INSTALLATION

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

INSTRUCTIO NG

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 outpats.

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

CONSTRUCTION

The type SI-1 relay consists of,an input trans-
former, a setting circuit, a _phase splitter circuit, a
sensing circuit, an amplifierycircuit, a voltage re-
gulator circuit, a feedback®circuif’ 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 cirguit.

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

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

Setting Circuit — The setting circuit is connected

SUPERSEDES I.L. 41-7778B

*Denotes change from superseded issue.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. ThisWeircuit loads the transformer and
produces a sécondary voltage proportional to the
input current.¥The rheostat has a locking feature to
minimize a€éidental change of current setting.

Phase “Splitter’ 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
ofathe transformer to a three-phase voltage and rect-
ifies this voltage to d.c.

Sensing Circvit — 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 transisfor, 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 MARCH 1968
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TYPES SI AND SI-1 RELAYS

L. 41-777€C
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Fig. 2 Block diagram of the Type SI-1 Relay in FT-11
case (diagram of §I- 1 without the operation indica-

tor is 763A630).

OPERATION

The components of the SI-1 relay afe, connected
as shown in Fig. 5. With no input to the relay,”all
transistors (Q; and Q9) are conductigg and a’ very
small output is obtained from the relay. Zener diode
(Z9) of the sensing circuit establighes thé*reference
voltage from the emitter of Q4o negative and allows
a base current to flow in Qq through R5to negative.

When a.c. current is applied torthe primary of the
transformer (T), a voltagé'is produced on the second-
ary side that is proportional to the amount of resis-
tance in the rheostatsSil).“This single phase voltage
is applied to the phase splitter circuit where a three
phase voltage isyprodueed, rectified, and applied to
resistor Rgfof the semsing circuit. If the voltage from
the rectifier 4s greater than the reference voltage
across the ‘sensing circuit, Qp turns off to allow Qg9
to turn off which'produces an output.

When @p turns off, positive voltage is applied
to the feedback circuit such that a voltage is applied
tomthe)base of 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 £lipper on the
secondary prevents the voltage applied,to £he elec-
tronic comppnents from becoming excessive.

The operation of the type SI relay is similar to
the SI-1, except that the &SIY has three overcurrent
inputs. These three inputs are'applied through seper-
ate phase splitting and seétting®circuits to a common
sensing circuit whi¢heperates on the maximum
voltage applied to it.

Figs. 6, T.and 8%show the connections of the
SI-1, SI withgsinglegoutput and the SI with a dual
output.

CHARACTERISTICS

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

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 95 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.



TYPES SI AND SI-1 RELAYS

TABLE II TABLE III
ENE EQUIREMENTS
RGY REQUIR CURRENT RATINGS
Ampere VA at P.F. VA at P.F. Rat; £ the O Uni
Range Setting Setting Angle 5 amps. Angle ating of the Dvercurrent Units
.25 0.17 7.5 23 51e Range Continuous Rating One Second Rating
4 031 15 22.8 50 (Amperes) Amperes)
o5 _ 1 0.42 21 22.7 48 25 —1 5
T .6 0.54 25 22.6 48 5= 2 350
0.81 30 22.2 48 1 —4 10 400
1.0 1.20 35 21.8 48 2 -8 12 400
s 0.17 7 880 4 — 16 15 400
) ) 5 ) 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.
32MA 65 MA
1 0.17 7.5 3.15 16 ik 100 MA
32MA 65 MA
1.5 0.31 15 2.95 19 65MA 105 MA
2 0.42 21 2.65 21
1—4 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 1.20 35 2.0 3\ The pickup of the relay is selected by adjusting
5 0.22 7.5 14 3 the rheostat, S, in the .front of the relay. Settlng' in
between the scale marking can be made by applying
3 0.39 15 L1 1 the desired current and adjusting the rheostat until
9_8 4 0.60 21 0495 2 an output is obtained.
5 0.85 25 0 5
6 .17 30 - 30 INSTALLATION
8 1.94 35 3 35
The relays should be mounted on switchboard
0.26 8. 41 8.5 panels or their equivalent in a location free from
0.49 0.34 13 moisture. Mount the relay vertically by means of
. 0.3 15 the four mounting holes on the flange for semi-
4—16 10 15 0.99 16.5 flush mounting or by means of the rear mounting
* 5 : : 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 19 0.25 19.0 ed for grounding the relay. The electrical connec-
tions may be made directly to the terminals by
10 bo 3 0.25 3 means of screws for steel-panel mounting or to the
1 21 4 0.23 4 terminal studs furnished with the relay for thick
) panel mounting. The terminal studs may be easily
10 — 4 3.6 > 0.21 > 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.
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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1.L.,41-777¢C
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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; dwg. no. 763A629.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure cerreet©p era-
tion of this relay have been made at the factorypand
shouldnot be disturbed after receipt by the, customer.

Acceptance Tests

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

1. Minimum tripseurrent” — Check pickup at the
minimum and snaximum setting. This is ac-
complished bypapplying the specified current
andfcheckingythat the voltmeter reads approx-
imately 20 gqolts when 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.

R6utine 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 adj@uStments have been dis-
tributed. This procedure sheuld not be used until it
is apparent that the relay. is@mot in proper working
order. A new scaleplate may be necessary when
parts are changed. Thi$§ procedure must be repeated
for the other two ifiputsien the type SI relay.

Splitter Adjystments

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

2. 9ApPPlY minimum S current to the proper relay
terminal s.

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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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 Fi All

circuit board points. For some readings i es-
sary to scrape varnish from the compeg 0 make
a connection at the point.
I No. A'C. Current Input 125 volts d.c.
. . Approximate
Component Negative inal
d.c. voltage

Zy 7

Zg less than .6 volts

Zsg 45 volts

\\ etting
Output

C. current applied

Terminals Voltage

a TP to board 18 7.5 volts a.c.
r TP to board 12

Board 12 to board 18

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

The 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

ELECTRICAL PARTS LIST OO

TYPE SI TYPE SI-1
Circuit D L Circuit L
Symbol escription Symbol Description
) o rs
CAPACITORS
CAPACITORS
Cl1 5 M
CI-C2-C3 .5 MFD. c2 .25 MFD
C4-C5 t¢ .25 MFD. c3t 6.8
DIODES o beng DIODES
D18-D20-D22 t1 IN459A DD}IT ) I h
D19-D21 tt IN457A D9-D10 5
POTENTIOMETERS POTENTIOMETERS
P1P2P3 2.5k O — 1/4W P 1 BSK 0~ 1/4W
P4-P5 11 200K 0 — 1/4W P2 200K Q — 1/4W
SISTORS
TRANSISTORS Q1 ONB52A
Q1-Q3 t1 ON652A Q2 2N697
Q-Q4 Tt ON69T \ RESISTORS
R1 27K ) — 1/2 W
RESISTORS R \ P
R1-R4-R7 27K O — 1/2W 300 O — 25W
R2-R5-R8 50 O — 25W : ég;f 8 - i;ngv s
R3-R6-R9 3000 — 25W i X otk O 5w
R10-R12 1t 15K O — 1/2 W R6 39K ) — 2 W
R11-R13 t1 39K O — 1/2W 7 33K () — 1/2W
R14-R19 tt * 27K O~ 5W 8 1K O - 1/2wW
R9 10K Q — 1/2W
R15-R21 11 39K Q — 2w R 14 5000 O - 4o
R17-R22 t% 1K QO — 1/2W R13 t 80 (O — 1w
R18-R23 tf 0K QO & R11 1 3.9K Q — 1/2W
R24 500 0 N RHEOSTAT
S1 15K Q — 25 W
RHEOSTAT x
TRANSFORMER
-S2-S3 . \i
SI-S2-8 o T S #410C268
ZENER DIODES
T1-T2 Z1 INI832C
T3 7.2-76 1 IN95TB
z3-74 1 IN3686B
NER DIODES Z5 INI829A
Z1-2.2-73 NI832C SWITCHES
74-76 t1 IN957B QS1 t 2N1881
2521 1t IN368B SWI1 t S # 184A611H01
z8 e INI829A
LAMP
Lt S # 183A825G05
A WERE,
iipUsed only in relay with double output. t Used only in relay with operation indicator
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Fig. 6 Internal Schematic for the type S| Relay with a single output.
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543D225
Fig. 7 Internal Schematic of the type S| Relay with a double output.
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INSTALLATION o

Westinghouse  1.L. 41-777F
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPES SI1 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 devioes 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.

Tne number of inputs and outputs varies with
the type of relay. Generally, these are as follews!

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

Type SI-1relay-one input, one outputs

CONSTRUCTION

The type SI-1 relay consists“ef an input trans-
former, a setting circuit, a pltaséysplitter circuit, a
sensing circuit, an amplifierycircuit, a voltage re-
gulator circuit, a feedbackycircuit and a transistor
output. An operational gndicatér is an optional unit.
The type SI relay inftaddition to these components
has two input transformers, two phase splitter cir-
cuits, and either{asingle output or a dual output
transistor circuit.

The€ components are connected as shown in
Fig. 4 to 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 1I.L. 41.777E, dated September 1971

© Denotes change from superseded issue.

across the secondary®winding of the input trans-
former and consists of two branches, a resistor and
a rheostat conne@ted ingparallel 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 aceidental change of current setting.

Phase”Splitter Circuit — The phase splitter circuit
consists “of two capacitors, resistor, potentiometer
and'a three-phase rectifier bridge. This circuit con-
vertsathe 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

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
Sfurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

EFFECTIVE JUNE 1977



TYPES SI AND SI-1 RELAYS

series resistor. The silicon power regulator is a 10 Operational Indicator — The operational indicatgr
watt Zener diode mounted on an aluminum heat sink. consists of a silicon control rectifier, lamp, micros=
The series resistor is a 3-%2 inch resistor and is switch, Zener diode, and three resistors. Thig cir-
used to reduce the supply voltage to the Zener cuit is triggered by a signal from the output ofjythe
voltage. relay.

INPUT TRANSFORMERS
loH

13
SETTING

h
SETTING

- VOL TAGE
REGULATOR
SETTING ZENER DIODE
1 -13
OUTPUT
TERMINAL 1
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TERMINALS 4 & 5 TERMINALS 6 & 7

Fig. 1 Type Sl Relay in an FT-21 case (front view).
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L.L. 41-7776
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Fig. 2 Block diagram of the Type SI-1 Relay in FT-11

case

OPERATION

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 (Q1 and Q2) are conddetingfand
a very small output is obtained from the relay-4Zener
diode (Z2) of the sensing circuit establishes“the
reference voltage from the emitter of Q4 topnegative
and allows a base current to flow in @1 hrough R5
to negative,

When a.c. current is applied to the primary of the
transformer (T), a voltage is produced¥on the second-
ary side that is proportional to the ‘amount of resis-
tance in the rheostat (S1). “Bhis Single phase voltage
is applied to the phase splittemycircuit where a three
phase voltage is produced, regtified, and applied to
resistor Ry of the sensingyeireuit. If the voltage from
the rectifier is greater than the reference voltage
across the senSing Cifcuit, Q; turns off to allow Q2
to turn off which pre@duces an output.

When Q2 turns off, positive voltage is applied
to the feedbagk cireuit such that a voltage is applied
to the base of “@1 on relays when feedback resistor
“P’’ is used, the dropout of the relay can be re-
gulated from approximately 98% to 85% of pickup
by sarying the magnitude of this voltage. On those
relays, without adj. feedback resistor, the magnitude
ofifeedback voltage is set to give the proper dropout
ratioyfor a snappy pickup.

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

secondary prevents the voltage applied to the elec-
tronic components from becoming excessiwe.

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

Figs. 6 and 7 showqthe conmnections of the SI
with single output andgthe®SI with a dual output.

CHARACTERISTICS

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

TABLETI
Range Scale Marking
{25- "llampere .25 .4 .5 .6 .8 1.0

5% “Q,amperes .5 .75 1.0 1.25 1.5 2.0

20 2.5 3.0 4.0
— 8 amperes 2 3 4 395 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.

1 = 4 amperes 1.0 1.5

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 operate times
for different points on the fault wave for fault cur-
rents at twice pickup.

For breaker failure applications, the SI relayis
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.
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TABLE IIL
ENERGY REQUIREMENTS
Amnpere 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
- 0.5¢4 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
52 .25 0.5¢ 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—4a 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 1.4 13
3 0.39 15 1.1 15
a_38 4 0.60 21 0.95 21
5 0.85 25 0.85 25
6 1.17 30 0980 30
8 1.94 35 0:73 35
4 0.26 8.5 0.41 8.5
0.49 13 0.34 13
4_ 16 0.80 15 0.3 15
10 1.15 16.5 0.29 16.5
12 1.57 117.5 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
10 — 40 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 II
CURRENT RATINGS
Rating of the Overcurrent Units

Range Continuous Rating One Second Rating
(Amperes) (Amperes)
.25 —1 6 185
5 =2 8 350
1 —4 10 400
2 -8 12 400
4 — 16 15 400
10 — 40 20 460
TABRIRE TV
Battery, Drain
48 Volts 125 Volts
D.C. D.C.
SI-1 Relay 32MA 65 MA
SI-1 Relay withyIndicator 65MA 100 MA
SI-Relay Single Output 32MA 65 MA
SI Relay DualyOutput 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
betweén the scale marking can be made by applying
the desired current and adjusting the rheostat until
an output is obtained.

O INSTALLATION

The relay should be mounted on switchboard
panels or their equivalentin 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 F'T projection 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
relay. External toothed washers are provided for use
in the locations shown on the outline and drilling
plan to facilitate making a good electrical connec-
tion between the relay case, its mounting screws or
studs, and the relay panel. Ground Wires are affixed
to the mounting screws or studs as required for
poorly grounded or insulating panels. Other electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal stud furnished with the relay for thick panel
mounting. The terminal stud may be easily removed
or inserted 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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I.L. 44=777F

INTERNAL SCHEMATIC

_CHASSIS OPERATED
——17"" SHORTING SWITCR

RED NANOLE ——

I TEST SwiTCH
T CURRENT TEST JACK
T-TERMINAL

T62AT8k

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 correct opera-
tion of this relay have been made at the fagtoryhand
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. /Allhchecks
can best be performed by connecting the relay per
the test circuit of Fig. 10. Refer(to figy 6 or fig. 7
and make similar connectionsgforgthei'test of the
SI relay.

1. Minimum trip curtent =jCheck pickup at the
minimum and maximuam setting. This is ac-
complished by applying“the specified current
and checking that the/voltmeter reads approx-
imately 20 46lts when the current is within
3% of the setting.

2. Dropbut =pAftér checking pickup, the drop-
out” should ‘be checked to be 96 to 98% of
the, pickupgwhen the a.c. current is gradually
reduced./For relay with fast reset character-
istics, the dropout ratio should be 90 to 98%.

Rodtine 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
nmarticular application.

Calibration

Use the following procedure for @alibrating 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 procedure must be repeated
for the other two inputs on/thedy¥pe SI relay.

Splitter Adjustments

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

2. Applygminimwm S current to the proper relay
terminals.

3. MWithya 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) (Where Used)

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

2. Lower Samperes to desired dropout 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 90 to 99% on the
fast reset relay.
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ILL. 4

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 E A
voltage readings should be made with esist-
ance voltmeter. Refer to Fig. 11 or 1 r printed

L 2 \< ,

L 4

circuit board points. For some readings ces-
sary to scrape varnish from the com make

ponen
a connection at the point. ‘ )

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

L 4 Approximate
d.c. voltage

Component Negative terminal
Z9 b 7
Z3
Zs

less than.6 volts

45 volts

\\ etting

I[_Minimu _C. current applied
Circui Terminals

TP to board 18
i TP to board 12
Board 12 to board 18

Voltage

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

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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Fig. 8 Operating time for thé€ type S| and SI-1 Relays.
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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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I.L.. 41:777F
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Fig. 10 Test circdityforthe type SI-1 Relay.
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Fig. 11 Component location on printed circuit board for the type SI-1 Relay.
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I.L. 417-777F

TYPICAL RESET TIME OF S| RELAY
(MINIMUM CURRENT SETTHNG-00 % DROPOUT RATIO-C4 OMITTED)
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Fig. 13 Reset time of SI'Reldy with C4 removed at minimum setting
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Fig. 14 Reset time of S| Relay with C4 removed at maximum setting.
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€ Fig. 16 Outline and drilling plan for the type SI Relay in the FT-21 case.
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OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE SIU OVERCURRENT RELAY

It is recommended that the user of this
equipment become acquainted with the in-
formation in this instruction leaflet and
in the system instruction leaflet before

energizing the system.
Printed circuit modules should not be

removed or inserted when the relay is
energized. Failure to observe this pre-
caution can result in an undesired tripping
output and cause component damage.

APPLICATION
The type SIU relay is an assembly of solid-state

overcurrent units that produce a d-c output voltage
when the input a-c current exceeds a given value.
This output voltage is used as inputs to other
devices that perform various functions in a protective

relaying system.
The number of overcurrent functions will vary

with the relaying system in which the relay As
applied. Some of the typical overcurrent fum@tions
t}Et can Vbe supplied in the assembly are agifollows:

Caution:

T T ' ]
| Input
| Symbol Function I Trans-
|
former
. Fo
! | t F Non
| Io ISDGU-2 Ground Fault Dete@tor 1 Air
- - __Gap
Zero Sequence Detedfor for i Non
IN | Special Application Such as ‘ Alr
Fault Reclose Bloek | Gap
} _ ~ Non
:\ Ios Carrier Start ‘ Air ;
1 i ~ . Gap |
| . Ground“Rault®Detector for Direct | Al
: OH LD throughySRU or SAR Devices | G:p
‘ !
T 4 |
1 IBH/ICH thase Fault Detector for Direct . Air
j Trip through SRU or SAR Devices | Gap [
J 7 Non ‘
Io-@g  !Out-of-Step Supervision Air i
‘ . Gap
[ .S, N - ;
IA/IC Optional Fault Detector in I/\ipn
' lDirectional Comparison Scheme | .
| ] L Gap

SUPERSEDES I.L. 41.777.1E, dated July 1974

*Denotes change from superseded issue.

CONSTRUCT ION

The type SIU relay “eonSists of printed circuit
boards mounted in a)standdard 19-inch wide panel,
5 1/4 inches (3 raek units) high. Plug in modules
are used to obtain a modular type design. In general,
the number of meduleswill vary with the applications;
however, each “package will contain a voltage
regulator module and one or more overcurrent modules.
For some ;applications, additional logic modules
arefincluded in the package.

Eaeh “@vercurrent function consists of an input
transfermer, an overcurrent module, and a resistor-
Zener diode protective network. The overcurrent
medule can either be a single input module with
one output or a dual input module with a single
output.

Input Transformer — The input transformer is a two-
winding type with a non-tapped primary winding and
a tapped secondary winding. Fig. 18 shows the rel-
ative location of these components. The secondary is
connected to the 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 - Theovercurrentmodule consists

of a setting circuit, phase splitter circuit, sensing
circuit, amplifier circuit, feedback circuit and an
output circuit. The location of components on the
overcurrent boardis shown in Fig. 3 and the schematic
is shown in Fig. 4.

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
Surther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

EFFECTIVE SEPTEMBER 1975



TYPE SIU OVERCURRENT RELAY

a. Setting Circuit - The setting circuit is con-
nected across the secondary winding of the
input transformer and consists 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.lows a
secondary voltage to be produced that is pro-
portional to the input current. The rheostat
has a locking feature to minimize accidental
change of current setting.

b. Phase Splitter Circuit - The phase splitter
circuit consists of a capacitor, two resistors,
a potentiometer and a three-phase rectifier
bridge. This circuit converts the single-
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
normally 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 transistos,

e. Output Circuit - The output circuit consisfs
of two resistors, a diode, and a Zener dioder
This output can be measured fromptheifront)of
the module by means of test pointg,

f. Feedback Circuit - The feédbaek circuit
consists of a resistor, potentiometer, and
diode. This circuit controls thepdropout cur-
rent of the overcurrent unit.

Voltage Regulator Module'- The)lvoltage regulator
module consists ofga transiStor, and twc Zener
diodes. Two resistors gnounted off of the module
determine the ratinggpofdhe pdwer supply. The voltage
output from the module, i§ 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,logie’modules--a phase module and a ground
module;, These modules are utilized to perform func-

tionsother than an overcurrent function in the overald
protective relay system.

1. Timer Module - This module is a transistor;
Zener diode, capacitor and resistor typeépoef
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 showf ingfig. 7 and
the location of components on“the/ module is
shown in Fig. 8.

2. Logic Modules - The logic /modules contain
various logic functionsyand are used to con-
nect phase or ground relays into a protective
relay system. Fh€yphase module is shown in
Fig. 9 and 4he location of components is
shown in Figal0. The ground module schematic
is shown (in #'igw» 11 and the location of com-
ponentshis shown in Fig. 12.

OPERATION

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 (S1). 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 (Z1), the Zener diode breaks
down to allow base current to flow in transistor Q1.
Q1 turns on to allow base current to flow in tran-
sistor Q2. When Q2 turns on, a voltage is obtained
across R10 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 Q1. By varying the magnitude of this
voltage,the dropout of the relay can be set to values
greater than 90% of pickup.

When large currents are applied to the primary of
the input transformer, the Zener clipper on the secon-
dary prevents the secondary voltage from becoming
excessive.
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TABLE |
ENERGY REQUIREMENTS
Volt Ampere P.F."” Volt Amperes Q”

Ampere Setti .
Range etting at Setting Angle at 5 Amps. Angle
AIR-GAP TRANSFORMER DESIGN *
0.50 0.10 48° 8 6 50
0.75 0.12 50 N 50
1.00 0.26 51 . 50
5-2 1.25 0.38 55 50
1.50 0.50 57 . 57
1.75 0.67 58 5 57
2.00 0.86 60 5.3 60
1.0 0.1 46 2.1 42
1.5 0.2 2.0 46
2.0 0.3 1.8 47
1-4 2.5 0.4 1.7 49
3.0 0.6 1.6 50
3.5 0.8 1.6 54
4.0 1.0 53 1.5 54
39 0.71 38.5
38 0.58 37.5
38 0.53 37.5
2-8 39 0.5 38.5
40 0.49 40
41 0.47 40
42 0.46 40
. 32 0.26 31
\ . 29 0.26 29
0.57 29 0.21 29
4-16 @) 0.80 28 0.21 29
1.10 28 0.20 29
@4 1.87 28 0.20 29
x 6 1.50 28 0.20 29
10 0.40 13 0.10 13
15 0.85 12 0.09 12.8
20 1.50 11 0.09 12.5
10- 40 25 2.25 11 0.09 12
30 3.25 10 0.09 12
35 4.60 10 0.09 12
40 5.75 10 0.09 12

" Current lagging veltage.
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TABLE | (CONT'D.)
ENERGY REQUIREMENTS

. p.F." Volt Amperes .F.
ﬁ:::;e Setting v::fsz:;‘i):;e Angle at 5 Ar:ps. Angle
AIR-GAP TRANSFORMER DESIGN (CONT'D.) rS
20 1.0 7 0.07 %
30 2.5 6.5 0.07 .5
40 4.5 6.0 0.07 8.5
20-380 50 7.0 5.0 0.07 7
60 10.0 5.0 0.0 7
70 16.8 5.0 7 7
80 19.5 5.0 7
NON AIR-GAP TRANSFORMER .DESIGN
0.50 0.06 11.5# 17.5
0.75 0.09 2 15.8
1.00 0.13 4 14.5
5-2 2.25 0.17 14.5
1.50 0.21 & 15.5
1.75 0.26 4 2.1 16.5
2.00 0.31 2.0 18.0
1.0 0.06 54 1.3 4
1.5 .10 0.5 1.1 4
2.0 0.1 5.5 0.9 5.8
1-4 2.5 O.IN 9.0 0.8 8
3.0 0. 11.0 0.7 11
3.5 0.32 14.5 0.6 14
4.0 C.B'? 16.5 0.6 16
2 \07 8 # 0.44 64
3 0.12 1.5 0.33 1.5
4 0.18 5.5 0.28 5.5
2-8 5 0.25 8.5 0.25 8.5
6 0.35 10.5 0.23 10.5
7 0.45 13 0.22 13
X 0.50 14 0.2 13.5
0.10 6+ 0.14 5.4+
0.15 3 0.10 3
8 0.25 5.5 0.10 6
4-16 10 0.35 7.5 0.09 8
ST 0.50 9 0.08 9.5
14 0.65 9.5 0.08 10.5
16 0.8 10 0.08 11.5
" Current lagging voltage # Current leading voltage
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I.L.41-

CHARACTERISTICS

The SIU relay is available with the following
ranges:

Air-Gap Design Non Air-Gap Design

5-2 .

1-4

2-4
4-16 :

10-40

20-80
The scale markings of the relay represent the
a.c. current required to produce an output. These
scale markings are accurate within 10% 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 setting rheostat set at the specific current.

-2
-4
-8
-1

BN o= W

6

The operating time of the relay is shown in Fig.
15. As shown in the figure, there is a maximum and
minimum operating time for the relay for each multiple
of pickup. This difference in time is due to the
noint on the current wave that the fault current is
applied. Fig. 16 shows the operating times fo
different points on the fault wave for fault curren
ut twice pickup.

The reset time ot the overcurrent unit 1 wn
in Fig. 17. This reset time assumes tha e t

~urrent iIs interrupted at current zero.
TABLE Il @
CURRENT RATING
Ratings of Overcurre i

One Second
Range Rating
(Amperes)
.5-2 350
-4 100
2-8 12 400
4-16 15 400
10-40 20 400
20-80 @ 20 400

TABLE Il
BATTERY DRAIN PER BOA

Power Supply: 15 Milliampere 48 V d.
25 Milliampere 125 V d.c.

Max. allowable current: 100 Milliampere

4
Non-Operdte Operate
Board Con n Condition

@ 15 Ma.
Phase a. 12 Ma.
Timer ¥'Ma. 8 Ma.

3 Ma.

3 Ma.

I0s

3 Ma.
3 Ma.
3 Ma.

3 Ma.

o o o o o o o

3 Ma.

To determine total drain, add power supply drain
to drain for operate condition for each function of
the application. This drain does not include the d.c.
current taken off the output of the modules by

external connected devices.
TABLE IV

GENERAL CHARACTERISTICS

Maximum Number of Overcurrent

Units Per Relay 8
Maximum Number of Air-Gap Units

Per Relay in Conjunction with

Non Air Gap Units 3
Adjustable Range of 2to 8
Timer Module Milliseconds
Maximum Transient Overreach 17
Air-Gap Design Per Cent
Maximum Transient Overreach 85
Non Air-Gap Design Per Cent
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SETTING

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.

INSTALLATION

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

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of thisrelay havebeenmade at the factory and should
not be disturbed after receipt by the customer.

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. Refer to
the logic diagram that applies to the relay and
apply current to the proper terminals.

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 across the output tést points
when the a.c. current is within ,10%, of/the
settings.

2. Dropout - After checking piekup, “the dropout
should be greater than 90%gof“the) pickup as
the current is gradually reduced:

Calibration

Use the followingy progeduré for calibrating the
overcurrent unit if they module adjustments have
been disturbed. This #rocedure should not be used
until it is apparent that, the module is not in proper
working order. A new scale plate may be necessary
when parts are changed. On a dual input overcurrent
module, the, procedure has to be repeated for the
second input.

Phase Splitter Adjustments

L. Turn rheostat on front of module tc lowest
setting.

2. Apply minimum setting current to the propér
relay terminals.

3. Using a high resistance voltmeter \(a.c.)
adjust phase splitter potentiometer (R13)
such that three voltages approximately equal
to each other are obtained across TP1, printed
circuit board terminal 9, and_printed circuit
board terminal 10. If a_scopeshavailable,
adjust R13 such that the“fellowing waveform
is obtained across TP2gand@printed circuit
board terminal 1.

Y vy

Peaks arejin a 'sawtooth arrangement

Dial Calibration (S)

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

2. Connectahighresistanced.c. voltmeter across
the, redmand black Test Points.

3.4 Apply the desired S current to proper relay
terminals.

45 Turn S rheostat until the relay operates as
indicated by a sudden reading of approximately
20 volts d.c. on voltmeter.

Dropout (R12)

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 R12 until voltmeter drops 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.

TROUBLE SHOOTING 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 paying
particular attention to printed circuit terminal.
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ELECTRICAL CHECKPOINTS I1l. Phase Board
The modules can be checked with reference to
the following voltages. All voltage readings should Voltage in D.C. Volt
be made with a high resistance voltmeter.
: No Input Input
I. Overcurrent Module Terminal Condition Condition
—
a. No A.C. Current Input
TP1 to Board (Neg.) 0
All test point voltages should read approxi- P2t q1
mately zero volts. T o Boar 0
TP3 to Board 1 20
b. Minimum Trip A.C. Current Applied
TP4 to Board 1 16 0
. TP5 to Board 0 16
Circuit Terminals Typical
Voltage Board 9 to d 0 20
Phase TP1 to Board 10 6.2 volts a.c.
Splitter TP1 to Board 9 6.2 volts a.c.
Board 9 to Board 10 | 6.4 volts a.c.
Setting Board 8 to Board 10 | 12.5volts a.c. @
xTimer Board
Sensing TP2 to Board 1(Neg.)| 7.5 volts d.c.
@ Voltage in D.C. Volts
Amplifier| TP3 to Board 1(Neg.) No | |
. . . o Input nput
at twice pickup 0 Terminal Condition Condition
Output | Red TP (pgs.) to TP1 to Board 1 (Neg.) 12:5 0
Black TP (Neg.) 20V, .C. .
TP2 to Board 1 0 12(Min. Set)-
Il. Ground Board & 18 (Max.Set)
TP3 to Board 1 20 0
Voltage i olts Red TP(pos.)to Black
P . 0 20
Terminal o ‘Input Input TF (Nee)
Condition Condition
TP1 to Board4h (N 13.5 0
TP2 to Bodrd 1 16.0 0
TP3 to r 16.0 0
TP4 to Boar 0 16.0
TP5 to Board 1 20.0 0
RENEWAL PARTS
TP6 to Bodrd 1 0 20.0
Phto Board 1 0 16.0 Repair work can be .done most satisfactorily
at the factory. However, interchangeable parts can
Board 1 20 0 be furnished to customers who are equipped for
T to Board 1 0 20 doing repair work. When ordering parts, always give
the complete nameplate data.
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OVERCURRENT FUNCTION SLOT

MODULE loH (F)

los (H

8/0 TIMER (D) Igsh;

PHASE (C) o (J)
GROUND (B) la/1c (K)

: Ig (L)

POWER SUPPLY (A) ~
lAOS (M)
IgH/ICH (O)

Fig. 1. Photograph (front view)

TRANSFORMER LOCATION

UPPER lIgs OR Iy
LOWER lgH

UPPER |
LOWER

UPPER Ic
LOWER I,

UPPER ICH
LOWERABH

Fig. 2. Photograph (rear view with cover removed)
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Fig. 3. Location of Components on Overcurrent Module
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Fig. 4. Schematic of Overcurrent Module
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RELAY TYPE SRU

POWER SUPPLY

STYLE | FTEQ [

z2 B49A4BTHOI_

T TRANSISTOR TYLE REE '
Y 837A6I7HOL |, 1 2N3589 !
- ] ;
| _ZENER DIODE -

_Zi__  187As36HIE

TABLE |

IRCUIT BD ASS'Y|

BD NOTCH REF.

9C3786G602

4-9

899C378603

I-t

899C378G04

7-11

671B508

* Fig. 5. Schematic of Power y Module
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Fig. 6. Location of Components on Power Supply Module
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LL. 44=777.1F
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; c2 i@8A669H06 | ! | .33 MFD. |
‘rf’ c3 ‘Tlay_sgnuog‘ﬁjl_l‘}smrp. ‘
| DI ODE } -
| DI-D4" Lasmesznoa 2 | IN6asa
" D2-03 1844855H07| 2 IN4S7A |
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671B985

Fig, 7. Schematic of Timer Module
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Location of Components on Timer Module

Fig. 8.
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7 BUFFER

10 BUFFER OR

12 BUFFER OR

DRIVER
CUTPUT

AND

RELAY- TYPE SIU

CAPACITOR STYLE REQ]  REF. |
cr-c2-c4 849A437HO4 | 3 | 047 MFD. }
c3 188A669HO5 | | 27 MFD |
DIODE
DI-D2-03-D4 | B37A692HO3 | & ING45A
* RESISTOR
RIR2 RB-RIT'R37-R60| 629A53iH48 | 6 4.7k
R4-RIO
Rlamio-R2s | 529A53IHSERY 5 10K
R3R9 RI5RIB 629A531H78 | 4 82K
R43-R44-R49 629A531H66m] 3 27K
RI3-R6-R2I-R2T 629A53/H52 | 6.8K
RI6 762A679H01 | I |150n-3w
TRANSISTOR i W/
Fon-oz—w—as 848A851H02 2N3aI7
Q3 849A441HOI | 1 2N3645
ZENER DIODE
Zi-23-2§ 1854212W05 | 3 TN36868
22-24-27 186,A797TH06 | 3 TN9578
75 862A286R0] IN3688A

%= RESISTORS TO

BE w2 WATT- f2%

UNLESS OTHERWISE SPECIFIED.

= TRANSISTOR NORMALLY CONDUCT!

671B894

Fig. 9. Schematic of Phase Module
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Westinghouse I.L.41-777.3A
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE SI-T OVERCURRENT RELAY

CAUTION: Before putting relays into service, remove all
blocking which may have been inserted for the
purpose of securing the parts during shipment,
make sure that all 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.

APPLICATION

The SI-T relay is a high speed overcurrent device intend-
ed for use as a fault detector for distance relays, as a direct
trip unit, in a breaker failure scheme or any similar applica-
tion requiring an accurate current level detector. It contains
three overcurrent units, each of which may be independently
sct and each of which may be used for a phase or ground
relaying function.

The output unit is a telephone relay equipped with'two -
dependent contacts. The direct 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
energization above pickup level. Also, it Has a dgopout ratio
of 88% or higher and a maximum transjent'overreach of 20%.

It is frequency compensated to prevent Its operating on
the high frequency current associated with line energization.

CONSTRUCTION

The type SI-T relay(consists of three input current trans-
formers, three resistop-zeneidiode protective networks, three
setting circuits§three phase splitter circuits, an OR circuit, a
sensing circdit, an@mplifier circuit and a telephone relay. The
relay 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 jprimary winding and a non-
tapped secondary winding” Tlhe secondary is connected to the
resistor-zener diode protective network on a small circuit
board, to the setting®ircuit, and to the phase splitter circuit.

Setting Circuit —The setting circuit is connected across
the secondanyywinding of the input transformer and consists
of a rheostat gn'the front panel and a resistor on the main cir-
cuitCboard. (It s in parallel with the resistor-zener diode
protectivedmetwork. This circuit loads the transformer and
allows ajsecondary voltage to be produced that is propor-
tional to the input current. The rheostat has a locking feature
te. minimize accidental change of current setting.

Phase Splitter Circult — The phase splitter circuit con-
sists of two capacitors, three resistors, and a three-phase rec-
tifier 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 three-phase rectifiers, the
voltage 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. This circuit is connected between the output of the
OR 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 cireuit 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
ol the overcurrent unit.

A/l possible contingencies which may arise during installation, operation, or maintenance, and all
derails and variations of this equipment do not purport to be covered by these instructions. If further
information is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.

SUPERSEDES |I.L. 41-777.3, dated May 1976

O Changed since previous Issue.

EFFECTIVE MAY 1979




TYPE SI-T OVERCURRENT RELAY

Output Circuit — The output circuit consists of a tran-
sistor driver, 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 (ICS) — The indicating
contactor switch is a small dc 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. Also during this operation, two fingers on the armature
deflect 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 consists of a
zencr diode, a capacitor and two resistors. It is rated for sup-
ply voltages of either 48 volts dc or 125 volts dc. The output
from the zener diode is 20 volts dc. As an option, there are
another zener diode and two voltage dropping resistors for
rated supply voltage of 250 volts dc.

OPERATION

The logic diagram of the SI-T relay is shown in Figs. 1
and 2. With reference to the logic diagrams and the internal
schematics Fig. 3 and Fig. 4, transistors, Q, Q; and Q3 are
normally not conducting and the contacts of the telephone te-
lay are open. When ac current is applied to the primary of the
transformer (T, T, or Tj), a voltage is produced on the
secondary side that is proportional to the amount of resis-
tance in the rheostat (R}, R, or R3). The single phase voltage
is applied to the phase splitter circuit wheregthree, voltages
60° out of phase are produced, rectified, ard applied’ to the
resistor R20. If the voltage from rectifier is,greater than the
voltage breakdown of zener diode (Z4)fthe zenér diode con-
ducts to allow base current to flow injtransistor Q. In turn,
Q; and Qj are turned on to operate thestélephone relay.

When Q, turns on, positive voltagefis applied to the feed-
back circuit (R26) such’that,a veltage is applied to Q. The
value of R26 controls theddropout ratio which is set 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.

CHARACTERISTICS

The SI-T relay is available with the following ranges of
overcurrent functions:

025 to 8 amps
0.5 to 16 amps
2 to 64 amps

The range of the overcurrent unitgs obatined in two ways:

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

2. - Transform'er taps whigh multiply the rheostat setting
by one of the following: "1, 4, or 8.

The scale markings, of the relay represent the ac current
required to gperate the ‘output telephone relay. These scale
markings are accurate within 10% of the value specified on
the scale plateIf aimore accurate pickup or setting between
the scalemarkings is desired, the current can be applied to the
relayhand the,rheostat set at the desired point.

The operating time of therelay is shown in Fig. 7. Thereis
asmaximum and minimum operating time for the relay for
each multiple of pickup. This difference in time is due to the
pointfon the current wave that the fault current is applied.

The reset time curve is shown in Fig. 8. It is taken at the
cordition 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 dc.

Energy Requirements: (Table I)

Transformer Current Ratings: (Table II)

TRIP CIRCUIT (FOR RELAYS WITH ICS UNIT)

The main contacts will safely close 30 amperes at 250
volts d-c 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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LL.41-777.3A

TRIP CIRCUITS CONSTANTS
(FOR RELAYS WITH ICS UNIT)

Contactor Switch —

0.2 ampere tap ................. 6.5 ohms d-c resistance
2.0 ampere tap................. 0.15 ohms d-c resistance
SETTINGS

Q The relay must be set for the desired levels of current
and where equipped with an ICS unit, a tap must be selected
depending on the device being operated.

I. Fault Detector — where the SI-T is used as a fault 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 it must respond.

2. Direct Trip — these applications require that dif-
ferences in fault current be sufficient to distinguish
location. The setting should be 125% of the maximum
symmetrical 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 (suchas the
WL) that produce high speed coil cutoff by their own
contact action, the 0.2 ampere tap of the 4€S 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 is idéntifiedyas breaker
failure and appropriate clearing action s initiated.
The SI-T can be used to sense this breaker current flow.
A pickup setting below maximum load current is per-
missable from the relay viéwpointy A setting above
maximum load currenyfis’morefsecure, but the set-
tings must be below minimum)phase and ground fault.
levels. An allowangemmustsbe made in the setting of
the separate breakerdfailure timer to accomodate the
reset time, of the SIsErelay as shown in Figure. 8.

The pickup of the relay 1s made by adjusting the rheostat
and the setting ofithe multiplier of the tap plate in the front of
the relay. Setting iibetween the scale marking can be made
by applying the desired current and adjusting the rheostat un-
til the telephong relay operates.

INDICATING CONTACTOR SWITCH (ICS)

The only setting required on the ICS unit is the 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.

INSTALLATION

The relays should be mounted on switchboard panels or
their equivalent in a location free from moisturedMount the
relay vertically by means of the four mounting holes on the
flange for semi-flush mounting or by means of the rear moun-
ting stud or studs for projection mounting. Either a mounting
stud or the mounting screws may be utilized for grounding the
relay. The clectrical connections may be/made directly to the
terminals by means of screws forsteel-panel mounting or to
the terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed or in-
serted by locking two nutgyon-the stud and then turning the
proper nut with a wrench.

For detailed \F T case information, refer to I.L. 41-076.
ADJUSTMENTS AND MAINTENANCE

Theyproper adjustments to insure correct operation of this
relay,have been made at the factory and should not be dis-
trubed after receipt by the customer.

ACCEPTANCE TESTS

The following 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
of the output telephone relay when the ac current is
within 10% of the settings.

b9

. Dropout — After checking pickup, the dropout should
be greater than 88% of the pickup as the current is
gradually reduced.

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contacts and pass sufficient d-c cur-
rent through the trip circuit to close the contacts of the ICS.
This value of current should be not greater than the particular
ICS tap setting being used. The operation indicator target
should drop freely.

The contact gap should be approximately .047" between
the bridging moving contact and the adjustable stationary
contacts. The bridging moving contact should touch both
stationary contacts simultaneously.

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.
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AMPERE RHEOSTAT
RANGE SETTING MULTIP.

.25-8

5-16

250
375
500
625
.750
875
1.000

.250
375
.500
.625
.750
875
1.000

.250
375
.500
625
.750
.875
1.000

.50

.75
1.00
1.25
1.50
1.75
2.00

.50

.75
1.00
1.25
1.50
1.75
2.00

.50

.75
1.00
1.25
1.50
1.75
2.00

2.00
3.00
4.00
5.00
6.00
7.00
8.00

2.00
3.00
4.00
5.00
6.00
.00
8.00

1

TABLE |
ENERGY REQUIREMENTS

PCIKUP OHMSAT PF.

AMPS

250
375
500
625
.750
875

PICKUP

1.70
1.5
1.4
1.3
1.3
1.2
1.2

0.190
0.180
0.170
0.170
0.165
0.160
0.160

0.082
0.080
0.078
0.077
0.076
0.075
0.075

0.42
0.37
0.34
0.33
0.32
0.31
0.31

0.055
0.052
0.051
0.050
0.049
0.048
0.048

0.029
0.028
0.027
0.02%
0:027
0.027
0.027.

0.040
0:037
0.035
0.034
0.033
0.033
0.032

0.015
0.015
0.015
0.015
0.015
0.015
0.015

ANGLE 5 AMPS. ANGLE

21.0
19.0
18.0
17.5
17.0
16.0
15.5

OHMS AT P.F.

o
RN RWWww

0.190
0.180

0.170 -

0.170
0.165
0.160
0.160

0.082
0.080
0.078
0.077
0.076
0.075
0.075

0.35
0.35
0.34
0.33
0.32
0.31
0.31

0.055
0.062
0.051
0050
0.049
0.048
0:048

0.028
0.028
0.027
0.027
0.027
0.027
0.027

0.040
0.037
0.035
0.034
0.033
0.033
0.032

0.015
0.015
0.015
0.015
0.015
0.015
0.015

15
15
15
15
15
15
15

8.5
8.0
7.5
7.0
6.5
6.5
6.0

55
5.0
4.0
4.0
4.0
4.0
3.5

15.0
15.0
15.0
15.0
146
14.0

TABLE |
ENERGY REQUIREMENTS (Continued)

AMPERE RHEOSTAT PCIKUP OHMSAT PF. OHMSAT P.F.
RANGE SETTING MULTIP. AMPS  PICKUP ANGLE 5 AMPS. ANGLE

2.00 8 1600 0014 25 0014 15
3.00 24.00 0.014 25 0.0149 15
4.00 32.00 0.014 25 0014 15
5.00 40.00 0.014 2.54M0.014 15
6.00 48.00 0.014 25 0.014 15
7.00 56.00 0.014 2570014 15
8.00 64.00 0.014 2% 0.014 15
TABLE' |l
CURRENT RATINGS
RHEOSTAT GONTINUOUS ONE SECOND
RANGE | MULTIP. {\ RATINGAMPERES | RATING AMPERES
251 1 35 88
9.0 80
8 12.0 88
5-2 1 7 185
15 185
8 24 185
2-8 1 24 400
24 400
8 24 400
CALIBRATION

Use the following procedure for calibrating the relay, if
the relay adjustments have 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 may be necessary
when parts are changed. This procedure must be repeated for
the other two inputs.

PHASE SPLITTER CHECK

I. Turn rheostat on front of relay to lowest setting.

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

3. Connect scope across output of phase splitter (TPI).
Set scope for ac deflection and the following wave-
form should be observed.

s,
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DIAL CALIBRATION

I. Apply the proper dec voltage between terminals 20 and
5. Terminal 20 is positive.

]

Connect a de voltmeter across TP2 and terminal 5.
3. Apply the desired current to proper relay terminals.

4. Turn rheostat on front of relay clockwise from extreme
counter-clockwise position unitl the relay operates
as indicated by a sudden reading of approximately
20 volts de on meter.

INDICATOR CONTACTOR SWITCH (ICS)

Close the main relay contacts and pass sufficient d-¢ cur-
rent through the trip circuit to close the contacts of the ICS.
This value of current should be not greater than the particular

ELECTRICAL CHECKPOINTS

The relay can be checked with reference,
voltages: All voltage readings should be

resistance voltmeter.

I. No AC Current Input (for 48 vollsgc)

Test Terminal T

TP3
TP4

2. Minimum’

TPI 255 the
TP2 lessibhan 0.6 volts

volts

“urrent Applied

1CS tap setting being used. The operation indicator target

should drop freely.

TROUBLE SHOOTING PROCEDURE

U se the following procedures to locate the source of trou-

ble if the relay is not operating correctly,

Test min Typical Voltage
7.5 volts
2 20 volts
P3 less than 0.6 volts
P4 20 volts
RENEWAL PARTS

1. Check voltage as listed on the electrical checkpoints.

2. Check resistance as listed on the internal schematic
the relay.

3 Inspect all wires and connections, paying lar
attention to printed circuit terminals.
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Repair work can be done most satisfactorily at the fac-

tory. However, interchangeable parts can be furnished to

customers who are equipped for doing repair work. When
ordering parts, always give the complete nameplate data.
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O Fig. 4. Internal Schematic k
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CHAS P ED
SHORT SWi

~— CURRENT TEST JACK

TEST SWITCH

TERMINAL

CAPACITOR STYLE NO. |REQ. REF.
Cl-ca-c7-Cl2 188A669H03 | 4 | 0.1 MFD.
c2-c5-c8 188A669H01 | 3 | 0.47 MFD.
C3-C6-C9 876A409H 15| 3 | 0.22 MFD.
cio 1I87A508H09| I | 1.5 MFD. s
cit 1I87AS08HO5[ 1 [ 0.47 MFD.
ci3Tocls 762A680H02| 6 | 0.001 .
DIODE
DI TO DI 184AB55H07 | 19 | IN
POTENTIOMETER
RI- R2- R3 836A635H07N.3 12 1/2 W
e REsiSTOR |
R4~ R9-RI4 500 - 5W
R5-RIO—RIS 76 3 |5000-5W
R6-RB-RII-RI3-RI6-RI8 6 |I2K
R7-RI2- RI7 3 |5.0K
RI9-R21-R22-R24-R2 61 5 10K
R20 IR
I | 68k
| 1 50K-1/2W-*59
V| 2k-3w
85A207H31 | | | L5K-2W
184A636HIO | | | 6K-5W
763A129HO0I | | | S5K-5W
762A679HOI| | | 1I50n-3wW
763A098H25] | | 4K-12W
774B484G02 3 5-16A,
848AB5IH02 | | | 2N34I7
849A44/HOI ] | | 2N3645
837A6ITHOI| 1| | 2N3589
ZENER DIODE
21-22-23 184A617THO6 | 3 | INIB32C
24 186A797HO6 | | | IN9578
25 187A936HI7 | 1| | IN30508
26 849A487HOI | 1 | IN4T4TA
27 629A369HO! [} IR200
* 28 762A631HIL] | | IN3OIIB
TELEPHONE _ RELAY
TR T | 541D514H24 || 1,5000-24V. |

)

-©-=RESISTORS TO BE 1/2W*2% UNLESS OTHERWISE SPECIFIED,

¥**FOR 250 V. ONLY.

Sub.6
6682043
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Fig. 6. Component Location on Zener Diode Module

Fig. 5. Component Location on Overcurrent Module.
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Fig. 8. Typical Reset Time of the [Type SI-T Relay.
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Fig. 9. Typical Frequency Response Curve of the Type SI-T
Relay.
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) Fig. 10. Outline and Drilling Plan tor the Type SI-T Relay in
the FT-22 Case.
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