 0.81 30 7.60 36
2.0 1.20 35 7.10 37
1 0.17 7.5 3.15 16
1.5 0.31 15 2.95 19
- 2 0.42 21 2.65 21
2.5 0.54 25 2.35
3 0.81 20 2.21
4 1.20 35 2.0 N
2 0.22 7.5 14 @
3 0.39 15 1.1 1
9_38 4 0.60 21 0:95
5 0.85 25 \ 25
6 1.17 30 & 30
8 1.94 35 N 35
4 0.26 .0.41 8.5
0.49 0.34 13
416 0.3 15
10 .5 0.29 16.5
12 17.5 0.28 17.5
16 19 0.25 19.0
10 4.0 3 0.25 3
1 2.1 4 0.23 4
0 - 3.6 5 0.21 5
5.9 6 0.21 6
30 8.1 6 0.20 6
40 14.4 6 0.20 6

TABLE 1II

CURRENT RATINGS

C)O

Rating of the Overcurrent Units

Range Continuous Rating One Secondﬁating
(Amperes) @eres)
.25 — 1 6 \ 85
5 -2 8 350
1 -4 10 400
2 -8 12 400
4 — 16 15 400
10 — 40 ZQ 460
(bﬂ LE IV
ttery Drain
48 Volts 125 Volts
D.C. D.C.
SI-1 ay 32MA 65 MA
I-1 h Indicator 65MA 100 MA
SI- Single Output 32MA 65 MA

65MA
20 MA at 20 Volts D.C.

SETTING

ual Output 105 MA

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

INSTALLATION

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

For detailed FT case information, refer to I.L.
41-076.
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I.L. 41-777¢€

INTERNAL SCHEMATIC

_ CHASSIS OPERATED
=777 SHORTING SWITCH

RED HANDLE -~

| " TEST SWITCH
CURRENT TEST JACK
~TERMINAL

T62A784

Fig. 3 Block diagram of the Type SI Relay in FT-21
case (for S| with single output omit the circuits
connected to terminal 2; dwg. no. 763A629.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correeét, opera-
tion of this relay have been made at the factorypand
should not be disturbed after receipt by the customer.

Acceptance Tests

The following check is réecommended to insure
that the relay is in proper workingyorder. All checks
can best be performed by cofinecting the relay per
the test circuit of Fig. 11.;Referdto fig. 4 and make
similar connections for thestestWefrthe SI relay.

1. Minimum trip currenty~ Check pickup at the
minimum and ma@ximum setting. This is ac-
complished by applying the specified current
and gheckingythat the voltmeter reads approx-
imately 420 volts when the current is within
3% ofythe setting.

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

Routine Maintenance

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

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

Calibration

Use the following procedure for galibrating the
SI-1 relay if the relay adjustments have been dis-
tributed. This procedure should™not be used until it
is apparent that the relay,.is not in proper working
order. A new scale plate may be necessary when
parts are changed. This/proeedure must be repeated
for the other two inputsiénshe type SI relay.

Splitter Adjusfmients

1. Tum rheostat (S) on front of relay to extreme
cgounter-clock wise position.

2. 9 Applky' minimum S current to the proper relay
terminals.

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

Dial Calibration (S)

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

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

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

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

Dropout (P)

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

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

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

Trouble Shooting Procedure

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

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

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

3. Check voltages as listed on the electrical
checkpoints.

RENEWAL PARTS

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

ELECTRICAL CHECKPOINTS

Connect relay per test circuit of Fi All
voltage readings should be made with i sist-
ance voltmeter. Refer to Fig. 12, 13 or 14

a connection at the point.

circuit board points. For some readings ites—
sary to scrape varnish from the compo ake

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

L 4

Component  Negative tesminal “gf):iri;‘i;‘;agt;
Z3 \ 7
Z3 less than .6 volts
Zs 45 volts

(%

C. current applied

_Terminals Voltage

a TPq to board 18 7.5 volts a.c.
TP, to board 12

Board 12 to board 18

7.5 volts a.c.
7.5 volts a.c.

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

Output 18 to 22 volts

D.C.

Terminal 1(+) and 2

The above terminals are for the SI-1 relay. For
corresponding terminals for the SI relay, refer to
the relay.
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ELECTRICAL PARTS LIST

O

TYPE Sl TYPE SI-1 ‘ ’
Circuit D it Circuit o
Symbol escription Symbol Description
SRS A IS
CAPACITORS
CAPACITORS
c1 5
CI-C2-C3 .5 MFD. c2 .25 MF
C4C5 11 .25 MFD. c3t 6.8
DIODES s DIODES
D18-D20-D22 +1 IN459 A %;To g IN b 2
POTENTIOMETERS POTENTIOMETERS
P1-P2P3 2.5K 0 — 1/4W P1 25K (0 — 1/4W
NSISTORS
TRANSISTORS Q1 ONB52A
Q1-Q3 t1 2N652A Q2 2N697
Q2-Q4 1t 2N697 \ RESISTORS
R1 27K Q — /2w
RESISTORS N S0 0 em
R1-R4R7 27K O — 1/2w 300 0 — 25W
R2-R5-R8 50 O — 25W R 15K 8 - 1/2w
R3-R6-R9 3000 — 25W e X DK 0T Vew
R10-R12 1t 15K Q — 1/2W R6 39K O — 2 W
R11-R13 t1 39K Q0 — 1/2w T7 33K () — 1/2W
R14-R19 11 *27K Q- 5w 8 1K 8— /2w
R15-R21 11 39K O — 2W R9 10K () — 1/2W
R 14 50 € — 40W
R16-R20 1 33K O — 1/ R12 t 47K Q — 1/2W
R17-R22 t% 1K Q — /2w R13 1 820 (O — 1w
RI18-R23 1t 10K O %1 R11 1 3.9K () — 1/2W
R24 500 Q) \v RHEOSTAT
S1 15K Q — 25W
RHEOSTAT \
S1.52.53 L5 o5 W TRANSFORMER
T S #410C268
TRANSFORQM ZENER DIODES
T1-T2 C268 z1 INI832C
T3 C268 z2-76 t IN95TB
73-74 t IN3686B
NER DIODES Z5 INI829A
Z1-72-73 INI832C SWITCHES
74-76 tt IN957B Qs1 t 2N1881
Z5-Z7 1% IN368B SW1 1 S# 184A611H01
Z8 S INIS29A
LAMP
Lt S# 183A825G05

ly in relay with double output.

Tt Used only in relay with operation indicator



TYPES SI AND SI-1 RELAYS I.LL41-777C

543D901

Fig. 6 Internal Schematic for the type S| Relay with a single output.
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543D225

s Fig. 7 Internal Schematic of the type S| Relay with a double output.
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Fig. 10 Test circuit for the type SI-hRelay.
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Fig. 11 Component location on printed circuit board for the type SI-1 Relay.
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Fig. 13 Outline and drilling plan for the type SI Relay in the FT-21 case.
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INSTALLATION o

Westinghouse I.L. 41-777D
OPERATION ¢ MAINTENANCE

INSTRUCTIOMNS

TYPES SI AND SI-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.

APPLICATION

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 follews:

Type SI relay-three inputs, one or t#o outputs.

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

CONSTRUCTION

The type SI-1 relay consists“ef _an input trans-
former, a setting circuit, a phaseysplitter circuit, a
sensing circuit, an amplifierycircuit, a voltage re-
gulator circuit, a feedbdckycircuit and a transistor
output. An operationalfindicater is an optional unit.
The type SI relay inVaddition to these components
has two input trapSfépmers, two phase splitter cir-
cuits, and either \afsingle output or a dual output
transistor circuits

The“Qeomponents are connected as shown in
Fig. 4to 7.

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

Setting Circuit — The setting circuit is connected

SUPERSEDES I.L. 41-777C and L-SPEC. 835945B

*Denotes change from superseded issue.

across the secondarywwinding of the input trans-
former and consists of two branches, a resistor and
a rheostat connécéted“infparallel with a resistor and
Zener diode. &his eipcuit loads the transformer and
produces agsecondary voltage proportional to the
input current. The rheostat has a locking feature to
minimize aceidental change of current setting.

Phase” Splitter Circuit — The phase splitter circuit
consists“of two capacitors, resistor, potentiometer
andVa three-phase rectifier bridge. This circuit con-
vertSithe single phase a.c. voltage from the output
of%the transformer to a three-phase voltage and rect-
ifies this voltage to d.c.

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

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

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

Voltage Regulator Circuit — The voltage regulator
circuit consists of a silicon power regulator and a
series resistor. The silicon power regulator is a 10
watt Zener diode mounted on an aluminum heat sink.
The series resistor is a 3-%2 inch resistor and is
used to reduce the supply voltage to the Zener
voltage.

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

EFFECTIVE APRIL 1971
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Fig. 1 Type S| Relay in an FT-21 case (front view)
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Fig. 2 Block diagram of the Type SI-1Relay in FT-11

case

OPERATION

The components of the SI-1 relay are commected
as shown in Fig. 4 and Fig. 5 With no input to the
relay, all transistors (Q1 and Q2) are condueting and
a very small output is obtained from the relay. Zener
diode (Z2) of the sensing circuit establishes the
reference voltage from the emitter of @1 to“hegative
and allows a base current to flow in,Q {through R5
to negative,

When a.c. current is applied o the primary of the
transformer (T), a voltage is produced on the second-
ary side that is proportional, tejthe amount of resis-
tance in the rheostat (S1). This simgle phase voltage
is applied to the phase gplitter<€ircuit where a three
phase voltage is produced, rectified, and applied to
resistor Rg of the semSing eircuit. If the voltage from
the rectifier is greater than the reference voltage
across the segnsing cineuit, Q1 turns off to allow Q2
to turn off which,produces an output.

When€@Q 2 durnsdoff, positive voltage is applied
to the feedbaek, circuit such that a voltage is applied
to the base of Q1 on relays where feedback resistor
‘“P’’ is used, the dropout of the relay can be
regulated ffom approximately 98% to 85% of pickup
b Vvarying the magnitude of this voltage. On those
relagshwithout adj. feedback resistor, the magnitude
of feedback voltage is set to give the proper dropout
ratio.

When large currents are applied to the primary
of the input transformer, the Zener clipper on the

secondary prevents the voltage applied toathe /elec-
tronic components from becoming exceSsives

The operation of the type SI relayyis Similar to
the SI-1 except that the SI has three overcurrent
inputs. These three inputs are applied through separ-
ate phase splitting and setting circuits to a common
sensing circuit which opérates on the maximum
voltage applied to it.

Figs. 6 and 7 show “the “connections of the SI
with single output and;the “SI with a dual output.

CHARACTERISTICS

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

TABLEI
Range Scale Marking
.29%, [“ampere .25 .4 .5 .6 .8 1.0

.5% 22amperes .5 75 1.0 1.25 1.5 2.0

1 =7 4 amperes 1.0 1.5 2.0 2.5 3.0 4.0
— 8 amperes 2 3 4 55 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 minimum current
required to produce an output. Settings between the
scale markings can be obtained by applying the de-
sired current to the relay and setting the rheostat
at the desired point.

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

The operating time of the relay is shown in
Iig. 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 operate times
for different points on the fault wave for fault cur-
rents at twice pickup.

For breaker failure applications, the SI relay is
modified to obtain a fast reset characteristic. With
reference to Fig. 6, the filtering capacitor, C4, is
removed 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 schematic of the relay in a breaker failure
application is shown in Fig. 15.



TYPES S| AND SI-1 RELAYS

TABLE II TABLE 1III O

ENERGY REQUIREMENTS CURRENT RATINGS c)
Ampere VA at P.F. VA at P.F.

Rating of the Overcurrent Units

Range Setting Setting Angle 5 amps. Angle

.25 0.17 7.5 23 51¢ Range Continuous Rating One Second P&ting
4 031 15 22.8 50 (Amperes) eres)
.5 0.42 21 22.7 48 .25 — 1 6 \ 5
.25 —1
.6 0.54 25 22.6 48 .5 =2 8 350

0.81 30 22.2 48 1 -4 10

.8

1.0 .20 35 21.8 48 2 -8 12 400
- - e 4 —16 15 400
' 0-17 = ' 32 10 —40 20 460
15 0.31 15 8.50 32

1.0 0.42 21 8.10 33
1.25 0.54 25 7.80 34 .
tery Drain
1.5 0.81 30 7.60 36 48 Volts 125 Volts
2.0 .20 35 7.10 37 D.C. D.C.
SI-1 y 32MA 65 MA
1 0.17 7.5 3.15 16 SI-1 ith Indicator 65MA 100 MA
SI-Re Single Output 32MA 65 MA
1. 0. 1 .9
S 31 S 2.95 19 S y al Output 65MA 105 MA
2 0.42 21 2.65 21
1-4 a, m Output 20 MA at 20 Volts D.C.
2.5 0.54 25 2.35 25
3 0.81 20 2.21 28 SETTING
4 . X . . L
1.20 39 2.0 3(\ The pickup of the relay is selected by adjusting
5 0.92 7.5 14 3 the rheostat, S, in the ‘front of the relay. Settmg. in
between the scale marking can be made by applying
3 0.39 15 L1 1 the desired current and adjusting the rheostat until
a_38 4 0.60 21 0495 2 an output is obtained.
5 0.85 25 0. \ 25
6 . 0 .
L3 30 INSTALLATION
8 1.94 35 s 35
The relays should be mounted on switchboard
4 0.26 41 8.5 panels or their equivalent in a location free from
6 0.49 0.34 13 moisture. Mount the relay vertically by means of
the four mounting holes on the flange for semi-
4— 16 8 0 0.3 15
- 10 15 »; 0.29 16.5 flush mounting or by means of the rear mounting
: ' ) : stud or studs for projection mounting. Either a
12 7.5 0.28 17.5 mounting stud or the mounting screws may be utiliz-
16 2.56 19 0.25 19.0 ed for grounding the relay. The electrical connec-
tions may be made directly to the terminals by
10 170 3 0.25 3 means of screws for steel-panel mounting or to the
15 2.1 4 0.23 4 terminal studs furnished with the relay for thick
6 0 panel mounting. The terminal studs may be easily
10 — 4 3 5 21 5 removed or inserted by locking two nuts on the
5.9 6 0.21 6 stud and then turning the proper nut with a wrench.
0 8.1 6 0.20 6
40 14.4 6 0.20 6 For detailed FT case information, refer to I.L.

41-076.




TYPES SI AND SI-1 RELAYS

L. 41-777D

INTERNAL SCHEMATIC

_CHASSTS OPERATED
F~ SHORTING SWITCH

RED NAROLE — |

< TEsT seTe
T CURRENT TEST JACK
~TERMINAL

FRONT VIEW | i
?
T 1, 1

T62AT8k4

% Fig. 3 Block diagram of the Type S| Relay in FT-21

case (for S| with single output omit the circuits
connected to terminal 2).

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correctmoperas
tion of this relay have been made at the factory and
should not be disturbed after receipt by the“@ustomer.

Acceptance Tests

The following check is recommendedyto insure
that the relay is in proper working order{ All checks
can best be performed by connecting thé*relay per
the test circuit of Fig. 10. Refer\to fig. 6 or fig. 7
and make similar connections “fer the test of the
SI relay.

1. Minimum trip current — “@heck pickup at the
minimum and maximumypSetting. This is ac-
complished by applying the specified current
and checkinggthatithe voltmeter reads approx-
imately 20f voltshwhen the current is within
3% of the setting.

. Dropout,— After checking pickup, the drop-
ofit shouldgbe checked to be 96 to 98% of
the“pickup when the a.c. current is gradually
reduced. For relay with fast reset character-
istics, the dropout ratio should be 89 to
9 2%

Routine Maintenance

All' relays should be checked at least once
every year or at such other time intervals as may
be dictated by experience to be suitable to the
particular application.

Calibration

Use the following procedure for{calibrating the
SI-1 relay if the relay adjustments hawesbeen dis-
tributed. This procedure should not be used until it
is apparent that the relay is not in proper working
order. A new scale plate may be necessary when
parts are changed. This pfocedure must be repeated
for the other two inputsyon“the type SI relay.

Splitter Adjustments

1. Tum rheostat (Syon front of relay to extreme
counter4elock witse position.

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

3. [ \With ‘@whigh resistance voltmeter (a.c.) adjust
phasé splitter potentiometer such that three
veltages approximately equal to each other
are obtained across TP 1, printed circuit
board terminal 12 and printed circuit board
terminal 18 or 14.

Dial Calibration (S)

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

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

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

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

* Drouput (P) (Where Used)

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

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

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

* 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 89 to 92% on the
fast reset relay.
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TYPES SI AND SI-1 RELAYS LL. 4

Trouble Shooting Procedure circuit board points. For some readings it es-
low 1 sary to scrape varnish from the compo tsto"make
Use the. following procedure to locate the §0urce a connection at the point.
of trouble if the SI-1 relay or the SI relay is not

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

1. Inspect all wires and connections, paying @ X
. . . . . . . Approximate
particular attention to printed circuit ter- Component Negative t inal
. % d.c. voltage
minals.
Z9y 7

2. Check resistances as listed on the internal

schematic of the relays. Z3 & less than .6 volts

45 volts

3. Check voltages as listed on the electrical Zs
checkpoints.

II Minimum_ Trip“A,C. current applied
RENEWAL PARTS Circud Terminal s Voltage
Repair work can be done most satisfactorily at as TP to board 18 1.5 volts a.c.
the factory. However, interchangeable parts can be r TP to board 12 7.5 volts a.c.
furnished to customers who are -equipped for doing Board 12 to board 18 7.5 volts a.c.
repair work. When ordering parts, always give the
complete nameplate data. \ etting Board 16 to board 18 15 volts a.c.

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

* Connect relay per test circuit of Fi
voltage readings should be made with i
ance voltmeter. Refer to Fig. 11 or 12

T
&
O
&

L 4

All The above terminals are for the SI-1 relay. For
sist- corresponding terminals for the SI relay, refer to
ed the relay.
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% Fig. 8 Operating time for the fype S| and SI-1 Relays.
8
7
6 T
2 \ \
2 s
: \ \
(&)
w 4 \
: \ \
2
2 3 N
4
82 /
= ) /
= ’/// N \\\\\_—_
|
(0]
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Fig. 9. Operating time for the type S| and SI-1 Relays as a function of fault incidence angle at twice minimum trip.
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Z1—(0)
® 120 VOLTS
A.C.

125 VOLTS
D.C.

@
836A565

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

©O:TEST POINT

g
cl EEI

836A569

* Fig. 11 Component location on printed circuit board for the type SI-1 Relay.

1




TYPES SI AND SI-1 OVERCURRENT RELAYS

|

4 sy L
(3)
Sy m
— 1zy _
S
61y =
N
“ _ -
R IS
<™ 0 N~
_ mmoom
T T
L Lo L
N Dl <
DmDDD
TT

DIS

R17
[020]

oz - {oi ]

D23
!

D24

Fig. 12 Component focation on printed circuit board for the type SI Relay.
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TYPES S1 AND SI-1 RELAYS

L.L. 41-777D

TYPICAL RESET TIME QOF SI RELAY
(MINIMUM CURRENT SETTING-90% DROPOUT RATIO-C4 OMITTED)
2 | [
2 I CURRENTREDUCED TO 80% PICKUP —|
a
m 10 I
-
z 9
: l
= o 5
Al Ao rixor
cC7 RRENT REDUCED TO 50% PICKUP
g | /
o 6 4
g ‘/ / CURRENT REDUCED TO 0% PICKUP
? s 7 _\A—-/ﬁ
el S
4 ,/ / —
3 / \‘7 I
2 [T | l
I/ ‘
1
/
o]
o] 2 4 6 8 10 12 14 16 1820 22 24 26 28 30 32
MULTIPLES OF MINIMUM PICK-UP [ CURRENT/
877A102
* Fig. 13 Reset time of S| Relay with C4 removed at minimum setting
TYPICAL RESET LIMES)OF S| RELAY
( MAXIMUM CURRENT@SETTING-90 % DROPOUT RATIO -C4 OMITTED)
12
1
: 10
% CURRENT REDUCED TO 80% PICKUP —
-9
2
£ 8
m
Zz
z T
r——
C e
7]
m
S s
o CURRENT REDUCED (7O 5% PI>KUP
@y | . I\
!
/ CURRENT REDUCED TO O% PICKL P—\ \
3 =
L A
7
o]
o] 2 4 6 8 0 12 14 16 18 20 22 24 26 28 30 3
MULTIPLES OF MINIMUM PICK-UP CURRENT
877A098

* Fig. 14 Reset time of S| Relay with C4 removed at maximum setting.
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% Fig. 15 External schematic of SI-TD-50 Breaker Failure System.
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PAREL CUTOUT & DRILLIN
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Fig. 16 Outline and drilling plan

for the type Sl Relay in the FT-21 case.
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Fig. 17 Outline and drilling plan for the type SI-1 Relay in the FT-11 case.
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