INSTALLATION o

Westinghouse I.L. 41-843
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE SAR, SAR-1, and SAR-2 AUXILIARY RELAY

APPLICATION

The type SAR, SAR-1, and SAR-2 are ultra high
speed auxiliary relays. The SAR is a tripping auxi-
liary relay which accepts a low voltage input or a
high voltage input from a fault detecting relay. The
SAR-1 is also a tripping auxiliary but accepts only
a high voltage input. Both the SAR and SAR-1 relays
are available with either single or double
TRINISTOR @ controlled rectifier outputs. Once the
Trinistors are fired they must be reset by a 52a
contact or equivalent. For the application of the
SAR and SAR-1 refer to figures 5 and 6. The SAR-2
accepts either a low or high voltage input and has a
diode bridge output circuit which does not latch-on.
The relay is applied in breaker failure schemes for
starting the breaker failure timer because of its
automatic reset feature. Figures 7 and 8 show this
application of the SAR-2.

CONSTRUCTION

The auxiliary units are packages_dn alperforated
cage with a molded cover and ,.a molded{base (with
terminals) for projection mountingy Figuié 1. Types
SAR and SAR-1 are available (with@either a single
or a dual output. The SARyshown, in Figure 2 con-
sists of two Tranistor contrelled-rectifiers (each
with its own gating circitit, latch-one, and protec-
tive components), a three=swinding pulse transformer,
a 4-layer diode, a pulse capacitor, a two-transistor
amplifier, a zener digde /voltage regulator, and a
current limiting power resistor.

The SAR-1{showll in Figure 3 is similar to the
SAR except it“dees not have an amplifier or a volt-
age regulator.

The SAR42 shown in Figure 4 is similar to the
SAR except the Trinistor controlled-tectifiers are each
replaced by a full-wave bridge rectifier and a filter
circuit.

The circuits are contained on printed circuit
boeards which are plugged into edge connectors. The

NEW INFORMATION

boards can be removed fer inspection and tests and
then reinserted into the gonmector. Access to the
boards is gained by gemoMing the screw in the center
of the top. Then the top, and perforated cage can be
removed.

OPERATION

Amplifier Circuit

In\ the, SAR and SAR-2 current flow into the
pllbse circuit is controlled by a PNP type transistor
Q5% A“standby potential of the 48, 125, or 250
voelts “d-c or more is required at terminal 1 with
battery negative connected to terminal 4. Voltage
across the amplifier circuit is regulated at 33 volts
d-c by the zener diode DZ3 and voltage dropping
resistor R1.

The amplifier is turned on by a positive poten-
tial of 1.5V d.c. to 35 V.D.C. applied to terminal 3
or by 35V d.c. to 125V d.c. applied to terminal 2
or by both with negative polarity connected to
terminal 4. This causes current to flow into the
base of the first stage transistor Q4 which is there-
by driven into the conducting state. Base current
for Q5 then flows through R6 and Q4 causing Q5 to
conduct current into the pulse circuit. When the
positive signal is removed from terminal 2 and 3,
Q4 reverts to a nonconducting state to block base
current in Q5. Q5 then prevents the flow of current
into the pulse circuit.

Pulse Circuit_

A capacitor C1 and four-layer diode Q1 produce
the gating pulses delivered to the transformers.
When a voltage is allowed to develop across C1, it
reaches the breakover level of the four-layer diode.
At this time the diode Q1 quickly switches from a
blocking state to a low resistance conducting state
and thereby allows full capacitor voltage to be
applied to the transformer primary. When C1 is dis-
charged, Q1 switches back to the blocking state
until its breakover voltage is reached again. This
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I.L. 47-843

process continues as long as voltage is applied to
the pulse circuit. Pulses are applied to the gate
circuit at a rate of four pulses per millisecond. In
the SAR-1, current flow into the pulse circuit cap-
acitor is initiated by applying a positive potential
to terminal 1.

Pulse Transformer

Gating for the Trinistor controlled rectifiers
Q2 and Q3 is provided through the three winding
pulse transformer T. The transformer provides
isolation for the controlled-rectifier circuits from
the initiating circuit.

Trinistor Controlled-Rectifier

The Trinistor controlled-rectifier is a three-
terminal semiconductor device. In the reverse, or
nonconducting direction, the device exhibits the
very low leakage characteristics of a silicon rect-
ifer. In the forward, or conducting direction, con-
duction can be initiated by the application of a
control pulse to the control terminal or ‘‘gate.’”” If
a gate signal is not applied, the device will not

conduct at below rated forward blocking voltage.
With the application of a gate signal, hhewevern, the
device switches rapidly to a conducting state char-
acterized by a very low voltage droppand a high
current-carrying capability. Once conduction has
been initiated, the gate terminal no longer has any
effect. In order to turn the unit off, the anode-
cathode current must be réduced to a value less
than the holding currenty

A signal is appliedgto the gates from the pulse
transformer. The back swing,voltage from the trans-
former is short cireuited by diodes D2 and D3, (See
Fig. 2) to avoid impressing a reverse voltage pulse
on the gates.

Zener diodes'DZ1 and DZ2 protect the Trinistor
controlled-rectifiers from transient voltages which
might otherwise cause premature conduction or
might, damage fhe units.

Resister-capacitor combinations R2-C2 and R3-
C3 pravide a path for ‘‘turn on’’ current to flow for
approximately one millisecond. This allows time
for,holding current to build up in an inductive load
such as a trip coil.
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Fig. 2. Internal schematic for the type SAR relay with two outputs. for single output the circuity associated

with 7 and 8 may be omitted.




TYPE SAR RELAY

Bridge Rectifier Output

The SAR-2 bridge rectifies the output of the
pulse transformer to charge up capacitors C2 and
C3 and produces a positive voltage at terminals 5
and 7. When the input signal is removed and the
pulse circuit is deenergized, voltage across cap-
acitors C2 and C3 is discharged through resistors
R2 and R3 respectively within 10 milliseconds to
provide a fast turn-off feature.

CHARACTERISTICS

The SAR and SAR-2 will receive an input signal
from 1.5 volts d.c. to 125 volts d.c. and provide one

SAR-2 relays will establish an output within 0.25
milliseconds after the input signal is applied.

It should be noted that the SAR and SAR-1 differ
from mechanically operated contacts. A certain
minimum load current must flow beforesthe Trinistor
controlled-rectifier will latch on. (Ifgfh€) minimum
turn on current is not establishedyduring the first
millisecond after the first gatempulse,is received,
the unit will not latch on. Howeveryit will permit
voltage to be applied to thepload, for the duration of
each gate pulse.

The SAR-2 output/is ayfunction of the connected
load and reaches 14 milliwatts when connected to a

or two isolated outputs. However, the SAR-1 has load of approximately2500 ohms as shown in Figure

only a high voltage input. The SAR, SAR-1 and 9.
Specifications:
UNIT SAR SAR-1 SAR-2
Operating Voltage 125V d.c. - —— 125V d.c.
Operating Current
Standby 50/MA - 50 MA -
Tripping 62 MA 52 MA 52 MA

Temperature Range —50°C to +85°C

1.5to 35Vvd.c.
35 to 125V d.c.

145 ton, 35V d.c.

35 /o 125V d.c. Rated d.c. volts

Input Signal Voltage

Output per Circuit
Ambient Temperature 25°C 50°C 75°C

3 cycle duty (50MS Surge) 60 Amps 49 Amps 37 Amps F'See 9
5 cycle duty (83MS Surge) 54 44 33 lgure
Continuous 6.5 4.5 3
Vdc
————= .25 amp or more
Load Requirements Rload ohms .See
L Figure 9
—Henry - 001 or less
Rload ohms
Trinistor Controlled Reetifier
Max forward 1eakage CUITENE 125°%C .. ... oot eciieere et eer e e e et es e e e teaa e s e e eeaaa s e esaaansaaeeansnnasanees 8 MA d-c
Max reverse 1eakage CUITENE 1259 . ....uuuuuiiueieieiesceet et reiierana e s e esesesteeseeeeesessnnnnnsnnnssesssesennssensasenens 8 MA d-c

Max forward voltage drop at 10 amps 25°C 1.6 volts.
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Fig. 3. Internal schematic for the type SAR-1 relay wiith two outputs. For single output the circuitry associat-

ed with 7 and 8 may be omitted.
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TYPE SAR RELAY >

INSTALLATION ADJUSTMENTS & MAINTE@

The units should be mounted on switchboard
panels or their equivalent in a location free from Acceptance Tests
dirt, moisture, and heat. Mount the units by means

of two mounting screws directly to the panel. For
outline and drilling refer to fig. 11. 2. Close switch S3 and no output should occur.

TROUBLE SHOOTING PROCEDURE FOR TH
TYPE SAR RELAY

Refer to Part A of Fig. 10.

1. Connect the unit as shown in Figure 10.

ﬁ Step in acceptance
failed by the CONDITION POSSIBLE CAUSE
i . relay
. DZ1 shorted
Output of the lal at terminal 6 eTe
2 utput o mp min Q2 shorted
9 , Outbut of the 1 . . 1 1. DZ2 shorted
utput o e lamp at termi elay Q3 shorted
1. Q4 shorted
3 Both outputs operate 2. Q5 shorted
1. Q4 open
2. Q5 open
4 No output 3. DZ3 shorted
‘ 4. Q1 open or shorted
‘ 5. Q2 and Q3 both open
Refer to fig. 2 and check vpltage at B2, if voltage is not present the problem is withQ4, Q5,and/or DZ3. If
voltage exists at B2, chec A8 and if voltage is not present Q1 is open or shorted.
1. If the output is at
terminal 6 then Q3
< ’ is open.
4 ne Output occurs

2. If the output is at
terminal 8 then Q2
is open.

1. Q1 is latched on.

If this is the case
& No output after 30 seconds Increasing R1 by
10% should correct
the problem.

Q2 Malfunctioning

6or7 Output does not remain on 2. Q3 Malfunctioning




TYPE SAR RELAY.

Close switch S1 and only SAR-1 should have an
output.

Close switch S2 and gradually increase the signal
voltage to terminals 2 and 3 alternately to be
sure an output is established by SAR and SAR-2
when the minimum voltage rating is reached or
before it is reached.

Open S3 for 30 seconds and reclose. SAR and
SAR-1 should turn on immediately.

Open switch S2. SAR should remain on. SAR-2
should turn off.

7. Open switch S1. SAR and SAR-1 should remain
on.

8. Open switch S3 to reset SAR and SAR-1.

Calibration

No calibration is required on the SAR, SAR-1,
and SAR-2.

Trouble Shooting

The following three tables@are to aid in locating
components which have malfung¢tioned and caused
the relay to fail the acceptance,tests.

TABLE Il

TROUBLE SHOOTING PROCEDURE FOR THE
TYPE SAR 1 RELAY

Refer to Part B of fig. 10.

Step in

Acceptance test CONDITION

the relay failed

POSSIBLE CAUSE

DZ1 shorted

2 Output of the lamp at terminal 6 of the relay :
2. Q2 shorted
Output of the 1 t terminal 8/of the rel - D22 shorted
2 utput of the lamp at terminal 8/of the relay 2. Q3 shorted
1. Q1 open or shorted
3 Neither output operates 2. Q2 & Q3 open

Refer to fig. 3 and check voltage at. A6 of)A8 if voltage does not exist Q1 is open or shorted.

3 One output occurs

1. If the output is at
terminal 6 then Q3 is
open

2. If the output is at
terminal 8 then Q2 is
open.

No output after 30 seconds.

1. Q1 latched on.
If this is the case
increasing R1 by 10%
should correct the
problem.

7 Output does not remain on

1. Q2 Malfunctioning
2. Q3 Malfunctioning

P



TYPE SAR RELAY I.L.

TABLE 111 O

TROUBLE SHOOTING PROCEDURE FOR THE
TYPE SAR-2 RELAY

Refer to Part C of Fig. 10

Step in
Acceptance test CONDITION
Failed by the relay

3 Both outputs operate
4 open
Q5 open
4 No Output DZ3 shorted

Q1 open or shorted
Both diode bridges open

the problem is with Q4, Q5, and/or
oltage isnot present Qlis open or shorted.

Refer to Fig. 4 and check for voltage at B2, if voltage is n
DZ3. If voltage exists at B2, check the voltage at A6or

1. If output occurs at
terminal 6 the diode
bridge at terminals
7 & 8 is open.

2. If output occurs at

\ terminal 8 the diode
bridge at terminals

@ 5 & 6 is open.

ELECTRIC ﬂt\R\s LIST R2 = R3 = 470 ohms 1W (SAR & SAR-1)
= 22K ohms 1/2W (SAR-2)
C1=.25 MFD Capam<: ) R4 = R6 =4.71 ohms 1/2W
c2=C3=2 MF?@ SAR & SAR-1) R5 10K ohms 1/2W

=.47TM citor (SAR-2)
R7 = R8 = 22K ohms 1/2W

C4=150P
. R9 = 47K ohms 1/2W
D1 thro = volt diode CER-69

R10 = R11 =100 ohms 1/2W
DZ1 =DZ 1W Zener Diode IR200

DZ3 = 33V, 10W Zener Diode
= 20¥4-layer diode 4E20-28 RENEWAL PARTS
= Q3 = 2N1850A Trinistor controlled-rectifier

Repair work can be done most satisfactorily at
= 2N697 Transistor the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
R1 =5,000 ohms 25W the complete nameplate data.

Q5 = 2N1131 Transistor
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INSTALLATION o

Westinghouse  1.L. 41-843A
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE SAR, SAR-1, and SAR-2 AUXILIARY RELAY

APPLICATION

The type SAR, SAR-1, and SAR-2 are ultra high
speed auxiliary relays. The SAR is a tripping auxi-
liary relay which accepts a low voltage input or a
high voltage input from a fault detecting relay. The
SAR-1 is also a tripping auxiliary but accepts only
a high voltage input. Both the SAR and SAR-1 relays
are available with either single or double Thyristor
(Silicon controlled rectifier) outputs. Once the
Trinistors are fired they must be reset by a 52a
contact or equivalent. For the application of the
SAR and SAR-1 refer to figures 5 and 6. The SAR-2
accepts either a low or high voltage input and has a
diode bridge output circuit which does not latch-on.
The relay is applied in breaker failure schemes for
starting the breaker failure timer because of it§
automatic reset feature. Figures 7 and 8 shoWw this
application of the SAR-2.

CONSTRUCTION

The auxiliary units are packages inva/perforated
cage with a molded cover and a mg@lded,base (with
terminals) for projection mounting, ‘Bigure 1. Types
SAR and SAR-1 are available gvith, either a single
or a dual output. The SAR shown inVFigure 2 con-

* sists of two Thyristors (eaeh with its own gating
circuit, latch-on, and prétectivé components), a
three-winding pulse transformer, a 4-layer diode, a
pulse capacitor, a twe=transistor amplifier, a zener
diode voltage regulator,and a current limiting power
resistor.

The SAR-1 gshown in Figure 3 is similar to the
SAR except itidoesénot have an amplifier or a volt-
age regulator.

The SAR-2 shown in Figure 4 is similar to the

* SAR except the Thyristors are each replaced by a

fuld=wave bridge rectifier and a filter circuit.

The circuits are contained on printed circuit
boards which are plugged into edge connectors. The

SUPERSEDES I.L. 42-843

*Denotes change from superseded issue.

boards can be removed for“imspection and tests and
then reinserted into the cennector. Access to the
boards is gained by remo¥ing the screw in the center
of the top. Then the“top “@and perforated cage can be
removed.

ORERATION

Amplifier/ Circuit

In,“the “SAR and SAR-2 current flow into the
pulse circuit is controlled by a PNP type transistor

* Qb6s, A%standby potential of 48, 125, or 250 volts d-c

or more is required at terminal 1 with battery nega-
tivedconnected to terminal 4. Voltage across the
amplifier circuit is regulated at 33 volts d-c by the
zener diode DZ3 and voltage dropping resistor R1.

The amplifier is turned on by a positive poten-

% tial of 5V d.c. to 35 V.D.C. applied to terminal 3

x

or by 35V d.c. to 125V d.c. applied to terminal 2
or by both with negative polarity connected to
terminal 4. This causes current to flow into the
base of the first stage transistor Q4 which is there-
by driven into the conducting state. Base current
for Q5 then flows through R6 and Q4 causing Q5 to
conduct current into the pulse circuit. When the
positive signal is removed from terminal 2 and 3,
Q4 reverts to a nonconducting state to block base
current in Q5. Q5 then prevents the flow of current
into the pulse circuit.

_Pulse Circuit_

A capacitor C1 and four-layer diode Q1 produce
the gating pulses delivered to the transformer.
When a voltage is allowed to develop across Cl1, it
reaches the breakover level of the four-layer diode.
At this time the diode Q1 quickly switches from a
blocking state to a low resistance conducting state
and thereby allows full capacitor voltage to be
applied to the transformer primary. When C1 is dis-
charged, Q1 switches back to the blocking state
until its breakover voltage is reached again. This

EFFECTIVE MAY 1967



PULSE TRANSEORMER

TRIP INITIATING
PRINTED CIRCUIT w—reri

BOARD

TRIPPING
DIODES

AMPLIFIER
AMPLIFIER RELAY COVER
PRINTED GIRGUIT BOARD SOCKET

BOARD

Fig. 1. Type SAR Relay

FiEtE0Ed et enn

AVI3Y ¥VS 3dAL




TYPE SAR RELAY

1.L. 4)€843A

process continues as long as voltage is applied to
the pulse circuit. Pulses are applied to the gate
circuit at a rate of four pulses per millisecond. In
the SAR-1, current flow into the pulse circuit cap-
acitor is initiated by applying a positive potential
to terminal 1.

Pulse Transformer

Gating for the Thyristors Q2 and Q3 is provided
through the three winding pulse transformer T. The
transformer provides isolation for the Thyristor cir-
cuit from the initiating circuit.

Thyristor

The Thyristor is a' three-terminal semiconductor
device. In the reverse, or nonconducting direction,
the device exhibits the very low leakage character-
istics of a silicon rectifier. In the forward, or con-
ducting direction, conduction can be initiated by the
application of a control pulse to the control terminal
or ‘‘gate’’. If a gate signal is not applied, the
device will not conduct at below rated forward

blocking voltage. With the application fof a'gate
signal, however, the device switches_gapidlyfto a
conducting state characterized by a very low voltage
drop and a high current-carrying capability. Once
conduction has been initiated, the gate terminal no
longer has any effect. In order to turn the unit off,
the anode-cathode current must be” reduced to a
value less than the holdingseurrent.

A signal is applied,to“the gates from the pulse
transformer. The back swing, voltage from the trans-
former is short cireuited by diodes D2 and D3, (See
Fig. 2) to avoid impressing a reverse voltage pulse
on the gates.

Zener diodes DZ1 and DZ2 protect the Thyristor
from transient“voltages which might otherwise cause
premature /Jconduction or might damage the units.

Resister-capacitor combinations R2-C2 and R3-
€3 provide a path for ‘“‘turn on’’ current to flow for
appreximately one millisecond. This allows time
for, holding current to build up in an inductive load
such as a trip coil.
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% Fig. 2. Internal schematic for the type SAR relay with two outputs. for single output the circuity associated

with 7 and 8 may be omitted.




TYPE SAR RELAY

Bridge Rectifier Output

The SAR-2 bridge rectifies the output of the
pulse transformer to charge up capacitors C2 and
C3 and produces a positive voltage at terminals 5
and 7. When the input signal is removed and the
pulse circuit is deenergized, voltage across cap-
acitors C2 and C3 is discharged through resistors
R2 and R3 respectively within 10 milliseconds to
provide a fast turn-off feature.

CHARACTERISTICS

The SAR and SAR-2 will receive an input signal

# from 5 volts d.c. to 125 volts d.c. and provide one

or two isolated outputs. However, the SAR-1 has
only a high voltage input. The SAR, SAR-1 and

SAR-2 relays will establish an output within 0.25
milliseconds after the input signal is applied.

It should be noted that the SAR and SAR-1 differ
from mechanically operated contacts. A certain
minimum load current must flow beforg®he Thyristor
will latch on. If the minimum tusn onyeurrent is not
established during the first millisecond” after the
first gate pulse is received, thé unit will not latch
on. However, it will permit voltage to be applied to
the load for the duration of each gaté pulse.

The SAR-2 output is ajfunction of the connected
load and reaches 14 milliwatts when connected to a
load of approximat€lyn2500ohms as shown in Figure
9.

Specifications:
UNIT SAR SAR-1 SAR-2
Operating Voltage 125V d.c. - — = 125V d.c.
Operating Current
Standby 20MA - = 20 MA
Tripping 25 MA 25 MA 25 MA
Temperature Range —50°C to +85°C
: 54ton35vd.c. 5 to 35V d.c.
I t Signal Voltage ated d.c. 1t
nput Signal Voltag 38 8 1BV dc. Rated d.c. volts 1 35 t0 125V d.c.

Output per Circuit

Ambient Temperature 25°C 50°C 75°C See
(3 cycle Breaker) (50MS Surge) 60 Amps 49 Amps 37 Amps Figure 9
(5 cycle Breaker) (83MS Surge) 54 44 33
Continuous 6.5 4.5 3
Vdc
= .25 amp or more
Load Requirements Rload ohms .See
L Figure 9
—Henry - 02 orless
Rload ohms
% Thyristor
Max forward leakage current 125°C ......c.occcvuuevemennneneen, 8 ma DC typical forward leakage at 85°C = .07 ma
Max reverse leak@ge curfent 125°C .......ccoeiiiiieieireennnee 8 ma DC typical forward leakage at 85°C = .07 ma

Max forward voltage drop at 10 amps 25°C 1.6 volts.
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Fig. 3. Internal schematic for the type SAR-1 relay with two outputs. For single output the circuitry associat-

ed with 7 and 8 may be omitted.
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* Fig. 4. Internal schematic for the type SAR-2 relay.
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* Fig. 5. External schematic for the type SAR relay.
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Fig. 6. External schematic for the type SAR-1 relay.




TYPE SAR RELAY L.
INSTALLATION ADJUSTMENTS & MAINTEN@
The units should be mounted on switchboard
panels or their equivalent in a location free from Acceptance Tests
dirt, moisture, and heat. Mount the units by means i i .
. . 1. Connect the unit as shown in Figure 10.
of two mounting screws directly to the panel. For
outline and drilling refer to fig. 11. 2. Close switch S3 and no output shoald occur.
TABLE | \@
TROUBLE SHOOTING PROCEDURE FOR THE
TYPE SAR RELAY
Refer to Part A of Fig. 10.
Step in acceptance
failed by the CONDITION POSSIBLE CAUSE
relay
2 Output of the lamp at terminal 6 of ghe r 1. DZ1 shorted
2. Q2 shorted
. 1. DZ2 shorted
2 Output of the lamp at termin lay 2. Q3 shorted
1. Q4 shorted
3 Both outputs operate 2. Q5 shorted
1. Q4 open
2. Q5 open
4 No output 3. DZ3 shorted
4. Q1 open or shorted
5. Q2 and Q3 both open

voltage exists at

%

Refer to fig. 2 and check vo&ag@ if voltage is not present the problem is with Q4, Q5,and/or DZ3. If

B2, check ai 8 and if voltage is not present Q1 is open or shorted.

1. If the output is at
terminal 6 then Q3

is open.
Output occurs

2. If the output is at
terminal 8 then Q2
is open.

1. Q1 is latched on.

If this is the case
No output after 30 seconds Increasing R1 by
10% should correct
the problem.

6or7

Q2 Malfunctioning

Output does not remain on 2. Q3 Malfunctioning

3A
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3.

Close switch S1 and only SAR-1 should have an 7. Open switch S1. SAR and SAR-1 should remain
output. on.
Close switchS2and gradually increase the signal 8. Open switch S3 to reset SAR and SAR-1.
voltage to terminals 2 and 3 alternately to be Calibration
sure an output is established by SAR and SAR-2
when the minimum voltage rating is reached or No calibration is required on the SAR, SAR-1,
before it is reached. and SAR-2.
Open S3 for 30 seconds and reclose. SAR and Trouble Shooting
SAR-1 should turn on immediately. . A .
The following three tablesqare topaid in locating
Open switch S2. SAR should remain on. SAR-2 components which have malfunctiened and caused
should turn off. the relay to fail the acceptance tests.
TABLE 11
TROUBLE SHOOTING PROCEDURE FOR THE
TYPE SAR 1 RELAY
Refer to Part B of fig. 10.
Step in
Acceptance test CONDITION POSSIBLE CAUSE

the relay failed

1. DZ1 shorted

2 Output of the lamp at terminal 6 of thejelay
2. Q2 shorted
Output of the 1 t terminal 8 of the rel - D22 shorted
2 utput of the lamp at terminal '8 of the relay 5. Q3 shorted
. Q1 open or shorted
3 Neither output operates 2. Q2 & Q3 open

Refer to fig. 3 and check voltage at" A6 or¥A8 if voltage does not exist Q1 is open or shorted.

3 One ofitput @ccurs

1. If the output is at
terminal 6 then Q3 is

open

2. If the output is at
terminal 8 then Q2 is
open.

No output after 30 seconds.

1. Q1 latched on.
If this is the case
increasing R1 by 10%
should correct the
problem.

7 Output does not remain on

1. Q2 Malfunctioning
2. Q3 Malfunctioning
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TYPE SAR-2 RELAY

TABLE 111 O
TROUBLE SHOOTING PROCEDURE FOR THE O

Refer to Part C of Fig. 10

Step in
Acceptance test
Failedbythe relay

CONDITION

POSSIBLE CAUSE

~0
Both outputs operate z_xrted

DZ3. If voltage ex

3
pen
Q5 open
4 No Output DZ3 shorted

Refer to Fig. 4 and check for voltage at B2, if voltage is no
ists at B2, check the voltage at A6or A8.and i

Q1 open or shorted

SIS

Both diode bridges open

e problem is with Q4, Q5, and/or
eisnotpresent Qlis open or shorted.

1. If output occurs at

terminal 6 the diode
bridge at terminals
7 & 8 is open.

2. If output occurs at
terminal 8 the diode
bridge at terminals
5 & 6 is open.

* ELECTRICAL

C1
Cc2

= .25 MFD Capacitoxa
=C3 =2 MFD Cap or & SAR-1)
acitor (SAR-2)

=.47TMFDC

=150 PF Cap
=.005 M

pacitor
volt diode CER-69

DZ4 = 3.9V + 5% Zener Diode INT48A
Qla = 20V %-layer diode 4E20-28
Q3 = 2N1850A Thyristor

Q5
1

= 2N699 Transistor
= 2N1131 Transistor
= 5,000 ohms 25W

R2 =R3 =470 ohms 1W (SAR & SAR-1)
= 22Kohms 1/2W (SAR-2)

R4 =1.5K ohms 1/2W
R5 10K ohms 1/2W
R6 =4.7K ohms 1/2W
R7 =R8 = 22K ohms 1/2W
R9 =47K ohms 1/2W
R10 =R11 = 100 ohms 1/2W

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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Fig. 9. Typical output characteristics,of ‘theftype SAR-2
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INSTALLATION o

OPERATION o

Westinghouse  I.L. 41-843B
MAINTENANCE

INSTRUCTIONGS

TYPE SAR, SAR-1, and SAR-2 AUXILIARY RELAY

APPLICATION

The type SAR. SAR-1, and SAR-2 are ultra high
speed auxiliary relays. The SAR is a tripping auxi-
liary relay which accepts a low voltage input or a
high voltage input from a fault detecting relay. The
SAR-1 is also a tripping auxiliary but accepts only
a high voltage input. Both the SAR and SAR-1 relays
are availeable with either single or double Thyristor
(Silicon controlled rectifier) Once the
Thyristors are fired they must be reset by a 52a
contact or equivalent. For the application of the
SAR and SAR-1 refer to figures 5 and 6. The SAR-2
accepts either a low or high voltage input and has a
diode bridge output circuit which does not latch-on.
The relay is applied in breaker failure schemes for
starting the breaker failure timer because of its
automatic reset feature. Figures 7 and 8 show this
application of the SAR-2.

outputs.

CONSTRUCTION

The auxiliary units are packagesgin a pefrforated
cage with a molded cover and,a melded{base (with
terminals) for projection mounting, Figure 1. Types
SAR and SAR-1 are available{withQeither a single
or a dual output. The SARpshowWm in Figure 2 con-
sists of two Thyristors (eacChywith its own gating
circuit, latch-on, and frotegtive components), a
three-winding pulse transformer, a 4-layer diode, a
pulse capacitor, a t@wo-fransistor amplifier, a zener
diode voltage regulates; and a current limiting power
resistor.

The SAR-1{showh in Figure 3 is similar to the
SAR except it“dee$§ not have an amplifier or a volt-
age regulator.

The SARS2 shown in Figure 4 is similar to the
SAR “except the Thyristors are each replaced by a
full-Wave bridge rectifier and a filter circuit.

The circuits are contained on printed circuit
béards which are plugged into edge connectors. The

SUPERSEDES I.L. 41-843A

*Denotes change from superseded issue.

boards can be removeddor inSpection and tests and
then reinserted into the g£ommector. Access to the
boards is gained by@emowving the screw in the center
of the top. Then the top,and perforated cage can be
removed.

OPERATION

Amplifier) Circuit

In\they, SAR and SAR-2 current flow into the
pulse,circuit is controlled by a PNP type transistor
Q5. WA standby potential of 48, 125, or 250 volts d-c
onpmore is required at terminal 1 with battery nega-
tive“connected to terminal 4. Voltage across the
amplifier circuit is regulated at 33 volts d-c by the
zener diode DZ3 and voltage dropping resistor R1.

The amplifier is turned on by a positive poten-
tial of 5V d.c. to 35 V.D.C. applied to terminal 3
or by 35V d.c. to 125V d.c. applied to terminal 2
or by both with negative polarity connected to
terminal 4. This causes current to flow into the
base of the first stage transistor Q4 which is there-
by driven into the conducting state. Base current
for Q5 then flows through R6 and Q4 causing Q5 to
conduct current into the pulse circuit. When the
pesitive signal is removed from terminal 2 and 3,
Q4 reverts to a nonconducting state to block base
current in Q5. Q5 then prevents the flow of current
into the pulse circuit.

Pulse Circuit_

A capacitor C1 and four-layer diode Q1 produce
the gating pulses delivered to the transformer.
When a voltage is allowed to develop across Cl1, it
reaches the breakover level of the four-layer diode.
At this time the diode Q1 aquickly switches from a
blocking state to a low resistance conducting state
and thereby allows full capacitor voltage to be
applied to the transformer primary. When C1 is dis-
charged, Q1 switches back to the blocking state
until its breakover voltage is reached again. This

EFFECTIVE JULY 1969
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1.L. 418438

process continues as long as voltage is applied to
the pulse circuit. Pulses are applied to the gate
circuit at a rate of four pulses per millisecond. In
the SAR-1, current flow into the pulse circuit cap-
acitor is initiated by applying a positive potential
to terminal 1.

Pulse Transformer

Gating for the Thyristors Q2 and Q3 is provided
through the three winding pulse transformer T. The
transformer provides isolation for the Thyristor cir-
cuit from the initiating circuit.

Thyristor

The Thyristor is a three-terminal semiconductor
device. In the reverse, or nonconducting direction,
the device exhibits the very low leakage character-
istics of a silicon rectifier. In the forward, or con-
ducting direction, conduction can be initiated by the
application of a control pulse to the control terminal
or ‘‘gate’’. If a gate signal is not applied, the
device will not conduct at below rated forward

blocking voltage. With the application of a gate
signal, however, the device switchesgrapidly to a
conducting state characterized by a very low)voltage
drop and a high current-carrying capability. Once
conduction has been initiated, the gate terminal no
longer has any effect. In order to turm the unit off,
the anode-cathode current must be reduced to a
value less than the holding current:

A signal is applied topthe?gates from the pulse
transformer. The back swing voltage from the trans-
former is short circuited®d¥ diodes D2 and D3, (See
Fig. 2) to avoid4impressing a reverse voltage pulse
on the gates.

Zener diodes DZ1 and DZ2 protect the Thyristor
from tran$ient, voltages which might otherwise cause
premature /fconduction or might damage the units.

Resistor-capacitor combinations R2-C2 and R3-
C3yprovide a path for ‘‘turn on’’ current to flow for
approximately one millisecond. This allows time
for“holding current to build up in an inductive load
such as a trip coil.

43 & 125v.D.C.
POS.

50000-125¥.0.C.
17000~ A8V.D.C.

87
35;125V

INPUT

v

* B3
oy
8 82 A7 Q!
AR C,
)74 ¢
[ b

?é BY j , AS

NE6.

® G

629A375

Fig. 2. Internal schematic for the type SAR relay with two outputs. for single output the circuity associated

with 7 and 8 may be omitted.
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Bridge Rectifier Output

The SAR-2 bridge rectifies the output of the
pulse transformer to charge up capacitors C2 and
C3 and produces a positive voltage at terminals 5
and 7. When the input signal is removed and the
pulse circuit is deenergized, voltage across cap-
acitors C2 and C3 is discharged through resistors
R2 and R3 respectively within 10 milliseconds to
provide a fast turn-off feature

CHARACTERISTICS

The SAR and SAR-2 will receive an input signal
from 5 volts d.c. to 125 volts d.c. and provide one
or two isolated outputs. However, the SAR-1 has
only a high voltage input. The SAR. SAR-1 and

Specifications:

SAR-2 relays will establish an output within O.
milliseconds after the input signal is applied

It should be noted that the SAR and SAR-1 differ
from mechanically operated contacts. A certain
minimum load current must flow before
will latch on. If the minimum tu )
established during the first mi
first gate pulse is received, the
on. However, it will permit yo
the load for the duration of ea ate pulse.

The SAR-2 outputfis a
load and reaches 1
load of approximatel

ction of the connected
iwatts when connected to a
00 ohms as shown in Figure

Temperature Range

Input Signal Voltage

Output per Circuit ™
Ambient Temperature

UNIT SAR-2
Operating Voltage 125V d.c 125V d.c.
Operating Current
Standby 20 MA
Tripping 25 MA

See
(3 cycle Breaker) (50MS Surg 60 Amps 49 Amps 37 Amps Pigure 9
(5 cycle Breaker) (83MS e) 54 44 33
Continuous 6.5 4.5 3
a Vde
—————= .25 amp or more
Load Requiremen Rload ohms ‘See
Figure 9
LHenty - 9 or less
Rload ohms

—50°C to +85°C

5 to 35V d.c.

Rated d.c. volts 35 to 125V d.c.

50°C 15°C

* Thyristor

Max forward leakage current 125°C = 8 ma D.C.
Max reverse leakage current 125°C = 8 ma D.C.

Max forw voltage drop at 10 amps 25°C 1.6 volts.

Typical forward leakage at 85°C = .07 ma D.C.
Typical forward leakage at 85°C = .07 ma D.C.

iy,
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Fig. 3. Internal schematic for the type SAR-1 relay jwith two outputs. For single output the circuitry associat-
ed with 7 and 8 may be omitted.

35/125V
1nPyT

98 & 125¥.0.C:
?0S

0000-125Y.0.C.
17000- 48V.D.C.

3

B3
Q5
82 A5
<<—q
; E By j/
NEG.

7634108

Fig. 4. Internal schematic for the type SAR-2 relay.
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Fig. 6. External schematic for the type SAR-1 relay.
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I.L.

INSTALLATION ADJUSTMENTS & MAINTEN@
The units should be mounted on switchboard
panels or their equivalent in a location free from Acceptance Tests

dirt, moisture, and heat. Mount the units by means

of two mounting screws directly to the panel. For

1. Connect the unit as shown in Figure 10.

outline and drilling refer to fig. 11. 2. Close switch S3 and no output shdald occur.

TROUBLE SHOOTING PROCEDURE FOR THE
TYPE SAR RELAY

Refer to Part A of Fig. 10.

Step in acceptance

failed by the CONDITION POSSIBLE CAUSE
relay
. 1. DZ1 shorted
1 1
2 Output of the lamp at terminal 6 o y 2. Q2 shorted
9 Outout of the 1 bt . 1 1. DZ2 shorted
utput o e lamp at termi ay Q3 shorted
1. Q4 shorted
3 Both outputs operate Q5 shorted
Q4 open
Q5 open
4 No output \ DZ3 shorted

Q1 open or shorted
Q2 and Q3 both open

A A

>

Refer to fig. 2 and check vﬂta@, if voltage is not present the problem is with Q4, Q5,and/or DZ3. If
voltage exists at B2, chec

A8 and if voltage is not present Q1 is open or shorted.

1. If the output is at
terminal 6 then Q3

< ? is open.
e Output occurs

2. If the output is at
terminal 8 then Q2
is open.

1. Q1 is latched on.

If this is the case
No output after 30 seconds Increasing R1 by
10% should correct
the problem.

6or 7

Q2 Malfunctioning

Output does not remain on 2. Q3 Malfunctioning
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3. Close switch S1 and only SAR-1 should have an
output.

4. Close switchS2and gradually increase the signal
voltage to terminals 2 and 3 alternately to be
sure an output is established by SAR and SAR-2
when the minimum voltage rating is reached or
before it is reached.

5. Open S3 for 30 seconds and reclose. SAR and
SAR-1 should turn on immediately.

on.

P
7. Open switch S1. SAR and SAR-1 should remaO 3

8. Open switch S3 to reset SAR and SAR-1.
Calibration

No calibration is required on the SAR, Q\R-l.
and SAR-2.

Trouble Shooting \2
The following three tables’ar id in locating

6. Open switch S2. SAR should remain on. SAR-2 components which have 1 ed and caused
should turn off. the relay to fail the acceptance,tests.
TABLE 11

o

TROUBLE SHOOTING PROCEDURE FOR T
TYPE SAR 1 RELAY

Refer to Part B of fig. 10.

Step in
Acceptance test CONDITION POSSIBLE CAUSE
the relay failed
2 Output of the lamp at terminal 6 ofsthe relay 1. DZ1 shorted

2. Q2 shorted

1. DZ2 shorted
2. Q3 shorted

1. Q1 open or shorted
3 Neither output operam 2. Q2 & Q3 open

S
Refer to fig. 3 and check voltge A6 A8 if voltage does not exist Q1 is open or shorted.

2 Output of the lamp at termi of the relay

If the output is at
terminal 6 then Q3 is
open

2. If the output is at
terminal 8 then Q2 is
open.

Q1 latched on.
If this is the case
No output after 30 seconds. increasing R1 by 10%
should correct the

problem.

™

. Q2 Malfunctioning
2. Q3 Malfunctioning

Output does not remain on
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TYPE SAR-2 RELAY
Refer to Part Cof Fig. 10

TABLE 111l O
TROUBLE SHOOTING PROCEDURE FOR THE O

— I o
Step in @
Acceptance test CONDITION POSSIBLE CAUSE

Failed by the relay

3 Both outpu*s operate

DZ3 shorted
4. Q1 open or shorted

4 No Output

5. Both diode bridges open

he problem is with Q4, Q5, and/or
eisnotpresent Qlis open or shorted.

Refer to Fig 4 and check for voltage at B2, if voltage is no
DZ3 If voltage existsat B2, check the voltage at A6or A di

1. If output occurs at

\\ terminal 6 the diode

bridge at terminals

T & 8 is open.

4 One oc
2. If output occurs at
terminal 8 the diode
bridge at terminals
@ 5 & 6 is open.
* ELECTRICAL PJ\\;ST

R2 = R3 = 470 ohms 1W (SAR & SAR-1)
= 22K ohms 1/2W (SAR-2)

Cl1 = .25 MFD Capacito
C2 =C3-2MFD Cem AR & SAR-1) R4 =1.5K ohms 1/2W
= .47 MFD acitor (SAR-2) R5 = 10K ohms 1/2W
C4 =150 PF Ca R6 = 4.7K ohms 1/2W
apacitor R7 =R8 = 22K ohms 1/2W
- volt diode CER-69 R9 =47K ohms 1/2W
1W Zener Diode IR200 R10 = R11 = 100 ohms 1/2W

DZ4 - 3.9V + 5% Zener Diode INT48A
= 20\7.4—1ayer diode 4EX562
Q3 = 2N1850A Thyristor Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
. furnished to the customers who are equipped for
Q5 = 2N1132 Transistor . . , . .
doing repair work. When ordering parts, always give
R1 = 5,000 ohms 25W the complete nameplate data.

RENEWAL PARTS

2N699 Transistor

|



TYPE SAR RELAY

POS. 125 VDC

TD-50|
TRIP

BKR
CONTACT BKR I

-O—{—0—
!
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—I~
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@ voLTace (62X
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0

2x
{ 7

L+ <<y TO BKR

x =+ 62X >No.2

%x - 8 | TMER
RESET n €):2J—0—<<—4:+—J = —>C-»

) ']E_(ﬁ L Low & ( Mr{:}—ﬂé

2
VOLTAGE L =
o1 NBUT S T ﬁg& T9 86
> 04
GZTX TO POS. 62X TD-50
N
5
94
BREAKER %9 5 % 86
NO.I TRIP L""o—J
SAR :} BREAKER --- #)
47 — / No2 TRIP
; 50
NEG. 125 vDC 29TD-50 RELAY
62X- SAR-2 RELAY
86 <IWL LOCKOUT RELAY
94 - SAR RELAY
50/~ FAULT DETECTOR
76LA249
Fig. 7. External Connection f6fiSAR-2 For Breaker Failure.
POS. 125 VDC
i 62X
TRIP
I CONTACT Ics
i
- }—H»9>-<>>
>y
= 62X
3 L >—8—>
R T [-::w»
L
V'O'}‘_PGGTE J %_
62x gaz
4 6
} o AP
SAR | .3 BREAKER
NO.2 TRIP
NEG. 125 VDC 2-TD-50 RELAY
50~ KC-4 "RELAY
62X-SAR-2 REL AY
86-WL LOCKOUT RELAY
94-SAR RELAY
764A250
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Fig. 8. External Connection for SAR-2 For Breaker Failure With Supervision By 2 Fault Detector.
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TYPE SAR RELAY I.L. 41-8438
(%]
[
[
L. s
z 0
35
30%
z
5<5
a a
E 5
3 ©°
LOAD
0 +————+ et } } e
0 IK 2K 3K 4K 5K 6K 7K B8K. 9K
R’ LOAD OHMS IN SERIES WITH /ONE \BIODE
836A536
Fig. 9. Typical output characteristics ofythe type SAR-2
auxiliary relay.
125 vDC POS. \C
* S3
PART A
So-f 208 O\
8
Si
______ A é NDICATOR
VARIABLE|POS. /" 35v/)2sv 1€, SAR Pos(D LAMPS
o s2 OR WORE.
VOLTAGE
SUPPLY [NEG 5v,/35V _@ @
-—@NEG, Pos(s
| \.
- = NEG. VD C
4+ 25 ¥ D.CL. PO ~
S3 PART B
-
ofDres &
ros @4 magaen
saR-l o s
6
'—@NEG, pos(s
\.
NEG.VD C
+ 125 VD C PQOS
PART C
-
S\Io— @POS. —‘Vr
Py T B o
VARIABLE |POS. /7 38V/ 125 SAR-2 Pos@_ —4 IF:( 27VT0 6
vottace| _ S2 10K (90T 16
SUPPLY [NEG TR RO, O ¥ =
co Vo| WNOTE' VOLTMETER
NEG. POS(:) 1 MUST HAVE 1000
OHMS PER VOLT OR
MORE
NEG.VDC
836A537

Fig. 10. Test connections for the type SAR, SAR-1, and SAR-2 relays.
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TYPE SAR RELAY

2-15/16
Y ~1-15/32 —
AR 9 O G
a -
=, a8 2 HCWCNE an
b Pl NP NP\ N V) |
\\ - wul—gs [
=EQund \
O A =— — [7¢]
- ww
| o> dx
-_unwaom;m o
gomg«z
« —~— OO ©
NAMEPLATE L
T T - T3
™ =
>
&
Al
MATH ,
RO
V/Z/ 3 Y4 )
3/16 AVAILABLE
OPENING /2
TERMINAL SCREWS .190-32 CLEARANCE FOR .190-32
BINDING HEAD. FLL.HD.MTG. SCREW
FIG. DESCRIPTION DIM. A
TRB STATIC TRIPRINGJUNIT
1 |vRB-1 BLOCKING. VALYE ¥-27/32
2 |[TRB-1 TESTUNIT 2-1/32
3 |TRBIZENER TRIPPING UNITS 4-27/32
4 | SARNAUX.RELAY y-27/32
5 | SRX RELAY 5.78\
184A117

Fig. 11. Outline and drilling plan for the type SAR, SAR-1 and SAR-2 relays.
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