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for t_esting all types of protective relays @
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ILLUSTRATED: M 51 E-PIECE UNIT
The MULTI-AMP® test instrument§ydes®€fibed in this manual contributes to the more

convenient and accurate field testing ective relays.

Set-up time, accuracy, safety and rd step in standardization of testing procedures
are among the many benefits.

The following sections degeribjng tBe use of the MULTI-AMP® relay test instrument
will enable the user to utiliz&jt s fullest extent. Refer to manufacturer’s instruction
book for the details of th& sp@ific device to be tested.

It is recommended tl& i
with testing. Q

NOTE: If the est set is not equipped with optional Current Actuator “C.A.”, the
“& position of the “Timer Operation Selector”” switch is not operable.

nstruction manual be read thoroughly before proceeding

MODEL.NO. ............ SR-51 A USERIAL NO. o oo,

ase refer to the above serial number when making inquiries regarding this equipment.
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FOREWORD :

The MULTI-AMP test instrument described in this manual contrfbutes

to the more convenient and accurate testing of curren d voltage
actuated devices. ‘

of relay testing are among the many benefits.

Setup time, accuracy, safety, and a forward step %\dardization

This manual presents detailed test procedures @he common types
of protective relays. As additional test prgge s are developed,
they will be added to the manual. Coples off t e new procedures
will be available upon request.

It is suggested that the relay engine @:hnician using the
MULTI-AMP test equipment, refer to th manufacturer's instruction

book for details concerning the ch c tics or adjustments for
the particular relay under test.

The following publications may b(&.\lted for theory.of relay

operation and application: <

1. "Applied Protectiv g" (Silent Sentinal)
Westinghouse Elec c oration
Relay-Instrument sion

Newark, New Je

2. "The Art and
by C. Russell

of Protective Relaying"
, General Electric Company
Wiley and Sons, Inc., New York, N.Y.

3. '"Protect ays - Their Theory and Practice"
by A., R&Van®C. Warrington, The English Electric Co. Ltd.,
blished by John Wiley & Sons, Inc. New York, N.Y.

. "El@ Power Distribution for Industrial Plants IEEE No. 141

n
5. AMP "The Electrical Tester", Vol. 2, No. 1
" t Coordinates, Tests Protective Relays"
. L. Bourbonnais II, E. I. duPont de Nemours & Co. Inc.

LTI-AMP "The Electrical Tester", Vol. 7, No. 2

Effect of Changing Short Circuit Duty on Relay Settings"
by F. P. Brightman

ﬁ\ MULTI-AMP INSTITUTE Curriculum

"Principles of Coordination for Industrial and Commercial
Power Systems".
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General Description

Designed to reduce equipment set-up time, simplify test
procedures, and eliminate wiring errors introduced when inter-
connecting individual components, Multi-Amp Model SR-51Ais
a self-contained, portable test set incorporating the necessary
outputs, control circuitry and instrumentation for testing the
“basic” single-phase, single-frequency protective relays.
Designed for either field or shop use, this rugged test set is con-
structed to withstand the rigors of transporation as well as daily
field activity.

Among its many outputs are two ac current sources, two ac
voltage sources, a dc voltage source, a dc current source and
a high voltage source for insulation tests. Of the two (2) dc
outputs which are provided, one is used primarily for testing
dc auxiliary relays and the other for testing dc targets, opera-
tions indicators and seal-in units. Two (2) ac current sources
are provided for applications such as testing current unbal-
ance relays or the slope of differential relays. Facilities are
provided to utilize and independently adjust two outputs
simultaneously; and the test set includes several special test
circuits which greatly simplify test procedures and increase
efficiency.

Built-in overload relay and fuses protect the test set from
damage due to overloads or short-circuits. The input line cord
and test leads supplied with each test set are all -
needed for testing essentially all the “‘basic’ protective @

Comlt@st Applications

Relays: Overcurrent, percentage differeftial regt unbalance, directional overcurrent, thermal, overload, over/under
voltage, timing, and ac and dc auxiliary rela
78, the Model SR-51A would also be
relays which require control of the p a

Other Applications: circuit tfeak
voltmeters. .

@ Specifications

ne)NP20 volts, 1¢ OR 240 volts, 1¢

nusedinconjunction with a phase shifter such as Multi-Amp Model CS-
estingdistance,impedance, mho, reverse power, loss of excitation, and other
relationship.

ated up to 50 amperes, current and potential transformer ratios, ammeters,

Rating: 1.0 kva
Input Voltage (s
Input Frequen
Outputs:

No. 1: Continuously adjustdble through 4 ranges to meet a wide variety of test circuit impedances

00-10 volts at 100 amperes
00-20 volts at4¥0 amperes

(Intermittent) Capabilities of Output No. 1:
the output voltage is sufficient to “'push’ higher than rated current through the impedance of the load
ircuit, the test set may be overloaded for short durations as shown below. The overload capabilities are approx-

te since output values will vary with regulation. (

Per Cent Rated Current Maximum Time-On Minimum Time-Off - 1
100% 30 minutes 30 minutes Q
200% 3 minutes 8 minutes

300% 20 seconds ‘ 4 minutes



No. 2:

No. 3:

No. 4:
No.5:
No. 6:
No. 7:
No. 8:

No. 9:

0-140 volts at 3 amperes ac
0-150/300 volts at 0.5/0.25 amperes ac
0-8 volts at 5§ amperes dc for dc current source in testing targets, operations indicators and seal-in units.

0:-150/300 volts at 0.3/0.15 amperes dc 4
1200 volts, current limited to 5 milliamperes ac for insulation resistance tests. O
0-24 volts at 10 amperes ac for second current source when testing dual current coil relays.

“Directional Element Test" (DET) - A special test circuit to apply a current and voltage which are exactly in phas@mine
minimum pick-up of wattmeter elements of complex relays. Four calibrated values are provided as well as five ex itions

for special ranges.

“Voltage Relay Test” (V. RLY.) - A special circuit for testing over or under or over/under voltage relays. Provid&s a "normal”
voltage holding circuit where the “normal” voltage is adjusted and held while the fault voltage is propegly set. Switching to the
“Test" position applies the fault voltage and starts the timer simultaneously. Timer stops and voltdge issde-energized when

relay contacts close. \ .
Instrumentation

1.

Main AC Ammeter: A 4-inch square moving iron vane instrument with non-reflec@. mirrored scale, knife

edge pointer and pointer pre-set mechanism.
Scales: 5/10/25 amperes
Ranges: (switch selected): 0-2.5/5/10/25/50/100/250/500 amperes ac
Accuracy: 1% of full scale

Secondary AC Ammeter: A 4-inch square moving iron vane instrument on-feflective glass, mirrored scale and
knife edge pointer.

Scales: 5/10 amperes

Ranges (switch selected): 0-5/10 amperes ac

Accuracy: 1% of full scale

DC Ammeter: A 4-inch square D'Arsonval movement inst t n-reflective glass, mirrored scale and knife
edge pointer.

Scales: 0.5/5.0 amperes \

Ranges (switch selected): 0-0.5/5.0 amperes dc

Accuracy: 1% of full scale .. -
Multi-function AC/DC Meter: A 4-inch square recti e Mstrument with non-reflective glass, mirrored scale and
knife edge pointer.

Scales: 15/30/75 volts ac or dc; 10 megohms @

Ranges (switch selected): 0-1.5/7.5/15/30/75/15Q gits ac or dc; 10 megohms
Accuracy: 1% of full scale

Solid-State Digital Timer: A specially degign@

ulti-Amp® solid-state digital timer is incorporated to measure

the elapsed time of the test in either seco les. It has extensive shielding and noise suppression circuitry to en-
sure accurate and reliable operation ugide ost demanding field conditions. Incorporating a crystal-controlled
oscillator, accuracy of the timer is igdéep, nt of the power line frequency. The readout display appears as con-
tinuous, solid, unbroken digits witff no between the segments to impair readibility. The high brightness to con-
trast ratio of the display ensur® ex@gllenffreadability even in high ambient light conditions, including direct sunlight.
The flat, planar design of the @i ows a full 130° viewing angle without distortion.

&Jlanar characters using high intensity, gas-discharge technology.

Display: .375-inch (9.53

Ranges (switch-selected).
(a) 0-9999.99 secends
(b) 0-999999¢ycl

Accuracy: Seco e: 1 least significant digit or 0.0025% of reading, whichever is greater. -
1 1 Cycle




Hdusing: o

Test set is housed in a tough, heavy-duty formica enclosure with carrying handles on both top and ends and has a
removable, hinged pro!ective_ cover. Available in either a one-piece enclosure, or for increased portability, in a
two-piece enclosure with a single, multi-conductor interconnecting cable with appropriate plugs.

One-piece enclosure Model SR-51A Two-plece enclosure Mode! SR-51A{2PC G
Dimensions: 16%"H, 22"W, 11"D Dimensions: 16%"H, 14"W, 11D Each
Net Welght: 86 Ibs. (39 kg.) Net Welght: 43 Ibs. (19.5kg.) and v
48 1bs. (21.8 kg.)

Test Leads:

® One (1) pair No. 6 welding cables with insulated alligator ciips and sp ] No. 1285
® Two (2) pair No. 18 utility leads Part No. 1282

® One (1) pair continuity test leads Part No. 1283

® One (1) set of high-voltage test leads Part No. 1125

® One (1)

® One (1)

10-foot 3-conductor input lead Part No. 2708
pair #10, 20 feet long output leads Part No. 2040 K

Standard Features:

® Provided with two instruction manuais each containing a tely 150 pages of detailed, step-by-step »
procedures for testing protective relays as well as gperating uctions for the test set. Manuals also include t -
maintenance instructions, schematic diagram and @@ st ‘

® High current outputs of the test set are obtaineg u standard 120-volt convenience outlet for input power. No .

special high current power source required.

® Output control circuit permits momentary, “p ' lication of output to avoid damage or overheating of relay
when setting test current. Also, output is aut de-energized when relay under test stops timer.

® Built-in overload and short circuit protection.

® Facilities to initiate the test set from a re on.

® Facilities to utilize the test set's voltgpetefgto maasure external AC or DC voltages

® Continuity test circuit to indicate co N

® An auxiliary channel, completely indépel t of the main output channel is incorporated and may be fed from the
common primary source or fr nexternal phase shifter or frequency generator.

® Facilities are provided for efﬁ% Multi-Amp accessory units such as the Mode! 1-3PH three-phase
synthesizer (shown below), It phase shifter or frequency generator. For additional information on these
accessory models, please c@e factory. )

¢  Model 1-3PH
(
For additional information request bufietins, DS-FG, DS-3PH, DS-CS.
(  Arncoscmboas AR, te-

A N e MO0 Dorbmd e 1ICA BAA rAaas
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GENERAL DESCRIPTION O

4
MULTI-AMP relay test sets are portable, variable‘:EEient and/or
a

variable voltage units suitable for testing and cal

cal protective or indicating devices. They are c@e of testing
all single phase protective relays that do not~£EE’1re a change in

frequency or a specified phase angle relatigns between a voltage

and a current or between two currents or@: ltages: They may
1

also be used to test any three phase p

g electri-~

ve relay that may be
tested one phase at a time. The te s are dual channeled; each

channel controlled independent of{th ther. The main .channel

provides test facilities for A ent actuated or AC voltage
actuated devices with a c uously variable output.
The second or Auxil hannel supplies continuously variable

outputs of AC or DC fo@ent actuated or voltage actuated devices;

provides special gir@y for testing undervoltage relays,

directional unita(ii , in addition, for performing an insulation

resistance te 1l protective relays. -

Access re available to be used in conjunction with the

MULTI-A!‘~~~ test sets when special facilities are required:
a

- change of frequency

b - a specified phase angle relationship between

S two circults
¢ - three phase voltage
Detailed descriptions of the controls are given in the follow-

ing pages. The numbers () refer to those shown on Figure 1.
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CONTROL DEVICE FUNCTIONS O

INITIATING SWITCH (1) This switch serves to start opgration

of the test set. %
120V_SYNCH TERMINALS (2) 120 volts is present‘!ﬂhii’ se terminals

whenever the unit 1®tiated. This
voltage may be @ a control source

to initiate anal unit such as
MULTI-AMP fb 010/RB Reactor Booster.
u

EXT. INITIATE JACK (3) Closing it plugged into this
| Jac low the test set to be
in §§§\gd from a remote position.
'FUSE NO. 1 (&) (b use protects the entire unit.
"RELAY CONTACTS" -

BINDING POSTS (5) The trip circuit contacts of the device

\tunder test are to be connected to these

posts.

"POWER ON" LIGHT This light indicates that the main

switch 1s closed.

CONTINUITY A 6.3 volt circuilt is wired in series

with a green light (8) so that contact
\ action of relay under test or circuit
continuity can be checked.
PO ITCH (9) This is the main input switch controll-

. ing all power except to the "l20V"

outlet (10).
120V OUTLET (10) This convenience outlet 1s wired direct-

ly across the line cord so that power
for auxiliaries such as trouble lights,
etc. 1s avallable whenever the test unit

is plugged 1in.
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FUSE NO. 2 (11 This fuse protects the control O ,)
B transformer. v
. .
MAIN CONTROL KNOB( 12) This knob controls the set g of the
main variable autotrans%
AUX. POWER INT-EXT Selects energizing of fe channel
SWITCH (13) :
of test set from inte or external
source. Q
AUXILIARY POWER INPUT These termina for connecting a
TERMINALS (14) .
second sou ower (not over 120
volts) phase shifter or frequency
genera that relays requiring

con f phase relationship or frequenc)
: %ested. |
AUXILIARY SELEC‘I‘OlzlS‘)dITC Qs switch selects the output to be | )
' 2 -\Justed by the auxiliary control (16).

@In the "VERNIER" Position, the Auxiliary
2

K\ Control acts as a fine adjustment for

the Main Control (12).

AUXILIARY.CONQ’ OB (16) This knob controls the setting of the

@ auxiliary autotransformer to change
the magnitude of the output selected by
% the "Auxiliary Selector" Switch.
AC_OUTPUTY #3 TERMINALS ( 17) Binding posts where AC output associated
L 4 with second channel of MULTI-AMP test '

set is picked up. -

RANGE SWITCH (18) This switch selects the range of the DC

Ammeter (0.5A or SA). (

DC OUTPUT TERMINALS (19) Binding posts where DC outputs of MULTI=-

AMP test set are picked up.
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"PRESS TO TRIP DC" SWITCH This switch (NC Momentary ContactO

(20)
opens the DC supply. O

VOLTAGE RELAY TEST This switch 1s used when running timing
D.E.T. (Directional
Element) tests on voltage relays or minimum
TEST SWITCH _ (21)
pickup of directiona u% on direct-

ional overcurrent

"SET NORM" Posi% hen used with

"Voltage Rela circuitry, this

position co QAC Output #3 terminals

(17) t%@or Channel 1 of the

tes .

"SETRFA " Position - Switches volt-

£ to output of second'channel of

%set while allowing AC Output #3

Qterminals of test set to remain con-
N

nected to output of Channel 1 of the
@ test set. .

‘\O "TEST" Position - Connects AC Output #3

\\ terminals to output of Channel 2 of
O ' test set and starts timer.
Position #1 through U4 are factory wired

of voltage and current at zero phase

®® with resistors to provide specific values

angle to test pickup of directional

. element.

Position #5 through 9 are left unwired

to permit addition of resistors to
produce values common to the user's

system.
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OUTPUT #1 TERMINALS AC Output #1 is available from tg;:-> .
22 and 24 ‘
terminals and is adjusted by the Main v
Control in four (4) rapge%
_ ACCESSORY SOCKET (23) This socket 1s connect‘-\Q. he 0 to
140 volt, 3 amp outpu he autotrans-
former and can be edjto supply a
soldering iron s¥milar accessory.
EXTERNAL VOLTMETER These termin able the voltmeter
TERMINALS ( 25)
to be used xternal voltage
measuge
PAM JACK (26) ) This,‘i:' nables a phase angle meter
' cu@ coil or external S-ampere
r to be inserted in series with
e main ammeter. )

OUTPUT #1 & OUTPUT #2 (b his switch makes available Output #1

SWITCH (2
L
Q\- Channel 1 of the test set.
QUTPUT #2 TERM&TL>5282 AC Output #2 is avallable from these

< ’ terminals and is adfusted by the Main

Control.

(Current) or Output #2 (Voltage) from

SISTANCE These Jjacks accept the high voltage

test leads provided with the unit.

MAIN AMMETER RANGE(SW?TCH This switch selects the range of the .
& 30
main ammeter. The ammeter range must

correspond to the appropriate Common

of Output #1.

(
AC RANGE SWITCH (31) This switch 1s an ammeter range switch.

(5 or 10 amperes)



VOLTMETER SELECTOR
SWITCH _ (32)

-

VOLTMETER RANGE SWITCH
(33)

PUSE NO. 3 (34)

FUSE NO. 4 (35)

TIMER (36)

TIMER RESET BUTTON (37)

TIMER OPERATION SELECTOR
SWITCH (38 & 39)

L

Q
o
&

4

N
>
$

2 -7
By means of this switch, -the voltm
can be connected to any one of %al

output circuits.
This switch selects the v tage’range

for the voltmeter.

This fuse protects t% autotrans-

former. Q
This fuse prot auxiliary (VERNIER)

autotransfo .
Measures mtme of test in cycles

or se anges (switch-selected):
(a) 0-999.99 seconds
(b) 0-999999 cycles

Thi sh-button resets timer to zero.
lmmer operation selector switch

(38 and 39) mounted immediately below

ne timer on the panel of the MULTI-AMP
relay tester is a dual section switch.
Each section is controlled by a separate
operating device. The first section of
the switch reads against the nomenclature
below the switch. It has five positions
and is referred to below as the "LOWER"
switch (39). The second section is
controlled by a knob. It also has five
positions and reads against the nomen-
clature above the switch. This switch
is referred to below as the "UPPER"
switch (38). By proper selection of

positions, many varieties of tests can

be run with the MULTI-AMP relav tester.
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E. I"N.C. MOM" (Normally. Closed Momentary) - The operation in

this position is exactly the same as in "D" above except that

the output will be energized and the timer will run only s

long as the initiating switch is held depressed\%

The selection of other positions on the "LOWER" sw

) will
affect the operation of the relay tester in the ng manner:
F. DC - In this position, the "Relay Contactsq binding posts

are connected to the "DC 8" output of the st set for conven-

ience in testing target and seal-=1

that the Auxiliary Selector Swi

position.) \

The timer will not run and clo&e of the contacts of the

device under test will ergize the test set.

Only the positions "N. M" and "N.O.MAINT" of the UPPER

Switch (38) may be uéi’\‘e this position of the "LOWER"

Switch (39).

G. "CONT" (Continti:\hr In this position the "Relay Contacts"

binding posgs ) e connected to the 6.3 volts continuity

circuit of st unit. Therefore, contact operations of

a relay® est may be observed by watching the continuity

ligh\-\§
H. " " This operation has been described above.
"0

With the "LOWER" switch (39) set to the OFF position,

th timer motor and clutch are de-energized.
JA "FAST TRIP" =-.In this position of the "LOWER" switch (39), Ehe

operation of the timer selector and initiating circuits are

as follows:

MUST BE USED WITH "UPPER" SWITCH IN "N.O. MOM" POSITION.
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With the Normally Open Contacts of the device und Q
connected to the "Relay Cpntacts" (5) binding posbhe |
unit may be initiated‘.b:“yAdevpressing and holding t.he
Initiating Switch (1). The closing of the tacts of ‘
the device under test will stop the Tim&

first closure. The output of the MUL test unit

upon their
will continue as long-as the Initiatin@wSwitch is held
depressed. In this way, deviceQbe tested whose
contact closure occurs faster@ he Initiating Switch

can be released.

IT SHOULD BE NOT THE OUTPUT OF THE UNIT

WILL CONTINUE THE INITIATING SWITCH IS

RE, TO -PREVENT DAMAGE TO THE

RELEASED.
DEVICE \ TEST, RELEASE INITIATE SWITCH (1)

AS SOO% HE MAGNITUDE OF TEST CURRENT HAS
E INED.
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CURRENT METERING CIRCUIT (AMMETER) :

e
The main ammeter on the MULTI-AMP test set 1s eq 1;@11th

an adjustable Pointer Stop or "Pointer Pre-=Set", by of which
the ammeter pointer may be preset to any positionagn e scale and
held there with no current flowing through the . This is a
purely mechanical operation, easily accomplis y means of an
insulated knob on the meter rront.. It @to overcome the
inertia of the moving system of the te that currents or'

short duration can be read or set a& ely.

In use, the pointer is mechani&y set approximately 1/2 scale

' division below the desired czr@ading. The load is connected,

the timer operation select itch 1s placed in either "N.O. MOM"

or "N.C. MOM" position, a.N main power control is slowly rotated
clockwise while the 1nit®g switch 1s periodically pulsed.*®

Some quivering of the \poifter will be seen as the output current

approaches the pre }ralue. In continuing to advance the Main

Power Control, N er pointer will 1ift off the "Pointer Pre-Set"

to desired cu ‘
ENOTE: @0\7}: THE CONTROL WKILE CURRENT IN EXCESS OF THE TAP
T IS FLOWING.

I-M-P=-0-R-T-A=N-T
L 4

ALWAYS MAKE CERTAIN THAT THE AMMETER IS SET ON A

RANGE KIGH ENOUGH SO THE OUTPUT CURRENT WILL NOT
DRIVE THE POINTER OFF SCALE.

NOTE: The ammeter position selected must be within the range of

the -"Common for Ammeter" tap selected.
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SELECTION OF OUTPUT TAPS O

The MULTI-AMP test set may be operated most advantageon.@

by using the tap with the Lowest Voltage®* rating consistent with

L
being able to obtain the desired current. 1In this w iner
adjustment can be obtained by making maximum use o uto-

transformer range. With a low impedance load, e@all currents
may be obtained from the Low Voltage, High Curre tap. When the

impedance of the load is too high to obtai@ esired test current
t

with the low voltage tap, it becomes ne

0 use a higher

voltage tap.

IT SHOULD BE NOTED THAT THER RELATION BETWEEN THE

AMMETER RANGES AND THE CU S. ANY AMMETER RANGE

CAN BE USED ON ANY TAP. : :
Current taps are pr adapt the test set output to a

d
wide range of load impeda s.
Ammeter ranges a \'ided to facilitate more accurate read-
ing over a wider rab;%:
L 4
N

*When making &ng test on an overcurrent relay, it 1s suggested
that the 80@ ap be used. Its use will tend to nullify the

urrent values.

effect ot@ core saturation. When the relay is in good
adj 1\ est time obtained will match the relay manufacturer's

pu edycurves within allowable tolerances.
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SHORT TIME RATING O

The MULTI-AMP equipment is rated at a certain kva output and
is equipped with one or more output taps each capable 01 ’?lying
the rated kva. The total load kva rating of the uni e

exceeded as noted below.

The continuous rating in kva is based on a 5 1gdd factor of
1/2 hour FULL LOAD followed by 1/2 hour at NO@

The MULTI-AMP test set can also be u ed@eontimous duty of

100% ON provided the load current is limi o 7T0.0% of the output

tap value.

For Example: \
Rating: m 1.0 kva

Output 10 volts at-100 amperes or

20 volts at 50 amperes or
40 volts at 25 amperes or
80 volts at 12.5 amperes

(a) Consider the 10 vol@ 100 amperes may be drawn at any
0 «o

voltage from 0 .tOO

ts for 1/2 hour provided a 1/2 hour
NO LOAD conditg ersists before load is re-applied.
(b) The 100 ampe& may be used to supply a continuous (100%

. duty facto@ad current:‘ of 70.7 amperes (70.7% of tap value)

at a @ge from 0 to 10Avolts.

(¢) T kpere tap may be used to supply the following load
c for the time ON indicated, followed by the indicated

"OFF period and at any voltage from 0 to maximum. The maximum

ou:put voltage available when the rated current is exceeded

(overload), will be less than the rated value due to the

regulatiqn of the transformers in the test set. For example,

when drawing 200 amperes from the 100 ampere tap, the m‘aximumA

voltage available is approximately 8.0 volts.

).
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" Current Time ON Time OFF
100 A Continuous® --’- ------

200 A ‘ 3 minutes % 8 minutes

300 A - 20 seconds @ 4 minutes

#Continuous duty is defined as 30 minut@s and 30 minutes OFF

O

&
N
. Q(b

N\
&

Q>®
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USE OF PHASE SHIFTER AND PHASE ANGLE METER O ( :)

WITH MULTI-AMP Models SR-21 and SR-S51

L 4

4
The complete testing of certain relays requires contr of the
phase relationship between the two sources of ener zed in
the test. To facilitate testing of these relays, p ns have

the MULTI-AMP relay test sets.

PROCEDURE (Models CS-=5 or CS-6) Q
l. Connect Phase Shifter to a suitable inp r source.

2. Connect Phase Shifter terminals mark se Shifter Output"
to the "Aux. Power" input termina ay test set. Observe
polarity. Connect terminals mark ogether.

been made for connecting a Phase Shifter and Phase@ Meter to

3. Plug in the telephone type plu the "P.A.M." jack on relay

test set. Connect the leads e plug to the Phase Shifter
terminals marked "Current Coil ", Observe polarity. Con-
nect black lead to terminal ked "I,

4, Turn "Aux. Pwr." Switch on test set to "EXT".

5. Turn "AUX." Selector h on relay test set to "AC3=-24",

"AC3-150" or AC3-3OQ-~‘!
6. Depending on volta 1 required for test, set voltmeter

selector switch to%.

7. The Phase Angde gt.:" will now read the angle between "Output
#1" and "AC O 3" of the relay test set. The Phase

Shifter ma uSed to change this angle to any desired value.
"Output #1 aried in magnitude by the "Main Control" and
read on t n Ammeter®". "AC Output #3" is varied in

magnitudef by e "Aux. Control" and read on the voltmeter.

NOTE: two (2) current sources are desired with variable
e relationship and magnitude, the above procedure

-\~. be used with the "Aux."Selector Switch set at
Al

C3=24". The second current is read on the 5/10
ammeter.

PROCED (Model CS-7)

See Instruction Manual for MODEL CS;7. '
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PROTECTIVE RELAYS O

Principle of Operation Q

Protective relays are used as sensing devices in a power c¢ rguit.
Their operation activates a control circuit to effect operation of

a circuit breaker(s) located in the power circuit\@heir

operation, practically all protective relays emp her one or
a combination of two basic principles: m

a. Electromagnetic attraction 0

b. Electromagnetic induction Q

When the electromagnetic attract n@ciple is employed, the
protective relay consists of an ipon surrounded by a coil of
wire, an armature or plunger to & is attached a contact (known
as the moving contéct since it %s as the armature or plunger
moves), and a fixed contact &t ed to the body of the relay.
These two contacts are cted into the circuit breaker trip

coil circuit. The conN re maintained in their de-energized

position by action ol@ring or gravity. When the magnetic field

is sufficlently,stion the armature or plunger moves and causes

a relay operat)& his, in turn, energizes a circuit through the
trip coil of eaker and opens the breaker. Normally, the
operation of\thils relay has no intehtional time delay. The principle
of el@netic attraction may bé used equally well on either

C

AC 4or d 1t is responsive to DC transient offset.

the electromagnetic induction principle is employed, the
protective relay 1s essentially a small induction motor and, there-
for:, this relay may only be used on AC circuits. This type relay
onsists of a flat disc, cylinder or cup which 1is free to rotate,

an iron core surrounded by a coill of wire, a moving contact attached
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to the shaft of the rotating element, and a fixed contact located
in the body of the relay. The rotating disc (cylinder or cup) is
-suspended between the pole pleces of the electromagnet and e loys’
a spiral spring to return the moving contact to its de-e
position. " As voltage 1is applied or current is passed t
electromagnet coil, a magnetic field is produced which lops a
torque on the disc. When the magnetic field and r t torque
becomes strong enough to overcome friction in the ings and
tension in the spiral spring, the disc rota g a contact.

Eventually, the moving and fixed contact ke and energize

the trip coil of the circuit breaker. is is a single phase

relay, some means of splitting the P \nust be employed so that
a rotating magnetic field 1is pro hese relays employ shading

colls, polarized colls, wattme principles or tuned circuits.

In some electromagnetic induc relays, the distance the moving
contact travels may be cont @,
delayed operation. C)

Protective relaxq n‘E:P! constructed so that they respond to

faults in a specif

these relays provide a time

ion of a circuit (percentage differential),

changes in curr rQ’ (overcurrent), fluctuations in applied
e

voltage (ov r voltage), frequency changes (over or under

frequency sophisticated protective relays may distinguish
between allo e overloads and faults on a circuit or they may be
employed tg sectionalize a system.

e the protective relay is a sensing device connected to

t er circuit through either current transformer or

.

QO( N
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potential transformers, it may be used to protect circults of QD
known voltage level or current capacity. Circuit breakers tha e
operated by protective relays may be built with interrupting Fatings

measured in millions of volt-amperes.

Types of Relays \':
Although there are many models of relays, most f l@hin three (3)
types: 6

1. Overcurrent and Voltage Relays
a. Greatest number in use

b. Involve a single coil which im r voltage or

current actuated.

2. Bus, Generator or Transformer D ential and Current

Balance Relays
a. Have two (2) or more ¢

which act jointly upon
an electromagnetic str

to provide contact action.

3. Distance, Directional a \pedance Relays
a. These are "Complex ! ‘relays :
b. Have several cop any one of which may require

definite volts urrent and phase angle relationship
for operation.

With the exception of t antaneous relays, most of the above
devices work on the indfic principle.

3
O
&

L 4
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RECORD
a. Good records are very important.

L
b. An individual card for each device 1is recommen@

c. .Using the information recorded during "As Fou
"As Left" inspections and tests, can result i
e

economic schedule for performing protective

maintenance.
Suggested record forms are shown below.Q
Date| Settings Reiay Tests
] Time Timin Instant.
'r.g!'g‘i‘;"'}mn. Element Poinl‘ - Element }0
| : 2eta |Picks . o |PiCk
| e | .. Soecified
: As Found
As Laft
| (

L 4
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RELAY INSPECTION O
Tools and Equipmé'nt ' ' O

Before the job ' 1s started, the technician should have the required
test data, settings, record cards, test equipment, leads 3nd
relay tools on hand. - '

The following tools are necessary to inspect an @ protective
relays:

regular blade straight tweezer @
curved blade tweezer

1
1
1 heavy duty straight tweezer
3 thin open-end wrenches, 3/16" ', 3/8"
1l screw holding screwdriver
1 thin blade screwdriver (6" Q/M")
1l Phillips screwdriver
1l Optician's screwdriver
1l palir needle nose pliers .
1 burnishing tool :
1 magnet cleaner . .
4 spintite wrenches, 5/16", 11/32", 3/8"
1 dental mirror
1 small bulb syrin
1l soft 1" flat pa sh (insulated ferrule)
1 bullseye spix
1l offset box 6"
1l offset scr

VISUAL INSPECTION

A. Remove cover f lay case

WARNING e \¢r circuit is a live circuit and, on some

:‘i~ , 1t 1s possible to cause an instantaneous
ip

hile removing the relay cover.
&the cover gasket. .

ll I
2. glass for tightness in the frame, cracks, etc.
*Q-Bv an glass inside and outside.
L] e

e relay from case

To eliminate uncertainties, short the CT secondary by
Jumpering the CT terminals on the back of the relay case.

* This Jumper should be clipped on with square jaw clips
such as crocodile clips.

2. Open trip circuit by opening the Red handled switch in
the Westinghouse relay or removing the connection block
in the General Electric relay.



. 1s present or rust s

3-8 O

3. Open the rest.-of the black handled switches on the
Westinghouse relay.

4. Open the latches that hold the relay in the case and
carefully remove relay from case. Remember that the *

switch blades attached to the case in the West ouse
relay as well as the bars in the bottom of t

Westinghouse and the General Electric case a ' 1
"hot". If extreme care 1is not exercised, aker
may be tripped. With capacitor trip, high ges
are present in the trip circult; these v s may be

as high as .several hundred volts.

Foreign material such as dust or metal part es should be
removed from the relay case and relay. s foreign material

can cause trouble, particularly in th aps between the
disc and magnet.

Dust can be removed by blowing o a small hand syringe.

Remove any rust or metal parti s om disc or magnet poles
with a magnet cleaner or brus

- -

Hold relay up to the light% ' sure disc does not rub

and has good clearance b agnet poles.
Inspect relay for the nce of-moisture. If free moisture
t

e noted, report this condition to
supervisor. This con may indicate that the relay 1is in

the improper atmosp% d presents a design problem.
a t

Connections, esp aps, should be checked for tightness.

Tighten all soge ts and bolts that are not pivotal
Joints.

Sluggish be&& may be detected by noting smoothness of

relay rese ate the disc manually to close the contacts
and obser that operation is smooth. Allow the action of the
spiral to return the disc to its normal de-energized
positi f the bearings appear bad or operation of the relay
is opable, this condition should be reported to the

s r . It may be that the relay should be returned to
e acturer for overhaul. On an instantaneous plunger
rglay, occasionally a burr or groove may develop on the
pl which would cause the relay to "hang-up".

Check mechanical operation of targets by lifting the armature
observe showing of target.
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K. Observe that the relay coils have not been subjected to f@

currents for a prolonged period by smelling or squeezi
between thumb and fingers.

L. Components of the relay that touch when the relay is in a
"normal" position and part as the relay "operates", shéuld
be cleaned. These parts may become dirty and prgwent the
relay from operating properly on relatively K@loads.

h

M. Pitted or burned contacts should be cleaned contact
burnisher. Never use a solvent on these coft or touch
with fingers as the residue left on the c¢ al may cause
improper operation. .

ELECTRICAL TESTING Q

The Test Equipment @

The purpose of relay test equipment t rovide the relay with

a load that will simulate operat c tions, and to meter

electrical quantities with accur simplicity. .The test tools

for common relays include time rent measuring instruments
and loading devices as provided MULTI-AMP relay testers.

For more complex relays, a pha shifter and phase angle meter are
required for complete resultg e MULTI-AMP specifications for
Models CS-5, CS-6 and CS- hifter and Phase Angle Meter units.

Proper Setup

Careless setups can u;:-§. able time and often result in erroneous
data. Attention sho given to proper setup of controls as
given in MULTI-AMP ¢t ocedures, and proper connections to
devices under test en in manufacturer's literature.

L 2
A. Test Method

l. Test ‘i;‘ph the relay disconnected from the power and
tri its.
2. ng across the secondary of the current transformer

--~ primary de-energized (secondary injection).

a. This method may be used whenever it 1s possible to
de-energize power circuit being tested.

b. This test includes checking the operation of

circuit breaker, presence of energy to trip

breaker, etc.

o

Testing 1s done by introducing the test current
at the secondary terminals of the instrument
transformer (s). This test checks the relay
connections as well as the relay.
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INDUCTION DISC OVERCURRENT RELAYS ( '

(Westinghouse Type CO) (Genéral.Electric Type IAC)
GENERAL

The overcurrent relay 1is designed to detect abnormal ¢ ols of
current in a circuit. If the abnormal condition is an o ’

usually there will be a time delay operation. Time c char-
acteristics are inverse. A short circuit or fault wi se an

instantaneous operation of the relay providing the a s
equipped with such a unit.

The time delay overcurrent relay is an inductionfd relay. The

action of the spiral spring is to keep the rel ip circuit
contacts open. The spiral spring action 1is o by torque
produced as current i1s passed through the 1 current actuated
operating coil. Thus, the higher the curr e faster the disc
rotates.

The following procedures describe the e the MULTI-AMP units
in testing time overcurrent relays. are many variations within
this type. However, they all operate similar principles. - It

is recommended that details of rel tuits be obtained from the
manufacturer's instruction book as other pertinent data

S

concerning procedures.

These test procedures are d so that a specific test can be
made without performing all s%n the relay. See following

test procedure for "Complet of an Overcurrent Relay" which
outlines the most efficien er to consecutively perform all
@

tests.

ALWAYS REFER TO m@nm's LITERATURE BEFORE TESTING
Type of Tests Q

TEST PROCEDURES

Pickup
Time Curr t\ cteristics
Instant s ip

R
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O

SETUP_OF CONTROLS BEFORE TEST O
‘ CONTROL POSITION
"Power ON".'....I.I.... .................l.....lOFF .
"Timer Operation Selector" Switch..eceeeeceeess UPP .0.MOM"
L ONT."
"Main Control“ ® 0.0 0. 0 0. 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 00000000 0 0 counterCIOCk-
wise)

"Aux. Power“ Switch. ® @ 0 0 00 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 00 Ld L] "
"vo.ltmeter Range" Switch. ® 0 0. 0. 0000 0 0 0 0 0 0 0 0 00 .QO
"voltmeter Selector“ Switch. ® 0 06 000 0 0 0 0 0 0 0 e o 0 0 ."Ele A-C ‘"

(bvm

) .......ZEI‘O (Counter-

. clockwise)
"AC Range" SWitcho.---ooooo-ooo L] l'l....l'..lOA (not SR-zl)

"DC Range" Switch.............éo..o..o.ooosA

"Main Ammeter Range" Switch.f. cessscccccceeeesS0 that desired -

test current will be read on
upper 1/3 of meter scale.
"Voltage Relay Test"(ﬁg-~.t. Element Test")Switch..SET NORM

"Output #1-#2" Switc

"Aux. Selector” SwitCheeccececcaces

“Aux. Control"ooooilloooocolooooccilo

l..l.....Qll.......lloutput #l
Testing Pickup

l. Connect thé’ AMP relay tester to a sultable source of
power as in@i ed on the nameplate and ground. BE SURE THE
S OFF. CHECK THE "POWER ON" LIGHT. )

80 voltitap of "Output #1". '
3. m@light leads from binding posts marked "Relay Contacts"
tion disc unit trip circult contact terminals of the
r

elfct proper Main Ammeter range. Expected value of pickup
uld be read in upper 1l/3 of ammeter scale.

MAIN swxx
2. Connec§<:2§ tion unit operating coil to right-hand Common an

5. ¢ AdJust "Timer Operation Selector" Switch --UPPER to "N.O. MAINT",
LOWER to "CONT".



Or
6. Turn "Power ON" Switch ON. "Power ON" 1light should glow. O

7. Initiate unit by pressing "Initiate" Switch. .

8. Rotate "Main Control" (clockwise) to increase output un elay
induction unit trip circuit contacts close and the Cempt y
light flickers. The "Aux. Control" may be used as a djust-

ment for "Main Control". @
9. Read current on Ammeter. Record.

Testing Time Current Characteristics ) QQ
a

l. Connect the SR=51 to a suitable source of p

the nameplate and ground. BE SURE THE MAI
CHECK THE "POWER ON" LIGHT.

s indicated on
H IS OFF.

2. Connect relay induction unit operati co 0 right-hand Common

and 80 volt tap of "Output #1". (Not st current should not
exceed 25 amperes. If relay tap ex d , move tap to 4 or §
position for this test)

3. Select ammeter range so that tes nt will be read in UPPER
1/3 of meter scale. Preset eedle using "Pointer PreSet". ‘
Set to 1/2 division below d d rrent value. E
n

4, Adjust "Timer Operation S r" Switch, UPPER to "N.O. MOM",
LOWER to "CONT.".

5. Turn "Power ON" Switch 0@0%1' ON" 1ight should glow.

6. Initiate unit by pressing)"Initiate™ Switch.

-T. Set test current dé& by jogging unit with "Initiate" Switch
c

and rotating "Ma trol" (clockwise) to increase output
until the ammet le quivers. Hold in "Initiate" Switch
and rotate "Au rol" as a fine adjustment to the "Main
Control" unti current is read on ammeter. :

8. Connect ds from binding posts marked "Relay Contacts"

on the - trip circuit contact terminals on relay induction

unit.
9. Set "Ti peration Selector™ Switch, UPPER to "N.O.MAINT."
(or "N.C.MAINT." if relay is of circuit opening type), LOWER to
"TIMER".
?
10. Refet timer to zero with "Timer Reset" button.
1l tiate unit by pressing "Initiate“ Switch. Timer will run
and test current will flow. ' The relay tester will automatically
ut off, and the timer will 'stop when relay contacts make (or (
break). :
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12. Read timer. Time shown is total time of test. Record t
13. If desired, reset "Timer Operation Selector™ Switch

t
"N.O. MOM", LOWER to "CONT.". Proceed from Step 6 tofobtgin
another point on relay curve.

o

14. When test 1s concluded, return "Main Control" knob tqyzero
setting. Replace relay tap in proper positio

n.
NOTE: Check Ammeter while test i1s on for accur %mg. Minor
adjustment may be made with "Aux. Control!. '

Testing Instantaneous Trip

1. Connect the MULTI-AMP relay tester to Qable source of
power as indicated on the nameplate und. BE SURE THE
MAIN SWITCH IS QOFF. CHECK THE "PO 0 LIGHT.

2. Connect relay instantaneous unit ing coil (with heavy
leads) to "Output #1" of the r ter. Connect to
appropriate Common for ammeter to be utilized and

"10V-100Amp" tap.

3. Select Ammeter Range so t e

in upper 1/3 of meter sca

red test current will be read

4, Connect light leads fr ing posts marked "Relay Contacts"

ircuit contact terminals on the

on the relay unit
relay instantaneo .

5. Set "Timer Operat lector" Switch --UPPER to "N.O. MOM",
LOWER to "FAST _

Turn "Power ON& ch ON. "Power ON" light should glow{

Initiate xﬂ-t\ hold in "Initiate" Switch.
Rotate % Control" (clockwise) to increase current until

ot

(o)}

[oc
. .

timer s Make sure this is minimum setting on "Main Control"

where s taneous unit of relay will consistently pick up as
the "Ipitdate" Switch on the test set is alternately opened

ING!!: CURRENT IS FLOWING THROUGH THE RELAY COIL UNTIL
INITIATE" SWITCH IS RELEASED. Therefore, it is
important to READ THE VALUE OF CURRENT RAPIDLY.

: )
9. read this value of current and release "Initiate" Switch.
A

19. Record ammeter reading.
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COMPLETE TEST OF AN OVERCURRENT RELAY OO ( L
. "v}

The following procedure outlines the most efficient manner to con-
secutively perform all tests on an overcurrent relay. This procedure

involves the least possible number of changes in the connecting test,
leads and test set controls.

TYPES OF TESTS \%
Zero Check @

Pickup-Induction Unit
Timing- Induction Unit

D.C. Target & Seal=In = Pickup

Instantaneous Pickup

SET UP OF CONTROLS BEFORE TEST

CONTROL

"Power on“.l.‘.‘.‘..........l

"Timer Operation Selector" Switch........ «..UPPER - "N.O. MOM"

LOWER - "CONT"

"Main Control.cccececcceccccccanes ceces @ .see.2ero (counterclockwise)

"Aux. Power“‘SWj.tchoo-ooo ....... ....l....l..."INT“

"voltmeter Range" Switch.... e e 0 0 LN ) e 0 00 0 00 ..“.300

"Voltmeter Selector" Switch...f. cecesssscscses EXT. A.C." '

"Aux. Selector" Switch. Py () teeecesscesssesss"VERN."

"Aux. Control"..........Q\.....................Zero( counterclockwise)

"AC Range" Switch.....& ceettecessessessessess10A (Not on SR-21)
"DC Range" Switch...

.....‘.....‘..........‘..sA

"MAIN Ammeter @witch ..... cecsssssssssscsss.TO read test current
_ on upper 1l/3 meter scale
y4Te

"Voltage Re ("Direct. Element Test"-SR-51)SET NORM

Switch

"OU»tput #l-#zn SWitCh.- ooooooooooo ..-..-.-......--output #l
. L



3 -17

ZERO CHECK

This test 1s to determine that the relay contacts close when fhe4dial
is set to zero. For this test, the continuity light of the AMP
relay tester 1s used. Consult manufacturer's instruction leaflet

to identify current terminals and contact terminals. .

Procedure @
1. Connect the MULTI-AMP test set to a suitable sou power as

indicated on the nameplate and ground. BE SU MAIN SWITCH
IS OFF. CHECK THE "POWER ON" LIGHT.

2. Connect light leads from binding posts marlked $Relay Contacts"
to trip circuit contact terminals of the induction unit.

3. Turn "Power ON" Switch ON. "Power ON" t should glow.

4. Manually rotate time dial on the a%ard zero until the
continuity light glows. Record re n time dial.

5. Reset time dial as specified, a or any irregularities
uncovered in the Zero Check te

6. Turn "Power ON" Switch OFF. K
PICKUP - INDUCTION UNIT

This test 1s to determine@:inimum operating current of the relay;

that 1s, the minimum cu eeded to close the relay contacts for

any pagticular tap setti ckup value should be equal to tap
value - 5%.

7. Connect relay in t unit operating coill to right-hand Common
"Dutput #1".

and 80 volt t03-br
8. Select Maii A‘%:: range so that relay tap value of current may

be read on 1/3 of ammeter scale.

9. Adjust "Tdmer§ Operation Selector" Switch UPPER to "N.O. Maint",
LOWER ¢t M

10. Tu "@ ON" Switch ON.

11. :-:~?'unit by pressing "Initiate" Switch.
R

12. Ro "Main Control" (clockwise) to increase output until relay

picks up and Continuity light flickers. "AUX. Control" may be
qged for fine adjustment.

. Read current on ammeter. Record.

4, Turn "Power ON" Switch OFF.



Timing Test - Induction Unit

SR QO( Yy

NOTE: If relay tap exceeds 8, move to 4 or 5 tap for this test. R
This should prevent test current from exceeding 25 amperes.

15. Return both "Main Control™ and "Aux. Control" to zero.

LOWER - "CONT.".

16. Adjust "Timer Operation Selector" Switch, UPPER - "N.O.®

17. Select main ammeter range so that test current will d in
upper 1/3 of meter scale. Use ammeter Pre-Set so eter
needle is approximately 1/2 division below desir c ent.

18. Turn "Power ON" Switch ON. "Power ON" light s‘Gb, low.

19. Initiate unit by pressing "Initiate" switch.

20. Set test current desired by jogging uni Initiate" Switch
and rotating "Main Control" (clockwise) rease output until
ammeter needle quivers. Hold in "Initifte witch and rotate
"Aux. Control"™ to make final current tment.

21. Set "Timer Operation Selector" S

C PER - "NOOO MAINT-“ (01‘
"N.C.MAINT." if relay is of cir o

ing type), LOWER - "TIMER".
22. Reset timer to zero with "Timé!-~.et" button. . )
e
y

23. Initiate unit by pressing "
test current will flow. T

" Switch. Timer will run and )
off and the timer will st W,

tester will automatically cut
relay contacts make (or break).

2
24. Read timer. Time show \ al time of test. Record time.
25. If desired, reset " 2S\Operation Selector" Switch, UPPER -

"N.O.MOM", LOWER - ".

Proceed from Step 15 to obtain
another point on relayYcurve.

26. When test 1is co
NOTE:

d, return "Main Control"™ knob to zero setting.

Check while test is ‘on for accurate reading. Minor

27. Adjust “Ti@ﬁr Operation Selector" Switch UPPER - "N.O.MAINT.",
LOWERe- "DC™.

28. Ad Aux. Selector™ to "DC-8"

29. st Main Ammeter range switch so that a current value approximate-

0% of relay tap value may be read in UPPER 1/3 of meter scale. (
AN Choose proper range for DC Ammeter.

Turn "Power ON" Switch ON.
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32. Initiate test unit by pressing "Initiate" Switch.

33. Rotate "Main Control" clockwise to energize relay 1nductgnit
operating coil with a value of current equal to approximately
150% relay tap value. .

34. When relay induction unit trip circuit contacts ¢ rotate
"Aux. Control" clockwise to energize relay tarf@et with DC.
When target drops, read and record DC amperes.

35. Rotate "Main Control" counterclockwise to ze f DC circuit
is energized when relay induction unit trip it contacts
open, the Seal-In unit 1s working properl

36. Return "Aux. Control" to zero and turn @Set OFF.

Testing Instantaneous Pickup @

37. Connect relay instantaneous unit ng coil to right-hand
Common and 10 volt tap of test t €OWtput #1".

38. Connect relay instantaneous uhls"t p circult contacts to
"Relay Contacts" binding pos& est set. -

39. Select Main Ammeter range t desired test current will be
read in UPPER 1/3 of m e. ’

40. Adjust "Aux. Selecto "VERN.".

41. Set "Timer Operatio tor" Switch, UPPER - "N.O. MOM.",
LOWER - "FAST TRIBY. )

42. Turn "Power ON" ON. "Power ON" 1light should glow.

L

43. Initiate uni \ lding in "Initlate" Switch.

U4, Rotate "Mé,‘h"rtPOIH (clockwise) to increase current until timer
stops. e e this is minimum setting on "Main Control" where
instantafieo unit of relay will consistently pick up as the
"Initi itch 1s alternately opened and closed.

4s, Raﬁ‘ga,N ad this value of current and release "Initiate" Switch.

46
7

- WARNING:!:!! CURRENT IS FLOWING THROUGH THE RELAY COIL UNTIL
INITIATE"™ SWITCH IS RELEASED. THEREFORE, IT IS

IMPORTANT TO READ THE VALUE OF CURRENT RAPIDLY.

gecord ammeter reading.

Turn test set OFF.
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CURRENT PHASE BALANCE RELAYS C
(General Electric IJC) (Westinghouse CM)
The Current Phase Balance Relay operates to trip a circuit breaker when
the phase currents in a circuit become unbalanced by some predetermined
amount. This relay compares the three phase currents of a line.

General Electric Type IJC - . ‘§-!.
induction

The General Electric IJC relay is composed of three indi
discs with two coils per disc. One coil produces a cont
(o]

torque on the disc and is called an operating coil. Th
produces a contact opening torque on the disc and is 11 a

restraint coil. These two colls see currents fromQG:;!‘ nt phases

osing -
nd coil

of the circuilt and the relay will operate when thegpha currents

become sufficiently unbalanced. The trip circuil acts associated

with all three induction discs are connected in el.

Testing

Always refer to manufacturer's literatur : testing.
Types of Tests \ )

1. Pickup

2. Timing

3. Slope

4, Target and Seal-In ‘--.

SETUP OF CONTROLS BEFORE TEST
CONTROL

POSITION

"Power ON" Switch.......’ .....II.II...I.OFF

"Timer Operation Sele G‘E:?hitch.............UPPER-“N.O. MAINT."
LOWER=-"CONT."

"Main control"..... LN} .I....................Zero (counterclockwise)

"Aux. Power" Swi cececccccccsssssssssssss "INT."
"Voltmeter e SWitCheceeeeeseseesseseesseal300
"Voltmeter ecor" SwitCheeeeeescssssssessss"AC EXT."
"Aux. Selector” SwitCh..eecceecececsscccessssss "VERN."

"Aux. ntro&".........l....‘....l..‘..l......zero (counterclockwise)

"ACR Switch..-.-......Cn.ol.onlo..C.....lOA

" ange" SWitChcooooooocoooocccoocoococooooOSOOA

n Ammeter Range" SwitCh.cccececcecececceeess SO test current may be

read in upper 1/3 of scale

"Voltage Relay Test" (DET) Switch........e....Set "NORM"

"Outbut #1-42" Swi+nAw

.............. "TOntnut #1
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Testing Pickup

1.

6.
7.

Connect SR-51 to a suitable source of power as indicated o
nameplate and ground. BE SURE THE MAIN SWITCH IS OFF.
"POWER ON" LIGHT.

Connect current operating coil for one unit of the relay to
"Output #1" of the SR-51. .

Turn "Power ON" Switch ON. "Power ON" 1light shou%low.
Initiate unit by pressing "Initiate" Switch. -\-
Slowly increase current by rotating "Main" a ." controls

clockwise until disc moves and contacts are t closed. Then
decrease current until disc remains statiemaryvat this point.

Record this value of current as Pickup
Repeat for operating colils of the otfle 0 relay units.
Testing Timing

1.
2.

8.
9

Repeat Steps 1 and 2 under "P

i
Set Main- Ammeter Pointer Preﬁ&o 1/2 division below desired

test current.

Adjust "Timer Operatio @:r" Switch, UPPER-"N.O.MOM",
LOWER-"CONT.".

Set test current d by jogging with "Initiate" Switch and
rotating Main Contr ckwise. Fine adjustment may be made
by rotating "Aux." ol clockwise.

Using a pair of leads, connect relay trip circuit contact
terminals to®"R&layl Contacts" binding posts on the SR-51.

Adjust "T@ration Selector" Switch to UPPER-"N.O. MAINT.",

LOWER-"T1 "

Reset Timer £o zero. Make sure relay trip circuit contacts are
fully

Id&“\g est unit by pushing "Initiate" Switch.
r

and fecord time for relay trip circuit contacts to close.

L] o
R t Steps 1-9 for operating coils of the other two relay units.

10.

Test&ng Slope

2.

Repeat Steps 1 and 2 under "Pickup" test.

Connect restraint coil for same relay unit that was used in Step 2
under "Pickup Test"™ to "AC Output #3".
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3. Adjust "Timer Operation Selector" Switch to UPPER-"N.O.MAIN ('
LOWER-"CONT. " ° ;

. Turn "Aux. Selector™ Switch to "AC3-24".

. Turn "Power ON"™ Switch ON. "Power ON' light should %. ¢

4
5
6. Initiate unit by pressing "Initiate" Switch. Q\-~
7

. Rotate "Main Control" clockwise to energize openfit coil of
relay unit under test.

8. Rotate "Aux. Control" clockwise to energize tddint coil of
relay unit under test.

test is stopped with that unit's trip cdr contacts. (About
halfway between full open position position.)

9. Regulate the two currents until the di.swt e relay under

10. Record both values of current an ldte slope.
11. Repeat Steps 1=10 for the other ayvunits.

Westinghouse Type CM Relay

The Westinghouse Type CM rel @: individual induction discs.

Each disc has two current c e coll produces torque to move (

the disc to the left and't er coll produces torque to move

the disc to the right. As s the currents energizing the two )
coils are equal, the torgq ncel and the disc remains stationary.

In connecting the relay circuit, the coil producing rotation

to the right on one di i n "A" Phase, while the coil producing
rotation to the left oz:égg same disc is in "B" Phase. The other
o

disc is connected 1% tion "B" Phase, right rotation "C"
Phase. Each unit o relay has a moving contact attached to the
nary contacts, one on the right and one

disc shaft and ¢t at
on the left. Wh% relay is energized with balanced 3=-phase
currents, the ontacts of botn relay units should be midway

between the le rignt stationary contacts. An unbalance of the
phase curren cause either or both of the discs to rotate with
subseque g of the relay trip circuit contacts. The relay

acts are connected in parallel.

2. Minimum Trip Setting
3. ¢ Operating Curve

4. Time Curve

ng

Always refer to Manufacturer's literature before testing.
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SETUP OF CONTROLS BEFORE TEST O

CONTROL POSITION Q

“Power ON" Switch.o...'0Oooloooococcooooo:oFF

' L 4
“Timer Operation Selector" SWitCh. e e e e e .UPPER-“NOOO M“

LOWER=-"CONT!. “
"Madin ControlM.eceeeeeescccaccccccsssssscsslero ( clockwise)

c
“Aux. Power" switch........‘ll........"0."INTI'%

"Voltmeter Range" Switch...ceeeeann ceseeae300

"Voltmeter Selector" SwitCheee.ceceooceosns .@AC"

"Auxl selector“ Switch..‘.‘.“‘..‘... L RN."

"Aux. Control".ceeececeas ceeeccasesas WmZero (counterclockwise)

"AC Range" Switch....... ceeeeann \ ..10A

"DC Range" Switch' ... SA

"Main Ammeter Range" Switch.. @ «e.....S0 that desired test current

will be read in UPPER 1/3 of
meter scale

"Voltage Relay Test"(DE tcheeeeesess.Set "NORM"

"Output #l‘#a“ SWitCh . ....'...........Output #l

Testing Electricel eal’_xce

1. Connect Mod N‘Sl to a suitable source of power as indicated on

the namep@at nd ground. BE SURE THE MAIN SWITCH IS OFF. CHECK
THE "POWE " OLIGHT. :

2. Connect o operating coil of one induction disc unit to
Outpu rminals of the SR-51.

3. ear operating coil of the same induction disc unit to
A put #3" terminals of the test. set.
4. t "Aux. Selector" Switch to "AC-3 24",

5. Adjust "Timer Operation Selector" Switch to UGPPER-"N.O.MAINT.",
&.OWER-"CONT.".

Turn "Power ON" Switch ON. "Power ON" light should glow.
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7. Initiate unit by pressing "Initiate™ Switch.

8. Rotate "Main Control" clockwise to obtain a reading of 6 amperes
on Main Ammeter. 'S

9. Rotate ™Aux. Control" clockwise to obtain a reading ,of eres
on the second AC Ammeter on test set.

10. The moiring contact of the induction disc unit unde should
be in a balanced position as described in relay turer's
literature.

11. Turn "Power ON" Switch OFF. Q

Minimum Trip Setting

1. Repeat Steps 1 through 7 under testing mcal Balance".

2. Connect light leads from "Relay Con binding posts on test

set to the trip circuit contacts oxr lay.
3. Rotate "Main Control" clockwise togobt@in a reading of one ampere
on "Main Ammeter".

4, Adjust left stationary cont it Just makes with the
moving contact as indicat glowing of the Continuity light.
o

5. Return "Main Control" to\

6. Rotate "Aux. Control" clo se to obtain a reading of one ampere

on second AC Ammeterc) set.
7. Adjust right stati‘ ontact until it just makes with moving
contact, as indicﬁ y glowing of Continuity light.

Operating Curve \

1. Connect light {eads from "Relay Contacts" binding posts on the
test set tm ip circuit contacts of the relay.
8

2. Repeat under "Testing Electrical Balance".
3. Rota e #/Aux. Control" clockwise until the moving contact and
the r

tationary contact Just make, as indicated by flickering
of the tinuity light. Record readings of both ammeters.

L. lowlyw decrease current output of "AC Output #3" by rotating the
ux. Control" counterclockwise until the moving contact and

thand stationary contact jJust makes, as indicated by

ckering of Continuity light. Record readings of both ammeters.
$~'$ (
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Time Curve . O
1.

2.

11.
12.

13.
14.

Repeat Steps 1l-6 under "Tésting Electrical Balance". Q

Connect a pair of light leads from "Relay Contacts" bindIng posts
of the test set to trip circuit contact terminals of tge relay.

Jog "Initiate" Switch and:rotate tMain Control" obtain a reading

of 10 amperes on main ammeter. Q-‘~
Manually set moving contact to "Balance" po

0
Adjust "Timer Operation Selector" Switchém'N.o.MAINT.",

LOWER-"TIMER".

Initiate test set by pressing "Init:ia?titch.

Read and record time for closure o g contact and left
stationary contact.

Adjust "Timer Operation Sele " tch UPPER-"N.O.MOM",
LOWER=-"CONT.".

Return "Main Control" to z%

. Jog "Initiate" Switch an tate "Aux. Control" to obtain a reading

of 10 amperes on second eter.

Manually set moving Q
Adjust "Timer Ope;~%§gs
LOWER-"TIMER".

Initiate test pushing "Initiate" Switch.
L

Read and re

stationaryaontact

act to "Balance" position.

Selector" Switch to UPPER-"N.O.MAINT.",

me for closure of moving contact and right

Repeat all @tests, i.e. Electrical Balance, Minimum Trip Setting,
! a

nd Time Curve for the other induction disc unit.



3 - 26

VOLTAGE RESTRAINT OVERCURRENT RELAY

i , :O(
(GENERAL ELECTRIC TYPE IJCV) ‘
. ‘ . " . Loed ’ 3 .

GENERAL : \%

The IJCV contains an induction disc which.is influen the
magnetic fields of two electromagnets. The curren [J ted
electromagnet produces torque on the disc to close t relay trip
circuit contacts and is known as the operating co he potential

actuated electromagnet produces torque on the d tO open the relay
trip circuilt contacts and is known as the rest nt'coil. When the

voltage applied to the restraint coil decrea% smaller amount

of current is required to operate the reli lose the trip
circuit contacts. This relay may operat se trip circuit
contacts even though the voltage appligd t e restraint coil may

remain at full system voltage.

The IJCV relay is normally used to p a generator against bus
faults. . o

Testing @ ‘

ALWAYS REFER TO MANUFACTURE TERATURE BEFORE TESTING {

Type of Tests -\-

Pickup of overcurrent @zero voltage restraint
Pickup of overcurren » System voltage restraint

Timing of overcurge t, zero voltage restraint
Timing of overcurrqi~~ it system, voltage restraint
SETUP OF CONTROLS E TEST
CONTROL ‘ ’ POSITION
"Power on" Sw ® @0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 .OFF

"Timer O :§§§ep Selector" Switch....UPPER - "N.O. MAINT."
LOWER - "CONT."

"Main Con M i ieesessesessessssesss.lero (counterclockwise)

"Aux. Po‘er“ Switch.................."INT"

"Yodtmeter Range"Switch....

ceeeces...S0 that desired test voltage
may be read on upper 1/3 of meter
scale.

"Woltmeter Selector" Switch......co.. "AC=-3" ’

"Aux. Selector" SWitCh.eeeeeeeeeeocsn "AC=-3-150"
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CONTROL POSITION Q_:
M AUX. CONEIOLM e eeeeeeceacceaaenaessalero (counterclockwise) -

"A.c. Range" Switch.-l....4.‘....‘000010A .

"D.c. Range" switch................lsA

"Main Ammeter Range" Switch.........So that desi ~~~b\st current

may be read er 1/3 of
meter scal

"Voltage Relay Test" (DET) Switch...Set "NO

"Output #1 - #2" Switch.ceeeeeeeeee.Outpu 1

Testing for Pickup - Zero Volts Re @

1. Connect the Test set to a su source of power as indicated
on the nameplate and ground RE THE MAIN SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT _

2. Connect relay voltage r &t coll terminals to test set

e
binding posts marked "A%tput ¥3".

3. Connect the relay t opérating coill terminals to the test
set "Output #1" r§‘~asnand Common on 80 volt tap.

y, Connect test set g posts marked "Relay Contacts" to the
relay trip circ tacts terminals.

5. Turn "Poweg o@ucn ON. "Power ON" light should glow.

6. Initiate ‘ﬁ\' pressing "Initiate" Switch.
7. Increas& nt through operating coil of relay to a value
50% ab@ve gelay tap by rotating "Main Control" clockwise.

8. Whe@ay contacts close, Continuity light will glow.
d

O

g!“hw ecrease current by rotating "Main Control" counter-
ockwise until Continuity light flickers. Record this value

f gurrent as "Pickup - zero volts restraint”.

10. turn "Main Control" to zero and turn "Power ON"™ switch off.

4
Testing for Pickup - System Volts Restraint

epeat steps 1 - 6 above.

7. Apply system voltage to voltage restraint coll of relay by
rotating "Aux. Control" clockwise.

8. Repeat steps 7 - 10 above.
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Testing Timing - Ovércurrent Unit - Zero Volts Restraint O

l. Connect the test set to a suitable source of power as indicated

on the nameplate and ground. BE SURE THE MAIN SWITCH IS OFF. @
CHECK THE "POWER ON" LIGHT.

2. Connect relay voltage restraint coil terminals to "AC %#3"
binding posts of the test set.

3. Connect the relay current operating coil terminals @test
set "Output #1" right-hand Common and 80 volt tap :

4., Connect the test set "Relay Contacts™ binding pfs o the relay
trip circuit contact terminals.

5. Pre-set Main Ammeter needle 1/2 division el@sired test
current.

6. Adjust "Timer Operation Selector" Swi R to "N.O. MOM",
. LOWER to "CONT.".

7. Turn "Power ON®™ Switch ON. "Power O@ght should glow.

8. Initiate unit by pressing and hol%"lnitiate“ Switch.

9. Set test current to desired by rotating "Main Control '
(clockwise) while jogging ate" Switch. )

10. Set "Timer Operation Sele%witch UPPER to "N.O. MAINT.",

LOWER to "TIMER".
1ll. Reset timer to zero yith "Timer Reset" button.

12. Initiate unit by preSsifg "Initiate" Switch. Timer will run and
test current willN@l until the relay trip circuit contacts close.

13. Read timer. Tim@wn is total time of test. Record time.

14, Turn "Power o@- tch OFF.
Testing Timi rrent Unit - System Voltage Restraint

1. Repeat s/ - 8 above - "Timing Test".

2. Rotate "Aux. Control" clockwise to increase applied voltage to a
value qual to system voltage.

3. Rep®at Steps 9 - 14 above = "Timing Test".
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VOLTAGE CONTROLLED OVERCURRENT RELAY O:

(WESTINGHOUSE TYPE COV)

GENERAL x@

The COV relay contains an induction disc overcurre t and an
instantaneous undervoltage unit. The undervoltag supervises

the operation of the overcurrent unit. Regardle the amount of
current passing through the operating coil of the ercurrent unit,
no operation takes place unless the undervolta t has "dropped
out". This means that the overcurrent unit set to operate
on less than full load current when the vol alls below a
predetermined value. Conversely, the ove ’ t unit will not

operate as long as the voltage is abov edetermined value.
This relay is normally used to protect erator againét a bus
fault.

Pickup - undervoltag
Dropout = undervol

Testing . \
Typical Tests QK

stics = overcurrent unit.

Time current char@
ALWAYS REFER TO T R'S LITERATURE BEFORE TESTING

L 4
SETUP OF CONTROLS TEST
CONTROL POSITION
"Power On“..; ce@eocccccccanse eeeeccacs OFF

LOWER -"CONT."

"Timer Ope®n Selector" Switch....UPPER -"N.O. Maint."
"Mai é-z>bl“.......................Zero (counterclockwise)

"Aux. r" Switch..ieeeeeeeeeeeaaas s "INT,"
"Voltmeter Range" SWwitch.iieeeeeannns So that desired test voltage may
L 4 be read in upper 1/3 of scale
ltmeter Selector™ Switch.........."AC=3"
Aux. Selector" Switch........ cesessa"AC=-3 150"
"AUX. CONtrol™.ceeeeecccecancccaccaans Zero (counterclockwise)

"Ac Range" Switch.l"I.'l.‘!...'.'...lOA
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CONTROL POSITION O

“Dc Ranse“ Switch........‘.............SA

"Main Ammeter Range* Switch..........."500" %

"Voltage Relay Test"™ (DET) Switch.....Set "NORM" -\-

“Output 'l-#zn SWitChccocccccooccco;ccoutput #l @

Testing Pickup and Dropout of Undervoltage Un ‘~::>~

l. Connect the test set to a suitable-sougc power as indicated
on the nameplate and ground. BE S IN SWITCH IS QOFF.
CHECK THE "POWER ON"™ LIGHT.

2. Connect the "AC Output #3" bin s of the test set to the
undervoltage unit operating col nals.

3. Connect a pair of light lead the "Relay Contacts" binding
posts of the test set to th so that operation of the
undervoltage unit contac e observed.

4, Turn "Power ON" Switc "Power ON" and "Continuity" lights
should glow.

5. Initiate test set byfp ng "Initiate" switch.

6. Rotate "Aux. Contfol"q¥clockwise) to increase voltage applied
to undervoltagé® perating coil until the Continuity 1light
Just goes out. Q4 and record this value of voltage as
"pick-up of voltage unit."

7. Continue t ofate "Aux. Control" clockwise to increase applied
voltage un@ll Felay rated voltage 1s read on test set voltmeter.

8. Rotate @ Control" counterclockwise to decrease applied

: vol 1 the Continuity light Just lights. Read and record
t adye of voltage as "drop out of the undervoltage unit."

9. Re Aux. Control" to zero and turn test set "Power 6N“ switch
OFF.

Testing Voltage Control of Overcurrent Relay

Connect the test set to a suitable source of power as indicated

on the nameplate and ground. BE SURE MAIN SWITCH IS OFF. CHECK
THE "POWER ON"™ LIGHT.

Connect the "AC Output #3" binding posts of the test set to the (
undervoltage unit operating coil terminals.

Connect "Output #1" terminals of the test set to the overcurrent
unit operating coil terminals.
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Adjust "Main Ammeter Range" switch so that the desired t@gt
current may be read on the upper 1/3 of the meter scale.

Connect light leads from the test set binding posts marked
"Relay Contacts" to the relay trip circuit contac%erminals.

Adjust "Timer Operation Selector Switch" - UPP

LOWER to "TIMER". m
Initiate test set by pushing "Initiate" s

wi
Rotate "Aux. Control" clockwise until re ted voltage 1is

.0. MAINT."™

Rotate "Main Control" clockwise unti alue of current read
on the main ammeter is approxima es tap value of the
The overcurrent unit should te to close the relay trip

Rotate "Aux. Control" counte&:c ise to reduce véitage until
Y

undervoltage unit "drops m
The overcurrent unit 1 erate to close the relay trip

tops timer and de-energizes the relay.

T

® Unit

4,
5-
6.
T.
8.

read on voltmeter.
9.

overcurrent unit.
10.

circuit contacts.
11.
12.

circuit contacts.
Testing Pilckup o_f Overcu
SETUP OF CONTROLS BEF
CONTROL @

POSITION

"Power On"... .\ ................. OFF
er Opera & ector" Switch..... UPPER - "N.O. MOM"

"Tim
C LOWER - "CONT."

"lMain Con ittt iicietccc e Zero (counterclockwise)
"Auxg PO Switch....coviivennennnne "INT."
"v teff Range" Switch.....ccvveennn 300
"Voltmeter Selector" Switch.......... ,"EX’I;. A. C."
"Aux? Selector" Switch..........ceee.. "VERN"

ux. Control" Switch....eeieeeeeaanns Zero (counterclockwise)
"AC Range™ Switch....iiiiieereeennanns 10A
"DC Range" Switch......iiiiiiiienannnn SA
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CONTROL ) POSITION Q )

"Main Ammeter Range" Switch...........S0 that desired test current

will be read in upper 1/3 of,
meter scale.

"Voltage Relay Test" (DET) Switch.....Set "NORM" \%

"Output #1 - #2" Switch...ccceeeeeecss.Output #1 @
Testing Pick-Up 0

l. Connect the test set to a suitable source of we® as indicated
on the nameplate and ground. BE SURE THE
CHECK THE "POWER ON" LIGHT.

2. Connect overcurrent unit operating coil

ghthand Common
and 80 volt tap of "Output #1".

3. Connect light leads from binding po ked "Relay Contacts"
to trip circuit contact terminals t relay.

4. Adjust "Timer Operation Selecto ch - UPPER to ."N.O. MAINT.",
.LOWER to "CONT.". ;

. The undervoltage unit conta must remain closed.

5
6. Turn "Power ON" Switch " . "Power ON" light should glow.
7. Initiate unit by press itiate™ switch.

8

. Rotate "Main Contro ckwise) to increase output until relay

picks up and Continfti light flickers. The "Aux. Control" may
f ustment for "Main Control™. :

be used as a irx
9. Read current ox@ er and record.

Testing Time ,Cu Characteristics - Overcurrent Unit

1. Connecy't st set to a suitable source of power as indicated
e

on th ate and ground. BE SURE THE MAIN SWITCH IS OFF.
CHECH OWER ON"™ LIGHT.

Connect relay overcurrent unit operating coil to righthand
Common4and 80 volt tap of "Output #1". (NOTE: Test current

sfipuld not exceed 40 amps. If relay tap exceeds 8, move tap to
5 position for this test.)

3. ect ammeter range so that test current will be read in upper
/3 of meter scale. Pre-set ammeter needle using "Pointer (
re-set". Set to 1/2 division below desired current value.
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11l.
12.

13.

3-33

Adjust "Timer Operation Selector" Switch - UPPER to "N.O. M@
IIOWER tO "CONT.". )

Turn "Power ON" switch "ON". Power "ON" 1light should 3100

Initiate unit by pressing "Initiate" switch *

Set test current desired by Jogging unit with "In " switch
and rotating "Main Control" (clockwise) to inc odtput until
required test current is reached. "Aux. Contr be used
for fine adjustment.

The undervoltage unit contacts must remain % .
Connect light leads from binding posts elay Contacts"
on the test set to trip circult contact qterminals on relay

overcurrent unit.
Set "Timer Operation Selector" Sw %PER to "N O. MAINT",

LOWER to "TIMER".

Reset timer to zero with "Tim e button.

Initiate unit by pressing " ia Switch. Timer will run and
test current will flow. Th set will automatically cut off,
and the timer will stop wh ay contacts make.

Read timer. Time sth total time of test. Record time.



INDUCTION DISC OVER, UNDER OR OVER/UNDER
VOLTAGE RELAYS
(Westinghouse Type CV General Electric Type IAV)
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GENERAL

The voltage relay 1s a load balancing relay and is not %d

to clear a fault in the power system. In most applica t is
used as an undervoltage device and is designed to de- ze the
power circuilt whenever voltage falls below a predet value.

T;me of operation may be instantaneous or delayed.

The time delay undervoltage relay 1is also an in disc relay.
The action of the spiral spring is to keep the @el contacts trip -
circuit closed. The torque produced when vol s applied to

the relay's voltage actuated coill opposes th ng action. Thus,

as the applied voltage decreases, the dis s to close the
relay trip circuit contacts. .

The overvoltage relay has the opposit
action keeps the relay trip circuit c
in the circuit is normal or below nogma

voltage produces operating torque ’
TEST PROCEDURES %

Type of Tests . - {
Pickup
ALWAYS REFER TO MANUFAC ERATURE BEFORE TESTING
SETUP OF CONTROLS BEFOR .
CONTROL ‘ ? POSITION
" Power ON“ Switch .N ® 0 00 0 06 00 0 0 0 00 0 0 0 0 00 0 0 0 0 00 OFF

"Timer Operation @ctor" SWwitcheeceeceeeeececse JJPPER=N.O.MAINT"
LOWER=-"CONT."

"Main Con @...I.......l...................Zero (counterclock-
wise)
"Auo P e tch......I..............I..\....l."INT“
"Voltmeter ge" SwitCh.ceceeeeeeeesesaSO that desired test voltage

will be read in UPPER 1/3
P of scale

ion. The spring

a open whenever voltage
A higher than normal
relay disc. E

eter Selector“ S"itchooo--coooo-oo-ooccoooo"voRLY!"

Selector" Switch..........................."VCRLY".

.Control"........................l...l.‘.‘.‘zero (counterCIOék- (

_ wise)
"AC Ranse" Switch.‘l“““““‘..ll‘.........'...loA(not on SR-Zl)
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CONTROL POSITION Q
"DC Range" SWitCheee.eseeeeesieeseesssSA O
"Main Ammeter Range" Switch.....f.,...SOO

"Voltage Relay Test" (DET) Switch.....Set "NORM" L

"Output #1-#2" Switch....cccceeeeessq."Output #2\%

Testing for Pickup

1. Connect the relay test set to a suitable of power as
indicated on the nameplate and ground. THE MAIN SWITCH
IS OFF. CHECK THE "POWER ON" LIGHT.

E
2. Connect relay operating coil to term s marked "AC Output #3"
on relay tester.

3. Connect light leads from bindin marked "Relay Contacts"
to trip circuit contact term 1ls the relay.

4. Turn "Power ON" Switch ON. & ON" light should glow.
5. Initiate unit by pressing &tiate" Switch.

6. Rotate "Main Control" ise) to increase voitage until
Continuity light f1l S

7. Record this value\

Testing Timing

l. Connect the r s%:er to a suitable source of power as
indicated an_the eplate and ground.

BE SURE THE MAIN SWITCH
IS OFF. C

ltage as pickup of the relay.

"POWER ON" LIGHT.

2. Connect anoperating coil to terminals marked "AC Output #3"
of the 1 ester. :

3. Turn X ON" Switch to ON. "Power ON" light should glow.
4, tg unit by pressing "Initiate" Switch.
5 rmal relay voltage (see relay nameplate) by rotating
Control" (clockwise) to increase output. Read voltage
oltmeter.
6

."Connect light leads from binding posts marked "Relay Contacts"
to trip circuit contact terminals on the relay.

7. Adjust "Timer Operation Selector" Switch, UPPER to "N.O.MAINT",
LOWER to "TIMER".



8.
9.

10.
11.

12.

~13.

3 - 36
Turn "Voltage Relay Test" Switch to "Set Fault" position.
Set fault relay voltage (over or under normal) by rotating

"Aux. Control"™ (clockwise) to increase output. Read voltage
on Voltmeter. (NOTE: Rotate "Aux. Control™ until voltag

read on Voltmeter is approximately 2 volts higher t esired
test voltage. q--

ﬁeset timer to 2zero. .

Turn "Voltage Relay Test" Switch to "Test" pﬁ .

NOTE: The fault voltage (over or under no s set in

Step 9, will be impressed on the rgila perating

coill instantaneously. The timer automatically
start. ‘12)

When relay trip circuit contacts ma timer will stop.
Read timer. Time shown indicate which the relay

contacts closed after impressin& voltage. Record this
time.

If desired, turn "Voltage Rel “iS:t" Switch back to "NORMAL".
Remove one lead from "Relay (@ts" binding post. Initiate
unit by pressing "Initiatel . Replace lead in "Relay
Contacts" binding post. e Steps 8 through 12 for other

values of fault voltag~~~~~
'~()(b
N\
O

Q>®
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TYPICAL TESTS FOR INSTANTANEOUS VOLTAGE RELAYS O
(Westinghouse Type SV, SV-1) (General Electric Type Pg

ALWAYS REFER TO MANUFACTURER'S ‘LITERATURE BEFORE TESTING

Type of Tests . —_— L 4
Pickup ' S \%
Dropout :

SETUP_OF CONTROLS BEFORE TEST @

CONTROL P@N _

"PowerON“ Switchnnnoo..c.o.o-.no-..ooo.o F

"Timer Operation Selector" Switch... . ER-"N.O.MAINT."
_ OWER-"CONT."

"Main Control™...cceeeee <..2ero (counterclockwise)

"Aux. Power" Switch.e..eceeeeenne eeees "INT."

"Voltmeter Range" Switch..... A, TN So that desired test voltage
may be read in upper 1/3
of scale

"Voltmeter Selector" Swited....... e "A.C. 2"

"Aux. Selector" Switc ‘~,\~ ....... Ceeeeeann "VERN."

"Aux. Control"..... m ......... Zero (counterclockwise)
"A.C. Range" sﬂ@ ....... Ceeeeeeeeaaas 10A (Not on SR-21)

"Main Ammet Ramge" Switch........ ceceeeae 500
"Voltageg est" (DET) Switche..ceeeennn Set "NORM"
"Out \ " SWitch. it iiiieeeaeeananns "OQutput #2"

r Picku

ect SR-51 to a suitable source of power as indicated on
the nameplate and ground. BE SURE THE MAIN SWITCH IS OFF.
oCHECK THE "POWER On" LIGHT.

2. Connect relay operating coil terminals to "AC Output #2" binding
posts of the test set.

3. Connect light leads from test set binding posts marked "Relay
Contacts" to the relay trip circuit contact terminals.



10.
1l.

3 - 38 ; O(

Turn "Power ON" Switch ON. "Power ON" light: and continuity O

light should glow. :
Initiate test set by pressing "Initiate" Switch. ‘
Rotate "Main Control" clockwise until continuity 11 @uat
extinguished. The "Aux. Control" may be used for r§§Q- stment.
Read ;;ickup voltage on voltmeter. Record. @

Continue to rotate "Main Control" clockwise unt

normal
voltage (on relay nameplate) is read on voltmet

Rotate "Main Control" counterclockwise to d e voltage

until the continuity light Just glows. ' . Control" may
be used as a fine adjustment.

Read and record this value of voltage pout.

S
L
: (Sb
x$&

O
Q>®

Turn test set OFF.




O
- TESTS FOR. :
GENERAL ELECTRIC PHASE SEQUENCE AND UNDERVOLTAGE RELAY (TYPE, ICR)

OR
WESTINGHOUSE REVERSE PHASE RELAY (TYPE CP)

.

GENERAL

" Westinghouse Type CP and General Electric Type I \ys are three-
phase voltage induction disc relays used to protgc r undervoltage
or phase reversal in AC systems.
The CP and ICR relay electromagnets contain thgee) (3) coils. When
the three (3) coils are energized, out-of- luxes are produced
causing the disc to rotate toward closure t high voltage contact.
The out-of-phase fluxes produced when a is reversed, cause the
disc to rotate to close the low voltage(c cts. Low voltage with
proper phase rotation may not produc torque on the disc to
overcome mechanical tension in a ri d the low voltage contacts
will close. Pickup, Dropout and g Time of the relay may be
varied by adjustments. \
TYPE OF TESTS K

Pickup - Minimum volt close Normally Open contact

ag t which Normally Closed contacts
will clqf )

Loss of One Phase
Phase Sequence \
Timing

EQUIPMENT REQUIRED @
Model SR-SfQTester
1-3PH Syntﬁ r Accessory

Dropout - Maximum v I'

NOTE odel CS-T7 Phase Shifter and Phase Angle Meter
is supplied, 1-3PH Synthesizer is not required.
er to instructions on testing of these relays
On CS=7 instruction manual.

ALWAYS R O _MANUFACTURER'S LITERATURE BEFORE TESTING




O
SETUP OF CONTROLS BEFORE TEST : O ( .

CONTROL ' ~ POSITION
SR-51

, L 4
"Power ON" switch.......................'.OFF \%

"Timer Operation Selector" Switch.eeeceeee .UPPER-"N.O.m

LOWER="CONT §

“Mai-n Control"..................'.........zem (co te lockwise)

“Aux. Power“ ~switctl...................'..."I-MOQ
"voltmeter Range“ s"itchn ® 0 000000 000 0 0 0 00 .lsm
. AC"

"Voltmeter Selector” SWitCh..eceececsceesos

"AuXx. ControlM.cceccecsccecscccsccasccss "(counterclockwise)

"Aux. Selector“ Switch. ® 0 00 00 00 0 0 0 00 Kxc Output #3 lsov

"AC Range" switch.................@
"DC Range“ switch............

«+«10A.

5A
"Main Ammeter Range™ Switch. Ng: Wueceeces..500

"Voltage Relay Test"™ (DET) % ceecesecssSet "NORM"
“output ,1-#2" SWitchooo LN .ll........l..output #l

Testing Pickup

l-3PH Accessory \\
"Balance“.......ll& ll........'........Red Dot

l. Connect th@gl to a2 suitable source of power as indicated on

the d ground. BE SURE THE MAIN SWITCH IS OFF. CHECK
THE " N" LIGHT.
n

2. Conn Output #3" (yellow) terminals to yellow terminals
marked put™ on 1-3PH accessory unit.

3. Connegt white terminals "EXT.VM." on SR-51 to white terminals :
arked "EXT. VOLTMETER 0-150" on l1-=3PH accessory unit.
. . ng #18 flexible leads, make the following connections between
he l=3PH accessory and the relay under test:
a - red terminal "A" to relay terminal for Phase 1 or A (
b - yellow terminal "B" to relay terminals for Phase 2 or B
¢ - blue terminal "C" to relay terminal for Phase 3 or C
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5. Connect two #18 flexible leads from white terminals on SR
marked "Relay Contacts" to relay terminals which will pe
observation of operation of relay Normally Open contac

6. Turn "Power ON" Switch to ON. Amber pilot light should glow.

7.. Initiate SR-51 test set. Press red "Initiate" Switch.® Red
light in switceh should glow.

8. -Rotate "Aux. Control" clockwise until continui ht flickers.

9. Check AB-AC-BC switch positions for balance %nage. Readjust
Balance of 1=-3PH as necessary to get the thge oltages as close
as possible.

10. Record the average of the three voltageés -AC-BC) as pickup.
11. Turn "Power ON" Switch OFF. Returm. Control™ to zero.

Testing Dropout
1. Repeat Steps 1l-4 above \

2. Connect two #18 flexible leds om white terminals on SR-51
marked "Relay Contacts" to lay terminals which will permit
observation of operation ay Normally Closed contacts.

3. Throw "Power ON" Sw o) Amber pilot light and green contin-
uity light.should

4. Press "Initiate" é~!§§g. Red light 1in switch should glow.
5. Rotate "Aux. Con clockwise until continuity light extinguishes

6. Check AB-AC®BCNswiltch positions for balance of voltages. Readjust
balance ofei‘;~ S necessary to get the three voltages as close

as possiK
7. Record rage of the three voltages as dropout.

Testin

One Phase

eps 1-4 under "Testing Dropout".

1 G‘E~?
2.4 Rgta "Aux. Control" clockwise until rated voltage has been
pled to relay coils. Continuity light should be extinguished.

3. Check AB-AC-BC switch positions for balance. Adjust as necessary.
4, .Carefully remove lead from red terminal "A" on 1-3PH accessory.
After a few seconds, the green continuity light should glow.

5. Turn "Power ON" Switch OFF. Return "Aux. Control" to zero.
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Testing Phase Sequence O (

1. Repeat Steps 1-=3 under "Testing Loss of One Phase".

2. Carefully interchange the connections on the 1=-3PH accessoryi’
W

Lead connected to red terminal "A" should be moved to
terminal "B" and lead on yellow terminal "B" moved
terminal "A".

3. The movable contact on the relay should make the 1 ltage
contact. The green continuity light should 813:;:’5

4. Replace "A" and "B" test leads in proper seq

5. Turn "Power ON" Switch OFF. Return "Aux. Con®sol" to zero.
Testing Timing

1. Repeat Steps 1-4 under testing "Dro

2. Adjust "Aux. Selector" switch on t to "V.Rly" position.

. Change "Output #1-#2" toggle swt:c to "Output #2" position.

3
4, Turn "Aux. Control" fully c ockwise to zero.
5

. Turn "Power 6N" Switch ON. ber light should glow. Green .
continuity light should

6. Initiate unit by press "Initiate" switch. Red light
should glow in switch

7. Rotate "Main Contﬁqﬁ~§§ ckwise until rated voltage is impressed
u

across relay. Ch ance and readjust if necessary. Green
light will be %
.8. Reset timer tomze with reset button.

hed.
9. Adjust "Ti i;:ilation Selector" Switch LOWER to "Timer"
position. :

10. Turn §~!§‘$ Relay Test" switch to "Test" position.

e stops, test is complete. Read timing value on timer

ll. When

12. Turn 2£ower ON" switch to OFF.

13 emove all test leads.



(Westinghouse Type CA) (General Electric Type 1J

O
PERCENTAGE DIFFERENTIAL RELAYS 0

This relay compares. two similar currents in a circuit, 1.32

primary and secondary current of a transformer. S the relay
compares two currents, it 1s connected to two cumge ansformers.
That portion of the circuit between the two CT §!‘h\§ es 1s referred
to as the relay's "zone of protection". The pefc ge differential
relay operates to close its trip circuit cont d trip a

circuit breaker(s) whenever it senses an abno ondition within
the "zone of protection". The degree of un anée or abnormality

the relay may tolerate is a function of t y's design.
(L.e. 5%, 10%, 25% or 50% differential)

The simple percentagé differential relgy two restraint coils
and one operating coil. The opera is common to the two
restraining coll circuits. Under n conditions, the currents

in the operating coil produce ¢t that are equal in magnitude
el.

but opposite in direction and qgigh‘t
Under fault conditions, these s in the operating coil become
unequal and produce an opera orque on the disc.’ When the

differential current reache determined amount, as governed
by relay design, the re circult contacts close.

TEST PROCEDURES

ALWAYS REFER TO MANU R'S LITERATURE BEFORE TESTING
Type of Tests
Pickup ¢ O
‘~‘n§racteristics

Time Curre
Through t
Slope (C@npot» be performed with SR-21)

SETUP OF CGNTROLS BEFORE TEST

C L ‘ POSITION

" e " Switch.........oo...ol,.l!!.p....l...ooOFF

ergOperation Selector" Switch.i.¢eceeeeeee... .UPPER=-"N.O.MOM"
LOWER-"CONT"

"Mgin CONErOlM i eceeeeseccsescennenscscsansseccssclero (counter-
clockwise)

"Aux. Power" SwitChl""O"cicoo-ocooo-ooo...oooo"INTo"

"Voltmeter Range" Switch......... G {0 1
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. R o .
CONTROL _ 2 o 'ﬁi POSITION OO( : ,1}‘

"Voltmeter Selector" SwitCh....cccceccceesececees 'EXT. A.C."

"Aux. Selector" Switch.....ccceecveescdeagaesss"VERN." .

"Aux. Control“Q........................;::.....Zero (e clock-
' I : wise)
"A.C.-Ra.ngen SWitCh.............----o--....-.-.lOA ( SR-ZI)

()
"D.C. Ranse" Switch....0.-.......‘......ll;.....sA %

"Main Ammeter Ra.nge" Switchiceeeeocanee oA‘- seecee that desired teSt

current fead in UPPER
: 1/3 of mefer Scale
"Voltage Relay Test"("Direct. Element) Swi@.Set "NORM"
Output #1

_e&o a suitable source of

te and ground. BE SURE THE
WER ON" LIGHT.

"output #l-#zn Switch.....l.ll...'..ll..
Testing Pickup

l. Connect the MULTI-AMP relay t
power as indicated on the n
MAIN SWITCH IS OFF. CHECK

2. Connect operating coil
"Output #1" of the test
10 volt tap.

on®restraint coil of relay to (
. Connect to right-hand Common and

3. Connect light leads
to trip circuit con
NOTE: This relay

inding posts marked "Relay Contacts"
erminals of the relay.
y has one moving contact and two fixed

contacts?® erminals for moving contact and one of
the fixe \ cts.
4, Select prop ter range so that expected pickup curfent will
be read inQ 1/3 of Main Ammeter scale.
5. Set "T ation Selector" Switch UPPER to "N.O. MAINT.",
LOWER t, NT.". :
6. T er ON" Switch ON. "Power ON" 1light should glow.
7. iagé unit by pressing "Initiate" Switch.

8. Rotate "Main Control" (clockwise) to increase output until
rq%ay picks up and Continuity light flickers. "Aux. Control"
may be used for fine adjustment. Read and record current.

9 Move one light lead to relay terminéi for other fixed contact
of the relay and repeat Steps 4 through 8.
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Testing Time Current Character;stics

1. Connect the HULTI-AMP'relay tester to a suitable sourc f POwer
as indicated on the nameplate and ground. BE SURE THE I
SWITCH IS QFF. CHECK THE “POWER ON" LIGHT.

2. Connect operating coil and one restraint coil of relayeto

"Output #1" of the tester. Connect to right-handgsCommon and
10 volt tap.

1/2 division below desired test current. urrent Metering

3. Select proper ammeter range. Set ammeter Pr mechanism
(ge
Circuit")

4, Turn "Power ON" Switch ON. "Power ON" 1Tght)should glow.

5. Set test current desired by Jjogging uﬂ‘z:alth "Initiate" Switch
4 and rotating "Main Control" (clockw 0 increase output.
Use "Aux. Control" for fine adjust (See "Current Metering

Circuit")
6. Connect light leads from bin sts market "Relay Contacts"
to trip circult contact te of the relay (terminals

for moving contact and one fixed contacts).
7. Set "Timer Operation Sel Switch UPPER-to "N.O.MOM",
LOWER-"FAST TRIP".

8. Reset timer to zergQ "Timer Reset" button.

9. Initiate unit by 52!565 g_and holding "Initiate" Switch.
As soon as timer@ release "initiate" Switch.

10. Read timer. T wn 1s total time of test.

1ll. Disconnect
to the oth

om the restraint coil of relay and connect
régtraint coil. ‘
12. Repeat through 10.

Testin Faulf"

he MULTI-AMP relay tester to a suitable source of power

1.
c§g§s‘ ated on the nameplate and ground. BE SURE THE MAIN
SWIT IS QFF. CHECK THE "POWER ON" LIGHT.

2. ect "Output #1" of relay tester to restraint coil terminals
sd” that current flows through the colls in series. Connect to
right-hand Common and 10 volt tap.

¢

3. Select proper Ammeter Range on Main Ammeter.



o
Set "Timer Operation Selector" Switch UPPER to "N.O. MAINT /% (—,
LOWER to "CONT.".

Turn "Power ON"™ Switch ON. "Power ON" light should glow.
Initiate unit by pressing "Initlate™ Switch.

’ L 4
Rotate "Main Control" (clockwise) to increase ou @desired
value. Read current on ammeter (approximately res).

Manually turn relay disc for evidence of rest Turn
"Power ON" Switch OFF.

Testing Slope (Cannot be performed with Model

1.

Connect the MULTI-AMP relay tester to ble source of
power as indicated on the nameplate_.an d. BE SURE THE
MAIN SWITCH IS OFF. CHECK THE "PO IGHT.

Connect "Output #1" of the relay to restraint coil
terminals so current flows thro em in series. Use right-
hand Common and 10 volt tap of & #1l".

Connect light leads from bin osts marked "Relay'Contacts“,
to trip circuit contact te f the relay. (terminals

for moving contact and ) e fixed contacts)

Select proper Ammeter on "Main Ammeter" for larger
currents desired. ( 20 amperes depending on percent )
differential of rela ‘

Turn "Aux. Selecto ch to "24-AC-3" position.

Connect operatf

and one restraint coil of relay to
n“hp Output #3". Instantaneous i of "Output #1"

terminals mark
and "AC Out " of the relay tester should be connected to
same relay t 1 NOTE: On Westinghouse Type CA relay

"AC Output@ st be connected to operating coil and untagg'ed
11 . _

restraint of the relay.

Set WT1i eration Selector™ Switch UPPER to "N.O. MAINT.",
LOW NT".

T Power ON"™ Switch ON. "Power ON" light should glow.

Init{dte unit by pressing "Initiate" Switch.

. Rotafe "Main Control" (clockwise) to increase output from

"Output #1" to desired value of larger current. Read current
on Main Ammeter.
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11. Rotate "Aux. Control" (clockwise) to increase output/fr
"A.C. Output #3"™ until Continuity light flickers. Réad
Differential Current on Second Ammeter. :

4
12. If desired, test may be repeated for op @restraint coil
by disconnecting test leads from operagin 0il terminal and

first restraint coil terminal and re ing test leads to
opposite restraint coil terminal an@ating coil terminal.

O

L 4

>
N
N

Q
o
¥
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PERCENTAGE DIFFERENTIAL RELAY

QO( )

(WESTINGHOUSE TYPE CA-5)

GENERAL . \

The CA-5 Percentage Differential Relay consists of training
element with two windings, and one operating element. 'he operat-
ing element 1is energized through an external auxil current
transformer.. Taps to control the sensitivity of] elay are
located in this external transformer.

The unit operates on the induction disc prin with both electr-

omagnets operating on the same disc. The

n lectromagnet is the
restraining element and the rear electroma is the operating
element.

Testing &i&

NGTE: This test procedure sbeciri pplies to the Westinghouse

Type CA-5 relay used for tr mer or generator differential. .
Refer to Westinghouse B g .L. 41-339.1B for details.
This relay 1is used in anction with an auxiliary current {

transformer. This samedglxiliary current transformer must be
in the test circuit.aq\-.

Type of Tests @
Pickup - Operagirgil
Percent Slope t‘- eristics

SETUP OF CONTROLS TEST

CONTROL O POSITION B
"Power On" Swi@OFF ‘
"Timer Op gﬁhﬂg. Switcheeeeeeeeess JUPPER -:N.O. gAINT."
LOWER ~"CONT.
"Main Cc@.....................Zero (counterclockwise)

"Aux. PotEr“ SWitCheceececescscseses TINT"

"Voltmeter Range" Switch..ceceeeees.300

meter Selector" Switch........."EXT. A.C."

Xe Se1ector Switch.......‘........"A.C. #3 - 2‘& V"

Aux. Control".....ceeceeeececcsesse2ero (counterclockwise) )

"A.C. Range" SwitCh.e.ceecesceaaass10A
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CONTROL . POSITION O
"DoCo Range" Switch.......‘........CSA 6

"Main Ammeter Range™ Switch. Ceeenes .500A

"Voltage Relay Test"(DET) Switch....Set "NORM"

"output #l‘#a“ Switch...............Output ‘l \%

Testing Pickup

l. Connect the SR=-51 to a suitable source of w as indicated on

the nameplate and ground. BE SURE THE TCH IS OFF. CHECK
THE "POWER ON" LIGHT.

2. Connect the operating coil of the re the "R" terminal of
the auxiliary current transformer

3. Connect the primary winding of
Terminals) in series with one

Connect this series circuit t
the test set. An external midli eter capable of reading currents
t be in this circuit.

between 0.145 and-1.0 amper
4. Connect test set "Rels o@s“ binding posts to relay trip

circuit contacts t:er S

. Set tap on auxiliar\nt transformer to 19.
. Turn "Power On" sw@ ON".
r

y current transformer (Io
relay restraint coils.
utput #3" binding posts of

5

6 "Power On" light should glow.

7. Initiate test s essing "Initiate"™ switch.

8 Rotate "Aux. g rol™ clockwise until continuity light flickers.
9

. Read and r& the value of current indicated on the external
milliamm pickup.

Q off.

Characteristics

10. Turn ¢t

the SR-51 to a suitable source of power as indicated on

meplate and ground. BE SURE THE MAIN SWITCH IS QFF. CHECK
POWER ON" LIGHT.

2. Qonnect the operating coil of the relay to the "R" terminals
of the Auxiliary Current Transformer. (NOTE: The Auxiliary Trans-
former should be positioned so that the "R" terminals are at the
top. The right-hand "R" terminal should be connected to the even
numbered terminal of the relay operating coil.)



10.
1l.

12.

3 -50 o O‘(

C) )
Connect the primary winding of Auxiliary Current Transformer

(Io Terminals) in series with one of the relay restraint coilse
This series circuit should be connected to "AC Output ¥
binding posts of the test set.

NOTE: Polarity (&) terminals fro outputs

Connect the relay two restraint coils in series to "\tput #1"
of the test set.
of the test set should be connected to the same 3 straint

coil terminal.

.circuit contacts terminals.

Connect test set "Relay Contacts" binding posQ relay trip

Set "Main Ammeter Range" switch so that e@rent through
the relay's two restraint coils may be upper 1/3 of scale.

Turn "Power On" Switch "ON". Power ght should glow.
Initiate unit by pressing "Initiat ch.
Rotate "Main Control" clockwise 1 Mdesired test current is
read on main ammeter (suggest 8.) :
Rotate "Aux. Control" cloc until continuity light flickers.
Rea.d and record currents 1n ed on both ammeters. Compare to '
relay manufacturer's Spem ions.
Turn test set off.
0

&
o
@Q’
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PERCENTAGE DIFFERENTIAL RELAY OO

(Westinghouse Type CA-6)

The CA-6 Percentage Differential relay is usually applied fqp the

protection of multi-circuit buses.

The relay operates_on the in-

duction disc principle and consists of four (4) elec ets
operating on two discs which are fastened to the s . Three
of the electromagnets are restraining elements, e which has
two separate windings connected to receive secondar rrents from

the various current transformers. The fourth ele gnet 1is the
operating element with its winding connected to ve the differ-
a

ential or unbalance current through an auxill

current transformer.

The sensitivity of the relay is controlledb

TEST PROCEDURE

NOTE: This test procedure specificall
Type CA-6 relay used for transfor
Westinghouse Bulletin I.L. 41-337

used in conjunction with an auxi

auxiliary current

Type of Tests

Pickup - Operating
Restraint Characte

SETUP OF CONTROLS

rent transformer.
on the auxiliary

O

lies to the Westinghouse
us differential. Refer to
r details. This relay is
rrent transformer. This same

transformer m be¥in the test circuit.

Loy

(03]

BEFO

CONTROL

POSITION

"Power ON" Switca Qs «ovvveeenes.. .OFF

"Timer Operatxklector" Switch...

"Main Control..

NAU.X. @W1t0h..... oooooo ee e e e e

"Volfmete oo
"Vol t Selector™ Switch..eeeeeene

ange"

UPPER - "N.OOMAINT.“
LOWER - "CONT."

Cececssescscsssssessslero (counterclockwise)

"INT."

SWitCh...... . 0000300

.EXT. AC
“Aux. SeleCtOI‘" SWit Ch. DR e e s e ."AC 3"2““
"Aux. Control™....ccceee.. ceessesessss.lero (counterclockwise)

C Range" Switch

"DC Range" Switch



O
CONTROL POSITION Q )
° “Main Ameter Range“ Switch. ® 0 000 0 0 0 0 00 OSOOA ' . .
"Voltage Relay Test" (DET) Switch.......Set "NORM" %
"output #l-#zn SWitCho ® 0 0 0 0 00 00 00 0 0 0 0 00 .output #l \
Testing Pickup : :
1. Connect Model SR-51 to a suitable source er as indicated
on the nameplate and ground. BE SURE AIN SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT. m
NOTE: This is a polarized relay and po must be observed.
The relay even numbered terminals he restraint coils
are polarity (&). PFacing the ary current transformer,
the "R" terminals are the se winding and the I  term-
inals are the primary windi e right-hand termindls of
both "R" and "I " are polar ¥). The odd numbered terminal
of the relay ppgrating co connected to the right-hand
terminal of "R" auxiliar nt transformer.
2. Connect operating coil lay to "R" terminals of the auxiliary.
current transformer. q‘\\hfrve polarity. See NOTE)
3. Connect the I, termi the auxiliary current transformer to )
the "AC Outpug #3" b posts of the test set. (Observe
polarity. See NOT g external milliammeter, capable of

reading as low @s Q.1%5 amperes or as high as 1.0 amperes, must
be in this cirec

4. Set tap on a ry current transformer to 19.

5.. Connect te set” "Relay Contacts" binding posts to "Relay Trip
Circult" c ts terminals.

6. Turn @JN" Switch ON. "Power ON" light should glow.
7. I iate it by pressing "Initiate" Switch.

8. Rot Aux. Control" clockwise until continuity light flickers.
Read is value of current on milliammeter and record as pickup.

O

Return all controls to zero and de-energize test set. Remove
external ammeter. Do not disconnect any other leads.
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Testing Restraint Characteristics O

SETUP OF CONTROLS BEFORE TEST

CONTROL “" POSITION Q

"Power ON" Switch.....................ICOFF

L 4
"Pimer Operation Selector" Switch......UPPER = "N.O@N’l‘

~ LOWER = "
"Main ControlM.ccccceccccccccccccaaasssllro (co%mckwise)
"Aux. Power" Switch...................."INT.Q
"Voltmeter Range" SwitCh.:cceceeseeeesa300

"Voltmeter Selector™ SwitChecccececcsceee’ AC"

"Auxc Selector" SWitCh. e e eecscecoceoe #3-2"V"
"Aux. COﬂtI‘Ol"......-....---....

NAC Ranse" SWitch.............K\

"DC Range™ SwitcCh...cceecees cesesdA

"Main Ammeter Range" Swi .@......So that desired test current
: ‘may be read on upper 1/3 of

ro (counterclockwise)

scale.
"Voltage Relay Test" witcheeo...Set "NORM"
"Output #l-#Z"SWit .-...-.....a..output #1
1. Connect SR 1 a suitable source of power and ground. BE
ITCH IS OFF. CHECK THE "POWER ON" LIGHT.
2. Connec X relay restraint coils in series. Observe
polari ee NOTE above)

n.r@he series circuilt of the six relay restraint coils
! utput #1" of the test set. "AC Output #1" common
al (+) to polarity terminal of relay.

ect operating coil of relay to "R" terminals of the
auXiliary current transformer. (Observe polarity. See NOTE)

5. ¢ Connect the "Ig" terminals of the auxiliary current trans-
former to "AC Output #3" binding posts of the test set.
(Observe polarity. See NOTE.)



11.

S
Set auxiliary current transformer tap ‘to- 19. (

Connect test set "Relay Contacts" binding posts to relay trip
circuit contacts terminals.

. L 4
Turn "Power ON"™ Switch ON. "Power ON" light should

Initiate test set by pressing "Initiate" Switch. \

Rotate "Aux. Control" clockwise to energize rela@rating coil
circuit with a value of current equal to 1l/2 ¢t ting of

auxiliary current transformér. Continuity light ould glow.

Rotate "Main Control"™ clockwise to energizd the relay restrairit

coil circuit until the continuity light ers. Read and
record this.value of current.

L

$

&
¢ .

O
&
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DIFFERENTIAL VOLTAGE RELAY \
General Electric Type PVD

GENERAL | » Q

This relay is a high speed bus differential relay which contains
two operating units connected in parallel. One of the unigs (known

as 87L) is an instantaneous voltage unit having a h impedance
operating coil connected across the dc terminals ,of 11 wave
rectifier. The rectifier is connected in series reactor-
capacitor combination tuned for resonance at rat quency. The
other unit (known as 87H) is an instantaneous ofe rent unit with

Thyrite resistor stacks. Both of these unitg a connected in
parallel with the secondaries of all curren
circuits associated with the bus to be pr
transformers should all have the same rat .

sformers on all the

a low impedance operating coil which 1is conn% series with
ed. The current

The purpose of the 87L unit is to allo
internal fault that will operate th
breakers associated with the protecte s. The purpose of the

87H unit 1is to provide instantan eration for extremely severe

internal faults. x
Testing General Electric Type 11C" Relays

Note: Set both the 87L and 7, its in low range.

gnation of the minimum
1 to trip all circuit

ALWAYS REFER TO MANUFA 'S LITERATURE BEFORE TESTING

Tests \
1. Pickup of 87 ent
2. Pickup Of@ ment

ka

3. Testing.l of Thyrite

Testing Pickup{\él‘ Element

SETUP OF CO EFORE TEST

CONTROL | POSITION

"Pow itch..... ceesscsssss OFF

" ;\ration Selector" Switch.UPPER-"N.O.MOM", LOWER-"CONT"
"Ma ntrol.......... ceeens «+s..2ero (counterclockwise)

"Aux. Power" Switch......... ceess TINT."

"V:ltmeter Range" Switch.......... 150

"Voltmeter Selector" Switch....... AC-3

"Aux. Selector"Switch...eeeeeeee.. AC-3-150
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CONTROL i POSITION ‘ ) (—'j[

. "Aux. ControlM...cccecicececceceesssolero (counterclockwise)

MAC Range" SWitCheeeeeeeseesenseesss10A ¢
"DC Range™ SwWitChecccececceeseseeeeaaaasbA \%
"Main Ammeter Range" SWitch.........500A @
"Voltage Relay Test"(DET) Switch....Set "NORM"

“Output #l-#z" Switch. ®© 0 0 000000 0 0 00 .Output #

l. Connect test set to a suitable source wer as indicated
on the nameplate and ground. BE S AIN SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT.

2. Connect "AC Output #3" binding of the test set to the
relay terminals so that the r unit operating coil

circult may be energized.

3. Jumper the relay terminals at the relay 87H operating

coil circuit is connected allel with the 87L operating
coil circuit. :

4, Connect the "Relay Co ts" binding posts of the test set
to the trip circuit t terminals of the relay. - ]

5. Turn "Power ON" SW@N. "Power ON" 1light should glow.

. 6. 1Initiate unit‘b P sing and holding "Initiate" Switch.

7. Rapidly rota ‘\2; "Aux. Control" clockwise until the volt-
applied voltage approximately 25 volts
e

meter ind
higher th ing of the relay 87L unit. The Continuity
light shqof?d ®fow. Release the "Initiate" Switch.

8. Jog " " Switch while reducing applied voltage by
rotat e "Aux. Control" counterclockwise. Determine min-
1 e which closes the relay 87L trip circuit contacts
n ated by the Continuity light.
9. opd this value of voltage as pickup of 87L element.
2 4
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Testing Pickup of 8TH Element O
SETUP OF CONTROLS BEFORE TEST ,. o O
CONTROL - POSITION |

"Power ON" SwitCh...cccceeesececsess OFF *

"Timer Operation Selector" Switch...UPPER-"N.O. %OWER-"CONT"
"Main Control.ceeeeccces P 13 (countM‘igghkwise)

"Aux. Power" SwitCh....ececcceeeeeeos"INT" m

"Voltmeter Range" Switch.:.eeeees...300
"Voltmeter Selector" Switch....

L] e e 0 00 "EXT "
"Aux. Selector" Switch.....cceeeeee l@

"Aux. Control™.eeeeeeecccccnss .o (counterclockwise)

&

"AC Range" SWitCh............... LI

"DC Range" switchI..'.........&..sA

"Main Ammeter Range" Swi . Y...S50 that test current will be read
in upper 1/3 of ammeter scale

"Voltage Relay Test"( witch....Set "NORM"

"OQutput #l-#2" Switcm.........."Output #1" ' )
1. Connect the t to a suitable source of power as indicated
on the namepl d ground. BE SURE THE MAIN SWITCH IS OFF.

CHECK THE " N" LIGHT. .

st set "Output #1" binding posts to the relay

2. Connect e
t:er-rn:l.nbg hat the operating coil of the relay 8TH unit
n

may be ized with the Thyrite resistor disks out of the circui

e
the "Relay Contacts™ binding posts of the test set to the

3. Con@
culit contacts terminals of the relay.
u XFower ON" Switch ON. "Power ON" 1light should glow.
5. iate unit by pressing "Initiate" Switch.
6 Slowly increase current to .the relay operating coil by rotating

4 "Main Control" and "Aux. Control" clockwise until Continuity
light glows.

7. Record this value of current as "Pickup" of the 87H unit.
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Testing Thyrite Leakage ' O

SETUP OF CONTROLS BEFORE TEST . O

CONTROL _ - POSITION

“Power ON“ Switch............;..........oFF

4
"Timer Operation Selector" Switch...... .UPPER-“N.O.MAINT“@"CONT“

"Main ControlMe.ecceesscccccccaanasceesellO (counterclo@e)
"Aux. Power" Switch....................."INT“ ‘~::>~
"Voltmeter Range"” SWitCh.ee.eeeseeeeses150 .<::~.
"Voltmeter Selector" Switch....ccecececeeeeDC

"Aux. Selector" SwitChe.cccceccccccceeesalS50 @
"Aux. ControlM.ccceceecesscccsscccccnnsel unterclockwise)

“AC Ranse“ SWitChooooo-oooooooooo'ocooco

"DC nge" switch..........l..l...... A
“Output ’1-’2 SWitcho.o..oc e 0o 0 00 @tput #l

"Main Ammeter Range" Switch...

KX 500
"Voltage Relay Test"(DET) Swim eeeseSet "NORM"
a

l. Connect the test set t ble source of power as indicated

on the nameplate ang gfoun@. BE SURE THE MAIN SWITCH IS OFF.
CHECK THE "POWER ON

2. Connect the "DC Oy " binding posts of the test set to the
relay terminals the Thyrite resistor disks may be
independently e d. A 0-15 milliampere DC meter should

be connected ingeries with this circuit.

3. Turn "Pow\ witch ON. "Power ON" light should glow.
1tNby pressing "Initiate" Switch.

5. Rotate

Control™ (clockwise) to increase output to
120 volts

6. Read cusrent on milliammeter. Compare with relay manufacturer's
specifications.
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PILOT WIRE RELAY O
LGenefal Electric Type CPD) :

GENERAL ' :

The CPD relay 1s a single element pilot wire relay. Two (2)®of these
relays, one at each end of a power line, and a two-wé.%lot wire

circuit between the relays, provides protection fo hase to
phase and phase to ground faults over the entire le f the power
line. The basic components of the relay are the nit, a
tapped autotransformer and an input transformer.

The relay unit is of the induction cylinder class cation. This unit
has directional qualities.

The tapped autotransformer transforms three%e and ground currents
into a single phase current which energi primary of the

input transformer. The secondary vo g he input transformer

is polarized and is applied to the re restraining coils. Any
pilot wire current must pass throu elay unit operating coil.

The pilot wire scheme operates on posed voltage principle and

on normal operation or with a ¢t u ault, no current flows through
the pilot wire. PFor a fault on power line within the protected

section, the voltages at the e ends of the pilot wire become
additive and relatively large nts pass through the pilot wire
relay operating coils to g z relay trip circuit contacts.

Test Procedure

ALWAYS CONSULT MANUFAC INSTRUCTION LEAFLET FOR PROPER CIRCUIT
CONNECTIONS AND INFO ON CHARACTERISTICS BEFORE TESTING.

Type of Tests s O
Pickup Phas \Neutral
Pickup Ph oC
Pickup P to B
Pickup Térg and Seal-In
SETUP OF GB S BEFORE TESTS
CONT & _ POSITION

"p 0 Switch...iieeieeceesccscacasee OFF
"Timer Operation Selector" Switch.........UPPER="N.O.MAINT."
. LOWER-"CONT."
"Main Control....cceeeeeeanes Ceeetetaseeanas Zero (counterclockwise)
"Aux. Power" SwitCh..ieiieeeeaecennnnnas «."INT."

"Voltmeter Range" SwitCh..eeeeeeseencaaans "300"
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CONTROL . POSITION - C)O C .
)

"Voltmeter Selector" Switch.cceeccceecees.."EXT. AC"

"Aux. Selector" SwitcChiceececcceeccececes"VERN." PS
"Aux.. CoONtrolM.ceeecececececcccccsccssesslero (countercloc 1%
"AC Range" SwWitCh.....eeeecesesecacesesssl0A K

"DC Range" SwitCh..ccececesccecssscsscces SA @

"Main Ammeter Range"™ Switch....eeeeeee...50 that test nt may be

read in UP of scale
"Voltage Relay Test" (DET) Switch.......Set "NO ‘!::~.
"Output #l-#2" SwitCh.ceeccesescsccaanss ."Outgﬁm
Testing Pickup Phase A to Neutral
l. Connect Model SR=51 to a suitable so power as indicated on

the nameplate and ground. BE SURE N SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT.

2. Connect "Output #1" of SR-SIQ terminals so as to pass current

"Phase A" to "Neutral".

3. Connect Continuity light so observe action of front relay )

trip circuit contacts.
4. Turn "Power ON" Switch %wer ON" 1light should glow.

5. Initiate unit by prega‘- itiate" Switch.

6. Slowly increase c . by rotating "Main Control"™ and "Aux.
Control™ clockwis t Continuity light glows. Record this

. value of current ckup. :
7. Open Continui t circuilt to de-energize relay trip circuit
contact hoddi cpil.

8. Adjust @peration Selector" Switch to UPPER-"N.O.MOM.".
t

9. Set tes ent to 125% of value recorded in Step 6 by Jogging
"Initiate" €witch.

10. Adjust "@imer Operation Selector" Switch to UPPER=-"N.O. MAINT.".

11. ect Continuity light to observe closure of relay back trip
t contacts.

1 itiate unit. Continuity light should glow.
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Pickup Phase A to Phase C

1. PFollow Steps 1 through 12 above except
set 1s connected to relay terminals so.
Phase A to Phase C.

Pickup Phase A to Phase B

1. Follow Steps 1 through 12 above except

set 1s connected to relay terminals so
Phase A to Phase B.

Pickup Target & Seal-In

1. Block relay trip circuit contacts clos

cedure for DC Target pickup.

"Qutput #1" of reQest

as to pass current

- L 4
"Output %
as to pa

follow normal pro-

relay test
rrent :

(b |

IMPORT

In testing this relay,
transformer shou"~;~
The

resistor.

relay terminals cg

approximatel

@ necessary that the
tedto the pilot wire isolating
shorted through a suitable
of the resistance should be

to the resistance of the pilot
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PILOT WIRE RELAY

(Westinghouse Type HCB) _ OO ( , [i'

GENERAL ‘ . ;

The HCB relay is a three-phase high speed pilot wire relay designede )

for simultaneous tripping at the terminals of a power line. e

power line three-phase currents energize the relay operats& its
0

through current transformers and are converted by a combin osi-

tive and zero sequence filter into a single phase output e.

The single-phase output voltages from the HCB relays whi located
at each power line terminal, normally have polarity to ul a
circulating current through the pilot wire. When a faul ccurs be-
tween the terminals of the power line, polarity of the gle=-phase
output voltage from one of the relays will reverse ng the two
single-phase output voltages to oppose each other thé pilot wire.

Therefore, the output voltage of each relay is b through the
relay operating coil causing relay trip circ ct closure.

‘The relay moving contact is attached to a pivo
magnetic frame which contains both an ele

magnet. The electro-magnet has two (2) tric coils connected in
opposition, so that one is used as’'a res g winding and the other
an operating winding. The restraining ding sets up a magnetic

field, which in conjunction with the om the permanent magnet,
holds the contact in the Normal Open %on. The operating winding
produces a magnetic field which Qt ve the armature in the
relay trip circuit contact clos ection.

TEST PROCEDURE \

ALWAYS CONSULT MANUFACTURER'S@UCTION LEAFLET FOR PROPER CONNECTION:
AND INFORMATION ON RELAY C ISTICS BEFORE TESTING.

armature on a
net and a permanent

L

Zype-or Tests

Phase to Neutral
Phase to Phase P
Target and Seal

SETUP OF CONTROLS

——

CONTROL \‘

"Power ON" c .“."..l...‘.............oFF

POSITION

"Timer Operati SElectOI‘" SWitCh- eee0cecece QUPPER-“N¢0-MAINTQ "
LOWER=-"CONT."
L 4

P01l M cccececscoscsscscssscsssscsssslero (counterclockwise)
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CONTROL : POSITION

"Voltmeter Selector" Sﬁitch...........--.“AC EXT."
“Aux. SeleCtOP" SWitch:.ocooouooooooooooo"VERN."
MAUX. CONtrolMeccecccescssscanscnssscccssslero (counte lockwise).

"AC Ranse" SWitCh.......................-lOA

"DC Rarxge" Switch.....................OIOOSA %
u

"Output #l-Zn Swltch....................."Out

"Main Ammeter Range" SwitCheececeeeeceesaSO est current may be
read UPPER 1/3 of scale
"Voltage Relay Test" (DET) Switcheeeoe. NORM"

Testing Phase to Neutral Pickup

l. Connect Model SR-51 to a sul s ce of power as indicated
on the nameplate and ground. RE THE MAIN SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT. K :

2. Connect "Output #1" of SR@Q relay terminals so as to pass

current "Phase A" to

3. Connecﬁ Continuity' Qto observe action of relay trip circuit
contacts. \

4. Turn "Power ON" S ON. "Power ON" light should glow.

5. Initiate uni‘: pessing "Initiate" Switch.

6. Slowly incr \urrent by rotating "Main Control" and "Aux.
Control" &Lise until Continuity light glows.
s

7. Record tg ue of current as pickup.
8. Repea B" to Neutral and "C" to Neutral.

to Phase Pickup

8. 4@&ncrease current until neon light glows. ,Record value.
Repeat for Phase "C" - "A"™ and Phase "A"™ - "B".

esting Target and Seal-In Pickup

Block relay trip circuit contacts closed and follow test procedures
for testing DC Target and Seal-In.
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TRANSFORMER DIFFERENTIAL RELAY WITH ::: (ﬁ .
PERCENTAGE AND HARMONIC RESTRAINT )
— (General Electric Type BDD) '

GENERAL

provided with the features of percentage and harmonic res
has a sensitive polarized relay as the operating elemen

t centage
restraint permits accurate determination between intern external
faults at high currents. Harmonic restraint enables t:f to

The Type BDD relay is a single-phase transformer difrerensi ay

distinguish, by the difference in waveform, between the ferential

current caused by.an internal fault and that caused tpans former
magnetizing inrush. .

The Type BDD 15 relay is designed to be used fo
two-winding power transformers and has two (2)
circuits and one (1) differential current ¢

rotection of
=current restraint

The Type BDD 16 relay is designed to be

h three-winding power
transformers and has three (3) through-\t

estraint circuits and
one (1) differential curtrent circuit.

Type of Tests
Pickup of DHR Unit onic Restraint

Slope (Not with SR-2 ickup of Instantaneous Unit

ALWAYS REFER TO MANUFACTURER'S

,-- TURE BEFORE TESTING
)

POSITION

SETUP OF CONTROLS BEFORE TEST
CONTROL

"Power ON" SWitCh.....'.‘\E? heeeecess. .OFF
“Timel‘ Opel‘ation SEl & WitCh. eeeeceoe .UPPER-"NOOOMAINTO"
K LOWER=-"CONT."

"Main Control".... .Q.. cesesecssssscssssclero (counterclockwise)
"Aux. Power" SwifcHM.B....cccccceeceeeees "INT."

"Voltmeter iN:\§§witch.................150

"Voltmeter or" Switeh..............DC

"Aux. seleCtor" Switch...................lso Dc

M AUX. CONtrol M. ceeeecccccsccecsceassessessslero (counterclockwise)
“A " SWitCh........................lOA (NOt On SR-Zl)
ange" SwitCh....cceeeeecccccccccanaas S5A

The harmonic restraint and slope tests are written based on testing
the relay with all restraint windings set in the 5 tap. If the

relay is to be tested with any other tap settings, please refer to
the G.E. instruction book under "Periodic Testing".
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CONTROL POSITION ‘ ’

. "Main Ammeter Range" Switch..........S0 that desired test current may he

_ read on upper 1/3 of scale
"yoltage Relay Test (DET) Switch.....Set "NORM"

- "Output #1l-#2" Switch....eeeeeve....."Output #1" \%

Testing Pickup (Relay rated 125 volts DC) @

NOTE: If the BDD relay is rated for 250 volts D cuit, adjust
"Aux. Selector" to "DC 300". In Step 7,%otdte "Aux. Control"
clockwise for a reading of 250 volts he” voltmeter.

on the nameplate and ground. BE SURE IN SWITCH IS OFF.

1. Connect the relay tester to a suitabl e of power as indicated
T A
CHECK THE "POWER ON" LIGHT. %

2. Connect "AC Output #1" terminal e test set to relay terminals
so that differential current K one through current restraint

coil may be energized.
3. Connect leads from "DC" bin xosts of the test set to relay

terminals across DHR unit y Open contacts.

4. Connect leads from "Refl ontacts" binding posts of test set
act terminals.

to relay trip circuii~;b#' o
S. Turn "Power ON" Swi . "Power ON" light should glow.

6. Initiate unit by mg "Initiate" Switch.
7. Rotate "Aux. 3@g- clockwise for reading of 125 volts DC on

voltmeter.
8. Rotate "Ma rol" clockwise to increase output until relay
picks up tinuity light glows. Read current on ammeter.

Target onYelay "T" should drop.

9. Return u®." and "Main" controls to zero. Turn "Power ON"
Swit FF.

10. atgtest with "AC Output #1" terminals of the test set connected
t eday terminals so that the differential current coil and each
of e other current restraint coils may be energized.

Testing Through Current Restraint (Slope)

Connect the SR-51 to a suitable source of power as indicated on

.the nameplate and ground. BE SURE THE MAIN SWITCH IS QFF. CHECK
THE "POWER ON" LIGHT.

2. Connect the 10 volt tap and the right hand common terminals of
"AC Output #1" to terminals 4 and 6 of the relay. The common of
"AC Output #1" is connected to terminal 6 of the relay.
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3. Connect "AC Output #3" terminals of ﬁhe test set i:o tei'minaC)
#5 and #6 of the relay. Connect the polarity (+) terminal of

"AC Output #3" to terminal #6 of the relay. . “

4, Connect leads from test set "Relay Contacts"™ bindin ts to
relay terminals across DHR unit Normally Open con\i-b.

5. AdJust "Timer Operation Selector" switch, UPPER . MOM.",
LOWER - "FAST TRIP".

6. AdJjust "Aux. Selector" switch to "AC3-24", “‘éssybter Range"
switch to "300", "Voltmeter Selector" Swit Ext. A.C."
7. Turn "Power ON" switch ON. "Power ON" 1 hould glow.

WARNING %

The relay coils are energized as is'the test set is
initiated. Therefore, this tes be conducted as
rapidly as possible to prevent to relay coils.

8. Initiate unit by pressing and ding "Initiate" Switch.

9. Rotate "Main Control" cl til desired current is read
on Main Ammeter, as in e y relay manufacturer's instruction
book.

10. Rotate "Aux. Control"
Open contacts close.
Control" may ‘be nec
and test set time
timer stops. Re

e

ise until relay DHR unit Normally
is point, readjustment of "Main
to maintain current set in Step 9
estart. Readjust "Aux. Control™ until
ent values and release "Initiate" switch.

1ll1. For BDD 16, psgs ocedure from Step 4. In Step 4, re-connect
10 volt tap & Output #1" to relay terminal #3.

t
12. Turn test @(‘f.

u

1. Co SR=51 to a suitable source of power as indicated on
t eplate and ground. BE SURE THE MAIN SWITCH IS OFF. CHECK

T POYER ON" LIGHT.

2. Connect the 10 volt tap of "AC Output #1" to the external test
rectifier. Connect the other.-side of the test rectifier to
te nal #5 of the relay. Connect the right hand common of
"AC Output #1" to terminal #6 of the relay.

Short the external test rectifier by placing a jumper across its
terminals.

b, Adjust "Aux. Selector" switch to "AC3-24" "Voltmeter Range" (
switch to "300", and "Voltmeter Selector" Switch to "Ext. A.C."

5. Turn "Power ON" switch ON. "Power ON" 1light should glow.



11.

12.
13.

1. -

15.
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Initiate unit by pressing "Initiate" switch. Q:
u

Rotate "Main Control" clockwise to increase current outp
until 9 amperes 1is read on the Main Ammeter.

- 4
Turn test set off.

Remove jumper from external test rectifier. ~\-~
Connect "AC Output #3" terminals of the test %«: terminals

#5 and #6 of the relay. Connect the polari inal (%)

of "AC Output #3" to terminal #6 of the rela OTE: "AC Output #3
must not be connected to relay while 9 ampe s being set in

Step #7.

LOWER - "FAST TRIP".

Turn "Power ON"™ switch ON. " er

Adjust "Timer Operation Selector" swm PPER - "N.O. MOM.",
light should glow.
n

Initiate unit by pressing and "Initiate" switch.

Rotate "Aux. Control" clockwdge til timer stops. Read value

of current required to ope rmonic Restraint on the Auxiliary
Ammeter and release "Init switch.

Turn test set off.

Testing Instantaneous Un2§\-

1.

Connect the SR-51 uitable source of power as indicated on

the nameplate andwg d. BE SURE THE MAIN SWITCH IS QFF. CHECK
THE "POWER ON" GHE.

Adjust "Volt ’ah;Range" Switch to "300", "Voltmeter Selector"
Switch to A.C.", and "Aux. Selector" Switch to "Vern."

Connect put #1" terminals of the test set to relay terminals
e fhe differential current coil and one through current

oil, i.e.: relay terminals 5 and 6.

to ener
rest r@

:H.‘ﬁr eads from ."Relay Contacts".binding posts of test set to
e.ay

ip circult contact terminals.
Power ON" switch ON. "Power ON" light should glow.

This test should be conducted as rapidly as possible to avoid
@amage to the relay coil.

Initiate unit by pressing "Initiate" switch.

Rotate "Main Control" clockwise until the continuity light glows.
Read and record current value on main ammeter.

Turn test set OFF.
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DIRECTIONAL OVERCURRENT RELAY OO (

(Westinghouse Type CR) (General Electric Type IBC)
GENERAL

two abnormal conditions in the following sequence:

l. Current flow must be reversed ‘~,~\.
2. The reversed current flow must be higher @
prescribed amount, and the flow must cont for

L 4
A Directional Overcurrent Relay trips a circuilt whenrit‘:EE;es

a predetermined time.

This relay i1s composed of two units, -a direct@ unit and an
overcurrent unit. The directional urit 1is to a single
phase wattmeter. It contains a voltage _ actu and a current
actuated coll. When these two colls are ed, a torque is
produced on the unit's disc. A 180° shi phase relationship
between the voltage and current prod reverse torque on the
disc. Normally, the torque produce the directional unit
contacts open. When the current f1l n*%the circuilt reverses,

the unit's disc will rotate to clo t directional unit contacts.

The overcurrent unit of the rel similar to the time delay
overcurrent relay. In mode s S, the directional unit contacts
must be closed before oper torque will be produced on the
induction disc of the ovegc nt unit. Thus, the directional
overcurrent relay require§~‘§~p

sal as well as a minimum quantity
of current flow before 1
Test Procedures

perate to trip a breaker.
Tvype of Tests ‘\0
it

rent Characteristics

T -
The ¢t ‘-3\gdure 1s arranged to test each element of the relay

indi 1l The directional element contacts must be blocked
closed passed to permit complete testing of the overcurrent
element. .
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TESTING DIRECTIONAL ELEMENT FOR MINIMUM PICKUP USING D.E.T. CI
IN MULTI-AMP MODEL SR-51 RELAY TESTER. {(CURRENT AND VOLTAGE )

ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING
SETUP_OF CONTROLS BEFORE TEST

: L 4
CONTROL _ POSITIOE 9
“Power ON" Switch....‘.....‘.O.‘..CC'..l‘....lOFF\
"Timer Operation Selector™ Switch...ceeeee.o. .UPP .O.MAINT."

L CONT."
"Main Control..;............................ e counterclockwise)
"Aux. Power" SwitCh.::ccceeecesccccccccns Q N
@..To read voltage in
upper 1/3 of scale
ceee.s"D.E.T."

"Aux. Selector" Switch..........&\........."D.E.T."

"Aux. Control"...... @ ceeeseecs.slero (counterclockwise)

“Ac Range" Switch'..l...l L] ........lll.lllOA

"DC Range" SWitCh'..'..,~§;~

"Main Ammeter Range" S Weescccceasssaans «..50 that desired current
may be read in UPPER 1/3 of scale

"Voltmeter Range" Switch.... Ceeeeeenn

"Voltmeter Selector" Switcheceeoeoe.

eeeeeccc0soc e .---OSA

“VOltage REIay-Dﬁ. " WitCh. 6000 scccscs o0, .AS dESiI‘ed -POSitiOI’lS

. 1-4 (See Step 4)

"Output #l‘#z’%&h-:-o.loocooloooolo ----- ..."Output #l"

1. Connect @ULTI—AMP relay tester to a suitable source of power
as ind on the nameplate and ground. BE SURE THE MAIN
SWITC OFF. CHECK THE "POWER ON" LIGHT.

2. rx olarity terminal : of relay directional unit current
pefatThg coil to the Polarity terminal of "AC Output #3" (%)

n
ghf-hand binding post). The other relay operating coil

t nal should be connected to the desired tap of "AC Output #1".
(10 "volt)

3. @onnect the relay voltage polarizing coil to "AC Output #3"
terminals. The polarity terminal "I" of the relay voltage
polarizing coil should be connected to Non-Polarity terminal
of "AC Output #3". ( left-hand binding post)
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4, Turn "D.E.T." (Direct. Element Test) Switch to desired position.

NOTE: Positions 1, 2, 3, and 4 are factory wired to produce
values given below: 24

POSITION VOLTS AMPERE %
1 | AN

1
2 2 y
3 1
y 2 8
Positions 5 through 9 are left unwirfe permit their

positions may produce any re alues of current

use for any particular values comm o the user's
system. The installation of a rm in these unwired
and voltage.

5. Turn "Power ON" Switch ON. "Powe ight should glow.
6. Initiate unit by pressing “Init witch.
7. Rotate "Main Control" clockw 1ncrease output until
the relay directional un 8 close. Read and record
the values of voltage an on the respective meters.
8. Reverse leads from te to potential coil of relay.
Relay directional unit tacts should resist closure.
TESTING. PICKUP AND TIME CHARACTERISTICS OF OVERCURRENT UNIT
l. Block Directional it)contacts closed and follow procedure for
"Induction Disc rent Relay".
NOTE: AT E ST BE SURE TO REMOVE ALL BLOCKING FROM RELAY

O
Q>®
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- TESTING DIRECTIONAL ELEMENT FOR MINIMUM PICKUP USING EXTERNAL
PHASE SHIFTER AND PHASE ANGLE METER (MULTI-AMP MODELS CS-5 or C8=6

SETUP OF CONTROLS BEFORE TEST - Model SR-51

CONTROL POSITION

"Power ON" SwitchoioocooiolloloooooliiloooolooonoooFF

"Timer Operation Selector™ SwitcCh...ccceeeeercecene O.MAINT."
CONT."
“MainControl"........I....I'......II.......... L] (counter-
: ockwise)

"Aux. Power" S"itchooooaao-oaao-oaa.-oaa.-o L) e e '"
"Voltage Range™" SwitCh...c.eveeeecceccanns W ...50 that test volt-
age a@ead in upper 1/3 of scale

Dy VYRR ."AC-3“

"Voltage Selector™ SwitCh.ececeeeecoes

"Aux. Selector" SwitCh...ccceeees

ccoooooco.-"Ac-3 -2u“

"Aux.. control"........o....--..c&..-..Qo.nl..l.zero (Counter-

clockwise)
@.......-......-.IOA

I-...............““‘ SA

"Main Ammeter Range" Sm ceescessssssssesssessesAs desired so that

"AC Range" Switch...ce.ee

"DC Range" Switch......ge-.

test current may be read in
upper 1/3 of scale

‘ "

"Voltage Relay Te rect. Element) Switch.....SET NORM

“Output #l-#znxch...............'........'.‘.'."output #1“
SETUP OF CON LS "BEFORE TESTS (Models CS-5 or CS=6)

"Power ON"

.000.000000IOICOO..ODIOOD.OOI..DOOFF

"Inpu ’h§k~. " Selector" Switch.........ccce0....AS required

"Phdge #Shift Adjust Coarse™...cceeeescecceeseesss.Any position
SWitch pper Right) ® 0 0. 0 0. 0 0 0 0 00 0 0 0 0 0 0 0 00 0 0 00 0 0 0 0 00 Phase Shift Output
NOTE:# Model CS-7 Phase Shifter and Phase Angle Meter may be

used for this test. Please refer to Instruction Book
covering tests using MULTI-AMP CS-7.
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Connect Model CS-5 to a suitable source of 3-phase power or g) ) -
0]
4

Model CS-6 to a suitable single phase source. Check "Power
light. BE SURE THE MAIN SWITCH IS OFF.

as indicated on the nameplate and ground. Check the r ON"
light. BE SURE THE MAIN SWITCH IS OFF.

Using Continuity leads, connect the "P.A.M." jackfo e SR=-51
to "Current Coil Input" terminali on Model CS=5 6

Connect black lead to polarity (=) on CS=5 or CS

Using light leads, connect the "Phase Shif*@ uE; terminals

Connect Model SR-51 felay tester to a suitable source Eé power

to the "Aux. Power Input" terminals on the 4§R- " terminals
should be connected.together.

Using light leads, connect the volta o] zing coil of the
relay directional unit to "AC Output erminals of the

SR-51; relay polarity terminal "&' Output #3" polarity
terminal "i",

Using regular leads, connect cugxperating coll of the

relay directional unit to "Output ": relay polarity terminal

"t" to "Output #1" polarity t LE LN

Rotate "Main Control" kn ocKwise to desired current value

as read on Main Ammeter, ,
Adjust "Coarse™" and "F ontrols on Model CS-=5 or CS-=6

to desired phase angl ead on phase angle meter. (This

should be angle of torque as determined from manufact-

urer's instruction pul in.)

L
Rotate "Aux. Co ‘%\~ clockwise until the relay directional
unit contacts e. Read value of voltage on voltmeter.

Record value rrent, voltage and phase angle at which
directional i9) contacts close.

Q>®
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POWER DIRECTIONAL RELAYS

(General Electric Type ICW) - (Westinghouse Type Wt)O

GENERAL

The General Electric Type ICW or Westinghouse Type CW relay is
an induction disc relay containing current and voltage offerating
coils. It 1is a single-phase wattmeter element eq ed with

a tap block so that minimum operating watts ma b*;EE!ied. The
operation of these relays depends upon both pha e and the

magnitude of the applied voltage and current. r the ICW
or CW relay 1is avallable as a 3-phase or l-ph it. :

The 3-phase relay measures 3-phase watts, and e relay current

coll 1is connected to the secondary windi current trans-
former in one phase. The relay potenti is connected to
the secondary winding of a potential tr former providing line
to line voltage. The tap block of t ay 1s calibrated in
3-phase watts. W=1.73 EI (Power Rac

The single-phase relay measure i phase watts. This relay's
current and potential coils ar cted to the secondaries of

current and potential transfo n the same phase. The tap
n single-phase watts.

block of this relay is calibz‘;ba
Testing GE Type ICW 51A Re librated in 3-phase watts).

Type of Tests
l. Minimum Pick
2. Timing

ALWAYS REFER TO MA en@ URER'S LITERATURE BEFORE PROCEEDING WITH
TESTS.

4
SETUP OF CONT FORE TEST - MODEL SR-51

CONTROL POSITION

"Power O Switch...cceeeeeeess .OFF

"Time@*ation Selector" Sw...UPPER - "N.O.MOM" LOWER-"CONT"
" :’h‘~ r

x. ower“ SWitch.ooo.o.oo-.oo"m"

OlM . ieeeeeeenseacessoslero (counterclockwise)

"Voltmeter Range" Switch........S0 that test voltage may be read
. on upper 1/3 of meter scale

"Voltmeter Selector" Switch....."AC Output #3"
"Aux. Selector" Switch...e......"AC Output #3 150V"

"Aux. Control"..... ceecessssess.lero (counterclockwise)
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CONTROL ) POSITION

QO
"AC Range" SwitCh.cceecececcccecsssssl10A .
"Dc Range" SWitCho ® 000 0 0 00 . ® 00000 0 00 SA . .

"Main Ammeter Range" Switch..........SO that test curre @e
er

read on upper 1/3
- scale

"Voltage Relay Test" (DET) Switch....Set "NORM" ‘~::>~
"Output ’1-#2" Switch................"output 'l"

SETUP OF CONTROLS BEFORE TESTS-MODEL CS-5 or C Q

"Power ON-OFF" SWitCh. . o @0 eecoeeoe o‘o o0 OOFF

Input Voltage SelectOrececccccccecccces ifed (Not on CS=6)
Phase Shift Adjust Coarsec.ceeccccecccce sition

Phase Shift'AdJust Plne.ceeeeeecee egunterclockwise

Switch (upper right).cececcececss @-ase Shift Output
Testing Minimum Pickup :

A g

l. Connect SR-51 and CS-=5 o

together as described under
"Use of Phase Shifter

se Angle Meter", Section II.

2. Connect Model SR=51

=5 or CS-6 to suitable sources of
power as indicate@ ont

t set nameplate. BE SURE "POWER ON"
THE "POWER ON" LIGHTS.

SWITCHES ARE OFF.

3. Connect SR=51 %& #1" binding posts to relay terminals
so that the r y rrent coll may be energized. Observe
polarity.

4. Connect SR@AC Output #3" binding posts to relay terminals
y

80 that potential coil may be energized. Observe.
polarity.

5. Conn agpair of light leads from the SR=51 binding posts

marked lay Contacts" to the relay trip circuit contacts
terminals.

6. urn %he SR=51 and CS=5 or CS-=6 "Power ON" Switches ON.
ower ON" lights should glow.

. just "Timer Operation Selector™ Switch, UPPER to "N.O. MAINT",
LOWER to "CONT".

Initiate SR=51 by pressing the "Initiate" Switch.
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9. Rotate the SR-51 "Main Control" cloc:f
current coil, until the Main Ammeter {y

10.: Adjust the "Coarse" and "Fine". contrpls
~_the Phase Angle Meter indicates 900 .
(270°1 las ) '

ll. Rotate the SR-51 "Aux. Control" clockéise unf&l the Coﬂ%inuity
light flickers. Observe this value ot voltage.

on CS=5 or CS- 1
\'gnt ¥E§d voltag

12. If the relay is in perrect adJustment the va voltage
observed in Step 2 should be: '

E= Relay Tap Value _ _ » . Volts
(1.73) (5) _ ii ,‘

13. Turn both test sets OFF. Q
Testing Timing

1. Repeat Steps 1-10 above ("Testin um Pickup").
2. Rotate SR-51 "Aux. Control" ¢ e until the voltmeter
indicates a value of voltag alent to:

E= = ’ Volts

If this value of vo eeds the relay voltage rating,
rotate SR-51 "Main €Ggngrol" clockwise to increase current
input to relay. cidate a new voltage corresponding to the

new value of current?
3. Turn SR-51 "Powen®3w1tcn OFF.

4, Adjust "Ti ‘;;ﬁltion Selector" Switch, UPPER to "N.O.MAINT",

LOWER to
5. Reset ti Zero. _
6. Turn S Power ON" Switéh ON.
7. Init@SR-Sl by pressing "Initiate" Switch.
8. ay trip circuit contacts make, the timer will stop and

ay will be de-energized. Read and record this value of time
9. both test sets OFF.

Testing Westinghouse Type CW Relay 300 Characteristic
(Ca¥ibrated in 3-Phase Watts)

ollow exactly same procedure as for General Electric Type ICWS1lA
except as noted below:

1. The Phase Shifter (CS-5 or CS-6) controls should be adJusted
until the Phase Angle Meter reads current lead voltage by 30°
(330° current lag).



€

Testing General Electric .T]:ff:e "TCWS1B or Westinghouse iCW Zero O
Degree Characteéeristic. (Calibrated in Single-Phase Watts)

U3 e 6

Follow exactly same procedure as for Type ICW51A excépt as néted
below: ' :

1. The Phase Shifter (CS=5 or CS=6) controls shoulz~l§~ Justed
until the phase angle meter reads zero (volta current
in phase).

2. In calculating the test voltages, use the rm@da:
Watts = (Voltage) (Current) Q
Where watts = tap value or multiple t@

Current = Reading of Main Ammeter itude of current
energizing relay curr from "Output #1"
of SR-51.

L

S
S
\C) .

Q
o
&
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LOSS OF EXCITATION RELAY O
(General Electric Type CEH) O

GENERAL

The Type CEH relay is a single-phase offset MHO type rela$ which
operates on the induction cylinder principle. Thi ay 1is
designed to detect the loss of excitation of sy olls generators
with a sufficient selectivity so as not to funczﬁg‘~. ing system
short circuits.

The relay contains current operating and vol larizing coils
and will operate to close its trip circuit n ts whenever the
voltage and current "seen by the relay" r n an impedance
value within the relay manufacturer's opera g characteristics
curve. The operating characteristics ¢ may be changed in size
or shifted through relay tap changes y adjustments.

TEST PROCEDURES - General Electric -11A

PLEASE REFER TO MANUFACTURER'S B BEFORE PROCEEDING WITH TEST.

Equipment Required \x

y tester

1. MULTI-AMP Model sa-m.
2. MULTI-AMP ModeQS CS-6 Phase Shifter and Phase Angle

Meter. (Note: MULTI-AMP CS-7 Instruction Book for

§§-~ cedures using Model CS-7.

. Power Regquired >
Input: 3-phase oximately 200 VA for Model CS-=5
o .
120 vo hertz, l-phase at approximatly 1.0 kva

for 1s®SR-51 and CS-6

Type of Te
l. Ch stics of Induction Cylinder Unit
3\-k et and diameter of circle (Total Ohmic Reach)

ngle of maximum torque

2 ckup of auxiliary relay ("A")
3.. Pickup of target and seal-in unit

Pre-Test Requirements

1. All mechanical maintenance and adjustments should be performed
prior to the electrical tests. Follow recommended procedures

as outlined in the manufacturer's instruction bulletin( except
when "As Pound" tests are required).

n

Relay must -be level for tests.

w

The MHO unit spiral spring should hold the contact definitely ope
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SETUP_OF_EQUIPMENT BEFORE TEST O
1. Place Model CS=5 or CS=6 to the left of Model SR=-51l.

can be made to all terminals, or

2. Place the relay at a convenient location so that easy %ect.ions
Place Model CS-5 or CS-6 and Model SR-51 close to £--g
the switchboard so that the test lead length is k a

ay at

minimum and the relay operation can be observed testing.

3. If the relay is to be tested on the switchbo remove
connection plug from the bottom of the unit: lace with
test plug.

to activate the target an unit contacts

WARNING!!! During removal of cover an p@ be careful not
as this can cause tripping e circuit breaker.

4. Make sure that the Main Switch on s CS=5 or CS=6 and SR-51
are OFF.

5. Connect Model CS-=5 to a suitabl &ce of 3=phase power',' or.

Model CS-6 to a suitable 120 v ingle-phase source.

6. Connect Model SR-51 to a ble source of single=phase power
as indicated on the name .

SETUP OF CONTROLS BEFORE TE J\QODEL SR-51

CONTROL POSITION

O....O..OO..OO..OO..OFF

"Timer Operation S "gg' Switcheceeeeeceeeees  UPPER="N.O.MOM."
. . LOWER="CONT."

"Main Control"...Qeecleeicececcacccceencseessssolero (counterclockwise)

"Auxl Power“ S@.............'............,...."mT'“

"Voltmet -:§\? SWwitChecieeseeecescccsecessss eSO that test voltage
will be read in upper 1/3 of scale

"Voltmeter ector” SwitCh.eceeeceeeeccceasssss"TAC Output #3"

"Aux. Sel‘ctor" Switch........‘...'....'........"AC output #3“ lsov

"Power ON" Switch....?4~‘b

“A 8e" S"itchoo.ooo-ooooooooooooaoooouoouoooloA

ange" Switch................0......“‘..... SA

in Ammeter Range™ SwWitCh.:.ccceccececsceeeeeessSO that test current
may be read in upper 1l/3 of scale
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. CONTROL POSITION < )
"Voltage Relay Test ("Direct. Element")Switch...SET NORM

"Output #1-#2" SwWitChec.ccceececcsssscceccessssstOutput '#1"0

SETUP_OF CONTROLS BEFORE TEST - MODELS CS-5 or CS-6 ¢

CONTROL POS
"Power ON" SWitCh.cececeseeccscccsssscssscsncnns
"Input Voltage Selector™ ..cceeeeccccccccccsss mquired
"Phase Shift Adjust Coarse".................f\::’kny position
"Phase Shift Adjust Pine"....c.cceeeeeeeC tePFclockwise

@. «..."Phase Shift Output®

ease refer to CS=7

Switch( Upper Right).ceeeeeeececaans

NOTE: For testing with Model CS-
instruction book.

Induction Cylinder Unit g\

The induction cylinder unit b to the general classification
of MHO units. That 1s, the s composed of a wound field
with both current and vo ls and an armature shaped like a

cylinder and acts 1like gle-phase induction motor. The design
1s such that the torqu rotate the armature either clockwise
or counterclockwise, de t upon the value of the impressed

voltage and current. 4M rtain phase angle relationships,
there are no values age and current that will produce a
c

torque on the arma lose the unit's trip circuit contacts.
This characterigtiq gijes the relay directional qualities.

Testing Induct

inder Unit

eter of Circle - (Ohmic Reach)

the MULTI-AMP test units to a suitable source of
nd ground. BE SURE THE "MAIN SWITCH" IS OFF.

q-ahn "POWER ON" LIGHTS.
. nect Model CS-5 or CS-=6 output terminals marked "Phase

ifter Output" to the "Aux. Power" input terminals on

odel SR-51. Observe polarity. Connect terminals marked
's" together.

93. Connect "AC Output #3" terminals on SR-51 to relay voltage
polarizing coil terminals. Relay polarity terminals ()
should be connected to "AC Output #3" polarity terminal ().

4. Connect "AC Output #1" of the SR-51 to the relay current
operating coil terminals. The relay contains two current
colls. A jumper must be used so that the current will
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15.

17.
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flow through these coils in series. "AC Output #1" pola‘iEZ’
terminal (*) must be connected to polarity terminal (%) o

one of the operating coils. Non-polarity terminal of that
coil is Jumpered to polarity terminal (%) of relay secong

operating coil. Non-polarity terminal of relay segond
operating coll 1is connected to non=polarity termi ba
"AC Output #1".

Insert the telephone type plug into the “P.A.@ck on
Model SR=51. Connect the leads from the pl he CS=5
or CS-6 terminals marked "Current Coil Input bserve
?g%arity. Connect black lead from plug toNgerminal marked

Connect the SR=51 continuity light ac Qhe relay terminals
S0 as to observe operation of the re%in trip circuit

contacts.
Block the auxiliary relay (A) rcult contacts closed.
Select proper Voltmeter and M Ammeter ranges on the Model

SR=51 so that meter readingse¥ill¥be in upper 1l/3 of meter
scale.

Turn "Power ON" in bot <§l/Jand CS-5 or CS-6. "Power ON"
lights should glow. .

Adjust "Timer Operaahw\~ lector™ Switch to UPPER-"N.O.MAINT."
Initiate Model SR-% pressing "Initiate™ Switch.

Rotate "Main Cortro to energize relay current operating
S amps.)

coils. (Sugge‘ﬁ‘e\z
Adjust ph “s§% by means of "Coarse" and "Fine" Phase
t

t to 270°. (e.g. 90° current lead voltage
ecified angle of maximum torque.)

Control™ (clockwise) to increase voltage until

n to rotate "Aux. Control"™ (clockwise) to increase
odtage until continuity light 1s extinguished. Continue
ate "Aux. Control" to increase voltage approximately

10 20 volts above point where continuity light was
extinguished.

& .

Decrease voltage by rotating "Aux. Control" (counterclockwise)
until continuity light glows. Record this value of voltage

for Maximum Reach Voltage. Continue to decrease voltage

until continuity light extinguishes. Record this value of
voltage as offset voltage. During this operation, maintain
current and phase angle as specified in Steps 12 & 13. (

Remove blocking from relay.

c
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B. Testing for Angle of Maximum Torgue O

1. Repeat Steps 1 through 16 above for phase angles of@
(current lead voltage by 75°) and 2850 (current lead tage
by 105°). (15° on either side of angle of maximum torque)
Other angles may be used depending upon offset tap getting.

2. Remove all blocking from relay.

Auxiliary or "A" Unit ‘-\~;

This unit 1is an electromagnetic attraction type \@ctuated by a
DC coil. The purpose of this unit is to prevent se tripping due
to vibration should that relay voltage '‘go to 0Jas the result of

a blown fuse in the potential transformer i‘::?~
Pickup of Auxiliary Relay ("A")

SETUP_OF_CONTROLS - MODEL SR-51 {bcs-s not required)
CONTROL POSTTION
"Power ON" Switch............... N..........OFF

M"Timer Operation Selector" Swi N ...cc0..0.. .UPPER-"N.O.MAINT."
LOWER-"CONT."

"Main Control"..c.ceeesee ceecscssesssessesssslero (counterclockwise)

"Aux. Power" Switch..... ceeeseaana D § )
"Voltmeter Range" Swic@. ceteccccaaeaasaass..S0 that test voltage
. may be read in UPPER 1/3 of scale.
"Voltmeter Select? thh. coevescssacses PN o o
"Aux. Selectol@h. ceeeenn Ceeecaaaas ceeeeen .DC 150
"Aux. ControQ ........ Cetsictacaranaas cesesesslero(counterclockwise)
"AC Ra.nge@c.. ..... Ceeeectereneaaann cee....10A
"DC ‘E\ﬂ~. ltch.ieeieieenesoeeennncnnas esess..0.5A
"M er Range" Switch.eeeeeevenne ceseeeesab00

"Voltagé Relay Test"("Direct. Element") Switch..Set "NORM"
“Outmt #1-#2“ Switch'l......ll....Il........l.."output #1“
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l. Connect SR=51 to a suitable source of power and ground. BE (
THE "MAIN SWITCH" IS OFF. CHECK “PQWER ON™ LIGHT.

2. Connect a pair of light leads to relay terminals which will permit
energizing auxiliary (A) coil of relay when relay main trip circyit

contacts are closed. Connect other end of these leads t R=51
"D.C. Output".

3. Connect continuity light across relay terminals to o QNN\;,operation
of relay ("A") trip circuit contacts.

4., Block relay main trip circuit contacts closed.

5. Turn "Power ON" Switch ON. "Power ON" light s low.
6. Push "Initiate" Switch. :

7. Rotate "Aux. Control" until continuity 1 @18.

8. Record these values of DC voltage and t.

Test of Target and Seal-In (Model CS-5 o <8 not required)

SETUP_OF CONTROLS - MODEL SR-51
CONTROL

"Power ON" Switch.............

POSITION

CooooooccooFF

"Timer Operation Selector" Sw Neeeeeeees JUPPER="N.O.MAINT."
LOWER=-"D.C."

"Main Control".........p .. f.cceuviei. .. Zero (counterclockwise)

"Aux. Power" Switch....Q\................"INT"

"Voltmeter ﬁange" Swi R 0o

"Voltmeter Selector@tch. ceeeesssesassess s "EXT. A.C."
"Aux. Selecto " t h...l.000'0000'0000000'08 D‘!C‘ -
"Aux. Cdnt f~,§\>..........................Zero (counterclockwise)

"AC Range"

t

oo.oo.oo.ooooou..-n--oo...ooloA

"DC Range" SwitCh.c.eeeceees

..... ecscecescsssesd0 that test current will
Y be read in UPPER 1/3 of scale )
"r4ai eter Ranse" Switch. ® © 0 0 0 0 0 0 0 0 0 0 0 0 0 00 500

"Valt fe Relay Test"(DET) Switcheccceceeees..Set "NORM"

tut #l-#zn Switch‘......I................"Output #l" (
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Connect SR=51 to a suitable source of power ahd ground.
MAIN SWITCH IS QOFF. CHECK "POWER ON" LIGHT.

Connect a pair of light leads to relay terminals which @ allow
energizing the target and seal-in coill; connect other end™of these
leads to SR=51 "Relay Contacts" binding posts.

4
Block relay main unit and "A" unit trip circuit tacts closed.
Turn "Power ON" Switch CN. "Power ON" light ?@

Initiate unit by pressing "Initiate" Switch@

Rotate "Aux. Control" (clockwise) to incpease, current to target
and seal-=in coil until target shows. R locking from
"A" unit trip circuit contacts. If Dg‘fsrguit remains energized,

glow.

the seal-in unit 1is operating properl
Record this value of current.

Remove-all blocking from rela SEe

L

{y
N
O

Q
o
&



3 - 84

DIRECTIONAL DISTANCE (REACTANCE) RELAY :: (’
General Electric Type GCX)

GENERAL

: 4
The GCX relay 1is a high-speed directional-distance relay int d
for tune protection of transmission lines. The relay cont (2)
basic units - MHO and OHM, and may contaln some or all of
accessory units, each of which i1s explained below:
MHO UNIT
The MHO unit belongs to the general classification ction cup
units. That 1s, the unit 1is composed of a wound ffe with both
current and voltage colils and an armature shaped e cup. The

this motor 1s such that the torque may rotatg t ture either
clockwise or counterclockwise dependent upon f the impressed
voltage, current, and phase angle between_.the ent and voltage.

e 1t 1is lmpossible
1l produce a torque on

t contacts. Therefore,

unit operates like a single-phase induction mot%e design of
o

to find values of voltage and current th
the armature to close the MHO unit trip
the MHO unit has directional qualities.

OHM UNIT , @

This 1s also an induction cup ith both current and voltage coils
acting like a single-phase indagt motor. However, in this case,
regardless of phase angle relat sSWips, values of voltage and current
can be found that will produc e on the armature to close the

OHM unit trip circult contact orque 1s a function of impressed
voltage, current, and phas n between the current and voltage.

.
INSTANTANEOUS OVERC

This 1s an electroma t attraction type of unit actuated by an

AC. current coil. T of this unit 1s in series with the MHO
and OHM unit currenfl operating coils. The overcurrent unit trip
circuit contacts m closed before this relay can trip a circuit
breaker.

"OX" UNIT \

This 1is

ctpomagnetic attraction type unit actuated by a DC coil.
This unit ch s potential taps on the "OHM" unit so that the "OHM"
unit will respond for either Zone 1 or Zone 2 values of OHMIC reach.

"S" UNIT @

' electromagnetic attraction type of unit actuated by a DC coil.
tain faults, the MHO unit reset is relatively slow. The "S"
prevents a False trip signal under these conditions.
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Equipment Required i O
1. MULTI-AMP Model SR-51 Relay Tester

2. MULTI-AMP Model CS-5, C3-6 or CS-7 Phase Shifter & Phase S;;}L Meter

NOTE: For testing with Model CS-7, please refer to CS=7 instruction

book.

L
Power Required ' %

Input: 3-phase at approximately 200 VA for Model
120 volts, 60 hertz, l-phase at approxima .0 kva for

Model SR-51 or CS-6
Types of Tests 0

OHM unit tests - First (#1) zone reach afg maximum torque angle
OHM unit tests - Second (#2) zone rea

MHO or starting unit tests = Thirdg(#9%) e reach and maximum

torque angle

Pickup of "OX" relay
Pickup of "S" relay

Pickup of overcurrent unit (wh licable)
Pickup of target and seal-in Ht-

oo es WP

Overall test

Pre-Test Requirements @

All mechanical maintenanc adjustments should be berformed prior
to the electrical t:e:st:s.\!.‘~ ow recommended procedures as outlined

in the manufacturer's inst®™uct™on bulletin (except when "As Found"
tests are required).

Relay must be level ts.

.
The OHM unit (upp d-in spring should barely hold the contact
against the back P.

The MHO unit b lead-in spring should hold the contact definitely
open.

Set-up of ment Before Test

1. PlMace 1l CS=5 or CS-6 to the left of Model SR-51.

2. e e relay at a convenient location so that easy connections
ca made to all terminals, or :

Place Model CS-5 or CS-6 and Model SR-51 close to the relay at the
switchboard so that the test lead length 1is kept to a minimum
and the relay operation can be observed during testing.

. If the relay is to. be tested on the switchboard, remove plugs from

the top and bottom of the unit and replace them with test plugs.
Remove bottom plug first.



activate the Target and Seal-In unit contacts as thi

S
WARNING: During removal of cover and plugs, be careful not to () ( ' )
can cause tripping of the circuit breaker. |

4. Make sure that the "Main Switch" on CS-5 or CS-6 and SR-51 are QFF.
5. Connect Model CS=5 to a suitable source of three-phase p
power as indicated on the nameplate.

Test Procedures 0
SETUP OF CONTROLS BEFOBEﬁTESTS - MODEL SR-51

.CONTROL . PO

6. Connect Model SR-51 and CS=6 to a suitable source of% -phase

"Power ON" Switch.......;...........;....I...

"Timer Operation Selector" Switch........ -"N.O.MOM."

N -“CONT."
"Main Control".........q...............K.. .2ero (counterclockwise)

"Aux. Power“'Switch...............‘.. L ..‘"m."

"Voltmeter Range" Switch...eeese ceesesseesSO that test voltage will
be read in upper 1/3 of scale )

“Aux. Contrdlﬁ.............

"Voltmeter Selector" Switch.. & esssssssssAC Output #3"

ceeeessssslero (counterclockwise)
“Ac. nge" Switch.......‘. L) e e 0 0 0 0 0 o ..loA

"DC Range" Switch.... K 5A

"Main Ammeter Range" tececcscescsesesessSO that test current will
be read in upper 1/3 of scale

"Voltage Relay@nsw) SWAtCheevevesesess.Set "NORM"
n

"Output #1- Ch:..‘..‘O.‘...‘O.".‘O."""output #1“

SETUP OF CO BEFORE TEST - Model CS-5 or CS=6
CONTROL _POSITION

¢
“POwer N-OH" SWitcho.ooooooooooooooooooooooooFP

Inp age SeleCtOrccccccccssssssceccceeessAS required (Not on CS=6)
n

Shift Adjust Coa.rse.....................Any position

se Shift Adjust Pine"........ceeeueeeess..counterclockwise )

A}

witch" (upper right)..........o-o-.......---"Phase Sllift Output"



Voyten Electric Voyten Electric Electronic
I
Phone: (800) 458-4001 Old ROUtTDSOP%?”

Fax: (814) 432-7922 Erankiin PA@
e-mail: info@voyten.com O
Protective Relay Test Report
Customer Date [Control #
Contact Substation # v
Address Cabinet Name

Relay Device Information

Phase Relay Ground
Mfg: Mfg:
Type: Type:
Model. Model:
Application: Application:
C.T. Ratio C.T. Ratio

Relay Settings Infor

ICS p Settin T Time Dial

B C|G|A| Bl C A B C G| A C| G
As Left

Test Operations ound - Time in Seconds

Timing Test|Timing TeStlLi &Test Timing Test D.C Inst. Other

Pick |T.S.x T.8.X 8.X T.8S.x Seal-In Pickup

Up [TD. T.D. 'D. T.D.
A Phase
B Phase ¢
C Phase
GRD

Test©Opédrations - As Left - Time in Seconds
i st| Timing Test] Timing Test| Timing Test D.C. Inst. Other
Rick T.S.x T.S.x T.S.x Seal - In Pickup
. T.D. TD. T.D.
A Phase
B Phase
C Phase
GRD
4

. stands for Time Dial
T.S. stands for tap setting






Voyten Electric

Phone: (800) 458-4001
Fax: (814) 432-7922
e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni
Old Route 8 Pecan

P.O. Bg
Franklin , PA @

Customer Date |Control #
Contact Substation #
Address Cabinet Name
Relay Device Information

Phase Relay Ground Re
Mfg: Mfg:
Type: Type:
Model: Model.
Application: Application:
C.T. Ratio C.T. Ratio

As Found

As Left

Timin D.C. Inst. Other
Zero | Pick |T.S.x T.S.x Seal - In Pickup
' ICheck| Up [T.D. T.D.
A Phase
B Phase
C Phase
GRD
rations - As Left - Time in Seconds
Timing Test| Timing Test| Timing Test!  D.C. Inst. Other
T.8.x T.S.x T.S.x Seal - In Pickup
T.D. T.D. T.D.

A Phase

B Phase

C Phase

GRD

ts:
.D. stands for Time Dial
T.S. stands for tap setting

Com






H Voyten Electric Electronj
Voyten Electric Old Route 8 Pecan

Phone: (800) 458-4001 P O. ReT
Fax: (814) 432-7922 Franklin p

e-mail: inffo@voyten.com O

Protective Relay Test Report

Customer Date |Control # o
Contact Substation #
Address Cabinet Name

Relay Device Information

Phase Relay Ground
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio

Relay Settings Inf

ICS e ap Settin
B C|G|A]|B]|]C Bl C| G
As Found
As Left
Test Operation ound - Time in Seconds
Timing Test|Timin iming Test] Timing Test D.C. Inst. Other
Zero | Pick |T.S.x T.S. ’S.X T.S.x Seal - In Pickup
. |1Check] Up |T.D. T.D. .D. T.D.
A Phase
B Phase ¢
C Phase
GRD
Test Operations - As Left - Time in Seconds
[ . i est| Timing Tes Timing Test| Timing Test| D.C. Inst. Other
| Zero | RickyF’S. T.S.x T.S.x T.S.x Seal - In Pickup
Chec . T.D. T.D. T.D.

A Phase
B Phase
C Phase
GRD

L 4

Comments
D. stands for Time Dial
E T.S. stands for tap setting






Voyten Electric
Phone: (800) 458-4001
Fax: (814) 432-7922
e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni
Old Route 8 Pecan
P.O. Bg

Franklin . PA @

Customer Date [Control #
Contact Substation # v
Address Cabinet Name
Relay Device Information
Phase Relay Ground
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio
Relay Settings Info
ICS Ty ap Settin

B|C|G|A|B]|C B|C]J]G
As Found
As Left

Test Operations ound - Time in Seconds

Timing TestiTiming T iMing Test| Timing Test D.C. Inst. Other

Pick |T.S.x T.S.X 8.x T.S.x Seal - In Pickup

Up [T.D. T.D. D. T.D.
A Phase
B Phase ¢
C Phase
GRD

Tes rations - As Left - Time in Seconds
i stiTiming Tesf Timing Test| Timing Test D.C. Inst. Other
Zero ick T.S.X T.S.x T.S.x Seal - In Pickup
_ IChec T.D. T.D. T.D.
A Phase
B Phase
C Phase
GRD
L 4

Commengts:

.D. stands for Time Dial
T.S. stands for tap setting






Voyten Electric
Phone: (800) 458-4001

Fax: (814) 432-7922

e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni

Old Route 8 Pecan

P.O.B
Franklin , PA

O

Customer Date |Control #
Contact Substation # v
Address Cabinet Name
Relay Device Information
Phase Relay Ground
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio
Relay Settings In
ICS . Ims p Settin
A B|C[{G|A[B{C B[ C

'As Found

As Left

Test Operations

Timing Test|Timing Te g Test| Timing Test D.C. Inst. Other
Pick [T.S.x T.S.X T.S.x Seal - In Pickup
Up |T.D. T.D. T.D.
A Phase
B Phase ¢
C Phase
GRD
TestOpérations - As Left - Time in Seconds
i st|Timing Test Timing Test] Timing Test D.C. Inst. Other
Zero | Rick T.S.X T.S.x T.S.x Seal - In Pickup
Check T.D. T.D. T.D.

A Phase

B Phase

C Phase

GRD

L 4

. stands for Time Dial
T.S. stands for tap setting






Voyten Electric

Phone: (800) 458-4001
Fax: (814) 432-7922
e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni
Old Route 8 Pecan

P.O. Bg
Franklin , PA @

O

Customer Date [Control #
Contact Substation #
Address Cabinet Name
Relay Device Information
Phase Relay Ground
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio
Relay Settings Info
ICS o st @ ap Settin
BIC| G B|] C
As Found
As Left
Test Operations ound - Time in Seconds
Timing Test{Timi iming Test| Timing Test D.C. Inst. Other

Zero | Pick |T.S.x T.S.x Seal - In Pickup

Check| Up |T.D. T.D.
A Phase
B Phase *
C Phase
GRD

Tes rations - As Left - Time in Seconds
i st| Timing Tes{ Timing Test| Timing Test D.C. Inst. Other

Zero ick T.S.X] T.S.x T.S.x Seal-In Pickup
" . |Chec T.D. T.D. T.D.
A Phase
B Phase
C Phase
GRD

L 4

Commegts:

D. stands for Time Dial
T.S. stands fortap setting






Voyten Electric

Phone: (800) 458-4001

Fax: (814) 432-7922

e-mail: info@voyten.com

Voyten Electric Electroni

Protective Relay Test Report

P.O. B
Franklin , PA

Old Route 8 Pecan

1

O

Customer Date [Control #
Contact Substation # M
Address Cabinet Name
Relay Device Information
Phase Relay Ground
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio
Relay Settings |
ICS ap Settin
B|C|G B|]C| G

As Left

Test Operation

ound - Time in Seconds

A Phase

Timing Test|Timin TiMing Test] Timing Test D.C. Inst. Other
Zero | Pick |T.S.x T.S. X T.S.x Seal - In Pickup
o __ |Check] Up |T.D. TD. .D. TD.
A Phase
B Phase ¢
C Phase
GRD
rations - As Left - Time in Seconds
est|Timing Test Timing Test| Timing Test D.C. Inst. Other
T.S.X T.S.x T.S.x Seal - In Pickup
TD. TD. T.D.

B Phase

C Phase

GRD

Comm

®
ts:

.D. stands for Time Dial
T.S. stands for tap setting






Voyten Electric
Phone: (800) 458-4001
Fax: (814) 432-7922
e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni
Old Route 8 Pecan

P.O. Bg
Franklin , PA @

O

1

Test Operation

Customer Date [Control #
Contact Substation # M
Address Cabinet Name
Relay Device Information
Phase Relay Ground R
Mfg: Mfg:
Type: Type:
Model. Model:
Application: Application:
C.T. Ratio C.T. Ratio
ICS
A B|lCI|[G
As Found
As Left

ound - Time in Seconds

Timing Test| Timin ng Test| Timing Test D.C. Inst. Other
Zero | Pick [T.S.x X T.S.x Seal - In Pickup
‘ Check] Up |T.D. T.D.
A Phase
B Phase ¢
C Phase
GRD
Tes@rations - As Left - Time in Seconds
i est| Timing Tesf] Timing Test| Timing Test D.C. Inst. Other
ick | T.S.X T.S.x T.S.x Seal-In Pickup
A T.D. T.D. T.D.
A Phase
B Phase
C Phase
GRD
L 4
Commapts:

.D. stands for Time Dial
T.S. stands for tap setting







Voyten Electric
Phone: (800) 458-4001
Fax: (814) 432-7922
e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni
Old Route 8 Pecan

P.O. Bg
Franklin , PA @

Customer Date [Control #
Contact Substation # M
Address Cabinet Name
Relay Device Information
Phase Relay
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio
ICS
A B | C
As Found
As Left

Timing Test| Timing T Timing Test D.C. Inst. Other
Zero | Pick |T.S.x T.S.x Seal - In Pickup
“1Check] Up [T.D. T.D.
A Phase
B Phase
C Phase
GRD
pérations - As Left - Time in Seconds
Timing Tes{ Timing Test| Timing Test D.C. Inst. Other
T.8.X T.S.x T.S.x Seal - In Pickup
T.D. T.D. T.D.

AU F"ha«ée
B Phase

C Phase

GRD

Com ts:

.D. stands for Time Dial
T.S. stands for tap setting






Voyten Electric
Phone: (800) 458-4001
Fax: (814) 432-7922
e-mail: info@voyten.com

Protective Relay Test Report

Voyten Electric Electroni
Old Route 8 Pecan'Hj

B 36
Franklin , PA @

P.O.

O

Customer Date |Control #
Contact Substation #
Address Cabinet Name
Relay Device Information
Phase Relay Ground Re
Mfg: Mfg:
Type: Type:
Model: Model:
Application: Application:
C.T. Ratio C.T. Ratio
ICS .
.- JA] B|]C]|G C|G|A[B[C]|G
As Found
As Left
Test Operation ound - Time in Seconds
Timing Test|Timing ing Test| Timing Test D.C. Inst. Other
Zero | Pick |T.S.x T.S. X T.S.x Seal - In Pickup
. iCheckl Up [T.D. T.D. T.D.
A Phase
B Phase ¢
C Phase
GRD
Test Operations - As Left - Time in Seconds
iy est|Timing Test Timing Test| Timing Test D.C. Inst. Other
T.S.X T.S.x T.S.x Seal - In Pickup
. T.D. T.D. T.D.
A Phase
B Phase
C Phase
GRD
L 4
Commepnts:

.D. stands for Time Dial
T.S. stands for tap setting
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Unit (Zone 1) for Reach and Phase Angle

10.
11.

12.

13.

Connect Model CS=5 or CS-6 output terminals marked "Phase er
Output" to the "Aux. Power" input terminals on Model SR=5
Observe polarity. Connect terminals marked "i" together.

Connect Model SR-=51 "AC Output #3" to the relay potential®coil
terminals. Observe polarity.

Connect SR=51 "AC Output #1" to relay current cg!\!:B inals.

The relay current coils should be connected in Observe
polarity.

Plug in the telephone type plug into the "E.A. Jack on SR-=51.
Connect the leads from the plug to the CS= S=-6 terminals

marked "Current Coil Input". Observe po . Connect black
lead to terminal marked "in,

Connect a pair of light leads from e@s marked "Relay
Contacts" to terminals on relay so bserve operation of
OHM unit trip circuit contacts o he "OX"™ unit NC contacts.

Bypass or block the overcurren& contacts (if present) and

the MHO unit contacts. “*b .
Select proper AC range on tm" . Selector" Switch of the SR-51.
5

Turn Power ON in the Mg

1l and CS-5 or CS-6. "Power ON"
lights should glow.

Turn "Tiper Selector"

Initiate Model SR-S%ressing the "Initiate" Switch.

Adjust currenty throu the current coils of the relay to the

desired value ing the "Main Control" on SR-51 slowly
clockwise. (TEhe lue of current will be calculated from the
t S

impedance s of the relay and will be provided to the per-
sonnel per the test (suggested value 5 amps.). The
continuity 11 will glow.

Adjust ase angle by means of the "Coarse" and "Pine" phase

shi djustment on the CS-5 or CS-6. The phase angle utilized

w ﬂ‘§\>! her the angle of maximum torque of the relay (e.g.
rrent lag voltage) or value as determined from actual

ating conditions.

Adjust "Aux. Control" on SR-51 until the continuity light extin-
ga}shes. Continue to increase voltage for another 10-15 volts.

. Reduce voltage slowly by rotating "Aux. Control" counterclockwise

until the contacts of the OHM unit Jjust close (as shown by the
flickering of continuity light).

h to UPPER - "N.O. MAINT.", LOWER-"CONT".
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lS. Record the values of current, voltage and phase angle. Comp(e) ( ‘»)

_with values computed and/or calibration data on the relay.
16. Return "Main" and "Aux." controls on SR-51 to zero (maximum
counterclockwise). : *

for two other values of phase angle equi-distant f

17. To determine the angle of maximum torque, repeat S p%m
r
current lag. (e.g. 60° current lag and 120° curr )

18. Turn "Power ON" Switches on SR=-51 and CS=5 or C OFF.
Testing OHM Unit - (Zone 2) - For Reach

l. Connect a pair of light leads from bindin ts marked "Relay
Contacts" to relay terminals to observe of OHM unit
and "OX" unitf Normally Open contacts.

2. Close the "OX" relay contacts by blogki S armature
in the closed position. (This 1is ay mounted behind the

Turn Models SR-51 and CS-=5 or CS Power ON" Switches to ON.

4, 1Initiate SR-51 by pressing " i@e" Switch.

5. AdJjust current throﬁgh t rent coils of the relay to desired '
value by turning the " ntrol" on SR-51 slowly clockwise. )
(The value of current w calculated from the impedance

i§§§g
settings of the relay % provided to the personnel performing

the test. (Suggested v ) amps. )

nameplate). \
3. 3‘~:

6. Adjust the phase @ngle By means of the "Coarse" and "Fine" phase

shifter adjustmen e CS=5 or CS<6 to the angle of maximum
torque of .the relay .g. 90° current lag voltage), or value

as determined 0 ctual operating conditions. Continuity light
should glow.

7. Adjust "Aux rol" on SR=51 until the continuity light extin-
guishes. nue to increase voltage another 10-15 volts.
8. Reducg v 3ge slowly with "Aux. Control™ until the contacts of

the nit just close as shown by thée flickering of the
con ity light.

9. Record the values of current, voltage and phase angle. Compare
with .values computed and/or calibration data on the relay.

10 eturn "Main" and "Aux. Control™ on SR-51 to zero (maximum
nterclockwise).

f desired, Steps U4 through 10 may be repeated at other phase
angles. 4 (

[y
o



.
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12. Turn Models SR-51 and CS-5 or CS-6 OFF.

13. Remove blocking of MHO and OX units. Retain blocking on <::>
instantaneous overcurrent unit (if present).

Testing MHO Unit - (Starting Unit) - (Zone 3) for Reach and
Angle of Maximum Torgque

. B
1. Block OHM unit and overcurrent unit (if present) osed.
s n

2. Connect a pair of light leads from "Relay Cont
to relay terminals to observe closure of Mﬁom

3. Turn "Power ON" in Models SR-51 and CS-=5 o
lights should glow. Q

4, 1Initiate Model SR-51 by pressing the "Qa

5. AdJjust current through the current the relay to desired
value by turning the "Main Contrqgl" =51 slowly clockwise.
(The value of current will be ca

a from the impedance
settings of the relay and will be

{ded to the personnel
performing the test (suggeste 5 amps.).

inding posts
erminals.

"Power ON"

e" Switch.

6. Adjust the phase angle by me
phase shifter adjustment on
maximum torque of the rel

the "Coarse" and "Fine"
-5 or CS=6 to the angle of
. 60° current lag) or values

as determined from actual ting conditions. Continulty
light may be extingu . f so, follow with first part of
Step T.

7. Rotate "Aux. Contr;§~\gt ckwise on SR=51 until the continuity
“light glows. Con o rotate "Aux. Control" until continuity

’ light extinguishes. ntinue to increase voltage for another
10-15 volts.

4

8. Reduce volta a~b‘ ly by rotating "Aux. Control" counterclockwise
until the cqiiz' s of the MHO unit Jjust close (as shown by

flickerin& he continuity light).
9. Record r@a ues of current, voltage and phase angle.
n

10. Retur " and "Aux." Controls on SR-51 to zero (maximum
. co\g:!‘ ckwise). ..
ogde

rmine angle of maximum torque, repeat Stegs L - 10 for

(o] ) other phase angles, equi-distant from 60° current lag.
- 30° current lag and 90° current lag)

12. ;rurn Models SR-51 and CS-5 or CS-6 OFF.

3. Remove all blocking from the relay.
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Testing "OX" Unit (Phase Shifter not required)
SETUP OF CONTROLS BEFORE TEST - Model SR-51 O

CONTROL | B POSITION
"Power ON“ Switch...........................OFF

"Timer Operation Selector" Switch...........UPPER="N.O. MAN%

LOWER-"CONT. %
"Main contrOI l............ll.ll......l..l.lzero (co t ise)

"Aux. Power" Switch................O...l..l."m

"Voltmeter Range" Switch........ccevevee....50 thatgest voltage will
be :ead in upp of scale

"Voltmeter Selector" SwitChe.ceccocccosccecessD

"Aux. Selector™ SwitChe::veeeeecsscscoccaans
"AuXx. CONtrolM.ccececccccccecsssccccccccdfe
"AC Range" Switchi................... i‘ﬁNIOA

.......-500

"Voltage Relay Test" (DET) Swi % ceceeessSet "NORM"
noutput #l-#zn SWitCh. eeec e . .

desired voltage

o (counterclockwise)

"DC Range" SWAtCh. e evsenrrenennas

"Main Ammeter Range" Switch....

® 0 000 0 0 0o Output #l"
<
1. Block MHQ, OHM and ov nt unit contacts closed.

2. Connect a pair of g leads to relay terminals associated with
- "OX" unit operati :

3. Connect the ot of the leads to terminals marked "DC Output"
onASR-Sl.

k. Connect light leads from terminals marked "Relay Contacts
to term relay to observe opening of "OX" unit trip
circuit

5. Turn "Power ON"™ Switch to ON. "Power ON" light and Continuity
light shgpld glow. ,

6. InpiBdate unit by pressing "Initiate™ Switch.

7. ce "Aux. Control" slowly clockwise until the continuity
ight 1is extinguished. Observe the voltage on the voltmeter.
is 1s the pickup voltage of the "OX" relay.
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8. Return "Aux. Control" to zero (maximum counterclockwise).

9. Reconnect the-continuity light to relay terminals to obse
closure of "OX"™ unit contacts. Continuity light 1is ext

10. Advance "Aux. Control" slowly clockwise until the contin

v
light glows. Observe the pickup voltage of the "OX" relay on
the voltmeter. L 4

11. Turn "Aux. Control" slowly counterclockwise t@xtinuity
light 1s extinguished. Observe the dropout 3§!§§~ of the "ox"
relay on the voltmeter.

13. Turn Model SR-51 OFF.

14, Remove all blocking from the relay. "::"

12. Return the "Aux. Control"™ to zero (maximu@ erclockwise).

Testing "S" Relay - (Phase Shifter @Angle Meter not required)
SETUP OF CONTROLS BEFORETTEST - MQDEL 14
CONTROL - POSITION

"Power ON" Switch.....l.....ll.&.......ICOFF -

"Timer Operation Selector" Sv@. eeeceess UPPER="N.O.MAINT."
LOWER=-"CONT."

"Main Control"........q~‘~‘;................Zero( counterclockwise)

"Aux.. Power" Switch.l e ...'...C........."INT.“

"Voltmeter Range"
L

cecsesssecssccsssssseesS0 that test voltage will
be read in upper 1/3 of scale

"Voltmeter S leﬂXSwiﬁch. N o[
"Aux. Selectﬁ,‘\ﬁy teheeeeceeeerieeiaees.e..DC desired voltage

"Aux. Contzﬂ)witch. cetieciesiecaseaaseas.Zero (counterclockwise)

"AC R\ itch.......l.................l.loA
"DQfRafige "® Switch.

e0 000000000 sccccccccc0oo e 5.0A

"Mai eter Range" SwitCh.c.cceeeessseeeas500

"Vo%}age Relay Test" (DET) Switch...........Set "NORM"
"Output #1-#2" Switch.......................noutput #l"
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l. Connect a pair of light leads to relay terminals associated O ( .
with "S" unit operating coil.

2. Connect the other end of the leads to terminals marked "DC Output"”
on Model SR=-51. . P

3. Connect a pair of light leads from terminals marked "Re ntacts"”
to relay terminals 8o as to observe operation of "S" tacts.
ow.

4, Turn the "Power ON" Switch ON. "Power ON" light sho

5. Initiate unit by pressing "Initiate™ Switch.

6. Observe the Continuity light. Light should be uished.
7

light glows. Observe the pickup voltage of S" relay on

. Advance "Aux. Control" slowly clockwise unt - Continuity
t
the voltmeter.

8. Turn "Aux. Control" slowly countercl and observe the drop-

out voltage of "S" relay as indicate he continuity light
is extinguished.

9. Return the "Aux. Control" to zero um counterclockwise).
10. Turn Mocdel SR-51 OFF.

Testing Overcurrent Unit - Phage fter and Phase Angle Meter
is \ uired

SETUP_OF CONQROL'S - MODEL SR

CONTROL ( ’ POSITION

"Power ON" Switch. e 0o 00 .K\. L .,. 0 0 0600000 000 COFF
"Pimer Operation Selé"qﬁ' SWitch...seseso.s UPPER-"N.O.MAINT."
LOWER-"CONT. "

Q.....................Zero (counterclockwise)

"Main Control... S

"Aux. Power" \@"INT"
"Voltmetel@Switch.....................300
"Voltmeter Sel¥ctor" SwitcCh.c.ccceceeececssess"EXT.AC"

"Aux. Selec‘or" Switchll..OOCOOQOCQQOOOOOGGCCWNQ" i

"Aux trol“...............'...............zero (counterclock*ise)

"A e" switch.............................loA
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CONTROL POSITION Q

"DC Range" Switchlolil.ooooooiootoo.oooollosA

L 4
"Output #1-#2" Switch...ccecesceessseessss"Output #l%
r

"Main Ammeter Range" Switch..::.ceeeee.ee..50 that §!~§!
read 1

rent may be
1/3 of scale

"Voltage Relay Test" (DET) Switch.........Set "

1. Block the OHM and MHO unit trip circuit s closed.

2. Connect a set of heavy leads to relay t inals associated with
the overcurrent unit operating coil.@

3. Connect the other end of these le the "Output #1" terminals
of SR=51. Use suitable Commongfor «ammeter range to be
utilized and desired output ta ee "Selection of Output Taps")

4., Connect a pair of light lead N terminals marked "Relay Contacts"
to relay trip circuit terminaqs so as to observe operation of

overcurrent unit contacts%
5. Turn "Power ON" Switc . ower ON" 1light should glow.

6. Initiate unit by prqiia~ "Initiate" Switch.
7. Turn "Main Control "Aux. Control" slowly clockwise until
instantaneous ele icks up. Continuity light should glow.

8. Read'currentqon‘géstter. This 1is the pickup current of the

1nstantaneouk$ rrent element.

9. Return "M trol" to zero (maximum counterclockwise).

10. Turn theflSR-§1l OFF.

11. Remov@ blocking from the relay.
Test rget and Seal-In Unit - Phase Shifter and Phase Angle

Meter not required.

CONTROLS - MODEL SR=-51

CONTROL |
NTR( POSITION

'Power ON" Switchcoco..o..o....a...oo.o..cQOFF

"Timer Operation Selector" Switch.......... UPPER=-"N.O.MAINT."
LOWER=-"CONT."

S MMain Control™ . ittt ittt cacaacancennes Zero (counterclockwise)



O
CONTROL POSITION
"Aux. Power" SWitcho ® 0 0. 000000 00 00 0 00 00000 0 00 “INT L] " )

"Voltmeter Range" SwitCh...:ccceeececcsaeeaa300

"Voltmeter Selector" SwitChe.c.cccececeececcceecses '"EXT. AC"

"Aux. Selector" SwitCh....ccceeceeecsssssssss8 DC ‘-\~:
"Aux. Control"..............................Zero (@ocw1se)

"Ac Range" Switch...ll....ll....I...I..I....loA

"DC Range" SwitCh:ccceeceesccsccscccasacaseaSO atest current will
: be read in 1/3 of scale

"Main Ammeter Range" Switeh.:ccecceeecceaes

"Voltage Relay Test" (DET) Switch.....

O

Overcurrent Element (when

noutput #l-#z S"itchauo-aooacacaaocoo "output #l"

1. Block the OHM, MHO and Instant
supplied) trip circuit contact

2. Connect a pair of light lgadsyf
tacts" to relay trip circ
of seal-in contacts.

terminals marked "Relay Con-
terminals so as to observe operation

3. Connect a set of light to relay terminals associated with
° target and seal-in o g coill.

. Connect other end’q~~k leads to terminals marked "DC Output".
c

Turn "Power ON"\%

n

5 ON. "Power ON" light should glow.
6. Initiate unit ssing "Initiate" Switch.
7

8

. Rotate rol" slowly (clockwise) to increase output.

operation. When Seal-In contacts close, the
Cont#uit ight will glow.

9. Read c current on DC ammeter.

NOTE: Target and Seal-In operation can be observed by alternately
¢ bressing and holding the "Press to Trip DC" Switch on
SR=51 with one hand and resetting the target with the
other hand and then releasing the switch.

“Return the "Aux. Control"™ to zero (maximum counterclockwise).

12. Remove all blocking from the relay.
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OVER-ALL TEST OF GCX RELAY

The following tests provide over-all operational tests of t G
relay. They verify the integrity of internal connections i th
relay, correct polarization between the OHM and the MHO units$Tand
the operation of the "OX" relay.

SETUP OF CONTROLS BEFORE TEST - MODEL SR-51

. L 4
CONTROL POSITI@
"Power ON" SwitCh....ieeeeecccsceccscecsss OFF @
"Timer Operation Selector" Switch..¢ee.e...UP !N.O.MAINT."

LOWER-JCONT. "

"Main Control .. cieeeeecsoccccnccancscsss gerd (counterclockwise)

(bm...

.S0 that test voltage will
be read in UPPER 1/3 of scalc

"Voltmeter Selector" Switch.... .K\ AR "EXT.™ AC

"Aux. selector" switch. e e 0o 0 00 e 0 0 0 0 0 0150 DC

"Aux. Power" Switch..... cecscecncene

"Voltmeter Range" Switch.ec.ccceee.

"AC Range" Switch........ MY O 10A

"DC Range™ Switch.....

eeececeecccccccce SA

"Main Ammeter Range" m ceeescsssscsseesS0 that test current will

be read in UPPER 1/3 of scale.
"Voltage Relay Tgst((yT) Switch...eceo...Set "NORM"
"Output #l-#2" Ceeerecececsacacesess."OUtput #1"
SETUP OF CONT
CONTROL

FORE TEST - MODELS CS-5 or CS-6

POSITION
"PowergO SWitCh..veeeeeeeennceannnnanns OFF
"In t-§!§age" SeleCtOr.ieeecccsccacccncanas As required (Not on CS-6)
"Pha ift Adjust Coarse™...ccceeeeeees...Any position-

"Phase Shift Adjust Fine"..eccceeeeceeeeese.Counterclockwise
4

witch (upper right).'...'...'..........‘...Phase Shift output



Qutput" to relay potential coil terminals. Observe polarity.

o
1. Connect Model cs-s or CS=6 output terminals marked "Phase Shitc)
tO -.

2. Connect one set of light leads from terminals marked "DC Outpug"
to relay terminals associated with "OX" unit operating cgil.
coil

3. Connect SR=-51 "AC Output #1" to the relay current op
terminals. Current coils are connected in series. S

ve
polarity.

4., Plug in the telephone type plug into the "P.A.M." on SR=51.
Connect the leads from the plug to the CS=5 or 6 ferminals
marked "Current Coil Input". Observe polarity, nect black
lead to terminal marked "i"

to relay trip circuit terminals to obse ure of overcurrent,
OHM and MHO unit contacts through circui "O0X" unit Normally
Closed contacts.. .

5. Connect a pair of light leads from term na@ked "Relay Contacts"

6. Select 150V range on the "Voltmeter Switch.

7. Hook up external voltmeter termi n SR=51 to output terminals
of phase shifter.

8. Connect CS-=5 or CS-6 to a source of power and SR-Sl to
120 volts, single-phase p w

9. Turn "Power ON" Switches el SR-51 and CS=5 or CS-6. "?ower

ON" lights should glow.
10. Initiate Model SR-Sl p essing "Initiate" Switch.

1ll. Select proper amme r ge on Main Ammeter. The range should
be high enough 1s er the current sufficient to pick up
the OHM unit (Zo when phase shifter output voltage 1is

applied to pot coils of relay.

12. Rotate "Mai 1" on SR=-51 clockwise to pass about 5 amperes
through el rent coills. Rotate "Coarse" and "Fine" controls
on CS=5 until desired phase angle is read on phase angle
meter./(e 09 current lag). Continue to rotate "Main Control"
on SR Continuity light glows. Rapidly read current,

13. Reduce the current to zero by turning "Main Control" to its maximum
countenclockwise position.

14, rd the value of current, voltage and phase angle observed
tep 1l2.

epeat Steps 12 through 14 for another phase angle, if desired.



16.

17.

18.
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Increase the DC output voltage by turning the "Aux. Contr
on the SR-51 slowly clockwise until the "OX" relay picic::’

as indicated by a clicking noise. This will set up th¢ reday
for the second zone operation.

Hook Continuity light across relay trip circuit terminals to
observe closure of Overcurrent, OHM and MHO unit contafts
through circuit with "OX" unit Normally Open co@s.

Repeat Steps 12 through 15. -\-

N

>

L

>
N
N

Q
o
¥
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DISTANCE RELAY (MHO)

GENERAL ELECTRIC TYPE GCY ()O(

The Type GCY relay is a high speed directional distance relay
containing three (3) MHO units known as the M1 unit, the My unit
and the OM3 unit. Each of.these units contains a wound field with

both current and voltage coils and an armature shaped like sicup.

The units operate like single-phase induction motors. Gen y
speaking, the voltage coils produce torque to hold the ip

circult contacts open while the current coils produce t o]
close the trip circuit contacts. %

The M] unit is used for first zone protection. nit 1is
an instantaneous unit, has directional qualities opfrates
independent of any other relay.

directional qualities and operates in conjunc ith a timing
relay. Therefore, a time delayed trip 1is

The M2 unit is used for second 2zone prote% This unit has

The OM3 unit may be used for zone 3
directional qualities; however, its ci
may be offset so as to encompass the o
Thus, this unit may "Reach" backwards

in conjunction with a timing relay w
trip.

Testing i
PLEASE REFER TO MANUFACTURER'!\-. ETIN BEFORE PROCEEDING WITH TEST

Types of Tests @
1. MHO Unit M; - First 1) ne Reach and Torque Angle

2. MHO Unit M2 - Secdh zone Reach and Torque Angle
3. MHO Unit OM3 - Th zone Reach, Maximum Torque Angle and

t.
Equipment Required%

l. MULTI-AMP Mod SR-51 Relay Tester
2. MULTI-AMP M -5 or CS-6 Phase Shifter & Phase Angle Meter

on. This unit has
pedance characteristics
nYof the impedance diagram.
unit is also used
resulés in a time delayed

Power Requ

t approximately 200 VA for Model CS=5
volts, 60 hz, l-phase at:-approximately 1.0 kva for
SR-51 and CS=6

NOTE: All mechanical maintenance and adjustments should be performed
prior to the electrical tests. Follow recommended procedures
as outlined in the manufacturer's bulletin (except when
"As Pound" tests are required).

Relay must be level for tests.
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SETUP OF EQUIPMENT BEFORE TEST

1.
2.

5.
6.

SETUP OF CONTROLS BEFORE TES

‘'of single-phase power as in

Place Model CS-5 or CS-6 to the left of Model SR-51. O

Place the relay at a convenlient location so that easy nnections

can be made to all terminals, or

Place Model CS-5 or CS-6 and Model SR-51 close to the Felay at
the switchboard so that the test lead length is pt to a minimum
and the relay operation can be observed during %ng.

If the relay is to be tested on the switchboq~a§\gemove plugs
from the top and bottom of the unit and rep em with test
plugs. Remove bottom plug first.

WARNING: During removal of cover and pI!;;;{be careful not to
activate the Target and Sea tacts as this can

cause tripping of the circu aker.

b
Make sure the Main Switches on CS-@ -6 and SR-51 are OFF.

Connect Model CS-5 to a suitable

ce of 3-phase power.

Connect Model SR-51 and CS- used) to a suitable source

on the nameplate.

CONTROL

POSITION

"Power ON" Switch....

"Timer Operation Sel%

.........OFF

.....2ero (counterclockwise)

"Main Control..... . ceteccseee

"Aux. Power" S Q tesescccans « "EXT."

"Voltmeter Y Switch..e.ceee....S0 that test voltage will be read
in upper 1/3 of voltmeter scale

"Voltmeter @etor" Switch........."AC Output #3"

"Aux.@r" SWAtCh.veveennnnn. .."AC Output #3 150V"

"Aux. .C
"A e" SWitchoouono--.ooco-o-'-oloA

"DC Range" switch........I.....I.... SA

rol"....... Ceseseeccacaeanns Zero (counterclockwise)

4
"Main Ammeter Range" Switch.........So that test current will be read

in upper 1/3 of ammeter scale

"Voltage Relay Test"(DET)Switch.....Set "NORM"

"Output #1-#2" SWitCh --------- e o e oo ooutput #1

witch...UPPER-"N.O.MAINT.", LOWER-"CONT."
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SETUP OF CONTROLS BEFORE TEST - MODEL CS-5 or CS-6 : OO ( )

CONTROL POSITION

"POWCI‘ ON-OFF" SWitCh. ®ec0 oo OOFF .
Input Voltage Selector..........As Required (Not on CS=6

Phase Shift Adjust Coarse.......Any Position

Phase Shift Adjust Fine.........Counterclockwise @

Switch (upper right)............Phase Shift Output~::>5
e le

Testing My Unit (Zone 1) for Reach and Phas
l. Connect -Model SR-51 and Model CS;S or C ether as described
in Section 2 under "Use of Phase Shi Phase Angle Meter".

2. Connect SR=-51 "AC Output #3" bind t8¥ to the relay M; unit

potential coil terminals. Obserq§‘~.‘ ty.

3. Connect all the relay current c s series by Jjumpering the
proper relay terminals. This S circuit is then connected
to the SR=51 "Output #1" bind% ts. Observe polarity.

4, Connect a pair of light m the SR-=51 binding posts

marked "Relay Contacts" e relay terminals associated with
the relay Mj; unit trip t contacts.

5. Turn "Power ON" Switc

Both test sets (SR=51 and CS-=5 or
CS=6) "Power ON" 1ligh

6. Initiate SR-51 bys ng "Initiate™ Switch.

7. Rotate "Main Co 0l™ on SR=51 clockwise to energize current
coils of rela the desired value of test current is read
on the SR-51 eter (suggested 5 amperes). The Continuity
light. should§gldw.

8. Adjust th arse" and "Fine" controls on the CS-5 or CS-6 until
the p e meter indicates the presumed angle of maximum
tor the M; unit. (Example: 60° current lag voltage)

9. Rot the "Aux." Control on the SR=51 clockwise to increase
: volta pplied to the relay Mj unit potential coil until the
voltmeter indicates a voltage approximately 15-20 volts higher
thanythe voltage where the continuity light extinguishes. .

1l otate the "Aux." Control on the SR-51 counterclockwise until
e Continuity Light flickers. Observe and record the values -
f voltage, current and phase angle. Calculate "Reach".



11.
12.

13.
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Return SR-51 "Main" and "Aux." Controls to zero.

Repeat Steps 7 through 10 for two other values of pha e
to determine that the presumed angle of maximum torqueywa
really the true angle of maximum torque for the relay nit.

(suggested =159 and +15° from angle chosen in Step 8.

N 4
Turn "Power ON" Switches OFF on both SR-51 and%‘j or CS-6.

Testing M, Unit (Zone 2) for Reach and Phase Angl

1.
2.

7.

Repeat Step 1 above ("Testing M; Unit"). @
Connect SR-51 "AC Output #3" binding posts he relay M, unit
potential coil terminals. A Observe pol
Repeat Step 3 above. ("Testing M; Un
Connect a pair of light leads f m@R-Sl binding posts
marked "Relay Contacts" to the g#rminals associated with
the relay M, unit trip circuit coptagts.
Repeat Steps 5, 6, 7 for "T‘,‘~!' o
Adjust the "Coarse" and "Ff‘%;d ontrols on the CS=5 or CS-6
until the Phase Angle Me icates the presumed angle of
maximum torque for the M . (Example: 75° current lag
voltage)
Repeat Steps 9-l3q¥i-‘. (Testing M; Unit)

or Reach, Phase Angle and Offset.

1.
2.

Testing OMz Unit (Zo%
g M Unit".

Repeat Step 1 CS’O
Connect SR- utput #3" binding posts to the relay OM3 unit
potential i erminals. Observe polarity.

Repeat & '"Testing M1 Unit".

Connect ir of 1light leads from the SR-51 binding posts marked
"Rel@ntacts" to the relay terminals associated with the relay

013\3~ trip circuit contacts.
Rgped® Steps 5, 6 and 7 "Testing M; Unit".

st the "Coarse" and "Fine" Controls on the CS-5 or CS-6 untill
the Phase Angle Meter indicates the presumed angle of maximum

.torque for the OM3 unit. (Example: 759 current lag voltage)

T.
8.

Repeat Steps 9 through 12 above. ("Testing M; Unit")

Repeat Step 7 "Testing M; Unit".
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9. Adjust "Coarse" and "Fine" Controls on CS=5 or CS-=6 until t O(
Phase Angle Meter indicates a shift of 180° from the OM3 unit .)
. angle of maximum torque.

10. Repeat Steps 9 and 10 "‘i‘esting M1 Unit" -except the ca.lculat‘.on
will be Offset of the 0M3 unit.
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DISTANCE (IMP_EDANCE) RELAY O

(Westinghouse Type HZ) Q
GENERAL :

The HZ relay i1s a high speed zone distance impedance type rq%ay pro=
viding either an instantaneous or a time delay trip. e total relay
£}

contains five (5) major units, namely, three (3) inst eous imped-

ance units, a directional unit and a synchronous t ch of which
is described below:

Instantaneous Impedance Units @

These units work on the balance-beam principlQmagnetic beam 1s

pivoted between two voltage actuated coils roduce a magnetic

pull on one end of the beam, and a current ¢@ct ed coil which pro-
e

duces a magnetic pull on the other end of am. When the pull
produced by the current coill exceeds thefp produced by the voltage
coils, the beam tips and closes the p circuit contacts.
The-values of voltage and current req o tip the beam and close
relay trip circuit contacts, may b through the use of a core

screw and taps on the relay curre&
Directional Unit K
unit with a pivoted armature.

This 1is a polarized electromaghnekt
There are two (2) potentia nd one (1) current coil. The unit
is designed so that for t/voltage phase relationship
between current lead 10®rrent lag 800 passing through 0° lag,
e
a

torque 1is produced to ¢

current/voltage phase r
are restrained.
Synehronous Timer

R 4
This is a motor ‘!\ig timing unit that provides a time delay for
tr

closing the rqsz-' circuit contacts in Zones 2 and 3.
TESTS TO BE

Balanc edance Unit Zone 1
Ba an%nnpedance. Unit Zone 2 .
P Directional Unit
cku pedance Units Zone 1, Zone 2, Zone 3
igiin est - Zone 2 Impedance Unit
: i
Pi o]

e unit's contacts. For all the other
onships, the directional unit's contacts

Test - Zone 3 Impedance Unit
of Target and Seal-In
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TEST PROCEDURES , - O (

ALWAYS CONSULT MANUFACTURER'S LITERATURE BEFORE STARTING TEST O

Balance = Impedance Unit - Zone 1l

‘ L 4
SETUP_OF CONTROLS BEFORE TEST - MODEL SR=-51 %

CONTROL POSITION
"Power ON" Switch...l.................CCICQCOFF

"Timer Operation Selector" Switcheeeceee... .UPPER=ZN. INT."

Low M
"Main Control".......................,......Zer counterclockwise)

"Aux. Power“ switch‘.‘.....“......‘.....Q @

that test voltage may
UPPER 1/3 of scale

"VOltmeter SEleCtOI‘" SWitCh. eececccoee .&x. "Ac-3"

"Aux. Selector" SwitChecceccecssess

"v°1tmeter Range" SWitCho ® 0 00000 0 00 0 0 0
be

eessAC of desired voltage
"Aux. Control".cececcecccccces . eeseeeclero (counterclockwise)
"AC Range" SWitch.......... Q...........IOA '

"DC Ranse" SWitCho eeecsc e ®
"Main Ammeter Ranse" SWi D eeececsccecscscoe -SO that test Current may

S be read on UPPER 1/3 of scale

"Voltage Relay Test"q‘is?l SWitCh.eeeseeeoes.Set "NORM"

"Output #1-#2" Sw .........;....;......Output ¥l

l. Connect SR=- suitable source of power as indicated on the
nameplate ound. BE SURE THE MAIN SWITCH IS OFF. CHECK

THE "P LIGHT.

2. Co c:‘E:ai 1l current coil to "Output #1".

3. Conne ne 1 potential coil to "AC Oﬁtput 3".

4. Connect Continuity light across terminals on relay so as to
obserftre operation of Zone 1l contacts.

5. ck directional unit contacts closed.

urn "Power ON" Switch ON. "Power ON" light should glow.
. Initiate unit by pressing "Initiate" Switch. (
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8. Rotate "Aux. Control" clockwise until 35 volts is applied t
voltage coils. . :

9. Rotate "Main Control" clockwise until Zone 1 contacts cl€e)s
indicated by glowing of Continuity light.

10. Record this wvalue of current.

L
11. Return both "Aux. Control" and "Main Control" to %(counter-

clockwise).
12. Rotate "Aux. Control" clockwise until 5 volts lied to voltage
coils. '

13. Rotate "Main Control" clockwise until Zone\i:E’htacts close as
indicated by glowing of Continuity light

of value record in Step 10.

15. Remove all relay blocking. .
Balance - Impedance Unit Zone 2 &

1. Same setup of controls ahd h u s for Zone 1, except Zone 2
coils and contacts are conn to test unit; Timer Contacts
"TI" are Jjumpered; direct;@

it contacts are blocked closed.
2. In Step 8 use 60 volt
3. In Step 12 use 10 vé"iiz

14, Record this value of current. It sho% approximately 1/7th

L, In Step 14 second should be approximately 1/6th of first
current.
5. Remove jumper® ST1" contact.

6. Remove blo%\-directional unit.
Balance - Imp Unit Zone 3

l. No ele@ test recommended. ' Beam should be balanced when
c

bot t and potential colls are de-energized.

ectional Unit

S - MODEL SR-51 RELAY TESTER

CONTROL POSITION
Power ON" Switch..... ) 8

mer Operation Selector" Switch...e¢......UPPER=-"N.O.MAINT."
LOWER=-"CONT."

"Main Control".......ce... teeescscsscsscsssslero (counterclockwise)
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CONTROL _POSITION ' c-)O ( ¥

"Aux. Power“ SWitchoo-oo.oo-oooooooooooo.oo"INTon

"Voltmeter Range" SwitCh....ccceeecescceecel.5 Or 7.5 depending{gpon
position of "D.E.T." Switch

"Voltmeter Selector" Switchicccceoceeeeees"D.E.T." %
"Aux. Selector" Switche..ccccccccccccecceess"D.E.T." @
"AUX. CONtrolM.ccceccccccsssssssscccccescsslero (co ockwise)
"AC Range" SWitCh...ceeeceeccscccsccccccssssl0A
"DC Range"” SwitCh...ccceeccscccccscsccssccs 5
" "Main Ammeter Range" SwitCh.eeccceccccces @A depending upon
()

n of "D.E.T." Switch

"Voltage Relay Test" (DET) Switch...... ition 1-4 (as desired)

"Output #l-#2" Swit:ch...............Qr Output #1"

l. Connect SR=51 to a suitable s power as indicated od.the
nameplate and ground. BE MAIN SWITCH IS OFF. CHECK
THE "POWER ON" LIGHT. (

2. Connect Polarity termin! of relay direction unit current )
operating coil to the P terminal (%) of "AC Output #3".
The other relay operat 1l terminal should be connected to

the desired tap of "Ou 11", .

3. Connect the relay vAltage polarizing coil to "AC Output #3" ’
terminals. The y terminal () of the relay voltage polar-
izing coil shquld) be“connected to Non-Polarity terminal of
"AC Qutput #3'

4. Connect Contfnuigy light so as to observe operation of directional
unit conta I necessary, block other contacts to allow this
observati

5. Turn N N" Switch ON. "Power ON" light should glow.

6. Ini e #init by pressing "Initiate" Switch.

7. Rotate "Main Control" clockwise until relay directional contacts
closg as indicated by glow of Continuity light.

8 ead and record values of voltage and current.

emove blocking from relay.
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Pickup Impedance Units Zone 1, Zone 2, Zone O
Test Equipment Required
Model.SR-51 Relay Tester ! )
Model CS-5, CS-6 or CS-7 Phase Shifter & Phase Angle Me

Note: Please refer to CSa7 instruction book when testing
with Model CS-T7

SETUP OF CONTROLS - MODEL SR=51 %
CONTROL POSITI

"Power ON" Switch..."....‘.‘....‘O..OOOOOOUOFF

"Timer Operation Selector" Switch..cee.....URRER .O.MAINT."
CONT."

"Main Control"..ccececcccscsccscacsocccsccssme o (counterclockwise)

"Aux. Power" switch.................

"Voltmeter Range" Switch...cecees Q. % .S0 that test voltage may
be read on UPPER 1/3 of scal

"Voltmeter Selector" Switch.... ’F,Nﬁ....."AC-B“
"Aux. Selector" Switche.ee.. @ eessssss"AC=3 150"
"Aux. Control".eeeeeccees e iiiceeascclero (counterclockwise)

"AC Range" Switch.....ﬂ\\;~
"DC Range" Switch.... /.

e s ee0cecceccc e 5A

.l.ll.....l..l.lOA

ceeessessesses. 30 that test current may be
read on UPPER 1/3 of scale

L
"Voltage Rela&&:\ (DET) Switch.ceee.....Set "NORM"

"Output #l-# ch‘..lll‘......l'......l"output #l“

"Main Ammeter Rangef' S ch

SETUP OF

S - Model CS-5 or CS=6

POSITION

FF" Switch....ceeeereceeseeesss .OFF

"InputiyWoltage Selector"....ceeceeecsseecsse.AS required (Not on CS=6)
"Phq;e Shift Adjust Coarse"...cscesee.0....Any position

'"Phase Shift Adjust Fine"......... eeeeseessCounterclockwise

Switch (upper right)..... csesesssesessseesss"Phase Shift Output"



1.

9.
10.
1l1.

12.
13.
14,

15.
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Connect SR=-51 "AC Output #1" to relay current operating coil O(
terminals. The relay current coils should be connected in sergess
Observe polarity.

Connect all relay potential polarizing coils in parallel and °
across "AC Output #3" binding posts. Observe polarity.

Connect. Continuity light so as to observe operation ance
Unit #1 trip circuit contacts. .

Turn "Power ON" Switches ON. "Power ON" lights s o@low.
Initiate unit by pushing "Initiate" Switch.

Adjust current through operating coils of reL‘E:?§ the desired value
k

by rotating the "Main Control" on the SR=51 wise. (suggested
5 amps.) ' (b
(

Adjust Phase Shifter to desired Phase suggested relay
angle of maximum torque.) Continul t¥should glow.

Increase applied voltage by rotating{" . Control" on SR=51
clockwise until Continuity light e guished. Increase
voltage 10-15 volts above this po , Then slowly decrease
voltage by counterclockwise rot f "Aux. Control" on SR-=51
until the Continuity light gle ecord these values of

current, voltage and phase \e pickup of Zone 1 Impedance
Unit.

Return "Main Control" an@ . Control" to zero positions. J

Jumper relay timer con
Connect Continuity’;g‘if O observe operation of Impedance Unit

#2 trip circuit co&
Repeat Steps 6-% . Record the values of current, voltage and
phase angle as c of Zone 2 Impedance Unit.

Connect Cont light to observe operation of Impedance Unit #3
trip circul tacts.

RepeatgSte =9 above. Record the values of current, voltage and
phas e, ds pickup of Zone 3 Impedance Unit.

Turn te ets OFF and remove all relay blocking and jumpers.

. -
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Timing Test - Zone 2 Impedance Unit O
SETUP OF CONTROLS BEFORE TEST - MODEL SR-51 O
CONTROL

POSITION —

"Power ON" Switch............C..............oFF %
"Timer Operation Selector" Switch...eee.....UPPER -NT MOM"
LOWER "

"Main ContrOl"---..-...-..a-..------..o.oc_o-zero

c terclockwise)

"Aux. Powér“ s‘witch..."...l".........'....."

"Voltmeter Range"™ SwitCh.iceeececeoccocsccoas that test voltage will
: @ read on UPPER 1/3 of scale
AC EXT."

"Voltmeter Selector" SwitCheceecececcoses

"Aux. Selector" Switch. ® 0 00 000 0 0 0 9,00 LN 1 "DC lsovn

. "Aux. control"................... x'..'.zero (counterclockwise)

"Ac Range" Switch. ® 0 0 00 00 0 0 0 00 @. ® 0 000 0 00 lOA
"DC Range" Switch. e e 00 0 0 O LN ] ® 0 0 0 000 0 00 SA
"Main Ammeter Range" Swi\ cessesessssseessSO that test current will be

read on UPPER 1/3 of scale

"Volt‘age Relay Test" witcheeeeeeseoos.Set "NORM"

"Output #1-#2!' S ............I..."Output #l"

c L
SETUP OF CONTRgLéE E TEST - MODEL CS-5 or CS-6
CONTROL POSITION

"Power ON- @chOFF '
"Input @Selector" ...... ctiessssceasssAs required (Not on CS=-6)
"Phe@ Adjust Coarse"......... . npn .

ase

"Ph ft AdJust Fine"....eceeeceeeeeeessCounterclockwise

Switch (upper right)...c.cvve ceeessesscsess."Phase Shift Output"



9.

10.

11.
12.
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terminals. The relay current coils should be connected in
series. Observe polarity.

Connect SR=51 "AC Output #1" to relay current operating coil O ( )

Connect all relay potential polarizing coils in parallel and ¢

to "Phase Shifter Output" terminals of CS-=5 or CS-6. Ob e
polarity. \
Connect a pair of light leads from "Phase Shifter Ou ermin-
als on CS=5 or CS-6 to "External Voltmeter" terminal R-51.
Connect "DC Output" binding posts on SR=51 to re inals

so that lower contact switch of relay may be e .

Rotate "Aux. Control" 1/2 turn clockwise.
Turn "Power ON" Switches ON. "Power ON" 1@3.hould glow.

Set Pointer Pre-Set on Main Ammeter t ision below

desired test current. This value of c should be high enough

to pick up Zone 2 Impedance Unit. I& e calculated from

relay settings and voltage availablﬁ "Phase Shifter Output”.
c

Rotate "Main Control" clockwise ease currént to desired
value. Jog "Initiate" Switch -5 or CS-6 to desired
phase angle.

Connect "Relay Contacts" b posts on SR=51 to relay terminals )
so that closure of "Timer Ttacts may be observed.

Adjust "Timer Operation S or" Switch, UPPER-"N.QO. MAINT.",

LOWER - "TIMER".

. L 4
‘Initiate unit by pr \ Init;l.ate“ Switch.
Record time to t (

Timing Test - Zone Impedance Unit

Repeat Steps 1‘ t 12 above except that in Step 9, connect so
as to time ¢ Timer 2 contacts.
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TYPICAL TESTS FOR DC AUXILIARY RELAYS O

Model SR-51 Only O
ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING

Type of Tests

) L 4

Pickup

Dropout \
SETUP OF CONTROLS BEFORE TEST @
CONTROL POSITIO%b
“Power ON" SWitchoooooooooooooo.o.-o ...OFF A
"Pimer Operation Selector" Switch..... UP .O.MAINT"

L y CONT".

"Main ControlM..ciceeceecccccncancnns (counterclockwise)

"Aux. Power" Switchee.c.eoc..

ooooo &o NT"
"Voltmeter Range" Swit'ch.......&. .So that desired test voltage

will be read in upper 1/3 of scal
"Voltmeter Selector" Swi @ ...DC '

"Aux. Selector" Switch.. ®%f........... 150 or 300 DC

"Aux. Control"

.......... Zero (counterclockwise)
"AC Range" Switch.. @ .....104

"DC Range" Switc"\cl). .............. 5A

"Output #1-#2¢ LZ2) « W ."Output #1"

"Main Ammet a,‘~h§e" Switch....... «...500
"Voltage est"(DET) Switch...... Set "NORM"
p _and Dropout

ameplate and ground. BE SURE THE MAIN SWITCH IS QFF. CHECK
"POWER ON" LIGHT.

2. 4&Connect relay operating coil terminals to "DC Output" binding
posts of test set.

. . Connect light leads from test set binding posts marked "Relay
Contacts™ to trip circuit contact terminals of the relay.



90

10.
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Turn "Power ON" Switch ON. "Power ON" light should glow. O ( ) ’
Initiate unit by pressing "Initiate" Switeh.

Rotate "Aux. Control" clockwise to increase output until contiﬁuity
light glows.

Read pickup voltage on voltmeter. Record. \Q

Rotate "Aux. Control" counterclockwise to decrease @t until
continuity light extinguishes. 0

Read dropout voltage on voitmeter. Record.

Turn test set OFF. ZQ

L 4

>
&

Q
o
¥
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TESTING DC TARGET AND SEAL=IN UNITS (Operations Indica

The operating coil of the Target ‘and Seal-In unit is usuall
in the same circuit as the relay trip circuit contacts. Therefore,
when using the relay's trip circuit terminals as a connection to

energize the Target unit operating coil, the relay's trip Mrcuit
contacts must be closed or shunted."

Testing ' \

Always refer to manufacturer's literature before@ing.
Type of Test E

1. Pickup Q
SETUP_OF CONTROLS BEFORE TEST

CONTROL

“Power ON" Switch.................

"Timer Operation Selector'f Swit&&. «+..UPPER-"N.O.MAINT."

LOWER- "DC"

@ ceesescsZero (counterclockwise)

...'..........."INT."

"Main Control™...cccceecses

"Aux. Power" Switch....$

"Voltmeter Range" Swit\?.

"Voltmeter Selector" eecewesscscesss TEXT. AC"

"Aux. Selector"’@...................8 vDC
"Aux. Contro]"&&.......................Zerq_ (counterclockwise)
c

oil..ocool‘cl...o.l.o..lllOA

'..'.'.........300

"DC Range" h.................OJOOUOOOAS desired

"Mai Range" Switch..ceeeececeaa.."500"
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Connect Model SR=51 to a 'Suii:able source of power as indicac)O (

on the nameplate and ground. BE SURE THE MAIN SWITCH IS OF
CHECK THE "POWER ON" LIGHT. o

Connect light leads from binding posts marked "Relay Contaq;s“
to operating coil of Target and Seal-In units.

If necessary, close relay trip circuit contacts. Q;y be
done electrically or mechanically. To close thes acts

electrically, energize the proper operating coil
"Output #1" or "Output #2" of the test set. Whe
i1s used, it will be necessary to adjust the tes
ammeter switch so that the current required

trip circuit contacts may be read on the u
scale.

Turn "Power ON" Switch ON. "Power ON" @should glow.
Initiate unit by pressing "Initiate" .

se the relay
of ammeter

When relay trip circuit contact
rotate "Main Control" clockwise
coll.

sed electrically,
glze proper operating

Rotate ™Aux. Control" slowly
until Target shows or Se

Observe DC amperes on
Open relay trip circu acts. The DC trip circuit should

remain energized thr he Seal-In contacts.
0‘~Si ’

Q>®

ise) to increase output
s up.

eter and record.

—'
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TESTING INSULATION RESISTANCE O
SETUP_OF CONTROLS BEFORE TEST ‘
CONTROL POSITION O
"Power ON™ Switche.cecscecscccccsccccasss OFF S
"Timer Operation Selector" Switch.........UPPER="N INT."

LOWER-

"Main Control"............................Zero@ erclockwise)
"Aux. Power“ Switch..............OICOOOICO"I "

"Voltmeter Range" SwitcCh..cceeecececccans ¥ RES."
"Voltmeter Selector" Switch...ccceecss .

"Aux. Selector" Switch...cceecsecee @'INS RES."
"Aux. Control"....cececeeccccsns

"DC Range" SwitCh.iceeeeceoommeMueccceons .5A
"Main Ammeter Range" Sw . ceessecseseab00
"Voltage Relay Test" Qwitch..........Set "NORM."
\................"Output #1"

"Output #1-#2" Switc .
Testing

1. Connect th Q to a suitable source of power as indicated
on the n e and ground. BE SURE THE MAIN SWITCH IS OFF.
CHECK &ow

h,

R ON"™ LIGHT.
2. Conne voltage test leads to terminals marked "INS. RES."
3. Thr@ er ON" Switch to ON. "Power ON" light should glow.
e

u.\

a sure test probes are separated.

unit by pressing "Initiate" Switch.

crease "Aux. Control" (clockwise) until reading of infinity is
obtained on megohm scale of voltmeter on SR-51l.

7. Apply test probes to the equipment to be tested. The relay
components will not be harmed as long as one probe 1is applied
to relay frame and the other to all external terminals of the

relay. If the relay insulation is good, the megohmmeter should
continue to read in upper 10% of scale.

CAUTION
TEST PROBES HAVE 1200 VOLTS AC IMPRESSED
ON THEM. CARE SHOULD BE TAKEN IN HANDLING



TYPICAL TEST FOR _HEATER TYPE THERMAL MOTOR OVERLOAD RELA!E ’ (f

SETUP OF CONTROLS BEFORE TEST S

CONTROL POSITION
“Power On" Switch...................OQOOFF @

"Timer Operation Selector"...ccccee....UPPER = "N,
LOWER - "CON

"Madin CONtrolM.ecececccececcsccccccccccceeel@l (c@ lockwise)

"Auxl Power" switch...................."m"

"Voltmeter Range" SwitCh.ceccececccccss

"Voltmeter Selector” SWitche.eeeeee..

"Aux. selector" s"itch.............{&

"AUX. CONtTOlMe.ceeeeceececccnnnns Zero (counterclockwise)

"AC Range" SwitChicceceeccss .m.IOA

"DC Range™" SwitChececeeeee LY.

"Main Ammeter Range" Switm\. eeeeeeeS0 that test current may be

AC"

read on upper 1/3 of scale.
"Voltage Relay Test 1(D€)witch. eeeeeeSet "NORM"
"output #l-#z" Swit \..............output #1

Test Procedure Q
1. Refer t acturer's literature for connection points and
Curves of the device to be tested.

TIIvIE\
2. c t e test set to a suitable source of power as indicated

e eplate. BE SURE THE MAIN SWITCH IS OFF. CHECK THE
"P N" LIGHT.

3. Connect operating coil or heater of device to be tested to
"ofttput #1" of the test set.

Connect relay contacts of device being tested to "Relay Contacts
binding posts of tes; set.

. Preset main ammeter needle 1/2 division below desired test (
current through the use of the pointer pre-set.



9.

10.
11.
12.

13.

T

Turn "Power ON" Switch ON. "Power ON" 1light should glow O

Jog test set with "Initiate" switch and rotate "Main CO‘:;s"
clockwise to increase current to desired value.

Set "Timer Operation Selector" Switch, UPPER - "N.C. MAZNT",
LOWER - "TIMER".

Reset timer to zero. . \%
Initiate unit with "Initiate" Switch and runéb

If minor adjustments in current are necesgary§, use "Aux. Control".

Timer stops and test set will de-energife en device under test

trips.
mo manufacturer's

Read timer and record reéults.
specifications.

L

A0
3
O

Q
o
&



THERMAL OVERLOAD RELAYS

Ko

(Westinghouse Type BL-1) (General Electric Type TMC) :

GENERAL \%
The Westinghouse Type BL=1 i1s a thermal overload relay lly
designed to provide overload running protection of a The
relay may be used anywhere if the current transform o 1s such

2.5 = 5.0 amperes. The relay setting is changed ving an indicator
on a sliding scale and/or changing the position ofj\short-circuiting

that at full load current of the motor, the relay s between
links. When the scale pointer is set to one o%;

ndicated current
will close in

0 125% of motor full
have been flowing
constant value.)

values (motor full load current), the relayaco
approximately 60 minutes if the current inc
load current. (NOTE: The full load ¢ nt
long enough for the temperature rise to

The General Electric Type TMC is a the lay also providing over-
load running protection for motors. _range of adjustment of the

relay is from 2.01 - 5.09 amperes ( e transformer secondary
currents). However, the relay rati changed through the use of
10 interchangeable operating co relay 1s provided with a screw

adjustment to vary the setting ach operating coil from 90% to 110% *

of the rated coil current. q-~.m )
Both the BL-1 and TMC relays bient compensated and are equipped

with instantaneous elements ort circult protection of a motor.

Testing S 0
N

Type Of Tests \
Time Current eristics

SETUP_OF CONTRO

CONTROL \

"Power O i

POSITION

....................OFF

"Timer Operation Selector" Switch....UPPER "N.O. MOM"

. LOWER "CONT." .

"MainNControlMeceeecscesccscscacessselelro (counterclockwise)

Power" switch..............IUO.INT

tmeter Range" SwitCh.cceeeeceeees 300"
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CONTROL __POSITION O_
"Voltmeter Selector™ Switch...;....."EXT.kAC"

"Aux. Selector™ SwitChecccececeesese VERN

"AUX. CONtrOlMecececccccsscsscssessslero (countercl se)

"Ac Range" SWitChono-coooo-.ono-oi.olOA \
"Dc Ranse“ Sw'itch................'OOBA @

"Main Ammeter Range" Switch.........S0 that tJCurrent may be
read 1 1/3 of scale.

"Voltage Relay Test" (DET) Switch...Set "

noutput #1-#2 SWitCho ® 0 0000600 00 0 0 0 00 p #l

Testing for Time Current Charac

1. Refer to manufacturer's ligera e for connection points and
TIME-CURRENT curves of ay to be tested.

2. Connect the SR-51 ble source of power as indicated

t
on the nameplate. URE THE MAIN SWITCH IS OFF. CHECK THE
"POWER ON" LIGHT

3. Connect the rel%mal unit operating coil terminals to the

test set "AC Ou 1" terminals.
4, Turn "Powelp Cﬁjdtch "ON". "Power On" light should glow.

5. Use main &r pre-set to set the main ammeter needle approx-
cale division below desired test current.

1mate1yN
6. Jog t t set by alternately pressing and releasing the

el switch. At the same time rotate the "Main Control"
, until the main ammeter needle moves off the pre-set
cates the desired amount of test current.

7. Xct test set "Relay Contacts" binding post to the relay trip

ipeuit contact terminals associated with the relay thermal
ment.

8. If necessary allow the relay coil to cool down to approximately
4 room temperature.

Set "Timer Operation Selector™ Switch, UPPER - "N.O. Maint",
LOWER - "TIMER".

10. Reset timer to zero.



O

11. Initiate unit with "Initiate" switch and run test. Q

12. If minor adjustments in current are necessary, use "Aux.
Control." . v 4

13. Timer will stop and test set will de-energize whe tr@
unit trip circuit contacts of relay close. n--~

14. Read timer and record results. Compare to manuf 's
specifications.

Testing Instantaneous Trip

1. :Connect the SR-51 to a suitable source of r as indicated
on the nameplate and ground. BE SURE SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT.

2. Connect instantaneous unit operati c f the relay to
"Output #1" of the test set.

3. Connect light leads from bindingx marked "Relay Contacts"
on the test set to instantaneous it trip circuit contact
terminals on the relay.

y, Set "Timer Operation Sel " tch, UPPER - "N.O. MOM",

LOWER - "FAST TRIP".

5. Turn "Power ON" SwitchN

6. Initiate unit by hold "Initiate" Switch.

7. Rotate "Main Congrol" lockwise) to increase current until timer
stops. \ .

5. Rapidly read &galue of current and release "Initiate" switch.

WARNING !! RENT IS FLOWING THROUGH THE RELAY COIL
ITIL "INITIATE" SWITCH IS RELEASED.
REFORE, IT IS IMPORTANT TO READ THE
UE' OF CURRENT RAPIDLY.

9. Decge ting of "Main Control" about 10% and jog the
"In tef! switch. Determine minimum setting of ™1fain Control"
where ay instantaneous trip circuit contacts of the relay
consistently close when the test set "Initiate" switch is pressed.

10. Read’and record pickup current.

1l. rn test set off.

.
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TESTING ROWAN MAGNETIC OVERLOAD RELAYS O:

1. Types of Tests

4
b. Timing
"NOTE: The pilck-up test 1is not normally per unless it
is desired to change the setting, o s suspected
that the setting has been changed.
Pick-up 0
1. Remove dashpot from the relay by rel ing retainers and
bearing pin. Set dashpot aside in right position.

2. Secure proper calibrating weigh r manufacturer and suspend

from lower control arm attached elay armature.

3. Follow test set setup of ¢ r and steps (1) through (4)
under "Typical Tests for H ype Thermal Motor Overload
Relays." .

4, Turn"Power ON" Switch O%vver ON light and continuity light
should glow. .
essin

g "Initiate"™ switch.

5. Initiate test set§g~‘~r
6. Rotate "Main Com clockwise until continuity light is ex-

tinguished.

7. Read and recogd is value of current as pick-up.
Timing \\

1. Remove ated weight and re-install dashpot if disconnected
previofasl Operate armature by hand several times to reset

pist oilf
2. 1l ntire procedure for "Typical Test for Heater Type Therma:
% verload Relays." '



TESTING MULTI-POLE MOLDED CASE CIRCUIT BREAKERS O ( b

ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING

SETUP OF CONTROLS BEFORE TEST \%

CONTROL

L 4

POSITION
“Power ON" SWitChooooooo.oo-ooooooooooooOFF

"Timer Operation Selector" Switch......UPPER -@ MOM",
F

: LOWER
"Main Control"..ccecececcccccccccccscccesld @terclockwise)

"Aux. Power“ Switch.................l

"Voltmeter Range™ SwitCheeceeceececces
"Voltmeter Selector™ SwitCheeeeoo..s uEXT AC

"Aux. Selector" Switch......

.o . "VERN"
"Aux. Control"..............Q......Zero (counterclockwise) { )
"AC Range" Switch.........‘~,§§‘.......IOA /
"DC Range" SwitChe.cceeo @51\

"Main Ammeter Range"® W@ csseessssssSO that desired test current
may be read on upper 1/3 of

K scale.
"Voltage Relay T N‘I‘) Switch.......Set NORM

"Output #1-#2"

Testing \

1. Co ctgtest set to a suitable source of power as indicated on

the eplate and ground. BE SURE THE MAIN SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT.

. ]
Z-S Connect one pole of circuit breaker to be tested to "Output #1"

...............l..output ’1

’

terminals of the test set.

Connect another pole of circuit breaker to be tested to "Relay
Contacts" binding posts of the test set.



9.

10.
11.
12.

13.
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" Preset main ammeter needle 1/2 division below desired s

current through the use of the pointer preset.
Turn "Power ON" Switch "ON". "Power ON" light should glow.

Close circuilt breaker under test.

L
Jog test set with "Initiate" switch and rota\%n Control"

(clockwise) to obtain desired test current

Adjust "Timer Operation Selector" Switch - "N.C. MAINT",
LOWER - "TIMER". 6

Reset timer to zero.
Initiate unit with "Initiate" Swi run test.

t a
If minor adjustments in curren e cessary, use "Aux. Control".

Timer stops and test set de zes when circuit breaker under
test trips.

Read timer and record reswlts.¥ Compare to manufacturer's

iz ok
N

O

N

O
Q>®
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TESTING SINGLE POLE MOLDED CASE CIRCUIT BREAKERS O: ( P
.’
NOTE: The MULTI-AMP test set must be equipped with a Current «
Actuator (optional accessory) to use this test procedureé
SETUP OF CONTROLS BEFORE TEST %

CONTROL POSITION @
"Power ON" Switch......................OFF 0

"Timer Operation Selector" Switch......UPPER = ‘ . MOM"
LOWER -"YQF

"Voltmeter Selector" Switch..cceceeo.

"Aux. Selector" Switchec.cccocoe

"Aux. ControlM..cececccccccas Q ceeseslero (counterclockwise)
"AC Ranse " SWitch ® @ 0o 06 0 0 0 0 0 \ e 0 00 0 0 loA
"DC Range “ SWitcho e ® o 0 0 0 0O ® 0 060 0 0 0 0 o SA

"Main Ammeter Range".S@. csesesscessSO0 that desired test current
\ may be read on upper 1/3 of

scale.
"Voltage Relay T ET) Switch......Set "NORM"
"OQutput #l1-#2" NeececeocicaneaaeesOutput #1
Testing \®
1. C ctgtest set to a suitable source of power as indicated on
the plate and ground. BE SURE THE MAIN SWITCH IS OFF.

2. Connect single pole circuit breaker to be tested to "Outptit ¥1l"
tefininals of the MULTI-AMP.

Preset main ammeter needle 1/2 division below desired test
current through the use of the pointer preset.
s Turn "Power ON" Switch "ON". "Power ON" 1light should glow.

. (_
: E 5. Close circuit breaker under test.



8.

9.
10.
11.

12.

Q
o
&
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Jog test set with "Initiate" Switch and rotate "Main Q“
(clockwise) to obtain desired test current.

Adjust "Timer Operation Selector" Switch, UPPER - "N.O. MOM"
LOWER - "TIMER".

L
Reset timer to zero. %
Initiate unit with "Initiate" switch and \ :
If minor adjustments in current are nece:%use "Aux. Control"

Timer stops and test set de-energizes n fircuit breaker under

test trips.
Read tlmer and record results. C with manufacturer's

specifications. m

L

o
N
N



Set controls for "CA" operation.

Set "Ammeter Range" switch to any position. '
Turn power ON and rotate "Main Control" until e%ter
indicates 20% of full scale. '

Adjust the potentiometer until the timer hand@ start

running at this point. 0

If attempt is made to make the "CA" pick\up at too low a

current value, the unit will chatter he load circuit
is broken. '

The sensitivity of the "CA" cipcui 1l vary slightly

due to the phase angle of the d aging of the Thyra-
tron tube.

Tf the "CA" refuses to opera the 2D21 tube should be
replaced first. :

L 4

N
903
&

Q
o
&



Tl 55 Moo

- ____m_‘_ cr—— _O"

..... ———D 099V 17 .54

——-———g 020V 50A

L -
(VOLTMETER CtRCUIT)

‘T-—- J(OET SWTCH)

r 5.0-10A SWITCH

12 -
vOLTrAE RELAY & DIRECTIONAL
ELEVENT TEST, sercn

oy SS\ Sae T sée

! 60 Re,

w0
b o

VOLTMETER CIRCUIT

NOTES .

A+ [)'TEPLINALS ON CLRRENT ACTUATOH.
2-78 IS FITTED ON 240 vV MODEL ONLY.
3-FOR PARTS LIST SEE DWG. 141318

4<CNE COLOS=SOLID CCLOR

W »WHITE WITH TRACEKR |
WB WHITE /BLACK WITH TRACER

5-HV WIRE

6- REL/\YSX‘,X.‘) Lx6 ARE SINGLE
PCLE .SEE SKETCH AT RIGHT

FoR MULTI LE RELAY
AYOUT (X243,4) .

¢
'7@BaNo|r:qeosT T :

L1124
":‘Jz’x‘!]W»‘ﬂ

..__ﬁﬁ.IIMELQE
' 3
rosy B o

-CURR. ACT.
4-MANtJN_c

sEchom NS LLaman | SECTIONS s

-PER USAS - ¥ °
DPAWING SYMBOLS-A€R USAS,
L

=, VARA =
- K076 TRinsrommer:
\ .
<3 Fuse x
L capacor
—— RESISTOR .

RCLAY CO'L
LRELAY RELAY ;
TCONTRCTS ¥ CONTACTS

N.O. NC., Lt

o™ SWITGH OR o_-omaoa
o . v
S44 TYPICAL SWITCH
"3 IDENTIFICATION ~
S4'SWITCH NYMBER
4" SWITCH SECTION
$7POSITION IN Wil
rour T3 me

[ v waneTis

R Tl T e [T

Ty Ry e s Tid s e
.G 'Y

e e gyt

o mAan



Lo |



0.6 6.0 0

-

. o > s
F— —_— : SOCKET|FLUG
Onwu on . ) *)

1 |(_L_J

90000000

RIS
- | voLtasg RELAY
s ELEMENT TE

PO&.t ~ MOM.
.- =B MAINT,

"4

- A -0
.!-M’?M. "19-‘ s_grur_rxv

87 VOLT AELAY TEST
765.1.-8ET NOARIT-S -

'6 ET IAUL‘T 8-,

s'.u
6.1

{9 & . b ; ) . ] 4 B 1 S8 VOLTMETER SELECTOR
RELAY CONTACTS  D.C. ) . = > £ . ’ : N . P08 1-EXT. D.C.| § -V, ALY

. 2-exT.AC. 4-1. RES.
3-A.C.-2 3
4 Ac-3 |a-LAts

<

C.A UNIT
(orTioNAL)

&8 DETAIL
LOCATED v
UNIT #1

. . 5 - :
l - ~ e . i . : S13 MAIN AMMETE,
; . : - = - . { P0S.1-2.5 (P03, 3-50
- . * 2-5 " Ng-100

3-10
4-28 |

B NOTES v R

B TERMINALS Wn TURRENT ACTOATC

& 70 'S FITTED ON 240V MODBYL ONLY,
141378 .

K oK L : g . |
vy :gs 0 w3023 SR . ) PARTS LI3T- SEELQWG

: Lse .
I TICIRY ) SNSRI .31 74
= —d 4 ] A.C.oUTPUT ¥3
OE&’S ‘a. 5A < 5! F. - . 0-24Y
-soa)) 18 Y Wae o . o-130V
R .- - \ . . . o 300V 0. 5A
— . = . oMV, RELAY TLST

Ty . . T . 2 PIECE UNIT
3 . é . i W D131 TAL TIMER

K T e A e
"{‘_‘v a AR ')_‘;_M"'MM









