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FOREWORD

The MULTI-AMP test instrument described in this manual contributes
to the more convenient and accurate testing of current and voltage
actuated devices. :

Setup time, accuracy, safety, and a forward step in standardization
of relay testing are among the many benefits.

This manual presents detalled test procedures for the common types
of protective relays. As additional test procedures are developed,
they will be added to the manual. Coples of these new procedures
will be avallable upon request.

It is suggested that the relay engineer or technician using the
MULTI-AMP test equipment, refer to the relay manufacturer's instruction
book for details-concerning the characteristles or adjustments for

the particular relay under test,

The following publications may be consulted for theory of relay
operation and application:

1. "Applied Protective Relaying!" (Silent Sentinal)
Westinghouse Electric Corporation
Relay-Instrument Division
Newark, New Jersey

2. "The Art and Science of Protective Relaying"
by C. Russell Mason, General Electric Company
published by John Wiley and Sons, Inc., New York, N.Y.

3. "Protective Relays -~ Their Theory and Practice”
by 4. R. Van C. Warrington, The English Electric Co. Ltd.,
Stafford, published by John Wiley & Sons, Inc. New York, N.Y.

4, "Electric Power Dispribution for Industrial Plants IEEE No. 141l

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

6. MULTI-AMP "The Electrical Tester", Vol. 7, No. 2
"Effect of Changing Short Circuit Duty on Relay Settings"
by F. P. Brightman

7. MULTI-AMP INSTITUTE Curriculum
"Principles of Coordination for Industrlal and Commercial
Power Systems".
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ModelRSRES|IA

General Description

Designed to reduce equipment set-up time, simplify test
procedures, and eliminate wiring errors introduced when inter-
connecting individual components, Muiti-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 testsetis 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 refays or the slope of ditferential 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 lincrease’
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 that is
needed for testing essentially ali the “basic” protective relays..

Common Test Appllcatlons

ReiayS' Overcurrent, percentage differential, current unbalance, dlrectaonal overcurrent thermal over!oad over/under
voitage, timing, and ac and dc auxiliary relays. When used in conjunction with a phase shifter such as Muiti-Amp Mode! CS-
78, the Model SR-51A would also be used in testing distance, impedance, mho reverse power, loss ofexcutatton and other
reiays whuch require control of the phase angle relatlonshlp .

Other AppltcataonS' Circuit breakers rated up to 50 amperes, current-and potentrai transformer ratnos ammeters,
voltmeters, o . _ :
Specifications

Rating: 1.0 KVA
Input Voltage (specify one): 120 volts, 1¢ OR 240 volts, 1¢
Input Frequency (specafy one): 60.hertz OR 50 hertz
Outputs:
No. 1: Continuously adjustable through 4 ranges to meet a wide vanety of test cwcuut impedances.
0 0-10 volts at 100 amperes :
o 0-20 volts at 50 amperes
o 0-40 volts at 25 amperes
<o 0-80 volts at 12,5 amperes
- Overload (Intermittent) Capablhues of Output No.1:
When 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 beiow The overload capabilities are approx-
imate since output values will vary ‘with regulation.

Per Cent Rated Current : Maxtmum Time-On ~~ Minimum Time-Off
100% : : . 30 minutes e T 30 minutes
200% . . s S 7 3 minutes DR ) 8 minutes

300% . o - 20 seconds 4 minutes




No. 2: 0-140 volts at 3 amperes ac

No. 3: 0-150/300 volts at 0.5/0.25 amperes a¢

No. 4: 0-8 volis at 5 amperes dc for dc current source in testing targets, operations indicators and seal-in units.

No. 5: 0-150/300 volts at 0.3/0.15 amperes dc

No. 6: 1200 volts, current limited to 5 milliamperes ac for insulation resistance tests.

No. 7: 0-24 volts at 10 amperes ac for second current source when testing dual current coil relays,

No. 8: “Directional Element Test” (DET) - A special test circuit to apply a current and voltage which are exactly in phase to determine
minimum pick-up of wattmeter elements of complex relays. Four calibrated values aré provided as well as five extra positions
for special ranges. ]

No. 9: “Voltage Relay Test” (V. RLY.) - A special circuit for testing over or under or overfunder voltage relays. Provides a “normal”
voltage holding circuit where the “normal” voltage is adjusted and held while the fault voltage is properly set. Switching to the
“Test” position applies the fault voltage and starts the timer simultaneously. Timer stops and voitage is de-energized when
relay contacts close.

Instrumentation

1. Main AC Ammeter: A 4-inch-square moving iron vane instrument with non- reﬂectwe gtass mirrored scals, knife
edge pointer and pointer pre-set mechanism.
Scales: 5/10/25 amperes
Ranges: (switch selected): 0-2. 5/5/10125[50/100[250/500 amperes ac
Accuracy: 1% of full scale - -
2. Secondary AC Ammeter: A 4-inch square movingiron vane mstrument with non-reflective glass, mlrrored scaie and
knife edge pointer.
Scales: 5/10 amperes _ ’
Ranges (switch selected): 0-5{10 amperes-ac
Accuracy: 1% of full scale
3. DC Ammeter: A 4-inch square D'Arsonval movement instrument with non-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
4. Multi-function AC/DC Meter: A 4-inch square rectifier type instrumentwith non-reflective glass, mirrored scale and
knife edge pointer.
Scales: 15/30/75 volis ac or dc; 10 megohms
Ranges (switch selected): 0-1.5/7. 5/15/30/75{150/ 300 volts ac or d¢; 10 megohms
Accuracy: 1% of full scale
5. Solid-State Digital Timer: A specially designed Multi-Amp® solid-state digital timer is incorporated to measure

the elapsed time of the test in either seconds or cycles. Ithas extensive shielding and noise suppression circuitry to en-
sure accurate and reliable operation under the most demanding field conditions, Incorporating a crystal-controlled
oscillator, accuracy of the timer is independent of the power line frequency. The readout display appears as con-
tinuous, solid, unbroken digits with no gaps between the segments to impair readibility. The high brightnéss to con-
trast ratio of the display ensures excellent readability even in high ambient light conditions, including direct sunlight.
The flat, planar design of the display allows a full-130° viewing angle without distortion.

Dispiay: .375-inch-(8.563 mm} flat, planar characters using high intensity, gas-discharge technology

Ranges {switch-selected):
{a) 0-9999.99 seconds
(b) 0-999999 cycles

Accuracy: Seconds Mode: & least S|gn|ficant d:glt or 0 0{}25% of reading, whichever is greater.
Cycles Mode: %1 Cycle :




Housing:
Test set is housed in a tough, heavy-duty formica enclosure with carrying handles on both top and ends and has a
removable, hinged protective 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-giece enclosure Modet SR-51A " Two-piece enclosure Model SR-51A-2PC
imensions: 16%:"H, 22"W, 11'D . Dimenslons: 16'2"H, 14"W, 11"D Each
Net Welght: 86 Ihs. (39 kg.) o ~ Net Welght: 43 Ibs. {19.5kg.) and

48 ibs. (21.8 kg.)

Test Leads:

One (1) pair No. 6 welding cables with insulated alligator clips and spaded lug Part 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} 10-foot 3-conductor input lead Part No. 2708

One (1) pair #10, 20 feet long output leads Part No. 2040

ceoseoo

Standard Features:

@ Provided with two instruction manuals, each containing approximately 150 pages of detailed, step-by-step
procedures for testing protective relays as well as operating instructions for the test set. Manuals also include
maintenance instructions, schematic diagram and parts list. : ' h

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

special high current powsr source required, _ _ S o _ _

Output control circuit permits momentary, “pulsed” application of output to avoid damage or overheating of relay

when setting test current. Also, output is automatically de-energized when relay under test stops timer.

Built-in overload and short circuit protection.

Facilities to initiate the test set from a remote location. . g '

Facilities to utilize the test set's voltmeter to measure external AC or DC voltages,

Continuity test circuit to indicate contact action. . _ o .

An auxiliary channel, completely independent of the main output channel is incorporated and may. be fed from the

common primary source or from an external phase shifter or frequency generator. _ _

Facilities are provided for efficient use of Multi-Amp accessory units such as the Mode! 1-3PH three-phase

synthesizer (shown below), as well as a phase shifter or frequency generator, For additional information on these

accessory models, please contact the factory.

Copyright Multi-Amp Corporation, 1988- Printed in USA MA-5944 c Bulletin-6 SR-51A  KK/500/1090




GENERAL DESCRIPTION

MULTI-AMP relay test .sets are portabie, variable current and/or
variable voltage. units suitable forﬂtesting and calibrating electri-
cal protective or- indicating devices._'They.are:capable of testing
all single phase protective relays that do not require a change in .
frequency or a specified phase angle relationship between a voltage
and a current or between two currents or two voltages. They may
also be used to test any three phase protective relay that may be
tested one-phase at a time. The test ‘sets are dual. channeled; each
channel controlled independent of the other. ~ The main channel
provides: test facilities for AC current actuated or AC voltage
actuated devices with a. continuously variable output.ee |

The second or- Auxiliary channel supplies continuously variable
outputs of AC or DC for current actuated or voltage actuated devices,
provides special circuitry for testing undervoltage relays,
directional units, and in addition, for performing an insulation
resistance test on all protective relays. d_' _

Accessories are available to be used in conjunction with the
MULTI—AMP relay test sets when special facilities are required._

- change of frequency N ‘
':;fbh;'a specified phase angle relationship between-“
. two circuits _ L |
e - three phase voltage...

betaiied descriptions of the controls are given in the follow—

ing pages. The numbers() ,refer:to those shown .on Figure 1.
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2 -3

INITIATING SWITCH (1)

120V _SYNCH TERMINALS (2)

| EXT. INITIATE JACK (3)

o
"RELAY CONTACTS"
BINDING POSTS (5)

- "POWER_ON" LIGHT. (6): -

" CONTINUITY JACK (7):

CONTINUITY LIGHT (8) - .

POWER SWITCH (9)

120V OUTLET (10) .

'This switch serves to start operation

of the test set.'“

120 volts 1s present on these terminals

"whenever the unit 13 initiated. This
':voltage may be used as a control source

“ to initiate an external unit such as

MULTI-AMP Model lOlO/RB Reactor Booster.

"'Closing a circuit plugged into this
jack will allow the test set to be

initiated from a remote position.

‘This fuse protects the entire unit.

‘The trip circult contacts of -the device

under test are to be connected to these

- posts.

This light indicates that the main
switch 1s closed.

~A 6.3 volt eircult is wired in series

“with a green light (8) so that contact

action of relay under test or circuit

continulity can be checked,

.This is the maln input switch controll-
ing all power except to the "1l20V"
outlet (10).

This convenience outlet is wired direct-

.ly across the line cord so that power
‘.for auxiliaries -such as trouble lights,

‘ete. is available whenever the test unit

is plugged in.




2 -3

INITIATING SWITCH (1)

120V _SYNCH TERMINALS (2)

| EXT. INITIATE JACK (3)

o
"RELAY CONTACTS"
BINDING POSTS (5)

- "POWER_ON" LIGHT. (6): -

" CONTINUITY JACK (7):

CONTINUITY LIGHT (8) - .

POWER SWITCH (9)

120V OUTLET (10) .

'This switch serves to start operation

of the test set.'“

120 volts 1s present on these terminals

"whenever the unit 13 initiated. This
':voltage may be used as a control source

“ to initiate an external unit such as

MULTI-AMP Model lOlO/RB Reactor Booster.

"'Closing a circuit plugged into this
jack will allow the test set to be

initiated from a remote position.

‘This fuse protects the entire unit.

‘The trip circult contacts of -the device

under test are to be connected to these

- posts.

This light indicates that the main
switch 1s closed.

~A 6.3 volt eircult is wired in series

“with a green light (8) so that contact

action of relay under test or circuit

continulity can be checked,

.This is the maln input switch controll-
ing all power except to the "1l20V"
outlet (10).

This convenience outlet is wired direct-

.ly across the line cord so that power
‘.for auxiliaries -such as trouble lights,

‘ete. is available whenever the test unit

is plugged in.




FUSE _NO. 2 (11) -

MAIN CONTROL KNOB ( 12)

2 - 4

- “This fuse protects the control
_transformer.

This knob controls the setting of the

_ main variable autotransformer

AUX. POWER INT-EXT
SWITCH (13) -

: AUXILIARY PowER INPUT.l
TERMINALS (14).

Selects energizing of second channel
or test set from internal or external
source.

__These terminals are for connecting a

second source of power (not over 120

’volts) from a phase shifter or frequency

generator so that relays requiring

~AUXILIARY SELECTO%“S?ITCHTP
15

cohtrol of phase relationship or frequencs
This switch selects the ohﬁﬁﬁFlto be
adjusted by the auxiliary control (16).

~In the "VERNIER" Position, the Auxiliary.

“Control acts as ' a fine adjustment for

- the Main Control (12).

AUXILIARY .CONTROL KNOB (16)

This knob controls the setting of the

~auxiliary autotransformer to. change

' the magnitude of the output selected by

-‘the "Auxiliary Selector" Switch.

‘AC QUTPUT #3 TERMINALS ( 17)

DC. RANGE 'SWITCHE (18) -

Binding posts where AC output associated
‘with second channel of MULTI-AMP test
‘set is picked up.

© This switch selects the range of the DC

. Ammeter (O.SA'or 5A).

DC QUTPUT TERMINALS (19) -

Binding posts where DC outputs of MULTI-

AMP test set are picked up.




2 -5 _
"PRESS TO TRIP DC" SWITCH This switch (NC Momentary Contact)

(20)

T -~ . . opens the DC supply. N
VOLTAGE RELAY TEST = This switch 1s used when running timing
D.E.T. (Directiocnal :

Element) - _ =3..tests on voltage relays or minimum

TEST SWITCH _ (21)
R e pickup of directional units on direct-

... ilonal overcurrent relays.
__"SET NORM" Position - When used with
-"Voltage Relay Test" circuitry, this
- position conneqtggAg;Ou;put‘#3:terminals
v,(l?) to output of Channel i.of-the

.. test set.

"SET PAULT" Position - Switches volt-
meter to output of sécbnd'éhannel of
. test set while allowing AC OQutput #3
... terminals of test set to remain con-
.nected to outpup_o: Channel 1 of the
... test set. S

_"TEST" Position =~ Connects AC Output #3

mﬂnterminals to output of Channel 2 of
-test set and starts timer.

. Position #1 through 4 are factory wired

with resistors to provide specific values
,of;voltagé7énd-cuffeﬁﬁmat-zero-phase
. angle to test pickup of directional
Celememt. -

Eosition #5 through 9 are left unwired

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

system.




OUTPUT #1 TERMINALS
22 and 2k

| ACCESSORY SOCKET (23)

EXTERNAL VOLTMETER

. TERMINALS _ (.28)

L 2-6

" AC Output #1 i1s availlable from these
‘terminals and:isfadjuSted'by-tﬁg Main
““Control in four (R) ranges.;m_ 

' ‘This socket 1is connected to the 0 to

- 140 volt, 3 amp output of the autotrans-
‘former and can be used to supply a

" soldering iron or similar accessory.
These terminals enable the voltmeter

‘to be used for external voltage

- “measurements.

SWITCH 1)

' 29)

_JACKS

MAIN AMMETER RANGE SWITCH

(30)

| Ac RANGE sufrcw (31)

" ‘main ammeter.

. 'This jack enables a phase angle meter
"céfrent ¢oil or external S-ampere
ammeter to be inserted in series with
" ‘the main ammeter.

OUTPUT #1 & OUTPUT #2 .

This switch makes available Output #1
(Current) or Output #2 (Voltage) from

Channel 1 of the test set.

“'AC Output #2 1s available from these
terminals and is adjusted by the Main
Control.

" These Jacks accept the high voltage

test leads provided with the unit.

‘This switch selects the range of the

The ammeter range must
correspond to the appropriate Common

of Cutput #1.

" This switch is an ammeter range switch.

(5 or 10 amperes)




VOLTMETER SELECTOR
_SWITCH (32)

-

VOLTMETER RANGE SWITCH

(33).
FUSE NO. 3 (34)
FUSE NO. 4 (35)
mes e

' PIMER RESET BUTTON (37)

' PIMER OPERATION SELECTOR

SWITCE (38 & 39)
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By means of this switch, -the voltmeter

' ‘can be connected to any one of several

output circuits.
This switch selects the- voltage range

for the voltmeter.

'This fuse protects the main autotrans-

former.

This fuse protects the auxiliary (VERNIER)

autotransformer.

' Measures elapsed time of test in cycles

"deSeGOnas;'fRanges:(SWitch—selected):

~...{a) 0-999.99 seconds
(b) 0-999999 cycles

‘This push-button resets timer to zero.

The timer operation selector switch

(38 and 39) mounted immediately below
‘tne timer on the panel of the MULTI-AMP

) f?léyfﬁésterﬂis<éjdﬁal'éection”switch.

Each section is controlled by a separate

"oberétihg'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"

clature above the switch.

switch - (39). . The second. section is

" controlled by a knob. It also has five

positions and reads against the nomen-
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 relay tester,
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-.In order to;bestnexplaioothe operation of this dual switeh,

its function, as most.comﬁooly_used in relay testing, 1s

first deseribed.

With the "LOWER" switch (39) set at "TIMER“ the "UPPER"

~switch (38) may be set at any one of its five positions and

operation of the test set will be as followS'

A.

"N.0. MOM" (Normally Open Momentary) - When the relay ‘under

test has normally open. contacts which are connected to the
"Relay Contact" terminals (5), the test unit may be initiated
by depressing the Initiating Switch (1). The selected

' output.of the MULTI-AMP will remain energized as long as

the initiating. switch is held depressed or until the contacts

of the device under test close.“ If the Initiating Switch is

- .. held. depressed after the, contaots -of the device under test

close, the cycle will repeat itself.

- N.O. MAINT" (Normally Open Maintained) - The function of

thls-position is exactly the same as above except that

-the. Initiating SWitohjneeo_be depressed only momentarily to

lock in the internal. control relay. The timer will stop

. and.the output of the MULTI-AMP relay test set deweoergized

upon contact. closure of the device under test.

"Cc.A." (Current Actuated) - A third type of timer operation

~may be provided -as an optional feature. The center position

marked "CA" on the timer operation selector switch 1s

inoperative unless a Current Actuator is supplied.

The -operation of the Current Actuator is as follows:
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" The output current of the test set passes through a
current transformer(s) on the output common bus(es).
The secondary of: the current transformer(s) is rated
‘5 amperes and-is~connec€ed~to a series circult con-
taining the operating coil of.tbgiindicating_ammgter
- ~‘and the primary.colil of a-second,current.transformer.
 The secondary circuit of this second current trans-
.. former 1s used to energize the grid of a 2D21 Thyratron
- tube. When a minimum pre-determined amount of current
2 passes.through-the.output;terminalssof the tegt unit,
the Thyratron tube "fires", locking the test unitts
‘main contactor -closed untll. current. flow ceases. The
nGA" Positlion is used when the device to be tested has
no contacts other than those'involved.in-the passing
of test current (such as single pole circuit breakers).
In this position, tﬁe timer will run from the initiation
of: the test unit:until current flow. .from theqputput,of

‘the test unit 1is: interrupted.

. WN.C.MAINT." (Normally Closed Maintained) - In this positilon,

the unit may be initiated by depressing the Initiating

Switch (1) momentarily, provided the contacﬁs‘gf_the device
under ‘test are 'in closed position and are connected to the
"Relay Contact" terminals (5). The selected output will be
energized -and the timer will run -until the contacts of the de-

vice under test open, at which:time the output will be de~-

- "energlzed and the timer will stop. -
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E. "N.C. MOM" (Normally Closed Momentary) - The operation in
‘this position 1s ‘exactly the same-as 4in "D" above excepé that
the output will be energized and the timer will run only as
‘long aS*the»in;tiating"switchviS'held*depressed..

The selection of other positions on the "LOWER" switch (39) will

affect the operation of the felayﬂtesterein the following manner:

F. DC - In this position, the "Relay Contacts” (5) binding posts

| are connected to the "DC 8"-outputrof the test set for conven-
ience in testing target and seal~in units on-relays. (Note
that the Auxiliary Selector Switch (15) must be in "DC-8"
'ﬁositioni)’.

‘The timer will not run and closure.of the contacts of the

“device under test will not de-energlze the test set. |

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

“Switeh (38) may be used for this position-of the "LOWER"

Switch (39). .

" @.  "CONT" (Continuity) - In this position the "Relay Contacts"
binding posts (5) are connected to the 6.3 volts continuity
circuit of the test unit, Therefore, contact operations of

'a relay under test may be observed by watching the continuity
“ light.

H. "TIMER“fa This- operation has been described above.

I. "OFF" < With the "LOWER" switch (39) :set to the .QFF position,
‘the timer motor and clutch are de-energized. |

J. ‘"FAST TRIP" -.In'this”positionmofathe;"LOWER“ switeh (39), the
operation of the timer selector. and initlating 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 under test
connected to the "Relay Contacts® (5) binding posts, the
unit may be initiated by depressing and holding the |
. Initlating Switch (1).  The closing of the contacts of
the device under test will stop the Timer (36) upon thelr
- fiprst closure. The output of the MULTI-AMP test unit
‘will continue as long as the Initiating Switch 1s held
depressed. - In this way, devices may be tested whose
contact closure occcurs faster than the Initiating Switch
“can be released.
-WARNING!!!
IT SHOULD: BE NOTED THAT THE OUTPUT OF THE UNIT
‘WILL CONTINUE UNTIL THE INITIATING SWITCH IS
'RELEASED. THEREFORE, TO -PREVENT DAMAGE TO THE
DEVICE-UNDERwTEST, RELEASE INITIATE: SWITCH (1)
- AS SOON AS THE MAGNITUDE OF TEST CURRENT:HAS
" BEEN DETERMINED.




" CURRENT METERING CIRCUIT (AMMETER) - .

“The. main amnmeter on the MULTI-AMP test. set.ls,.equipped with
" an adjustable Pointer Stop or "Pointer Pre-Set", by means of which
" the ammeter pointer may be preset to any position on the scale and
' held there.with no current flowlng through the meter. This is a
) purely mechanical operation, easily accomplished by means of an
... 4nsulated knob on the meter;front.. It is used to-overcome the
inertia of the moving system of the meter so that. currents of-
short duration can be read or set accurately.
" In use, the pointer ls mechanically set approximately 1/2 scale
" division below the desired current reading. - -The load 1is connected,
the timer operabionfselector*switch.is~placed-1n elther "N.O..MOM"
or "N.C. MOM® position,iahd the main power control 1ls slowly rotatéd
clockwise while the initiating switch is periocdically pulsed.*®
Some gquivering of the pointer will be seen as the output curreﬁt
approaches the pre-set value. In continulng to advance the Main
Power Control, the meter pointer will 1lift off the "Pointer Pre-Set"
to desired current. ’
*NOTE: DO NOT MOVE THE CONTROL WHILE CURRENT IN EXCESS OF THE TAP
RATING IS FLOWING. ' |

I-M;P-O~R~T-A-N-T
ALWAYS MAKE CERTAIN THAT THE AMMETER IS SET ON A
RANGE HIGH 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 QUTPUT TAPS

The MULTI-AMP test set may:bejoperated most advantageously
by using the tap with the Lowest Voltage®* rating consistent with

" being able to. obtain the desired current. In this way, flner
adjustment can be obtained: by making ma#imum:use.ofgthefautog,
transformer range. With a low impedance: load, even small currents

may be obtained from the Low Voltage, High Current tap. When the

impedanée of the load is too high to obtain the desired test current
with the low voltage tap, 1t becomes necessary to use a higher
“voltage tap.

IT SHOULD BE NOTED THAT THERE IS NO RELATION BETWEEN THE
AMMETER RANGES AND THE CURRENT TAPS. ANY AMMETER RANGE

CAN BE USED ON ANY TAP.

Current taps are provided to adapt the test set output te a
i.wide range of load impedances.

" Ammeter ranges are provided to facilitate more accurate read-

‘ing over a wider range of current values.

'5*Whenvmaking'a~timingmtesﬁhon an overcurrent -relay, it is suggested
that the 80 volt tap be used.  Its use will tend to nullify the
effect of relay core saturation. When the relay is in good
adjustment, test time obtained will-match the;relaﬁ"manufacturer's

"published curves within-allowable tolerances.
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SHORT TIME RATING

“The MULTI-AMP equipment is rated at a certaln kva output and

is equipped with one or more output taps each capable of supplying

the rated kva. The total load kva rating of the unit may be

exceaded as noted below.

The continuous rating in kva is based on a 50% load factor of

1/2 hour FULL LOAD followed by 1/2 hour at NO LOAD.

The MULTI-AMP test set can also be used for continuous duty of-

100% ON provided the load current is limited to 70.0% of the output

tap value.

For Example: L
Rating:

~ Output Taps: |

© (a) - Consider ‘the 10 volt tap. 100

‘ l,orkva
10 volts
20 volts -

40 volts
80 volts

-amperes may be.

at-'100 amperes or
at 50 amperes or
at 25 amperes or
at 12.5 amperes

drawn at any

voltage from 0 to 10 volts for 1/2 hour provided a 1/2 hour

NGOG LOAD condition persists before load 1s re-applled.

(b)) The 100 ampere tap may be used to supply a continuous (100%

. duty factor) load current of 70.7-amperes (70.7% of tap value)

.at any wvoltage from 0 to loivolts._

"(¢) 'The 100 ampere tap may be used to supply the fpllowing:;oad

currents‘for the time ON indicated, followed by the indicated

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

output voltage available when the rated current is exceeded

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

regulation of the trangférmers in the test set. For example,

when drawing 200 amperes from the 100 ampere tap, the maximum

- voltage available is approximately 8.0 volts.
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Cuprent  © Time ON Time OFF
' 100,A4' o P7"\7= Continugus*a G e ———

ZOO'A__”' .! N .'3.ﬁ£nu#es_  l - BIﬁihutes

300 A }-20”sécoﬁds-" ot 4 ninutes

.. *Continuous duty is defined as 30 minutes ON and 30 minuﬁes OFF
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USE_OF PHASE SHIFTER AND PHASE ANGLE METER
WITH MULTI-AMP Models SR-21 and SR-51

.The complete testing of certain relays requires control of the
phase relationship between the two sources of energy utillzed in

- the test. To facilitate testing of these relays, provisions have

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

- ‘the MULTI-AMP relay test sets. T

kN

PROCEDURE (Models CS=5 or CS=6)
1. Connect Phase Shifter to a suitable input power source.

5. Connect Phase Shifter terminals marked "Phase Shifter Output”
‘ to the "Aux. Power" input terminals on relay test set. Observe
polarity. Connect terminals marked "i" together.

3. Plug in the telephone type plug into the "P.A.M." jack on relay
test set. Connect the leads from the plug to the Phase Shifter
terminals marked "Current Coil Input". Observe polarity. Con-
nect black lead to terminal marked ®"I",

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

5. Turn "AUX." Selector Switch on relay test set to "AC3-24",
"AC3-150" or AC3-300.

6. Depending on voltage level required for test, set voltmeter
selector switch to "AC3".

7. The Phase Angle Meter will now read the angle between "Output
#1" and "AC Output #3" of the relay test set. The Phase
Shifter may be-used to change this angle to any desired value,
"Ooutput #1" is varied in magnitude by the "Main Control” and
read on the "Main Ammeter". "AC Output #3" is varled in
magnitude by the "Aux. Control" and read on the voltmeter.

NOTE: If two (2) current sources are desired with variable
. phase relationship and magnitude, the above procedure
may be used with the "Aux."Selector Switch set at :
"AC3-24", The second current is read on the 5/10
ammeter.

PROCEDURE (Model CS-T7)
See Instruction Manual for MODEL CS=7.
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PROTECTIVE RELAYS
~Principle of Operation

Protective relays are used as sensing devices in a power circult.
‘Their oberation*aétivateS'a=controlrcircuit to effect operation of
a eircuit breaker(s) located 1a the power circuit. -For their -
operation, practically all protective relays employ elther one or
a combination of two basic principles:-

"a. Electromagnetic attraction

'p. Electromagnetic induction - -

' Wheh the electromagnetic attraction principle is employed, the
protective relay consists of an iron core surrounded by a coil of
‘wire, an armature or plunger to which is attached a contact (known
as the'movingfcontéct~since*it moves as the armature or plunger
" ‘moves), and a fixed contact attached to the body of the relay.
These two contacts are connected into the circuit breaker trip. -
¢coil circult. The contacts are maintailned ‘in.their de-energized
position by action of ‘a spring or gravity. When the magnetic field
is sufficiently strong, the armature or plunger moves and causes
a'relaywoperation.V,This, in’turn, energlzes a circuit. through the
trip coil of the breaker and opens the breaker. Normally, the

operation of this relay has no intentional time delay. The principle

of electromagnetiétattraction may be used equally- well on either
“AC or DC and it is responsive to DC transient offset.

When the electromagnetic-induction principle is employed,. the
protective relay is essentially a small induction motor and; there-
fore, this relay may only be used on AC icircuits.  This type relay
consists of a flat disc, cylinder or cup which is free to rotate,

an iron core surrounded by a coil of wire, a moving contact attached
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to the shaft of the rota;ing{eiéménﬁg}aﬁdda‘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 employs
a spiral spring to return the moving contact to its de-energized
position. As voltage is applied or current is passed through the
electfomagnet coil, a magnetic fleld is. produced which develops 2
torque on the disc. When the magnetic: field and. resultant torque
becpmes strong enough to overcome friction in thefbearings and
tension in the spiral- spring, the disc rotates movingla.qoptact.
Eventually,:the;moving_#nd:fixed contacts. will make and energlze
the trip coil of the circult breaker. . When this is a single phase
relay, some meansvor.splitting~thé-phase must.be_emp}oyed'sg that
a rotatingumagnefic>f1elduis'produqed,x mhese_:glaya emp;oy,ghading
éoils, polarized coils, wattmetric principles or tuned circuits.
In some electromagnetic.1nduction_reléyslvtpe distance the moving
contact travels pay9be controlled; .these rglayé_prqvi¢e_a time
delayed operation.- .- V |
n.Protective;relays@mayabeJcoqsprugteddgo-tha;iyhey_qespopg_tq
faults in a specified. section of a cilrcult (percentage differential),
.changes in current flow (overcurrent), flgctuations in applied
voltage (over;o: under voltage),mfrgquepqy_¢hanges_(qygp_og;gnder 
frequency). More sophisticated protective relays may distingulsh
“between  allowable overloads and faults on a circult or they may be
- employed to-'sectionalize a system. - _ L
Since the protective relay is a sensing device connected to

the power circuit through either current transformer or .
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potential transformers, it may be used to protect circults of any

known voltage level or current capacity. “’Cireult breakers that are

“operated by protective relays- may be-builtjwith{interrdpting«ratings

measured 1n millions of volt-amgeres._.“

Txges of Relaxs | ' . ‘ _
Although there are many models of relays, most fall within three (3)

types:
1.

Overcurrent and Voltage Relays

- ..a.  QGreatest number in use

" _b.  Involve a single coil which 1is either voltage or

current actuated.

Bus, Generator or Transformer Differential and Current
swasalance Relays: '

Have two (2). or | more circuits which act Jointly upon
.an. electromagnetic structure to provide contact action.

" Distance, Directional and Impedance’ Relays

a. These are "Complex Type" relays

b. Have several components any one of which may require
definite voltage, current and phase angle relationshlp
for cperation. _ _ _

With the exception of the instantaneous relays, most of the above
devices work on the induction principle.
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. PREPARATION FOR RELAY TESTING

Relay testing should be kept to a2 minimum. It should be remem=-

bered that the purpose of testing is to prove that the ‘relay will
work and not to unnecessarily check all the details. Relay
testing should be streamlined to as nearly approach actual condli-
tions as possible in a minimum of time and effort. The followlng
are some of the points to be considered: LML

1.

2. .

PLAN

a. Set up program to fit system's needs.

b. The technician should confer with operating personnel to
work out procedures to be followed should a circult be
inadvertently tripped. e S

"If the relay technician makes a mistake and trips & clrcult,
.. he_should admit 1t immediately. This admission may save
" _many hours of work trouble shooting the control circult
looking for non-existent problems. It should be remembered
that one of the reasons for planned malntenance and testing
is to build confidence in the protective system.

SCHEDULING . = - | :
a. Test program shoﬁld be set up on a régular schedule.

b. Test periods vary with system requirements. Annual
inspection and test schedules are common practice.

¢. Operating personnel should be fully informed of the

maintenance schedule and the work to be performed. -
~ QOperating personnel should be notified in advance, and,

if possible, operations should be shifted 'so that the
circuits may be de-energized. However, 1f circuits
cannot be de-energized, the technician should proceed
with caution, bearing in mind that all the time a relay
is out of the circulf, some of that circult's protection
is removed. Therefore, a relay job should never be started
unless it c¢an be finished before leaving the work area.
It is imperative that any relay work be done in a very
thorough manner. A job should not be rushed or left half-
done.

SAFETY

Safe work habits and use of good common sense cannot be over-
emphasized. Metal ladders or step stools should never be used
around switchgear. If safety helmets are required, a flber

or plastic helmet should be worn. Loose key chains, tool
pouches, or pleces of wire should never be allowed to hang from
the body. Rings and metal watchbands should be removed.




3-5

Whenever possible, power circuits should be de-energized
and properly tagged to conform with approved procedures.
It must not be assumed that circuits are de-energlzed.

Test personnel should be familiar with the "shock hazard”.
Since MULTI-AMP test units are all designed with output
isolated from input, the "shock hazard" is at an absolute
minimum. However, certain outputs of high value should be
handled with proper caution. Voltages present in testing
contribute to the very dangerous hazard of ventricular
fibrillation.. .~ - oo . S e

KNOW CONTROL CIRCUIT .

It is 1mportaht"to'know the péculafities of the control cir-
cuit associated with the relay being maintained; such as

the trip circuit being interlocked with a cubicle door;

or that removal of potential from the relay operating coil
before opening the trip circuitvresults.in,tripping the power

‘circuit breaker.

Identification of CirCuits"..

Double-éheék the identification of the relays.on the panel.
This can be complicated when work on relay terminals must be
done behind the board and there are a large number of similar
boards. L ' : -

CURRENT TRANSFORMERS

The current transformer is-d vital part of the electrical
protective system. It 1s this device that reduces the
current in the power circuit .to a value that can be handled
by the protective relay, and insulates the relay from the
power circuilt. There 1s danger associated with a current
transformer. - Under no circumstances should the secondary of
a current transtormer be opened while the primary. ls carrying
current. ' S SRS : .

TARGET OR_OPERATIONS. INDICATOR

When a breaker trips under fault, this device indicates the
type of fault and the phase which faulted.. This information
is important and, therefore, a target should never be reset
without the supervisor's knowledge and permission.

READ AND UNDERSTAND MANUFACTURER'S INSTRUCTION LITERATURE

Many relays have been damaged in testing by incorrect proced-
ures, unfamiliarity with the relay, or improper connections.

The engineer in charge should specify test values and condi-

tions. .
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Good records are very important.
‘An individual cérd for each device is recommended.

Using the information recorded during "As Found" and
"As Left" inspections and tests, can result in an-

economic schedule for performing protective relay
maintenance.

 Suggested record forms are shown below.

“fDate] - Settings 1 ~ Relay Tests . . -_'gm
. | Time Timng | Instant, |q ne] st . Uper
Tmlg’;‘;f‘lnst. Eiement | _Point | Element |OPSt-|O0er. | ator
Zarg |Pickw . |Pick Drop- AmDS..
Adiust,| Up vawetTimel iy, Out ARBS.IAMPS. | el
{ _ ; Soecified
' - -1 j As Found
At Laft
;
i
' i
P
T
BIRE:
i f
- ] i
!
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RELAY INSPECTION

Before the job is started, the techniclan-should have the required
test data, settings, record cards,.test equipment leads and
relay tools on hand.

The following tools are necessary to 1nspect and adjust protective

relays.

HHPHQH#HPHFMHHMHHH{~

'regular blade straight tweezer

curved blade tweezer - .
heavy duty straight tweezer
thin open-end wrenches, 3/16", 11/32“ 3/8“

‘gerew holding screwdriver

thin blade screwdriver (6" shank 3/16“) o
Phillips screwdriver

Optician's screwdriver

pair needle nose pliers

burnishing tool

‘magnet ¢leaner

spintite wrenches, 3/16", 5/16" 11/32", 3/8"
dental mirror

small bulb -syringe

gsoft 1" flat paint brush (insulated ferrule)
bullseye spirit level

offset boxwrench 5/16"

offset screwdriVer

VISUAL INSPECTION

.A.

Remove cover from relay case

WARNING The trip circuit is a live circuit and ‘on some

L

2.

B.

relays, 1t is possible to cause an instantaneous

o trip while removing the relay cover. -
Inspect the cover gasket. |
Check glass for tightness 1n the frame, cracks, etc.

Clean glass inside and outside.”r';'”

Remove relay from case

l.

To eliminate uncertainties, short the CT secondary by
“jumpering the CT.terminals. onthe. back of-the relay case.
This jumper should be clipped on with square jaw.clips
such as crocodlle clips.

Open trip circuilt by opening the Red handled switch in
the Westinghouse relay or removing ¢ the connection block
in the General Electric relay.
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3. Open the rest of the black handled switches on the
Westinghouse relay. L

© 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 Westinghouse
relay as well as the bars in the bottom of both the
Westinghouse and the General .Electric .case are still
thot". If extreme care is not exercised, the breaker.
may be tripped. With capacitor trip, high voltages
are present in the trip circult; these voltages may be
as high as .several hundred. volts.. .- T

Foreign material such as dust or metal particles should be
removed from the relay case and relay. This forelgn material
can cause trouble, particularly in the air gaps between the
disc and magnet. ‘ _ e

Dust can be removed by bloﬁiﬁé'éirjfromlaléméli hand syringe.

Remove any rust or metal particlesufrcmfdiéc or magnet poles
with a magnet c¢leaner or brush. -~ - S '

Hold relay up to the light to~maké;sure;dis¢;does not r»ub
and has ‘good clearance between magnet poles. -

Inspect relay for the presence:of-mdiéture._ If free molsture

. 13 present or rust spots are noted, report this condition to

supervisor. This condition may indicate that the relay is in
the improper atmosphere and presents 2 design problem..

Connectlons, especially taps,'should_be;checked for tightness.
Tighten all screws, nuts and bolts that are not pivotal

- Joints. :

Slugglish bearings ‘may be detected by noting smoothness of

relay reset. Rotate the disc manually to close the contacts
and observe that operation is smooth. Allow the action of the
spiral spring to return the disc to its normal de-energized
position. .If the bearings appear bad or -operation of the relay
1s questionable, this condition should be reported to the
supervisor. It may be that the relay should be returned to.
the manufacturer for overhaul. On an instantaneous plunger
type relay, occasionally a burr or .groove may develop on the

plunger which would cause the relay to "hang-up".

Check mechanical operatidn:offtargétsjbyiliftiné the armature
and observe showing of target. - - . - - . ¢
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K. Observe that the relay coils have not beeh subjected to high
currents for a prolonged period by smelling or squeezing
- between thumb and fingers. T —— '

L. -Components of the relay that touch when the relay 1s in a
"normal' position and part as the relay "operates", should
be cleaned. These parts may become dirty and prevent the
relay from operating properly on relatively low overloads.

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

ELECTRICAL_TESTINél

The Test Equipment:

The purpose of relay test equipment 1is %o provide the relay with

a load that will simulate operating conditions, and to meter
‘electrical quantities with accuracy and simplicity. .The test tools
for common relays include time:-and current measuring instruments
and loading devices as provided by the MULTI-AMP relay testers.

For more complex relays, a phase shifter and phase angle meter are
required for complete results. (See MULTI-AMP specific¢ations for

Models CS=5, €S-6 and CS-7 Phase Shifter and Phase Angle Meter units.

Proper Setup

Careless setups can use valuable time and often result in erroneous
data. Attention should be given to proper gsetup of controls as
given in MULTI-AMP test procedures, and proper connections to
devices under test as given in manufacturer's literature.

A, Test Methods

1. Testing with the relay disconnected from the power and
T triplcircuitsf S T Tt el

2. -Testinglacross the_seCOndary of the current transformer
with 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

¢. Testing is 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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3. Primary Circuit Test - high current, low voltage .
(Primary ;njection) S R UL

S a.

B,

e

d.

-Complete system-istchecked including the current

 'transformers.- R T A

‘This method requiresfthaticaution;and-safety :
practices be- closely observed, as test connectlons

are made on the primary conductors.

‘This test simﬁltaneousiy-chécks“current tréhsformer

ratio, secondary wiring, polarity, relay operation
and identity of each phase on the switchboard.

This test is valuable for initlally checking bus
differentials where many current transformers are
paralleled at the relay, RSt el biadioat:

| B. =Test-Conhectidns_ﬁ?,_

o R313?3.ﬁitﬁ”draﬁ;buffééhstrdétionff”‘.'“”‘ -

2.

Wheneve§ pos$ib1é éhd=§}a¢ticéi;=théf§eiéy”$ﬁodid;
be tested in place, disconnected from the power

‘and trip circuits. The use of the proper test plug

is corivenlent.

If the relay cannot be tested in placé; cérefu11y

. pemove .1t from case and proceed to set up at a
‘eonvenlent 1ocation,‘,Care.should;be_exercised to

.- asceptain that the relay is.level.  If possible, a
.spare-case‘should_be;procu:edﬁand_usedgto hold the

relay during the test.

2. .. Relays permanently fixed to panel.

a.

,b.x

Usually théée”relésthaveﬂfésb'féciiitiés installed
to disconnect the relay from the power and trip

“edircults ‘and to permit access.to the relay circults
“from the front of the board. o

If such facilities do not exist, 1t 1s necessary to

test from rear of panel. ..

C. Types of Tests

1.
=N
3.

1‘.

-Zero check. .

‘Insulation resistance .

Pickup (induction &isc:éhd/dﬁzinstantaneous-unit)

Time characteristics (whén applicable)
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a5, o Target and seal=-in operation -

6. Special tests that are peculiar to the specific”type
of relay such as through fault reaoh, drop—out, ete.,

_Insulation Resistance

A test that may be Tun:on all types of relays to determine the
condition of the insulation. In this: test, 1200 volts AC is
applied between the relay connections that are brought to the
outside of the relay and the frame of the relay. If a finite

-~quantity is read:on the. megohmmeter, look for trouble. ... ...

Zero Check

A test conducted on any relay that has a time dial. The purpose
is to determine the time dial reading when the relay's fixed
and moving contacts are closed by the manual rotation of the
“time dial towards Zero.. Lon A - R L

Pickug E

A test conduoted on. relays to determine the minimum or, maximum
current, voltage, power, or frequency that will allow relay
operation and olosure of the relay contacts.

| Time Characteristics
A test run to determine the elapsed time for relay operation with

a specific abnormal quantity of current, voltage, power or.
frequency.

Target and Seal~In Operation

A test to determine minimum current required in the trip circuit
for an operation of the target and/or seal-in unit.
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INDUCTION DISC OVERCURRENT RELAYS

(Westinghouse Type CO).  (General Electric Type IAC)
GENERAL - :

The overcurrent relay is designed to detect abnormal conditlons of
current in a circuit. If the abnormal condition is an overload,
usually there will be a time delay operation. Time current char-
acteristics;areqinverSe; A short circuit or fault will cause an
instantaneous operation:of the relay providing the relay is ..
equipped with such & unit.. - -~ "o o I co

The time delay overcurrent relay is an induction disc relay. The
action of the spiral spring is to keep the relay trip ¢circulit
contacts open. The spiral spring action 1s opposed by torque.
produced as current 1s passed through the relay's current actuated
operating coil. Thus, the higher the current, the faster the dise
The following procedures describe the use of the MULTI-AMP units

in testing time overcurrent relays. There are many variations within
this type. However, they all operate on similar principles. - It

is recommended that details of relay circuits be obtained from the
manufacturer's instruction book as well as other pertinent data

concerning procedures. - .

These test procedures are deslgned so that a spécific test can be
made without performing all tests on the relay. See .following
“test procedure for "Complete Test of an Overcurrent Relay"” which
outlineS'the'mOStVefricient'manner'toﬁconsEcutivelyfperformzall
tests. "" ' : : L : o :
TEST PROCEDURES

ALWAYS REFER TO MANUFACTURER'S LITERATURE‘BEFORE TESTING

Type of Tests - - ot e e

Pickup
Time Current Characteristics

Instantaneous Trip
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SETUP OF CONTROLS BEFORE TEST -

com:aoz. ) | | POSITION
"Power ON S 4 " 0t a e s ..l.'....l..'l0.0.‘i.‘..l..lOFF
"Timer Operation Selector" Switch...............UPPER-"N 0.MoM"
e LOWER~"CONT "
“Main Control‘l.....l..l"li.l..l.....'...!..Oolzero (counterclock- ’
wise)
“Aux. Power" Switch.....l..l.4‘.oiﬂ 05....._...0_._. .."INTO"
"Voltmeter Range". SWiteheseoeoriornonntonessees300 o
) "VOltmeter Se:l.ector" SWitch..................... EXT- A Co
"pux. Selector” Switcn..}..;..............;..I."."VERN" o
""Aux. Control ..................................Zero {(counter~
' AN : clockwise)
"AC Ra-nse" SWitchooo.aoooIoolonoocoooonoooonooooloA (nOt SR""‘21)
"Dc Rarzge" Switch..‘.....0'..'.OCDCOIOOCOOODOCOOBA .. . & :
"Main- Ammeter Range" Switch.....................So that desired
. - .test current will be read on
upper 1/3 of meter scale.
- "Yoltage Relay Test"("Direct. Element Test")Switch..SET NORM
noutFut #1-#2" Switch.'...0.l....l..l.i....'.‘..output #1

Testing Pickup

1. Connect the MULTI-AMP relay tester to a suitable source of
- power as indilcated on the nameplate and ground.. BE SURE. THE
"MAIN SWITCH IS QFE. CHECK THE “POWER ON" LIGHT.

2. Connect induction unit operating coil o right—hand Common end
80 volt tap of "Output #Ll". _ _ U

3. .Connect“light leads from binding posts marked "Relay Contacts"
 go-induction ‘disc unit trip circuit contact terminals of the
relay.

H.feSelect proper Main Ammeter range. [Expected value of pickup
should be read in upper 1/3 of ammeter scale. :

5. Adjust "Timer Operation Selector" Switch ~-UPPER to~ N, 0. MAINT",
LOWER to "CONT". . :




9.
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Turn "Power ON" Switch ON. npower ON" light should glow.

Initiate unit_by'éregéiﬁg'“Ihifiaté"”Sﬁiﬁéh.'

Rotate "Main Control" (clockwise) to 1ncbeaée'output'until'reiay

induction unit trip eircult contacts close and the Continulty
1ight flickers. The Waux. Control™ may be used as a fine adjust-
ment for "Main Control”. o _ L '

Read current on Ammeter. - Record. .

Testing Time Current Characteristics

1.

Connect the SR~-51 to a sultable source of power as indicated on
the nameplate and ground. BE SURE THE MAIN SWITCH [S OFF.
CHECK THE "POWER ON"™ LIGHT. S SR _ o

‘Connect relay induction unit operating coll to right-hand. Common

. and"80-volt tap of "Output #1%., (Note: Test current should not
“exceed 25 amperes. - If relay tap exceeds 8, move tap to 4 or 5

S.
6.

7.

position for this test)

Select ammeter range sco that test current will be read in UPPER
1/3 of meter scale. Preset ammeter needle using "Polnter PreSet".
Set to 1/2 division below desired current value. o

Adjust "Timer Operation Selector" Switch, UPPER to "™N.0. MOM",
LOWER to "CONT.".

furn "Power ON" Switch ON. "Power ON" light should glow.
Initiate unit by pressing "Initiate" Switch. B

Set test curreht'desired'by'Jogging-unituwithzflnitiatéﬁ,SWitch
and rotating "Main Control” (clockwise) to increase output

_until the ammeter needle quivers. Hold in "Initiate" Switch
~ and rotate "Aux, Control" as a fine adjustment to the "Main

Control" until test current is read on ammeter. -

'cbnnectflight-;eads-from binding posts marked "Relay Contacts"
" on the SR-51 to trip circuit-contact.termina;s,on,relay-induc;ion

unit.

‘Set "fimer Operation Selector™ Switch, UPPER to "N.0.MAINT."

(or "N.C.MAINT." if relay is of circult opening type), LOWER to
"PIMER". '

Reset timer to zero wilth "pimer Reset" button.

Initiate unit by pressing "Initiate” Switch. Timer will run

and test current will flow. The relay tester will automatically

cut ogf, and the timer will stop when relay contacts make (or
break).




12.
13.

14,
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Read timer. Time shown 13 total time of test. Record time.

If desired, reset "Timer Operation Selector“ Switch =-=UPPER to

“"N.O. MOM", LOWER to. MCONT." . Proceed from Step 6 to.; obtain :

another point on’ relay curve.

When test is concluded, return "Main. Control“ knob to zero
setting. Replace relay tap in proper 'position.

NOTE: Check Ammeter while test is on for accurate reading. Minor

1.

adjustment may be made with "Aux. Control".

Testing Instantaneous Trip

Connect the MULTI-AMP relay tester to a suitable source. of e
power as indicated on the nameplate and ground. BEE SURE THE
MAIN SWITCH IS QFF. CHECK THE "POWER ON" LIGHT.: . = .

. Connect relay instantaneous unit operating coil (with heavy

leads) to "Output #1™ of the relay tester. Connect to
appropriate Common: for ammeter range to be utilized and -
“lOV-lOOAmp" tap.

Select Ammeter Range so that desired test current will be read

in upper 1/3 oz meter scale.

Connect light leads from binding posts marked "Relay Contacts"
on the relay unit to trip circult contact terminals ‘on- the :
relay instantaneous unit.

Set "Timer Operation Selector" Switch -~UPPER to nN 0 MOM" e
LOWER to "FAST TRIP". 4

Turn "Power-ON"lswitch ON. . "Power ON"‘lightnshould:glow.

" Initiate unit and hold in "Initiate" Switch.

“Rotate “"*Main Control" (clockwise) to increase current until

timer stops. Make sure this is minimum setting on "Main Control”
where instantaneous unit of relay will consistently pilck up as
the "Initiate" Switch on the test set is alternately opened

. and closed._;

10.

Rapidly read this value of current and release “Initiate“ Switch.

WARNING!!! CURRENT IS FLOWING THROUGH THE RELAY COIL UNTIL
~ WINITIATE" SWITCH IS RELEASED. Therefore, it 18
* important to READ THE VALUE OF CURRENT RAPIDLY.~~

Record ammeter reading.
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COMPLETE TEST OF AN OVERCURRENT RELAY

The following procedure outlines the most efficient manner o cone .
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. . ‘

IYPES 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 ... -~ ... .. e e o oo - POSTTION

"Power On' ...o'......"..-'-..'...‘......'..o.o..o-...-..'.OFIF

"Timer Operation Selector” Switch.................UPPER - "N.O. MOM"
LOWER - "CONT"

"Main Control................‘..........;.........Zero (counterclockwise)
"pux. Power"’ Switch........................}...... INT"

"Voltmeter Range" SWAGCH e e snnnesesnsennansennesa300

"Voltmeter Selector“ Switch....;..................EXT. A.C.M.
"Aux.:Selector SWALLCH. e ierssesiiesacesasonneess'VERN."

"AUX. Control"......‘.........‘.....;..,..........Zero( counterclockwise)
- "aC Range" SWLLCH. ceseessvcrecsssrrenoasoeaneesesslOA . (Not on SR—21)

"De Range" Switch...;.............................SA -

"MAIN Ammeter Range" Switch.......................To read test current
on upper 1/3 meter scale

"Voltage Relay Test"("Direct Element Test"-SR-Sl)SET NORM
_ : _ . Switch e o

"Output #1-#2" Switchl'....'.l.‘.0..........“...'output #1
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ZERO CHECK

This test i3 to determine that the relay contacts close when the dial

is set to zero. For this test, the continuity 1light of the MULTI-AMP -

relay tester is used. Consult manufacturer's instruction leaflet o

to identify current terminals and contact terminals.\"

Procedure _ e . _ .

1. Connect the MULTI-AMP test set 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 1ight leads ‘from binding posts marked "Relay Contacts"
to trip circuit contact terminals of the relay induction unit.

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

4, Manually rotate time dial on the relay toward zero until the ‘
continuity light glows. Record reading on time dlal. - i

5. Reset time dial as specified, adJust for any irregularities
uncovered in the Zero Check test.

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

This test 1s t¢ determine the minimum operating current of the relay,
that is, the minimum current needed to close the relay contacts for
any pagticular tap setting. Pickup value snould be equal to tap
value = 5%. .. .. o _ .

7. COnnect relay ihduction unit operating coil to right-hand COmmon
and 80 volt tap of "Output #Llv,

8. Select-Main Ammeter range s0 that relay tap value of current may o
be read on upper 1/3 of ammeter scale.;;} .

9. Adjust "Timer Operation Selector' Switch UPPER’ to "N 0. Maint"
. LOWER to "CONT.". .

10. Turn "Power ON" Switch ON. . .

11. Initiate unit by pressing “Initiate Switchf

12. Rotate "Main Control" (clockwise) to increase output until relay .
picks up and Continuity light flickers. "AUX. Control" may be
used for fine adjustment.” Co R

13. Read current on ammeter. Record.

14. Turn "Power ON" Switch OFF.
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3 - 18

NOTE: If relayhtap exceeds 8, move to 4 or 5 tap for this test.

15.
16.

17.

18.
190
20.

21.
22,
23.

24,
25-

26.

This should prevent test current from exceeding 25 amperes.
Return both "Main Control" and "Aux. Control" to zero.

Adjust "Pimer Operation Selector” Switch, UPPER = "N.O.MOM.",
LOWER - "CONT.". N Rt RS

Select main ammeter range so that test current will be read”int
upper '1/3 of meter scale. Use ammeter Pre-Set so that ammeter
needle is approximately 1/2 division below desired current.

Turn "Power ON" Switch ON. "Power ON" light should glow.
Initiate unit by pressing "Initiate" switeh. =
Set test current desired by jogging unit with "Initiate" Switch

and rotating "Main Control" (clockwise) to increase output until
ammeter needle quivers. Hold in "Initiate" Switch and rotate

"Aux. Control® to make final current adjustment.

Set "Timer Operation Selector" Switch, UPPER - "N.O. MAINT." (or
"N.C.MAINT." if relay is of circuit opening type), LOWER' - "TIMER".

Reset timer to zero with "Timer Reset" button.

Initiate unit by pressing "Initiate" Switch. Timer will run and
test current will flow. The relay tester will automatically cut

‘off and the timer will stop when relay contacts make (or_break).

Read timer. Time shown is total time of test. Record time.’
Ir desired,'reset "Timer Operaﬁidn_Seleétdr" Switch, UPPER -

MN,.O.MOM", LOWER - "CONT.". Proceed from Step 15 to obtain -

another point on relay curve.

When test is concluded, return "Main Control®” knob to zero setting.

NOTE: Check ammeter while test 1s - on for Accurate reading. Minor

adjustment may be made with. "Aux. Control".

Testing DC Target and Seal-In

27.

28.
29-

30.

Adjust "Timer Operation Selector" Switch UPPER = "N.O.MAINT.",
LOWER = "DC". 1 UPPER, ~ "N.0.!

Adjust "Aux. Selector" to "DC-8"

Adjust Main Ammeter range switch so that’'a current value approximate-
ly 150% of relay tap value may be read in UPPER 1/3 of meter scale.

Choose proper range for DC Ammeter.

Turn "Power ON" Switch ON.




32,
- 33.

34-

35.

36.
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Initiate test unif'By7pr9331ngf"Iﬁitiafc"ﬁSwipch,
Rotate "Main Control" clockwise to energize relay induction unit
operating coll with a value .of current. equal to approximately
150% relay tap value. e

When relay induction unit trip circuit contacts .close, rotate _
"Aux. Control' clockwlse to energize relay target coil with DC. .-

- When target drops, read and record DC amperes.

Rotate. “Main Control" counterclockwise to zero.. ‘If DC circuit
is energized when relay inductlon. unit trip. circuit contacts' '
open, the Seal-In unit is working properly. A

Return “Aux. Control" to. zerc and turn test set OFF.“

Tegting Instantaneous Pickup

37.

38.

39.

40.
43.

Connect relay instantaneous unit operating coll to right-hand
Common -and-10:volt tap of test set "Output #1". .

Connect relay instantaneous unit trip circuit contacts to
"Relay Contacts" binding posts of test set. T

Select Main Ammeter range so that desired test current will be
read in UPPER 1/3 of meter scale. ) _

Adjust "Aux. Selector" to "VERN.".
Set "Timer Operation Selector" Switch,LUPPER'#T"N.O{~ﬁdﬁf“}'c

__LOWER - "PAST TRIP".

uz.
43,
44,

u5.

46,
u?.

Turn "Power ON" Switech ON "Power ON" light should glow.
Initiate unit . by clding in "Initlate" Switch.

Rotate "Main Control" {(clockwise) to increase current until timer
stops. ..Make sure this is minimum setting on "Main Control" where
instantaneous unit of relay will consistently pick up as the
"Initiate" Switch 1s alternately opened and closed.

Rapidly read this value of current and release "Initiate" Switch
WARNING!! !+ .CURRENT IS FLOWING THROUGHATHETRELAY=COIL UNTIL

INITIATE" SWLTCH 18 RELEASED. THEREFORE, LT IS
- IMPORTANT TO READ THE VALUE OF CURRENT RAPIDLY. .

Record ammeter reading.

Turn test set OQOFF..
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CURRENT PHASE BALANCE RELAYS
§ (General Electric IJC) (Westinghouse CM)

The Current Phase Balance Relay operates to trip a circult breaker when
the phase currents in a circuit become unbalanced by some predetermined
amount. This relay compares the three phase currents of.a~;ine.

General Electric Type 1JC

The General Electric IJC relay is composed of three individual induction
dises with two coils per disc. One coil produces a contact elosing -
torque on the disc and is called an operating coil. The second coll’
produces a contact opening torque on -the disc and is called: a: _
restraint coil. These two coils see currents from different phases

of the circuit and the relay will operate when the phase currents

become sufficiently unbalanced. The trip circult contacts assoclated
with all three induction discs are connected in parallel.

Testing _ o
Always refer to manufacturer's 11terature=béfore.tésting;

-

Types of Tests

1. Pickup
2. Timing
3. Slope

4, Target and Seal-In
SETUP _OF CONTROLS BEFORE TEST

CONTROL _ POSITION
"Power ON" Switch. . - . e .......... L ] '.‘ LN ' L] . ... . e .:. L .' ..‘OFF

"Timer Operation Selector” Switeh.....vs.v..s.UPPER-"N.O. MAINT."
o _ - LOWER=-"CONT." -

"Main Cdntrol";g;;;.,;;..;.;‘;..;;;gw;;;}:;g:‘Zeﬁo*(couﬁtercibckwiéé)
"Aux., Power" Switch...;;....;;...;;;;...;;.;:;"INT."“ .”" -
‘"Voltmeter Range" SWLECH: v e s eensosvonnvasnsnsi300

"Yoltmeter Selector” SWitch......vssssvusssono"AC EXT."
"Aux; Se1ect6r"ﬁSﬁitcﬁ.;;}.;;;;;;;g;;.{..e.;;;“VERN."

- "aux, Control".....;..........................Zero (counterclockwise)
"AC Range" SwitcCh..ssssessssssscsosessssscsassl0A

"DC Range" SWitCh...sseceevssssvcasssasssocessI04

"Main Ammeter Range"™ SWitCh..sessececcasscssss.S0 test current may be
read in upper 1/3 of scale

"Voltage Relay Test"™ (DET) Switch...csee..o...Set *NORM"

"output #l"#a" S‘witch-....l...‘.'.'..OI..'.!‘."Output‘#1
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Testing Plckup

1. Connect SR=51 to a suitable source of power as indicated on the
nameplate and ground. BE SURE THE MAIN SWITCH I8 OFF. - CHECK THE
"POWER ON" LIGHT.

2. Connect current operating coll for oneé unit of the relay to
- "Qutput #1" of the SR-51. - : ,

l 3. Turn "Power ON" Switch ON. .WPower ON" ligﬁt'shéﬁid glow.

‘4. Initiate unit by pressing "Initiate" Switch. - 1

5. Slowly increase current by rotating "Main" and “Aux . controls

- elockwisé until disc moves and contacts are almost closed. Then
decrease current until disc remains stationary at’ this ‘peint.

6. ,Record this value of current as Pickup. | ‘

7. Repeat for operating coils of the other two relay units.

Testing Timing o _ _ N

1. Repeat Steps 1 and 2 under “Pickup".

2. Set Main Ammeter Pointer Pre-Set to 1/2 division below aesired
test current.

3. Adjust "Timer Operation Selector“ Switch, UPPER="N.0.MOM"
" LOWER-"CONT.". " R o

Vu.-'Set test current desired by Jogging with, "Initiate" Switch and
.- rotating Main. Control clockwise.  Fine adjustment may be made
by ratating "Aux.“ Control clockwise. ' _

5."Using a pair. of light leads, connect relay trip circuit contact
- terminals to "Relay Contacts" binding posts on tne SR-Sl.,

6. Adjust “Timer Operation Selector" Switch to UPPER—"N 0. MAINT.",
- LOWER-"Timer". : , : o

-T.  Reset Timer to zero...Makeisure.rélay trip circuit contacts are
fully open. . . o ' '

8. Initiate test.unit}byfpushing'”Initiate“,Switch;'
9t Observe and record time for relay trip circuit contacts to close.
10. Repeat Steps 1-9 for operatingicdils of the other two relay units,

Testing Slope

1. Repeat Steps 1 and 2 under "Pickup" test.

2. 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.MAINT.",
LOWER="CONT. ". ' PR R _

4. Turn "Aux. Selector" Switch to "AC3-24". -
_%.° Turn "Power ON" Switch ON. "Power ON' light should glow.
6. initiate unit by pressing'“Initiate"*Swiﬁéh. ' '

7. Rotate "Main Control® clockwise to energize operating coil of
-+ relay unit under test.

8. Rotate "Aux. Control" clockwise to enérgize restraint coil of
relay unit under test. 4 S ’

9. Regulate the two currents until the disc of the-relay under

test is stopped with that unit's trip circuit contacts. (About
nalfway between full open positlon and trip position.)

10. Record both values of current and calculate slope.
11. Repeat Steps 1~10 for‘the5Cther=reléy'unitsj-

Westinghouse Type CM Relay

The Westinghouse.Type CM relay has two individual induction discs.
Each disc has two current coils. One coil produces torque to move
the disc to the left and the other coill produces torque to move

the disc to the right. As long as the currents energizing the two

colls are equal, the torques cancel and the dise remains stationary.:

In connecting the relay in the circult, the coil producing rotation
to the right on one disc is in "A" Phase, while the coil producing
rotation to the left on the same disc is in "B" Phase. The cther

dise. is connected left rotation "B" Phase, right rotation "C" -
Phase. Each unit of the relay has a moving contact attached to the

... disc shaft and two stationary contacts, one on the right and one

on the left. When the relay is energlzed with balanced 3-phase
currents, the moving contacts of both relay units ‘should be midway
between the left and rignt stationary contacts. An Gnbalance of the
phase currents will cause either or both of the discs to rotate with
subsequent closing of the relay trip circult contacts. The relay
trip circuit contacts are connected in parallel.

- Types of Tests

1. .Electrical Balance _
2. Minimum Trip Setting -
3. Operating Curve

4L, Time Curve

Testing

‘Always refer to Manufacturer's literature before testing.

-

S e - - L}




SETUP OF CONTROLS BEFORE TEST

CONTROL B . poSITION

“?ower ON" Switcholotaoooooooto.-cOOQOQOOIOFF

"Timer:Operation Selector" Switch.........UPPER-"N 0. MOM"

LOWER-"CONT "

I!Main Controlﬂ. R R A N I IR R KRN .Zero (CounteI‘ClOCkWise)

HAux. POWEr" SWILCH.oeereeeenososasessessd TINTLY

"Voltmeter Range" Switch.e..eieecsesessaa 300

"oltmeter Selector” SwitcCh..eeececseesess TEXT, AC"

"Aux- Selector" SWitCh... Tese s o seen a0 -|VERNQ"

"Aux- contrOl" O‘- -40 RS B L B A B 0-040 O t s e by lzero (counterClOCRWiSe)

"Ac Ranse" Switch.....-l..l..'............lOA

"DC Range|, Switch......".‘.'l.i....'...l‘. DA ..

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

will be read in UPPhR 1/3 of
‘meter scale

"Voltage Relay Test" (DET) SWLtCh. s .eses. . .Set "NORM® -~

“"Output #1—#2" Switch.....................Output #l

Testing. Electrical Balance'

l.

Connect - Model SR-bl 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.

Ceonnect front operating coil of one induction disc unit to
Qutput #1 terminals of the SR-51.

-Connect rear Operating coil of the same induction disc unit to
"AC Output #3" terminals of the test set. _

Adjust. "Aux. Selector“ Switcn to "AC -3 24n,

Adjust "Timer Operation Selector! Switch to UPPER—"N O MAINT."
LOWER—"CONT R . _ o

Turn “Power ON" Switch ON. _ﬁPowen ONﬁnlight'eheuldfglcw}-




10.

11.
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Initiate unit by pressing "Tnitiate® Switch.

Rotate "Main Control" clockwise to obtain a readiqg of 6”émpérés

on Main Ammeter.

Rotate ™Aux. Control" clockwise to obtain a reading of 6 amperes
on the second AC Ammeter on test set.

The méving contact of the induction disc unit under test should
pe in a balanced position as described 1n relay manufacturer's
literature. ’ . : S

Turn "Power ON" Switch OFF.

Minimum Trip Setting

1.
2.

Repeat Steps 1 thﬁbugh 7 under testing "Electrical Balance'”.

Connect light leads from "Relay Contacts" binding posts-on test

set to the trip circult contacts of the relay.

Rotate "Main Control" clockwise to obtain a reading of one ampere
on "Main Ammeter®. e : S _ -

. Adjust left stationary contact until it Just makes with the

moving contaqt'ag indicated by glowing of the Continuity light.v

Return "Main Control” to zero.

Rotate "Aux. Control" clockwise to obtain a reading_of oné'aﬁpere'

on second AC Ammetér of test set. - :

Adjﬁst righit stationary contact until it just makes with moving

, contagt,_as,inQiqatgd by glowing_qf_Coptinuity_light.

‘Operating Curve

1.

.2':"

A £ b R 0 8

Connect light leads from "Relay Contacté“ binding poéts-on the
test set to the trip circuit contacts of the relay. ,

Repeat Steps 1-8 under "Testing E;actric31'ﬂaiﬁnée'.
Rotate the "Aux. Control" clockwise until the movingfconﬁact and

the right statiocnary contact just make, as indicated Dy flickering
of the Continuity light. Record readings of both ammeters.

.Sldﬁly decfééﬁ& current Output of "AC Output #3" by rotating the

"aux. Control" counterclockwise until the moving contact and
lefthand stationary contact just makes, as indicated by
flickering of Continuity light. Record readings of both ammeters.
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Time Curve .

1.
2.

9.

10.

1.
12.

13.
14.

Repeat Steps 1-6 under “Testing Electrical Balance".

Connect a pair of light leads from “Relay Contacta“ binding posts

- of the test set to trip circuit contact terminals of the relay

Jog "Initiate" ‘Switeh and rotate "Main Control" to obtain a reading
of 10 amperes on main ammeter:

Manually set moving contact to "Balance" position.

LOWER-“TIMER"

Adjust “Timer Operation Selector" Switch, UPPER-""N.O.MAINT.",

“Initiate test set by pressing "Initiate“ Switch.

'tRead and record time for: closure of moving contact and 1eft

stationary contact.

Adjust.. MTimer Operation Selector" Switch UPPER~"N Q. MOM"
LOWER-"CONT.", - - .
Return "Main Control“ to. zero.

Jog "Initiate" Switch and rotate "pux. Control" to obtain 2 reading
of 10 amperes on second AC Ammeter. o

Manually set moving contact to: "Balance" position.

Adjust "Timer Operation Selector" Swiltch to UPPER-"N 0 MAINT ",
LOWER-“TIMER“

Initiate test set by pushing "Initiate Switcﬁ.'”

Read and record time for: closure of moving contact and right
stationary contact.

Repeat all four tests, l.e. Electrical Balance Minimum Trip Setting,
Operating Curve and Time Curve for the other induction disc unit.
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VOLTAGE RESTRAINT OVERCURRENT. ,R_ELAY
" (GENERAL ELECTRIC TYPE IJCV)

-

GENERAL

The IJCV contains an induction disc which 1s influenced by the
magnetic fields of two electromagnets.  The current actuated
electromagnet produces torque on the disec o close the relay trip
circuit contacts and i1s known as the operating c¢oll. The potential
actuated electromagnet produces. torgue on the disc to open the relay
trip circult contacts and is known as the restraint coll. When the
voltage applied to the restraint coll decreases, a smaller amount
of current is required to operate the relay and close the trip
circult contacts. This relay may operate to close trip circuit
contacts even though the voltage applied to the restralint coll may
remain at full system voltage. ' "

The IJCV relay is normally used to protect a generator against bus
- faults. ,

Testing
ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE. TESTING . -
'Type of Tests -

Pickup of overcurrent unit, zero voltage restraint
Pickup of overcurrent unit, system voltage restraint
Timing of overcurrent unit, zero voltage restraint
Timing of overcurrent unit system, voltage restraint

SETUP OF CONTROLS BEFQRE TEST

CONTROL . " POSITION

“Power On" switch............OOIOODOOOFF

"Timer Operation Selector" Switch....UPPER -~ "N.O. MAINT."
’ LOWER - "CONT."

MMain Control s ieererssssassecasssesslero {(counterclockwise)

"Aux' Power“ Switch’O.l.'.'...'......"INT"

"Voltmeter Range"Switch.....ece......50 that desired test voltage

may be read on upper 1/3 of meter
scale.

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

"Auxo SelectOI‘"SWitCh. LR N FTIa ) o * e a0 "AC"3"150"
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CONTROL - L POSITION

TAux. Control ......................Zero (counterclockwise)

*4,C. Range" SWLECH. s o v vnssennsvens 10A

- "D,C.: Range" Switch...cececeessaaessDi

"Main Ammeter Range" Switch.........So ‘that desired test current

‘may be read on upper 1/3 of
meter scale.

~f“Voltage ‘Relay. Test™ (DET) Switch...Set. "NORM"

"0utput AL = #2" SWItCR..eseeeeoss. OUtPUL FL

Testing for Pickup - Zero Volts Restraint

1.

Connect the Test set to a suitable source of power as’ 1ndicated

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

Connect relay voltage restraint coll terminals to test set

2.
binding posts marked "A.C. Output #3".

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

4, COnnect test set binding posts marked “Relay Contacts" to ‘the
relay trip circuit contacts terminals.

5. Turn "Power On" Switch ON. "Power ON" light should glow.

6. Initiate unit by pressing “Initiate" Switch.

7. Increase current through operating coll of relay to a value
50% above relay tap by rotating "Main Control" clockwise.

8.  Wnen relay contacts close, Continuity light will glow.

9. Slowly decrease current by rotating "dain Control" counter—:
clockwise until Continuity light flickers. Record this value
of current as "Pickup - zero volts restraint”.

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

Testing for Pickup - System Volts Restraint

Repeat steps 1 - 6 above.

7.

8.

Apply system voltage to voltage restralnt coil of relay by
rotating "Aux. Control" clockwlse.

Repeat  steps 7 - 10 above.
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Testing Timing - Overcurreht Unit - Zero Volts Restraint

1.

10.

1l1.
12.

13.°

b,

Connect the test set to & "suitable source of power .as indicated
on the nameplate and ground. BE SURE THE MAIN SWITCH IS OFF.
CHECK THE "POWER ON* LIGHT. C

Connect relay voltage restraint coil terminals to vaC Qutput #3"

‘binding posts of the test. set.

:COnnect the relay current operating coil terminals o the test

set "Output #1" right-hand Common and 80 volt tap.

Connect the test. set "Relay Contacts" ‘binding posts to -the.relay
trip circult contact termina.ls.

Pre-set Main Ammeter needle 1/2 division below desired test
current.

-.Adjust "Timer. Operation Selector" Switch UPPER to "N.O.”MOM";
'SQLOWER to. "CONT . _

Turn "Power ON” Switch ON. "Power ON" 1isht should glow.

" Initiate unit by pressing and holding "Initiate" switch.’

Set test current to desired value by rotating "Main Control
(elockwise) while: Jogging "Initiate“ Switch.

Set "Timer Operation Selector“ Switch UPPER to “N O MAINT.

'LOWER to "TIMER".

Reset timer to zero with "Timer Reset" button.'

Initiate unit by pressing “Initiate" Switch. Timer will run ‘and
test current will flow: until the relay trip’ ecircuit contacts close.

Read timer. Time shown is total time of test. Record time.

Turn "Power ON" Switch OFF.

Testing Timing Overcurrent Unit - System Voltage Restraiht'“

"
2.

3.

Repeat Steps 1 - 8 above -L"Timing Test“ .

Rotate "Aux. Control“ clockwise to increase applied voltage to a
value equal to system voltage. _

Repeat Steps § = 14 above = "Timing Test".
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| VOLTAGE CONTROLLED OVERCURRENT RELAY
 (WESTINGHOUSE TYPE COV)

GENERAL

The COV relay contains an 1nduction disc overcurrent unit and an
instantaneous undervoltage unit.  The undervoltage unit’ supervises
the operation of the overcurrent unit. Regardless of the amount of
current passing through the operating coll of the overcurrent unit,
no operation takes place unless the undervoltage unit has “dropped
out". This means that the overcurrent unit may be set to operate
on less than full load current when the voltage falls below a
'predetermined value. Conversely, the overcurrent unit will not
operate as long as the voltage is above the predetermined value.

. This relay is normally used to protect a generator against a bus
fault. ' _

fTeeting

Txgical Tests

Pickup - undervoltage unit

Dropout - undervoltage unit ; T

Voltage contrel of overcurrent unit

Pickup = overcurrent unit

Time current characteristics - overcurrent unit.

.4ALWAYS REFER TO MANUFACTURER‘S LITERATURE BEFORE TESTING-"'
SETUP OF CONTROLS BEFORE TEST:

CONTROL _ , POSITION
"POW&I‘ On"o.o ooo Ceeserrn -.Vo co e 'o".-"-:e‘a . onFF e

._“Timer Operation Selector" Switch....UPPER ~"N.0. Maint.™ .
| - LOWER ="CONT.'" - .

"Main Control".......................Zero (counterclockwise)
"Aux. Powepr" Switch.................."INT " ’

"Voltmeter Range" SWitch..eoveisssavsS0 that desired test voltage may
‘ be read in upper 1/3 of scale

”"Vbltmeter Selector" Switch........;.“AC-3"
. ‘.'Aux- Selector“ SWitCh. I R B ST b "AC""'3 150 " o
"Aux. Control' ..................;.;..Zero (counterclockwise)

MAC Range" SWItoh.u..eeeseoon.. ceedai10A
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CONTROL T S S S S ;ﬂk:&"HPOSITidﬁ 3

"DC Range" 3w1tcn....,1,{;,;.;fgﬁ;Q;;;5A= 

"Main Ammeter Range” SWAECH. «veenrens 500"

"Voltage Relay Test" (DET) Switeh.....Set "NORM"
"OutpUt #1-#2" SWALCR.esovsessersrnss OULPUL A1

. Testin Piéku”"and'Dggp&utfdé'ﬂnggrvolﬁgge Unit

1. ‘Connect the test set to a suitable source of power as indicated
on the nameplate and ground. BE SURE THE MAIN SWITCHE IS OFF.
CHECK THE "POWER ON" LIGHT. o R

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

3. Connect a palr of light leads from the "Relay Contacts" binding
posts of the test set to the 'relay so that operation of the
undervoltage unit contacts may be observed. S S

4, fTurn "Power ON" Switch ON. "PgweﬁfQNf*aﬁd'?Continuipy" lights
should glow. _ S R it

5. Initiate test set by pushingaPInitiate"fSWit¢p,_”‘

6. Rotate "Aux. Control' {clockwise) to increase voltage applied
to undervoltage unit operating coil until the Continuity light
just goes out. Read and record-this value of voltage as
"pick-up of undervoltage unit.” o - e '

7. Continue to rotate “Aux. Control" clockwise to increase applied
voltage until relay rated voltage 1s read on test set voltmeter.

8. Rotate "Aux. Control" counterclockwise to decrease applied .
- voltage until the Continuity llght Just lights. Read and record
this value of voltage as "drop out of the undervoltage unit.”

9. gggurn "aux. Control! to zero and turn test set "Power ON" switch

 Tgsting;Vo1tage Control of Overcurrent Relay.

1. 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. ' ' A

2. Connect the "AC Output #3" binding posts of ﬁﬁe test4set~£o the
‘undervoltage unit operating coll terminals. _ _

3. Connect "Output #1" terminals of the test set to the overcurrent
unit operating coil terminals. S P :
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4. Adjust "Main Ammeter Range" switch so that the desired test =
o eurrent may be- read on the upper 1/3 of the meter scale.

5; Connect light leads from the test set binding posts marked
"Relay Contacts" to the relay trip circuit contacts terminals.

6. Adjust “Timer Operation Selector Switch® = UPPER £o"N.O. MAINT."
LOWER to "TIMER". S . BT

7. Initiate test set by pushing "Initlate" switch.

8. Rotate "Aux. Control'™ clockwise until relay rated voltage 1s

“t“"_read on voltmeter.._ : . RPNV : -

9."Rotate "Main Control" clockwise until the value of current read
on the maln ammeter is approximately 4 times tap value of the
overcurrent unit. e S L e : . :

10. The overcurrent unit should ngg operatefto close the relay trip
o elrcult contacts. : A T T o S

11, Rotate "Aux. Control" counterclockwise to reduce voltage until
P-«~:undervoltage unit "drops out™. s _ :

12. The overcurrent unit should operate to close the relay trip
circuit contacts.  This stops timer and.de-energizes the: relay.

Tegsting Pickup o_f-'C}ve1."c1.1.r.'ren’c-U‘nit."z'=

SETUP OF CONTROLS BEFORE TEST - . -

CGONTROL, . . . o POSITION. .

"Power On“ Tt s e s e s F ese e 0"'_"'-_'_;0'0“0 cr s s s . ..OFF

"Pimer Operation Selector" Switch.....UPPER. - "N.O. MOM"
LOWER -~ "CONT."

"Main Comtrol".....iivesesiessrsnsens..Zero (counterclockwise) .
'k"lnn;‘Eower"sswitch.f.t;t...t;,;;;,.,.ﬂINT,V

"oltmeter Range" Switch..:t}..}..;:}féoo.fll S

“Voltmeter Selector" Switch..........,"EXf. A. C.¢

. "pux. Selector" Switeh. ..;5;;;........"VERN"":* ‘

| "Aux Control" Switch.................Zero (counterclockwise)

"AC Range SWitGh..........-.g..........lOA
"DC Range" SWitCh...I.-............-.... -o-SA ? ‘
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CONTROL ' POSITION

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

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

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

"Output #1 - #2" SWitChocoooocc.aooooooutput #1

Testing Pick-Ug

1.

Connect the test set to a suitable source of power as indicated
on the nameplate and ground. BE SUBE THE$MAIN SWITCH is QFF.

- CHECK THE "POWER ON" LIGHT.

Connect overcurrent unit operating coil to righthand Common

- and 80 volt tap of "Output B#L".

Connect light 1eads from binding posts marked “Relay Contacts"

o trip circuit contact terminals of the relay.

Adjust "Timer Operation Selector" Switch - UPPER to "N 0. MAINT.®

.LOWER to "CONT.".

“The undervoltage unit contacts must remain closed.'

Turn "Power ON" Switch "ON".:W "Power ON" light should glow. =
Initiate unit by pressing "Initlate" switeh. _
Rotate "Main Control® (clockwise) to increase output until relay
picks up and Continuity light flickers. The "Aux. Control" may
be used as a fine adjustment for "Main Control”. o

Read current on Ammeter and record.

Testing Time Cuprrent Characteristics - Overcuvrent Unit

l)

Connect the test set to a sultable source of power aswindicated
on the nameplate and ground. BE SURE THE MAIN SWITCH IS QFF.
CHECH THE "POWER ON" LIGHT. : ST e S

Connect relay overcurrent unit operating coil to righthand

Common and 80 volt tap of "Output #L". (NOTE: Test current

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

Select ammeter range so that test current will be read in upper
1/3 of meter scale. Pre-set ammeter needle. using "Polnter -
Pre-gset®. Set to 1/2 division below desired current value.
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Adjust "Timer Operation Selector“ Switch - UPPER to "N.O. MOM",
LOWER to "CONT.". S ,

Turn "Power ON® switchl“ON";. Powe?"“ONﬂ'lignt-should glow.
Initiate unit by pressing "Initiate" switch
Set . test current desired by Jogging unit with "Initiate“ switch

- ‘and rotating "Main Control” (cIlockwise) to increase output until

10.

11
12.

13.

‘prequired test current. is reached. "Aux. Control" may be used

for fine adJustment.._x

_“The undervoltage unit contaots must remain closed.

'Connect light 1eads from binding posts marked "Relay Contacts“

on the test set. to trip circuit contact terminals on relay
overcurrent unit. - o , _

Set "Timer Operation Seleotor“ Switch - UPPER to "N 0. MAINT"
LOWER to "TIMER".

-Reset timer to zero with "Timer Reset" hutton.

Init;ate unit by pressing "Initiate Switch. " Timer will run and
test current will flow. The test set will automatically cut off,
and the timer will stop when relay contacts make._ :

Read timer. Time shown is total time of test. Reoord time.
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INDUCTION DISC OVER, UNDER OR OVER/UNDER: °
o VOLTAGE RELAYS |
- (Westinghouse Type CV) (General Electric Type IAV) .

GENERAL ' B

The voltage relay,is_a_load;balancing'rélay.and'is not -intended
to clear a fault in the power system. In most applications it is
used as an undervoltage device and is designed to de=energize the
power circult whenever voltage falls below a predetermined value.
Time of operation may be instantaneous or delayed.

 The time delay undervoltage relay_is'alsd an inductibn'disc'relay.

The action of the spiral spring is to keep the relay contacts trip
cirecuit closed., The torque produced when voltage is appllied to

the relay's voltage actuated coll opposes the spring action. Thus,
as the applled voltage decreases, the disc rotates to close the
relay trip circuit contacts. - R R N e

..-The overvoltage relay has the opposite operation. The spring
action keeps the relay trip cirecuit contacts open whenever voltage
~ 4in the circuit 1s normal or below normal. A higher than normal
;W‘voltage_produces operatingftorque'on'the-relay dise. -

TEST PROCEDURES
Type of Tests
Pickup
Timing

ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING
SETUP OF CONTROLS BEFORE TEST

._—.__—.—a-u—uﬂ_———-"——_

CONTROL POSITION

"Power ON“ Switch.....'.....C..COOOOOCOGQQICDCOOCOFF

"Pimer Operation Selector” Switch...;............U?PER-N.O.MAINT“
LOWER~"CONT. "

"Main Control”. .................................Zero (countercloc%-
wlse
nAux. Power“ Switch..l...'.‘.C.-'..OOQ..‘OI..C...“INT"

"Voltmeter Range" SWAtCHe s eeossaseseesssS0 that desired test voltage
will be read in UPPER 1/3
of scale

"voltmeter Selector“ SWitCh s 8 b o 0 8 &b * 8 e A CIE B B A BN O nv IRLY - "
“Au. Selector“ Switch. CECE N I B I B B 3 N PR I R -0 % 5 00 "v .RLY" °
TAux. Control“............................,......Zero,(counterclodk—

: wise)
"Ac Range" Switch......".l.....‘...'.l.......!..lQA(not on SR-al)
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CONTROL . S POSITION

"DC Range" Switch.....................SA

'y"Main Ammeter Range" Switch...........SOO

. "Joltage Relay Test" (DET) Switch.....Set "NORM" ERl

"Output #L-#2" SWAtCN...ceceieosoesss.tOUtpuUt #Z"L“

Testing for Pickup

1.

7.

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

-indicated on the nameplate and ground. BE SURE THE MAIN SWITCH
- I8 OFF.  CHECK THE. "POWER ON* LIGHT.~:'~ B

IConnect relay operating coil to terminals marked "AC Output #3"
on relay tester. _

' COnnect light 1eads from binding posts marked “Relay Contacts"
o trip: clrcult contact terminals of the relay.. o

: Turn "Power ON" Switeh ON. "power ON" light should glow.

Initiate unit by pressingv"Initiate“ Switch.,

ﬂaRotate "Main Control“ (clockwise) to 1ncrease voltage until

Continuity light flickers.
Record this value of voltage as plckup of the relay.

Testing Timing

1.

Connect the relay tester to a sulitable source of power.as
indicated on the nameplate and ground. BE SURE THE MAIN SWITCH
IS OFF. CHECK THE "POWER ON" LIGHT.

Connect relay operating coil to terminals marked "AC OQutput #3"
of the relay tester,

Turn "Power ON" Switch to ON. "Power ON" light should glow.
Initiate unit by pressing "Initiate" Switeh.

Set normal relay voltage (see relay nameplate) by rotating
"Main Control" (clockwise) to increase output. Read voltage
on voltmeter. :

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

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




10.

o 1.

12.

. 13.
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Turn "Voltage Relay Test" Switeh. to "Sét Fault” poéitidn;

Set fault relay voltage (over or under normal) by rotating
Taux. Control® (clockwise) to inerease ‘output. Read voltage
on Voltmeter. . (NOTE: Rotate "Aux. Control" until voltage
read on Voltmeter is approximately 2 volts higher than desired
test voltage.

Réset timer to 2ero.

Turn "Voltage Relay Test" Switch t:_q"Téz'.cst:"'_p_c:os.'it::Li:>'ri'."'  '=

" 'NOTE: " The fault voltage (over or‘under’normal)'aSaset in

Step 9, will be impressed on the relay operating
coil instantaneously. The timer will automatically
“start. SRR : ST :

When relay trip circuit contacts make, the timer will stop.
Read timer. Time shown indicates time in which the relay
contacts closed after impressingifault'voltage;f-Record this

time.

If desired, turn "Yoltage Relay Test" Switen back to "NORMAL".
Remove one lead from "Relay Contacts™ binding post.. Initiate

* unit by pressing "Tnitiate" Switch. Replace lead in "Relay

Contacts™ binding post. ‘Repeat:8§eps*8 through 12. for other

values of fault voltage.
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TYPICAL TESTS FOR INSTANTANEOUS VOLTAGE RELAYS
(Westinghouse Type SV, SV-1l) (General Electric Type PJV)

ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING

Type of Tests

Pickup
Dropout

SETUP_OF COVTROLS BEFORE TEST °

' CONTROL o o .'”' . POSITION

"Power ON“ Switch...l.l‘.l‘.........OOCOGOOOFF_-

'"Timer operation Selector” Switch..........UPPER-"N 0. MAINT "
" LOWER="CONT." -

"Main COREIOL™..vueessssascoecsossenssrssssZero (counterclockwise)

"Aux. Power" Switch....... feevteneenenee  JNINT M

"Joltmeter Range" SWwitch....vceesecessessas S0 that desired test voltage
may be read in upper 1/3
of scale

"Voltmeter Selector” Switch...eeeevesares..mA.C. 2"

"Aux. Selector” Switch.....eeverssssaessss s "VERN."

TAuX., ControlM... iieiaannaann e eeeeanaan Zero (counterclockwise)

"A.C. Range" Switch..cvvversrsosssasssrsssst0A (Not on SR-21)

"DC Range"” SWALCH...eeeeeensennens e 54

"Main Ammeter Range" Switch.....cveevve....500

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

"Qutput #l-#2" Switch................,,...."Outpué #2"

Testing for Pickup

1. Connect SR-51 to a sultable 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 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 circult contact terminals.
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furn "Power ON"- Switch-ON.-~"Power ONﬂ.lignt.and continuity

light should glow.
Initiate test set by pressing "Initiate" Switch.

Rotate "Main Control®” clockwise until continulty light is Just
extinguished. The "Aux. Control" may be used for fine adjustment.

Read pickup voltage on voltmeter. Record._

Continue to. rotate "Maln Control" clockwise until relay normal
voltage (on relay nameplate) 1s read on voltmeter.

Rotate "Main Control" counterclockwise ‘to decrease voltage
until the continuity light Just glows. The "Aux._Control" may

" be used as a fine adjustment.

'10. Read and record this value of voltage as dropout.

11. Turn test set OFF.
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. PESTS FOR. =~ o

GENERAL ELECTRIC PHASE SEQUENCE AND UNDERVOLTAGE RELAY (TYPE ICR)
| S OR o R

WESTINGHOUSE REVERSE PHASE RELAY (TYPE CP)

GENERAL

' Westinghouse Type CP and General Electric Type ICR relays are three-
phase voltage induction disc relays used to protect for undervoltage
.or phase reversal in AC systems. ‘

The CP and ICR relay electromagnets contain three (3) coils. When

the three (3) coils are energlzed, out-of-phase fluxes are produced
causing the disc to rotate toward closure of the high voltage contact.
The out-of-phase fluxes produced when a phase ls reversed, cause the
disc to rotate to close the low voltage contacts. Low voltage with
proper phase rotation may not produce enough- torque-on the disc to
overcome -mechanical tension in a spring and the low voltage contacts
will close. Pickup, Dropout and Operating Time of the relay may be
varied by adjustments, _

TYPE OF TESTS

Pickup =~ Minimum voltage to close Normally Open contact
Dropout - Maximum voltage at which Normally Closed contacts
will close . : :

Loss of One Phase '
Phase Sequence .
Timing

EQUIPMENT REQUIRED

Model SR-51 Relay Tester .
1-3PH Syntheslzer Accessory : _ o
NOTE: If Model CS=7 Phase Shifter and Phase Angle Meter
unit 1s supplied, 1-3PH Synthesizer is not required.
Refer to instructions on testing. of these relays
- +. .- 1n.CS=7 instruction manual.

ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING
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SETUP OF CONTROLS BEFORE TEST

“Power ON" SWitchooooo.oooooocoocoocuccuoooFF..

‘"Pimer Operation Selector" Switch.........UPPER-"N.O.MAINT."

~ LOWER-"CONT."

"Main COMETOL e v veccsesassasnssasesssessslero (counterclockwise)

pux. POWEr” SWiLCheseseessosasssvsnsessess "IN ©0

' "Yoltmeter Range" Switéh..,,;g;.,;Jg.;ﬂ.l,lsof o
nYoltmeter Selector” SWitch.ie.eesssossssss"EXT: AC"

']“Aux;-Contfoi“..;....;:.;;;g;;.;.;ﬁ.;.;;;;Zerof(counterclockwiSe)

MAux. Selector” SWALCN....ceceecesssssosss AC Output #3 150V

"AC Ranse" Switch...ﬁ..‘...'...OOOQOOCOOOO'IOA

- "Dc Range“ SWitCho o . o.:c: .f. c.o-o [} -.:_0 o s e’s o- o‘o_,.o . OOSA o .

"Main Ammeter Range™ SWitCh...eceeeseesse.5007

"roltage Relay Test" (DET) Switcheesoasso.Set "NORM" -

nOutpu‘b #l"#a“ S“itcn....ooo-ouooooo.o-'ooooutput #l
1-3PH Accessory

. "Balancen RN RN LR AR s -boo . u..:u_ .,.'. .nRed Dot . . .

sting Picku

Pe g p .

1.

Connect the SR-51 to a suitable source of power as indicated on
the nameplate and ground... BE SURE THE MAIN SWITCH IS OFF. CHECK
oD MBOWER ON® LIGHT. . T

Connect "AC Output #3" (yellow) terminals to yellow terminals
marked "Input" on 1-3PH accessory unit.

Connect white terminals "EXT.VM." on SR=51 to white terminals
marked "EXT. VOLTMETER 0-150" on 1-3PH accessory unit.

Using #18 flexible leads, make the following connectlons between
the 1-3PH accessory and the relay under test:

a - red terminal "A" to relay terminal for Phase 1l 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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Connect two #18 flexible leads from white terminals on SR-51
marked "Relay Contacts" to relay terminals which will permit
observation of operation of relay Normally Open eontacts. -

Turn "Power ON" ‘Switeh to ON. Amber pilot light should glow.

7 Initiate SR-51 test set. ~Press red "Initiate" Switch. -Red

light in switch should glow.

.Rotate "Aux. Control" clockwise until continuity light flickers.
Check AB=AC-BC switch positions for balance of voltage. Readjust

Balance of 1-3PH as necessary to get the three voltages as close
as possible._:

10. Record the average of the three voltages (AB—AC-BC) as pickup.

11. Turn "Eower ON" Switeh OFF. Return “Aux. Control" to zerc.

Testing Dropout

L.

2.

7.

Repeat. Steps 1-4. above

_Connect two #18 flexible leads from white terminals on SR-51
marked "Relay Contacts" to relay terminals which will permit

observation of operation of relay Normally Closed contacts.

~ Throw "Power ON" Switch ON.: Amber pilot light and green contin-
uity light-should glow.

- Press "Initlate" Switch. Red light in switch should glow.

Rotate MAux. Control" clockwise until continuity light extinguishes

1 Check AB—AG-BC switch positions for balance of voltages. Readjust

balance of 1l-3PH as necessary tc get the three vcltages .as close
as possible.

Record the average of the three voltages-as dropout.

Testing Loss of One Phase

1.
'20

Repeat Steps. 1-4 under. "Testing Dropout"

Rotate. "Aux.,Contrcl" clockwise until rated voltage hes been
applied to relay coils. Continuity light- should be extinguished

Check AB-AC-BC switch positions for balance. AdJust as necessary.

. Carefully remove lead from red terminal "A" on l- 3PH accessory.

After a few seconds, the green continuity 1light should glow.

Turn "Power ON" Switch OFF. Return "Aux. Control"” to zero.
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Testiﬁg ‘Phasge Sequence

1. ‘Repeat Steps 1-3 under M"Testing Loss of One Phase“.,

2. Carefully interchange the connections on the 1-3PH accessory.
Lead connected to red terminal "A" should be moved to yellow
terminal "B" and lead on yellow terminal "B" moved to red
terminal "A". . _ .

3. - The movable contact on the relay should make the low voltage
: - contact. The green continuity light should glcw. o ‘

4. Replace "A“ and "B" test 1eads in proper sequence.
IS;JHTurn "Power ON" Switch OFF. Return "Aux. Control" to zero. -
Testing Timing B

1... Repeat Steps l-# under testing "Dropout". -

2. AdJust "Aux. Selector” switch on test set to "Y.Rly" position.
3. Change "Output #l-#2" toggle switeh to "Output #2" position.
4, Turn "Aux. Confndl" fully counterclockwise to‘tero;’;”'.

5. Turn "Power ON" Switch ON. Amber 1ight should glow._'Green-'
continuity 11ght should glow. e

6. Initiate unit by pressing red "Initiate" switeh. - Red light
- ... should glow 1in switch. E e o

7. Rotate "Main Control" clockwise until rated voltage 1s impressed
- across relay. Check balance and readjust 1f necessary." Green
light will be extinguished. :
8. Reset timer to zero with reset button.

9. Adjust "Timer Operaticn Selector" Switch LOWER to "Timer" _
position. T

10. Turn "Voltage Relay Test" switch to "Test"‘pésition.'

11. When timer stops, test is complete. ‘Read timing value on timer
and record. , B I ‘

12. Turn "Power ON" switch to OFF.

13. Hemeve all“peet,;eadef___ o
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. - . PERCENTAGE DIFFERENTIAL RELAYS R
" {Westinghouse Type CA) (General Electric Type IJD)

GENERAL

This relay compares two similar currents in a circuit, l.e.

. primary and secondary current of a transformer.  Since the relay

~ compares two currents, it 1s connected to two current transformers.
‘That portion of the circuilt between the two CT primaries is referred
to as the relay's "zone of protection”. The percentage differential
relay operates to close 1ts trip clrcult contacts and trip. a

circuit breaker(s} whenever it senses an abnormal condition within

-~ the Mzone of protection". The degree of unbalance or abnormality

- the relay may tolerate is a function of the relay's design.
(1.e. 5%, 10%, 25% or 50% differential)

The simple percentage differential relay has two restraint colls
and one operating coll. The operating coil is common to the two
restraining coll circuits. Under normal conditions, the currents
in the operating coil produce torques that are equal in magnitude

but opposite in directlon and thus cancel:

. Under fault conditions, these currents in the operating coll become
unequal and produce an operating torque on the disc. When the
differential current. reaches a predetermined amount, as: governed
by relay design, the relay trip circult contacts close.

. TPEST PROCEDURES

ALWAYS REFER_TO MANUFACTURER'S LITERATURE BEFORE TESTING

Type of Tests

Time Current Characteristies = . - -
Through Fault .
. Slope {(Cannot be performed with SR-21)

SETUP_OF CONTROLS BEFORE TEST
__CONTROL __ | - POSITION

Z"Power_ON".SWitCh.i....,wy:....u1.¢.@3¢.r.,..}1f.0FF(,4

"Timer Operation Selector" SWitch....e.esvesesss UPPER="N.O.MOM"
" LOWER~-"CONT"

.'“Main'controi"(ro;r;rmrf‘oar-wrr;tooo;gooil'f;Lﬁ;zero.(counter“
: . AR , . clockwise)

"Aux- Power" SWit_Choop_-.-o-.o'-_coto-oc‘_ooo'o .Ifo._oo.‘o_"_INTcn

"oltmeter RAnge” SWALCH...uesessesosoronsnsseassa300




3 - 48
GoNTROL ... . POSITION

"Woltmeter Selector“ Switch..............,,,,,_ "EXT. A. C‘.n
"Auxc Selectorn Switchoo.oo-cdoocoocooooo‘ooo.. UEHNO _..Y

- “Aux. Control .................................Zero (counterclock-
- 7 wise)
_"A c Range" SWitch.oo...-o-..-..oo-......-...-lOA (Not On SR-gl)

"Dc Ransen switch.G..........C........C..OOOCSA

'"Main Ammeter Ranse" Switch....................So that desired test
© . current may be read in UPPER
©1/3 of meter scale

_ c““Voltage Relay Test"(“Direct. Element} Switch...Set "NORM"'“ ,
ﬂoutput #1-#2" Switcho.D....OCUOQOOOOOOOOOQCOOCQOutput #1

Testing Pickup

“_1Q Connect the MULTI-AMP relay tester to a sultable source.of
' power as indicated on the nameplate and ground. BE: SURE THE
MAIN SWITCE IS OFF.- CHECK THE "POWER ON* LIGHT.~ L

2. Connect operating coil and one restraint coil of relay to
"output #1" of the test unit., Connect to ‘right-hand Common and
10 volt tap._

3. Connect light 1eads from binding pcsts marked "Relay Contacts
to trip e¢ircult contact terminals of the relay.:
NOTE: This relay usually has one moving contact and two fixed
contacts. Use terminals fcr mcving contact and one of
the fixed contacts.

4, Select proper ammeter range so that expected pickup current will
be read in UPPER 1l/3 of Main Ammeter scale.

5. Set "Timer Operation Selector Switch UPPER to‘“N 0. MAINT.®
- LOWER to "CONT.". . T

6. Turn "Power ON" Switch ON. "Power ONﬁzlight-shculd glow.

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

8. Rotate "Main Control" (clockwise) to inerease output until

' relay picks up and Continuity light flickers. ‘Mpux. Control"
"may be used for fine adJustment. Read and record current.

9. Move one light lead to relay terminal for- other fixed contact
of the relay and repeat Steps 4 through 8
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Testing Time Current Characteristies

1.

Connect the MULTI-AMP relay tester 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.

Connect operating coil and one restraint coil of relay to
"Output #1" of the tester. Connect to right-hand Common and

~ 10 volt .tap..

Select proper”ammeter raﬁge; Set ammeter"Preaéet mechanism

" 1/2:division below desired test. current.T.(See_“Cnrrent_Metering

| Circuit")

Turn.- "Power‘ON"'Switch ON. "Power ON". 1ight should, glow.

. 8et test current desired by Jjogging unit with "Initiate" Switch

and rotating "Main Control" (clockwise) to ‘increase output.
Use "Aux..Control" for fine adJustment. (See “Current Metering
Circuit")

*'Connect light leads from binding - posts market ‘"Relay Contacts"

to trip circult contact terminals of the relay (terminals
for moving contact and one of the fixed contacts).

 Set "Timer Operation: Selector" Switch UPPER-to "N.0.MOM",

. LOWER-"FAST TRIP".

10.
- 11.

[ -2

“"Reset. timer to zero. with “Timer Reset"button-___;

.Initiate unit by gressing and holding "Initiate" Switch.

As soon as timer stops, release Initiate" Switch.

Read timer. Time shown is total time of test.

‘Disconnect lead from the restraint coil of relay and connect

to the cther restraint coil._

Repeat Steps 7 through 10.

~ Testing “Through Fault"

l.

Connect the MULTI—AMP relay tester to a suitable source ox power
as indicated 'on the nameplate and ground. "BE SURE THE MAIN
SWITCH IS OFF. ' CHECK THE !"POWER.ON" LIGHT. _

Connect "Output #1" of relay tester to restraint coil terminals
so that current flows through the colls in series. Connect to

_-right-hand Common and 210 volt tap.p_

Select proper Ammeter Range on Main Ammeter._?,'
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Set "Timer Operation Selectbﬁ" Switéh UPPER £o "N.O. MAINT.“,

" LOWER to "CONT.*, -

Turn "Power ON' Switeh ON. "Power ON" light should glow.

‘Initiate unit by pressing "Initlate" Switch.

Rotate "Main Control" (clockwise) to increase output to desired

..value. Read current on ammeterr(approx;matgly 20 amperes).

Manually turn relay disc forfévidence=0f-resﬁraint;; Turn
"pPower ON'" Switch OFF. S

Testing Slope (Cannot be performed with Model SR-21) -

1.

‘Connect the MULTI-AMP relay tester to a sultable source of

power as indicated on the nameplate and ground. BE SURE THE

MAIN SWITCH IS OFF. ' CHECK THE "POWER ON" LIGHT.

.. Connect "Output #1" of the relay tester to restraiht coll

" terminals so?currentffloWS“through”thémfin'series1;~Use right=-

hand Common and 10 volt tap of "Output #1%.

. .Connect light leads rroﬁ binding posts markéd'“Relay Contacts"
" to trip circult contact terminal of the relay. (terminals

for moving contact and one of the fixed contacts) ..

Select proper Amméter Range on "Maianmmeter"'for;larger-
currents desired._( 20 to 30 amperes depending on percent
differential of relay). =~ -~ o . o0 o0

Turn "Aq;, Selegtor“ Switch to “ZumAC-B“ posiﬁionQv

Connect operating coil and one restraint coil of rélay to
terminals marked "AC Output #3". ‘Instantaneous -* of "Output #1"

.and "AC Output #3" of the relay tester should be connected to

same relay terminal. NOTE: On Westinghouse Type CA relay .
"AC Output #3" must be connected to operating coll .and untapped
restraint coil of the relay. ‘ ,

Set "Timer Operation Selector” SwitCh'UPPER'to "NIO;‘MAINT.“,

. LOWER to "CONT". :

Turn "Power'0N“"$ﬁitch:0N;hT“?bwérfoﬂﬁ'lightIShduld glow.

- Inipia;g'unit'by]preSsing-?Initiate"'Switch.-

Rotate "Main Control" (clockﬁiée)lto.increasé.oﬁtput from
"output #1" to desired value of larger current. Read current
on Main Ammeter. - S ' e




11.

Rotate "Aux. Control" (clockwise) to increase output from
"A,.C. Output #3" until Continuity light flickers. Read
Differential Current on secogd Ammeter. :

Ir desired,ﬂtést;mayzbe»réﬁeéted-for opﬁééiﬁé;feStraint'coil
by disconnecting test leads from operating coil terminal and

© vfipst ‘restraint coll- terminal and reconnecting test leads to

opposite restraint coil terminal and operating coil terminal.
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. PERCENTAGE DIFFERENTIAL RELAY =
(WESTINGHOUSE TYPE CA-5)

GENERAL

The CA~5 Percentage Differential Relay consists of one restraining
element with two windings, and one operating element. The cperat-
" ing element 1is energized through an external -auxillary current
‘transformer. . ‘Taps to control the sensitivity of the relay are

- located in this external transformer. C o _

The unit operates on the induction disc principle with both electr-
omagnets operating on the same disc. The front electromagnet is the
restraining element and the rear electromagnet 1s the operating

celement.

Testing

NOTE: This test procedure specifically appllies to the Westinghouse
Type CA-~5 relay used for transformer or generabtor differential. .
Refer to Westinghouse Bulletin I.L. 41~339.1B for detalls.
This relay is used in conjunction with an auxiliary current
transformer. This same auxiliary current transformer must be
in the test circuit.

Type of Tests

Pickup - Operating Coil
Percent Slope Characteristics

SETUP OF CONTROLS BEFORE TEST

CONTROL POSITION

"Power On™ Switch.vsceeesssessncssss OFF

"Timer Operation' Switeh............UPPER ~"N.O. MAINT."
LOWER -"CONT."

"Madn CONErOLMeeeesercevesacssresssslero {(counterclockwise)
"Aux. Power™ SwitCheisseacesocecesso"INT"

"oltmeter Range” Switch..esevees...300

"Voltmeter Selector"” Switch........."EXT. A.C."

"pux. Selector Switch....eceseessss."AC, #3 = 24 V"

TAUX. CONETOLM. cveeeanacaeseessesssalero (counterclockwise)

"ACC. Ranse" Switch'....‘......‘....lOA
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CONTROL . POSITION

"Dc Range" SWitchootoooooooocunooosA

"Main Ammeter’ Range" Switch.........SOOA e

"Voltage Relay Test"(DET) Switch....Sety"NQRM3

" "output #1-#2" Switch...............Output #1

Testing Pickup

1.

10.

Connect the SR-51 to a suitable source of power as 1ndicated on

’‘the ‘nameplate and ground. 'BE SURE THE_MAIN_SWI?CH IS CFF. . CHECK

THE "POWER ON" LIGHT.

< the auxliliary current transformer.

Connect the operating coll of -the. relay to the "R" terminal of

Connect:theiprimary winding of auxiliary current transformer (Io
Terminals) in series with one of the relay restraint coils,

Connect this series circuit to "AC Output #3" binding posts of

the test set. An external milliammeter capable of reading currents

‘between 0.145 and-1.0 ampere must be in this. circuit

Connect test set "Relay Contacts" binding posts to relay trip

- eircult contacts terminals. .-

3et -tap on auxiliary current transformer to 19

Turn "Power On" switch "ON". "Power On" light should glow.

‘Initiate test set by pressing "Initliate" switch.

Rotaté "Aux. Control" clockwise until continuity light flickers.

Read and record the value of current indicated on the external
milliammeter as pickup.

Turn test set off.

Testing Slope Characteristics =

1.

Connect the SR-51 to a suitable source of power as indicated on
the nameplate and ground. BE SURE THE MAIN SWITICH IS OFF. CHECK
THE "POWER ONY LIGHT.

Connect 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.)




6.

7.

8.

9.

10.
1il.

12.
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Connect the primary winding of Auxiliary Current Transformer
(Io Terminals) in series with one of the relay restraint colils.
This series circuit should be connected to "AC Output #3"
binding posts of the test set. -

Connect the relay two restraint coils in serles: ta "AC Qutput #1"
of the test set. NOTE: Polarity (i) terminals from both outputs
of the test set should be connected to the same relay restraint

eoll terminal.

Connect test set "Relay Contacts" binding posts to relay trip

. eirceuit contacts terminals.
‘Set "Main Ammeter Range" switch so that test current through

the relay's two restraint coils may. be.read in upper 1/3.of scale.

'Turn “Power On™ Switch “ON" -Power. "On" 1light - should glow.

Initiate unit by pressing "Initiate" switch.~

Rotate: "Main Control“ olockwise until desired test current is
read on main ammeter (suggested 20 amps. )

Rotate “Aux. Control" clockwise until continuity light flickers.

Read and record currents indicated on both ammeters.. Compare to
relay manufacturer s specifications.

Turn test set off.
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PERCENTAGE DIFFERENTIAL RELAY
.- {Westinghouse Type CA-6)

The CA~6 Percentage Differential relay 1is usually applied for the
protection of multi-circult buses. The relay operates on the in-
duction dlsc prineciple and consists of four (4) electromagnets
operating on two dises which are fastened to the same shaft. Three
of the electromagnets are restraining elements, each of which has
two separate windings connected to receive secondary currents from
the various current transformers. The fourth electromagnet is the
operating element with its winding connected to receive the differ-
-ential or unbalance. current through an auxilliary current transformer.
"The sensitivity of the relay 1is controlled by taps on the auxiliary
current transformer. E : )

TEST PROCEDURE i o
NOTE: 1Thisftestuprééedufe'spécifidélly applies to the Westinghouse

o Type CA-6 relay. used for transformer or bus differential. Refer to

‘WestinghousefBulletinII;L;”41-337.l“ror”déﬁéils,'”This relay is
used in conjunction with an auxiliary current transformer. This same
auxiliary current . transformer must be in the test circuit.

Type of Tests |

. Pickup - Operating Coll

Restralint Characteristics

'SETUP OF CONTROLS BEFORE TEST ~~ =
CCONTROL. o pgemmran

"POWQI’ ON" Switbhot'..toooiclDIOODOOOOOFF

"Timer Operation Selector" Switeh.....UPPER = "N.O0.MAINT."
o - ~ LOWER = "CONT."

"Main Control".................;;.Q...Zérd'(coﬁntercloékwisei
“Aux;'Powéi“'Sﬁibdh.;;.}..;;:..;.:;..."INT.""

'"Voltmeter Rangé" Sﬁitch.(..;ﬁ;.;;..i}300'
'rﬂVOitmeﬁef"Séléétéiﬂ;Swiﬁcﬁ,;;Q..Q}.;;Exr;'AC

"Aux. ‘Selector” Switch.,..,,..,.,..,.J"AC 3{25"

"AuX. Coﬁﬁrol"...;.;.{;;;;.;i;;w.ILwQ.Zeré’(cOuntércloékﬁise)
"AC Range" SwWiteh...eveeeeveseensenes.10A

"DC Range" Switch...............2.‘...SA
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CONTROL © e T pOSTTION

. "Main Ammeter Range” Switch-"-ffff9-*f*5°°Akh.~

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

 nOutput #1-#2" SWAtOR......ieessieese...0UEPUE #1

- TPastin .Piékﬁ “.Q _ ' o _ _ o o
' _,fl.,,Caneét Model SR=-51 to & suitable source of poWérhas.indicated

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

NOTE: This is a polarized relay and polarities must be observed.
"7 The relay even numbered terminals on the restraint coils
_.apre polarity (%). Facing the auxillary current transformer,

athé,FR“'terminalsfare“thefSecondaryfwiﬁding*andvthe“I ‘term-
inals are the primary winding. The rightéhand”termingls of
both "R" and "I " are polarity (%). - The odd numbered terminal
of the relay opgrating coil is connected to the right-hand
terminal of "R" auxiliary current transformer.
2. Connect operating coil of relay to #R" terminals of the auxiliary
current transformer. (Observe polarity. See NOTE)

3. Connect the I, terminals of the auxiliary current transformer to
the "AC Outpug #3" binding posts of the test set. (Observe
polarity. See NOTE.). An external milliammeter, capable of

~ peading as low as 0.145 amperes or.as high as 1.0 amperes, must
be in this circult.

4. Set tap on auxiliary current transformer to 19.

5.. Connect test set "Relay Contacts" binding posts to "Relay Trip
. Circuit" contacts terminals. _

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

8. Rotate "Aux. Control" clockwise until continuity llght flickers.
Read this value of current on milliammeter and record as pickup.

9. Return all'coﬁtrols to zero and de-energize test set. . Remove
external ammeter. Do not disconnect any other leads.

L ——
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Testing Restraint Characteristies -

SETUP OF CONTROLS BEFORE TEST

CCONTROL: - - i o .- . POSITION

"Power ON" Sw.itch.....C.l..‘ﬁ.......'.“.“. .OFF

"pimer Operation Selector" Switch......UPPER - "N.O. MAINT."
T . LOWER - "CONT.™"

n,yMain_gontroln‘t,,,,,,w,.,,..,,,,,,-...Ze:op(gountgrclogkwise}N

 "Woltmeter Range" Switch..iccovesessss 300

"Voltmeter Selector” Swiﬁch.;}.Q,;;}.;}ﬁEXT,_AC“I
"aux. Selector” SWLtCheceecsessosseasossPAC #3248V

MAUX. CONETOLTevissesenevesasnssessassssderg. (counterclockwise)

“Ac Range" SWitchooootcacocooc-ooo.oousloA
"Dc Range" Switch..........C‘....'..'OISA

"Main Ammeter Range™ Switch.....sss....50 that desired test current
. ‘may be read on upper 1/3 of

scale.
"Voltage Relay Test"™ (DET) Switch......Set "NORM"
"Output #1"#2"8“1t¢h0 de st esr et i -Output #1

1. Connect SR~51 to a suitable source of power and ground. BE
SURE THE MAIN SWITCH IS OFF. (CHECK THE "POWER ON" LIGHT.

2. Connect all six relay restraint coils in series. Observe
polarity. (See NOTE above)

3. Connect the series circuit of the six relay restraint colls
to "AC Output #1" of the test set. "AC Output #1" common
terminal () to polarity terminal of relay.

4, Connect operating coil of relay to "R* terminals of the
auxiliary current transformer. (Observe polarity. See NOTE)

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




11.

354

‘Set auxiliary current transformer tap to 19, . . -

Connect test set "Relay Contacts" binding posts to relay trip

circult contacts terminals.

Turn "Power ON" Switch ON. "Power ON" light should glow.

Initiate:tést'Set'by’pressing "Initiate" Switch.

Rotate "Aux. Control" clockwise to energize relay operating coil
circult with a value of current equal to 1/2 tap setting of
auxiliary current transformér. Continuity light should glow.

Rotate "Main Control" clockwise to energlize the relay restralnt

coil circuit until the continuity light flickers. Read and
record this.value of current. S g .
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DIFFERENTTAL VOLTAGE RELAY
. General Electric Type PVD

This relay 1s a high speed bus differential relay which contains
two operating units connected in parallel.: 'One of the units (known
as 87L) is an instantaneous voltage unit having a high impedance
operating coil connected across the dc terminals of a full wave
rectifier. The rectifier is connected in series with a reactor-
capacitor combination tuned for resonance at rated frequency. The
other unit (known as 87H) is an instantaneous overcurrent unit with
a low impedance operating coil which is connected in series with
Thyrite resistor stacks. Both of these units are connected in
parallel with the secondaries of all current transformers on all the
circults associated with the bus to be protected. The current
transformers should all have the same ratios.

The purpose of the 87L unit is=tb'alloﬂ”déSignétiontof,the minimum
_ :internal_fault that will operate the relay to trip all circult
. breakers associated with the protected bus. The purpose of the

87H unit 1s’ to provide instantaneous operation for .extremely severe
internal faults. - o :

~ Testing General Electric Type PVDIIC Relays: - |
Note: Set both the 87L and 8TH units 1n'16w rahge{ -
ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING
Tests ’ | -

1. Pickup of 87L element

2. Pickup of 87H element -

N 3. Testing leakage of Thyrite

Testing Pickup of 87L Element

SETUP OF CONTROLS BEFORE TEST

,KCONTROL' ' '-"' - .- POSITION-

 WPower ON™ SWLtGh..esssseseersass OFF o

"Timer Operatipn_Seieétorﬁ.Swiféh.UPPEﬁ;"N.O.MOM“, LOWER-"CONT*
"Main Control.......;; ....... .;...Zerb.(counﬁéfcléckwise)

"Aux. Power" Switch....eeeeeeesss"INT."

"Yoltmeter Range" Switch........ ..150

"Voltmeter Selector" Switch.......AC=3

"Auxc SEIGC'COI'"SWitCh. ------- e Ac-’3—150




5.5

CONTROL . POSITION

"Aux. Control"..ceeeiieicniaiisoaea Zero (counterclockwise)
MAC Range" SWAtCh..esveersccieesesenl0A o
- "DC Range" Switch..a.;u.‘..};;,,,:.;SA -
‘"Main Ammeter Range" Switch.........5008
"Voltage Relay Test"(DET) Switch....Set "NORM" =
: "output #1"’#2“ | SWitCh. .._v LR oo » oo o:o T .Output #l L
1. Connect 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. - T
2. Comnect "AC Output #3" binding posts of the test set to the
o epalay-terminals so that the relay 8TL unit operating coil
eircuit may be energized. o
3. Jumper the relay terminals so that the relay 87H operating
colil ecircuit is connected in parallel with the 87L operating
¢oil eircuit., : o IR : _ ‘

4, - Connect the "Relay Gontacts"-binﬂing-posts of the test set
to the trip circult contact terminals of the relay.-

5. Turn "Power ON" Switch ON. "Power ON" light should glow.
. 6. 1Initiate unit by pressing'and°h61d1ng.vznit1ate" Switch.

7. Rapidly rotate the "Aux. Control™ clockwise until the volt-
meter indicates an applied voltage approximately 25 volts
 “higher than setting of the relay 87L unit. The Continuity
1ight should glow. Release the "Initiate" Switch,

- 8. Jog "Initiate" Switch while reducing applied voltage by
rotating the "Aux. Control" counterclockwise. - Determine min-
imum voltage which closes the relay 87L trip circuilt contacts
as indicated by the Continulty light. ' :

g. Reéord this value of voltage as pickup of 87L element.
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Testing Pickup of 87H Element

SETUP OF CONTROLS BEFORE TEST

CONTROL - R POSITION

"POWEI‘ ON" SWitchqco‘t-‘-ooooo-ooc..o.OFF .

- "Pimer Operation Selector" Switch...UPPER-"N.O.MAINT", LOWER-"CONT"

TMain CONErOl.s.ceisssssaessesessss Zero (counterclockwise) .

“Aux. Power“ S‘q‘itchQ L] '. C.‘. .I-. .. LR D 0 B B OQ"INT“

n"yoltmeter Range" Switchi....eeoses...300

"Voltmeter Selector” Switch........."EXT. AC"

Waux. Selector” Switch..eeeessesses VERN

“Aux.-Controlw,g....;..‘,......m.%,,Zenq,ﬁcounterclockwise)-

"AC Range” SWitch.....cciceecessaseasl0A

"DC Ransen SWitch.. YRR R ] -SA .

"Main Ammeter Range" ‘Switch.........S0 that test current will be.read

in upper 1/3 of ammeter scale

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

"Qutput #l-g2n Switch...;;...,....;;“Ouﬁput #1m

1.

Connect the test set £o a suitable source of power as -indicated

on the nameplate and ground. BE SURE THE MAIN SWITCH IS .QFF.
CHECK THE "POWER ON" LIGHT. & ;
Connébt'thé“test'set*“O&tpﬁt #l“*bindingfposts_toathe-réiay g
terminals so that the operating coil of  the relay 87H unit

may be energized with the Thyrite resistor disks cut of the circuit

Corinect the "Relay Contacts" binding posts of the test set to th
trip circuit contacts terminals of the relay. :

Turn "Power ON" Switch ON. "Power ON" light should glow. .
Initiate unit by pressing'"znitiéten SwitCH{'f' : CL

. Slowly inecrease current to .the relay operating coil by rotating

"Main Control" and "Aux. Control" clockwise until Continuity
light glows.

Record this value of current as "Pickup" of the 87H unit.
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Tasting Thyrite Leakage

SETUP OF CONTROLS BEFQRE TEST

CONTROL . - SR POSITION

"Power ON't Switch.........‘...;........CCOFF

nmimer Operation Selector™ Switch.......UPPER-"N.O.MAINT", LOWER=-"CONT"

MMAIn CONEIOLlMeeereseoeonassssasnsessesslero (counterclockwise)

"aux. Power® Swiltch...eocesesecosseseseee TINT?

"Voltmeter Range" SwWwiltchecovovaaosssesesl50:

ﬂVbltmeter SEIQctorn SwitChoocfoooooowooDci'”I ”

Taux. Selector” Switch.ecsessscessensesselB0 DC 0

"Aux. COntrol ..........................Zero (counterclockwise)

"Ac Range Switch."...'.....‘.’........lOA

"DC Range” SWAtCHeeeeesessnessesosscsnss0.58.

”"Output #1-#2 SWitch.ooootoooooooooo-oo-output #1-

"Main Ammeter Range“ Switch.............SOO

“Voltage Relay Test“(DET) Switcn...;....Set "NORM"

1.

,3;

4,
50

'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.

Connect the "DC Output™ binding posts of the test set to the

‘relay terminals so- that thé Thyrite resistor. disks may be
‘independently energized. . A'0-15 milliampere- DC meter should
-be connected in series with this circuit. G Co

Turn "Power ON" Switch ON... "Power ON".light should glow._
Initiate unit by pressing “Initiate" Switch.

Rotate TAux. CQntrcl" (clockwise) to increase output to'~
120 volts de. : , ,

~ ‘Read current on milliammeter. Compare-with:relayﬁmanufacturer's

specifications.
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PILOT WIRE RELAY

GENERAL o | o
The CPD relay 1s 2 éingle_element pllot wire relay. Two (2) of these
relays, one at each énd of a power line, and a two-wire pilot wire.

circult between the relays,. provides protection for both phase to _
phase and phase to ground faults over ‘the entire length of the power

iine. The basic components of the relay are the relay unit, a
tapped autotransformer and an input’ transformer. e S

The relay unit is of the induction cylinder classification. " This unit
has directional qualities.

The tapped autotransformer transforms three-phase and ground currents
into a single phase current which energizes the primary of the _
input transformer. The secondary voltage of the input transformer -
is polarized and is applied to the relay unit restraining coils. Any
pilot wire current must pass;through~theygg%gy_unitJoperating_cqil,

The pilot wire scheme operates on the opposed voltage principle and
on normal operation or with a through-fault, no current flows through
the pilot wire. For a fault on the power line within the protected
section, the voltages at the opposite ends of the pllot wire become
additive and relatively large currents pass through the pilot wire.
relay operating coils to close the relay trip circult contacts.

Test Procedure

ALWAYS CONSULT MANUFACTURER'S INSTRUCTION LEAFLET FOR PROPER CIRCUIT
CONNECTIONS AND INFORMATION ON CHARACTERISTICS BEFORE TESTING..

Type of Tests

Pickup.Phase A to Neutral.
Pickup Phase A to ' C
Pickup Phase A to B
 Pickup Target and Seal-In

SETUP_OF CONTROLS BEFORE TESTS

CONTROL e e pOSTPION

N Dower ON"™ SWAtCh..seeesssosssensnssansss OFF

"Timer Operation selectqr"_sWitgh.........UPPER~"N.0.MAINT;"
S o LOWER-"CONT . e

"Main Control...... eeieierieiiasasssdsiesZero (counterclockwise)
"Aux. Power" SwitCheseeseesceccsonsacesas"INT."

"voltmeter Range" SWitcho ...l..l........""300!'
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CONTROL_ S poSITION

"Voltmeter Selector” SWALCH . s veeesecassss "EXT, AC"

"Aux. Selector" SWltCheooossoossscessasss VERN."

"Aux. Control" ......................;....Zero (counterclockwise)

"Ac Range“ Switch..l‘.;...‘.C.‘.....‘....l‘loAr

"Dc Range" SWitchtcoooooqooooooooooonoooo SA

. "Main Ammeter Range”. Switch..........,,..So that test current may be

“pead in UPPER 1/3 of scale;

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

"Qutput #l-#2" Switch...................'Output #1"

.Testing Pickug Phase A to Neutral f,,

le'

Connect Model SR-51 to a sultable source of power as indicated on

- the nameplate and ground. BE SURE THE MAIN SWITCH IS OFF.

- CHECK THE "POWER ON" LIGHT.

10.
11.

12.

" Connect moutput #1" of SR751 to relay terminals so as to pass current

"phase A" to "Neutral”.

Connect Continuity light so as to observe action of front relay

trip circuit contacts.

. Turn. "Power ON™ Switch ON.35FEower_oNf;light;ebould“glow; .

Initiate unit by pressing "Initlate" Switch.

Slowly increase current by rotating '"Main Control” and “Aux.
Control" clockwise until Continulty 1ight glows. Record this
value of current as pickup.

Open Continuity light circult to de-energize relay trip circuit
contact holding coil.

Adjust "Timer Operation Selector" Switch to UPPER-“N 0 MOM.

Set test current to 5% of value recorded 1n Step 6 by Jogging
“Initiate" Switch.

Adjust "Timer Operation Selector" Switch to UPPERw"N 0. MAINT.".

Reconnect Continuity light to observe ciosure of relay back trip

circulit contacts.

Initiate unit. Continuity light should glow.
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Pickup Phase A to Phase C

1. Follow Steps 1 through 12 above except "Output #1" of relay test
set is connected to relay terminals: so as to pass current :
~Phase A to Phase c. .

Pickup Phase A to Phase B

1. Follow Steps 1 through 12 above except I"Out:px.r.t: #1":of'relay¢test
set 1s connected to relay terminals 80 as to pass current
Phase A to Phase B. I : :

Pickup Target & Seal-In

1. Block relay trip circuit contacts closed and follow normal pro~_
- cedure for DC Target pickup.;--v' : _ -

”ineeeecing-this-eeief;’iﬁ-is.ﬁeeeeseéfﬁtﬁeﬁ~the -
“relay terminals. coanected co the pilot wire isolating
transformer should be shorted :hrough a suitable j o
~ resistor. The value of the resistance should be
.approximately equal to: the resistance of the pilot-

wire,
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PILOT WIRE RELAY

(Westinghouse Type HCB)
- . o e

The HCB relay is a three-phase.high speed pllot wire relay designed
for simultaneous tripping at the terminals of a power line., The .
power line three-phase currents energize the relay operating circults
through current transformers and are converted by a combination posi-
tive and zero sequence filter into a single phase output voltage.
The single-phase output voltages from the HCB relays which are located
at each power line terminal, normally have polarity to cause a
circulating current through the pilot wire. When a fault occurs be=-
tween the terminals of the power line, polarity of the single-phase -
output voltage from one of the relays will reverse, causing the two
single-phase output voltages to oppose each other in the pllot wire.
Therefore, the output voltage of each relay is bypassed through the
relay operating coil causing relay trip cirecult contact closure.

The relay moving contact is attached to a pivoted armature on a

':‘magnetic'framé“whiCh*cdntainsfboth.an}electrcmmagnet*and & permanent

magnet. The electro-magnet has two (2) concentric coils connected in
opposition, so that one 1s used as'a restraining winding and the other
an operating winding. The restraining winding sets up a magnetle
field, which in conjunction with the field from the permanent magnet,
nolds the contact in the Normal Open position. The operating winding
produces a magnetic field which acts to move the armature in the

relay trip circuit contact closing direction.

TEST PROCEDURE

ALWAYS CONSULT MANUFACTURER'S INSTRUCTION LEAFLET FOR PROPER CONNECTION:
AND INFORMATION ON RELAY CHARACTERISTICS BEFORE TESTING. -

Txpe.of Tests

Phase to Neutral Pickup
Phase to Phase Plckup
Target and Seal-In Pickup

SETUP OF CONTROLS BEFORE TEST

CONTROL POSITION

"power ON" SWitCheeescecscssosascsessesesesss OFF

"Pimer Operation Selector” SWitCheesoensses UPPER="N.O. MAINT."
LOWER=-"CONT."

MMain CONETOLM . eesesvascssssssssssssssesseselPO (counterclockwise)
"Au. Powerl' Switch..‘..OOOQOOOOQOQOOOIOOOOC“INT'".

"voltmeter Ra-nse" SWitcho 'Y EEREEEX NN N N NN "300"
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CONTRCL R T IR POSITION

"Voltmeter Selector“ Switch.............. "AC. EXT.

"Aux. Selector" Switch...................'VERN "o -
"Aux..Control ...........................Zero (counterclockwise)
"AC Range“ Switch........................10A |

'"Dc Range" Switch.........................SA

"Output #1-2" Switch..................... Output #l"

"Main Ammeter Range" Switch..............So that test current ‘may be
PR _ read in UPPER 1/3 of scale

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

I Testing Phase to Neutral Pickug o

'l. Connect Model SR-Sl to atsuitable source of power ‘as indicated
on the nameplate and ground. BE SURE THE MAIN SWITCH IS OFF.
. CHECK THE "POWER ON™ LIGHT. it e
2. Connect "Output #l" of SR-51 to. relay terminals so ‘as to pass
current "Phase A" to "Neutral"

3. Connect. Continuity light to observe acticn of relay trip circuit
contacts. T L e

4. Turn "Power ON" Switch ON. "Power ON" light should glow.‘“‘

5, Initiate unit by pressing "Initiate" Switch.

6. Slowly increase current by rotating "Main Control” and "Aux.
Control" cloekwise until Continuity light glows.

7. Record this value of current as plckup.
8. Repeat for "B" to Neutral and "C" to Neutral, .

Testing Phase to Phase Pickup .

Repeat - Steps 1 through 7 above except that: "Output #1" of SRuSl is
connected to relay terminals so as to pass current Phase B to Phase C
in series. . _ e

8. - ‘Increase current until neon light glows. Record .value.
9. Repeat for Phase "C" -« "A" and Phase "A" - "B".,

Testing Target and Seal-In Pickup .

- Block relay trlp circult contacts closed and follow test procedures

for testing DC Target and Sealnln.r--~~-
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. TRANSFORMER DIFFERENTIAL RELAY WITH

“PERCENTAGE AND HARMONIC RESTRAINT
" (General Electric Type BDD)

GENERAL

The Type BDD relay is a single-phase transformer differentlal relay
provided with the features of percentage and harmonic restraint and
has a sensitive polarized relay as the operating element. Percentage
restraint permlts accurate determination between internal and external
faults at high currents. Harmonic restraint enables the relay. to =
distinguish, by the difference in waveform, between the differentlal
current caused by. an internal fault and that caused by transformer:
magnetizing inrush. _ .

The Type BDD 15 relay is designed to be used for the protection of
two=-winding power transformers and has two (2) through-current restraint
circults and one (1) differential current cirecult. .. - -

The Type BDD 16 relay is designed to be‘used;with:threeewinding_power
transformers and has;three_(s)'through-cur:ent restraint clircults and
one (1) differential current circult.- S LT

Type of Tests B
: . ckup of DHR Unlt Harmonic Restraint

Slope (Not with SR-21) = - Plckup of Instantaneous Unit
ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING ‘
SETUP OF CONTROLS BEFORE TEST '

CONTROL 5 el o " POSITION.
”Power ON“ switchOQCOQOOCCQIOII....'.OOGIQ..OFF .

"rimer Operation Selector" Switeh........UPPER=-"N.O.MAINT.".
: : . . . LOWER=-"CONT."

NMain COntTOL M eeeeversossosssssssesvassslll'0 (counterclockwise)

Maux. Power® SwWitch..iceeesssssseasssssss "INT.®

"Yoltmeter Range” SWALCH....sseeeceeoesrssdS0

"Voltmeter Selector” SwiteB..............DC

WAz, Selector™ SWAGCH.«esesesensssnsess150 D

MY, CONELOLM . crasvoasasasssssessesesnsslTO (counterclockwise)

"AC Range" SWLLCR.eeeesscasassessessanssses 04 (Not oOn SR=21) . .

"DC Range" SWLLCH . cvecarocsasssssssasseeedh

‘Note: The harmonic restraint and slope tests are-writéen_based.pn_testing
the relay with all restraint windings set in the 5 tap. 1f 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 _ : ?OSITION

?"Main Ammeter Range" Switch..........So that desired test current may be
© . -read on upper 1/3 of scale

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

"Output #l-g2" Switch...;........ ;'f“Output #1"'”.

Testing Pickup (Relay rated 125 volts- DC)

NOTE: If the BDD relay is rated for 250 volts DC circuit, ad;ust
oo maux, Seleetor” to YDC 300".. In-Step 7, rotate "Aux. Control"
clockwise for a reading of-250 volts on the voltmeter.

1. Connect the relay tester 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 TAC OQutput #1" terminals .of the test set to.relay terminals
" g0 that differential current coil and ‘ohe- through current restraint
coll may be energized. . o

3. Connect leads from "DC" binding posts of the test set to relay
terminals across DHR unit Normally Open contacts.

R SR Connect leads: from "Relay Contacts" binding posts of test set
to relay trip circuit contact terminals.

S.r”Turn “Power ON" Switch ON.- "Power ON" light should: glow.
6. - Initiate unit by pressing "Initiate“ Switcn.“,(--

7. Rotate "aux. Control" clockwise for reading of 125 volts DC on
_voltmeter._J

8. Rotate "Main Control" clockwise to- increase output until relay
picks up and continulty light glows. Read current on ammeter.
Target on relay "T" should drop.

9. Return "Aux." and "Main" controls to zerc. Turn "?Qwer”QNﬁn,
.~ Switch to OFF. bl R _

710;T7Repeat test witn "AC Output #l" terminals of the test set connected
to relay terminals so that the differential current coil and each
of the other current restraint coils may be energized.

Testing Through Current Restraint (Slope)

1. Connect the SR-Sl to a suitable source of power as indicated on
.the nameplate and ground. BE SURE THE MAIN SWITCH IS QFF. CHECK
L THE:"POWER  ON" 'LIGHT. ERER AL T ;

2. Connect the 10 volt tap and the right hand common terminals of
~"AC OQutput #1" to terminals 4 and 6 of the relay. . The common of
"AC Qutput #1" is connected to terminal 6 of the relay..




10.

13,

12.
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Connect “AC Output #3" terminals of the test set to terminals
#5 and #6 of the relay. Connect the polarity (+) terminal of

-~ MAC 0utpdt-#3?3po;Qerminal #6 of the relay.

Connect leads from test set "Relay Contacts" binding pOSts.to
relay terminals across DHR unit Normally Open contacts....

Adjust "Timer Operation Selector! switch, UPPER - "N.O. MOM.",

 LOWER - "FAST TRIP".
 Adjust "Aux. Selector" switch to "AC3-24", "Voltmeter Range"

switeh to "300", "Voltmeter Selector” Switch to "Ext. A.C."

zirurniﬂPower'OnﬂlswitchHON; "Power ON" light should glow.

WARNING

‘The relay colls are energized:as long ds: the test: set ls

initiated. Therefore, this test should be conducted as
rapidly as possible to prevent damage to relay: colls.

-xnitiate~unitfby“pressing.and.holding_9Initiate“ Switch.
Rotate "Main Control" clockwise until desired current is read

book.

“on Main Ammeter, as indicated by relay manufacturer's instruction

Rotate "Aux. Control" clockwise until relay DHR unit Normally
Open contacts close. At this point, readjustment of "Main
Control™ may -be necessary to maintain current set in Step 9
and test set timer may restart. Readjust "Aux. Control" until

‘timer stops. - Read current values. and release "Initlate™ switch.

. For BDD 16, repeat procedure from Step 4. In Step 4, re-connect
, ,;ijolpﬂtap=of:?AC¢Output.#lﬂ.to;relay terminal #3. ... :

Turn test set off.

Tegting Harmonic Restraint

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

" the nameplate and ground. ‘BE SURE THE MAIN SWITCH IS OFF. CHECK
'THE "POWER ON" LIGHT. = e Ll |

Connect the 10 volt ta.:i of "“Ac‘(')u'tpu"c '#1" to the external test
rectifier. Connect the other-side of the test rectifler to-
terminal #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.

Adjust "Aux. Selector” switch to "AC3-24" "Yoltmeter Range"
switch to "300", and "Voltmeter Selector" Switch to "Ext. A.C."

Turn "Power ON" swifch ON. "Power ON" light should glow.




11.

12.
13.
14, -

15.
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Initiate unit_by'pressingrﬂinitiate"'switch.

Rotate "Main Control" clockwise to lncrease current output
until 9 amperes 13 read on the Main Ammeter.

Turn test set off. | | |
Remove jumper from external test rectifier.‘ _

Connect "AC Qutput #3" terminals of the test set to terminals

#5 and #6 of the relay. Connect the polarity terminal (+)

of "AC Output #3" to terminal #6 of the relay. NOTE: "“AC Output #3
must not be connected to relay while 9 amperes is being set in

Step #7. : . :

Adjust "Timer Operation Selector“ SWitch UPPER - “N 0. MOM.",
4 LOWER -~ "PAST . TRIP" ' S ‘ _

,Turn "Power ON" switch ON.""Power‘ON“ light should gldw;j

,Initiate unit by pressins and ‘holding "Initiate"_switch. o

Rotate "Aux. Control“ clockwise until timer stops. Read value

.of current required to operate Harmonic Restraint on. the Auxiliary

Ammeter and release MInitiate" switch._

;Turn test set off.

'Testing Instantaneous Ualt

1.

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.

Adjust "Voltmeter Range" Switch to "300", "Voiﬁmeter Selector"
Switch to "Ext. A.C.", and "Aux. Selector" Switch to "Vern."

Connect "AC Output #1" terminals of the test set to relay terminals
to energlize the differential current coil ‘and one through current
restraing colil, i.e.: relay terminals 5 and 6 .

- Connect leads from "Relay Contacts". binding posts of test set to
‘relay trip circuit contact terminals. '1

Turn "Power ON" switch ON. "Power ON" light should glow

This test should be conducted as rapidly as posslble to avoid
damage to the relay coil.

Initiate unit by pressing "Initiate" swilitch,

Rotate "Main Control" clockwise until the continuity light glows,.
Read and record current value on main ammeter. :

Turn test set QFF.
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DIRECTIONAL OVERCURRENT RELAY
(Westinghouse Type CR) (General Electric Type IBC)-

GENERAL

A Directional Overcurrent Relay trips a circuit when it senses
two abnormal conditions in the following sequence: e

-

1. Current flow must be reversed

:'2. }The:revérséd'curnénﬁ'fldw'musp_be“ﬁigher than a’ .
. prescribed amount, and the flow must continue for
a2 predetermined time. o ' B

This relay 1s composed of two units, a directional unit and an
overcurrent unit. The directional unit is similar to a single
phase wattmeter. It contains a voltage actuated and a current
actuated coil. When these two colls are energized, a torque is
produced on the unit's disc. A 180° shift in phase relationship
between the voltage and current produces a reverse torque on the
disc. Normally, the torque produced holds the directional unit
~ contacts open. When the current flow in the circuit reverses,
the unit's disc will rotate to close the directlonal unit contacts.

' The overcurrent unit of the relay is similar to the time delay
overcurrent relay. In modern designs, the directional unlt contacts
must be closed before operating torque will be produced on the
induction disc of the overcurrent unit. Thus, the ‘directional
overcurrent relay requires reversal as well as a minimum quantity

of current flow before it may operate to trip a breaker. '
 Test Procedures o ' e '

Type of Tests

Directional Unit
Minimum Pickup

'i:QHOvercurrenthnit _
' Minimum Pickup = = = o
Time Current Chardcteristics -

The test-proceduie'is arrangéd:to test each element of the relay
individually. The directional element contacts must be blocked
closed or bypassed to permit complete testing of the overcurrent
olement . ‘ gLe LESLANG B MR MTER _
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TESTING DIRECTIONAL ELEMENT FOR MINIMUM PICKUP USING D.E.T. CIRCUIT
IN MULTI-AMP MODEL SR-51 RELAY TESTER. (CURRENT AND VOLTAGE IN PHASE)

ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING
SETUP_OF CONTROLS BEFORE TEST - B

CONTROL _ , POSITION
M DOWEr ON" SWAECH . s seeessenssenesencsssssenss OFF

"rimer Operation Selector" Switch............ UPPER-"N.O.MAINT."
; : LOWER="CONT . " -

"Main-Control..;,,,...,,f.,..,..,,,,,.....f,.Zero (counterclockwise)
"Auk} fo§éf“fSwitdh;;;}},,;}.J{;;;};::.;;;;:};“iNT."
"letmeteﬁ;ﬁénéé";SﬁitCh.;;..{.;..;{}.;...J{;;.fd'read voltage in
. ' " upper 1/3 of scale
MVolbmeter Selootor” SWLECH . weseessiins il is MDLETY
"Aux. Selector"'éwitcﬁ..k;;{;;..;;.5:.};..};;.;“D.E.T;“:
:.Piﬁﬁ:-céhtfoi“..;;.;{..:;tig{f(;(g:.;;gglii;.;,zéro (counterclockwise)
MAC Range™ SWALCHaeessesovsnsossaseiosasionas 04 |
"DC.Range?-Switchiﬁt;;{;.;.;;,;...QI.{.;;;;,;;,SA R
"Main Ammeter Range" Switch...........,,.,-,..;So“that desired current
- . e e - may-be read in UPPER-1/3 of scale
"Volﬁage Reié&-b.E.T."“é&itch;;g;;.ia;..ifv:;;kASvdesired -Positions

_ ST e el (Seé Step 4)
 "Output LA 2" SWLECH. & s s svnnieersansiasssnes "Output #1"

1. Connect the MULTI-AMP relay tester to a sultable source of power
as indicated on the nameplate and ground. BE SURE THE MAIN
SWITCH IS OFF. CHECKX THE "POWER ON" LIGHT. :

2. Connect Polarity terminal ba of relay directional unit current
operating coil to the Polarity terminal of "AC Output #3" (%)
(right-hand binding post). The other relay operating coil
%erminal)should be connected to the desired tap of "AC Output #1".

10 veolt

3, Connect the relay voltage polarizing coll to "AC OQutput #3"
terminals. The polarity terminal "Z" of the relay voltage
polarizing coil should be connected to Non-Polarity terminal
of "AC Output #3". ( left-hand binding post)




b,

5.

6.
Y

8.

1.

Turn "D.E.T." @irect. Element Test) Switch to desired position.
NOTE: Positions 1, 2, 3, and 4 are factory wired to produce
.values given’ below'

POSITION - VOLTS . ... AMPERES | .
2 - B |
4 2 8

Positions 5 through 9 are left unwired to permit ‘their
‘use for any particular values common to the user's
system.. The installation of a resistor in these unwired
. .positions may produce any reasonable values of current
and voltage.

Turn "Power ON“”Switch'ON.“'"Power‘ON" light should glow.
Initiate unit by pressing "Initlate” Switch._”

4Rotate "Main Control” gclockwise to increase output until

the relay directional unit contacts close.  Read ‘and -record
the values of voltage and current on the respective meters.

Reverse leads from test set to potential coil of relay,
Relay directional unit contacts should resist closure..

.. TESTING PICKUP AND TIME CURRENT CHARACTERISTICS OF OVERCURRENT UNIT

Block Directional Unit contacts closed and follow procedure for

"Induction Disc Overcurrent Relay".

“NOTE: .AT END OF TEST BE SURE TO REMOVE ALL BLOCKING FROM RELAY
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~ TESTING DIRECTIONAL ELEMENT FOR MINIMUM PICKUP USING EXTERNAL
PHASE SHIFTER AND PHASE ANGLE METER (MULTI—AMP MODELS CS~5 or CS-G)

" . SETUP_ OF CONTROLS BEFORE TEST -~Model SR~§1 -

flPov‘er ON" Switch..'....."..O...I...".'....0.....'OFF |

“Timer Operation Selector" Switcn....;............UPPER-N 0.MAINT."
, AP - LOWER="CONT. "

“Main Control ....................................Zego (counger-
clockwise

"Aux. Power“ Switch.....“......l..".....l..'..‘. EXT"

‘“Voltage Range" Switch............................So that test volt-
' ._ ‘age may be read in upper L/3.of scale

Lw"Voltage Selector“ Switch................wﬁ,...... AC 31
"Aux. SelQCtor" SWitch.........-.................. 30-3 "2&“

Z"Aux. ContrOI ...........-.-..............-.-..-..zero (Counter-
O . clockwise)

"AC Range" SWitcho ceesas st e ooo‘o__‘oo'o'oooo_ro . ooc'olOA
t'IDC Range" Switch.......".-‘.'..l..I.l"'.'.....' SA
“Main Ammeter Range“ Switch.......................As desired 3o that
- c . . test current may bhe read in
- upper 1/3 of scale
"Voltage Relay Test" (Direct. ‘Element) Switech.....SET NORM
"Output #l-#2" Switcn..........................;1."0utput #1"

SETUP QF CONTROLS BEFORE_TESTS. (Models CS-5 or CS~6)

"Power ON" SWitcChie.eessvssrssssscccoossscsssssseasOFF

"Input Voltage" Selector™" Switch.....cesceeseses..As required

"Phagse Shift AdJust Coarse..ccicressecsscrssesssAny position
Switch (Upper RiZht)ieeecsesssssscocssessseesssss.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

Model CS-6 to a suitable single phase source. .Check "Power ON"

ligpt. BE SURE THE MAIN SWITCH IS OFF.

Connect Model SR~51 relay tester to a suitable source of power

as indicated on the nameplate and.ground. Check the "Power ON"
light. BE SURE THE MAIN SWITCH IS QOFF.

" Using Continuity leads, connect the "P.A.M." jack on the SR-51

- to "Current Coll Input” terminali on Model CS=5 or CS~6

7.

8.

Connect black lead to polarity (I) on CS=5 or CS«6.

Using light leads, connect the "Phase Shifter Output" terminals

to the "Aux. Power Input" terminals on the SR-51.. "3" terminals

should be connected.together.

~ Using light leads, connect the voltage polérizing coil of the

relay directional unit %o "AC Output #3" terminals of the
SR«Sl;*relaX polarity-terminal~”i“ftou“ACuOutput;#3Fppolarity
terminal ngh, : '

Using regular leads, connect current dperahing coil of the
. relay directional unit to "Output #1"; relay polarity terminal
ndn o "Output #1" polarity terminal "",

Rotate "Main Control” knob clockwise to desired current value
as read on Main Ammeter.

Adjust "Coarse" and "Fine" Controls on Modei”ds-s or CS-6

4o desired phase angle as .read on phase .angle meter. (This

10.

should be angle of maximum torque as determined from manufact-
urer's instruction bulletin.)

Rotate "Aux. Control" clockwise until the relay directional

unit contacts close. Read value of voltage on voltmeter.

Record values of current, voltage and §hase aﬁglé at which
directional unilt contacts close. .. . T T TS
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' POWER DIRECTIONAL RELAYS
(General Electric_Type ICW) - (Westinghouse Type CW)

GENERAL . |
The General Electric Type ICW or Westinghouse Type CW pelay is

an induction disc relay containing current and voltage operating
coils. It i1s a single-phase wattmeter element equipped with

" a tap bloek so ‘that minimum operating watts may be varied. -The

operation of these relays depends upon both phase angle and the
magnitude of the applied voltage and current. Elther the ICW
or CW relay is available as a 3-phase or l-phase unlt. '

The 3-phase relay measures 3-phase watts, and the relay current
coll is connected to the secondary winding of a current trans-
former in one phase. The relay potential coll 1s connected to
the secondary winding of a potential transformer providing. line
to line voltage. The tap block of this relay is calibrated in
3-phase watts. W=1.73 EI (Power Factor). - ..~ L

“the single-phase relay measures.silngle-~phase watts. This relay's
current and potential coils are connected to the secondaries of
current and potential transformers in the same phase.. The tap
block of this relay is calibrated in single-phase wabtts.

Testing GE Type ICW S1A Relay (calibrafed in 3~§haseIWatté).

Type of Tests

1. Minimum Plcku

ALHAYS REFER TO MANUFACTURER'S LITERATURE BEFORE PROCEEDING WITH
TESTS. S R e e

SETUP OF CONTROLS BEFORE TEST - MODEL SR-51

GoNPROL _ ___ POSITION

*Power ON" Sﬁitch...;......;;...éFF. c w 4

" "Iiper Operation Selector" Sw...UPPER - "N.O.MOM" LOWER-"CONT"
"Main Control"......;;;..;;..;;;Zefdu(cbuﬁtéréibckwise5 
"Aux. Power" Switch........ee.. UEXTT

"Voltmeter Range" Switch........30 that test voltageima& be read
. o _ o ~on upper 1/3 of meter scale

1voltmeter Selector" Switch....."AC Output #3" -
"pux. Selector" Switch.........."AC Output #3 150V" .

"Aux. Control"..... eseesaensesssZerO (couhterclockwise)
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CONTROL Lo “POSITION

"Ac Range“ Switch.'..I.......l‘......lOA
"DC Range“ Switch.................... SA
?"Main Ammeter Range“ Switch..........So that test current ‘may be
; -read on- upper 1/3 of meter
scale : e
"Voltage Relay Test” (DET) Switch....Set "NORM"
.k "output #1-#2“ SWitcho L 3 - . T BN I B B B N ) output #ln

SETUP_ OF CONTROLS BEFORE TESTS-MODEL CS-S or. CS-6

"POWEI‘ ON“'OFF“ SWitCh. sese s vessss e COFF

‘ﬂeInput«Vbltage Selector................As required (Not . on CS~6)

Phase Shift Adj ust Coarseo R R B I .Any POSition o ;
Phase Shift Adjust Fine...............Counterclockwise
Switch (upper right)..................Phase Shirt Output

Testing Minimum Pickup

1. Connect SR-51 and CS-5 or CS~6 together as described under
__"Use of Phase Shifter and Phase Angle Meter", Section II.

2. connect Model SR-51 and CS~5 or CS-6 to suitable sources of
power as indicated on test set nameplate. BE SURE "POWER ON"
SWITCHES ARE OFF. . CHECK THE "POWER ON" LIGHTS. .

3. Connect SR-51 "Output. #1" binding posts to relay terminals
so that the relay current coll may be energized.- Observe
polarity. _ : :

4. ‘Connect SR=51 ™AC Output #3". binding posts to. relay terminals
80 that the relay potential colil may be energized. Observe. -
polarity.. - - :

5. Connect a pair of light leads from the SR=51 binding posts
marked "Relay Contacts" to the relay trip circuit contacts.
terminals. , _

6. Turn the SR-51 and CS-5 or CS-6 "Power ON" Switches ON.
"Power ON" lights should glow.. : L

7. Adjust "Timer Operation Selector" Switch, UPPER to “N O MAINT™,
LOWER to "CONT".

8. Initiate SR-Sl by pressing the "Initiate" Switch.
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9. Rotate the SRH-51 "Main Control" clockwise to energize the relay
current coil, until the Main Ammeter indicates 5 amperes.

10. Adjust the "Coarse" and "Fine" controls on CS-5 or CS-6:until
the Phase Angle Meter indicates 900 current lead voltage :
H_(270°I 1ag )

11. Rotate the SR-Sl "Aux. COntrol“ clockwise until the Continuity
_ 1ight flickers. Observe this value of voltage.

12, If the relay is in perfect adJustment ‘the value of voltage
observed in Step 2 should be:

“E= -Relay Tap Value
(1.73) (5)

13. Turn both test sets OFF.

- o o Volts

Testing Timing

1. Repeat Steps 1«10 above (“Testing Minimum ?1ckup")

2. Rotate SR=51 "Aux. Control" clockwise until the voltmeter
indicates a value of voltage equivalent to:

E= (#) (Relay Tap Setting) = ' Volts
(1.73) (5)

If this value of voltage exceeds the relay voltage rating,
rotate SR-51 "Main Control" clockwise to increase current
input to relay. Calculate a new voltage corresponding to the
new value of current.

3. Turn SR~51 "Power ON" Switch OFF.

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

. Reset timer to zero.

5

6. Turn SR~-51 "Power ON" Switch ON.

7. Inltiate SR-51 by pressing "Initiate" Switch.
8

When relay trip circuit contacts make, the timer will stop and
the relay will be de-energized. Read and record this value of time.

9. Turn both test sets OFF.

Testing Westinghouse Type CW Relay 300 Characteristic
{Calibrated in 3-Phase Watts)

Follow exactly same procedure as for General Electric Type ICWS1A
except as noted below:

1. The Phase Shifter (CS-5 or CS-8) controls should be adjusted
until the Phase Angle Meter reads current lead voltage by 30°
(330° current lag).
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‘Testing General Electric Type ICWS1B or Westinghouse CW..2ero
Degree Characteristic. (Calibrated in Single-Phase Watts)

Follow exaqtly_same procgdure as fo: Type ICWSlA éicept'as&noted

. below:

1. The Phase Shifter (CS-5 or CS-6) controls should be adjusted
““until the phase angle meter reads zero (voltage and current
in phase). T L _
2. In calculating the test voltages,luseiphe formula:
Watts = (Voltage) (Current) B
Where watts = tap value or multiple thereof
Current = Reading of Main Ammeter or magnitudé'df current

.. energizing relay current coil from "Output . #1"
e 3w;m ofMSR-51. _
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LOSS OF EXCITATION RELAY
(General Electric Type CEH)

GENERAL

The Type CEH. relay is a single-phase offset MHO type relay which

operates on the induction cylinder principle. This relay is

designed to detect the loss of exeitation of synchronous generators

with-a sufficient selectivity 50 4s not to function during system
short circuits. ' S T . _

The relay contains current operating and voltage polarizing ¢coils
and will operate to close its trip circult contacts whenever the
voltage and current "seen by the relay" result in an impedance
value within the relay manufacturer's operating characteristics
curve. The operating characteristlces curve may be changed in silze
or shifted through relay tap changes or relay adJustments.

-TEST PROCEDURES ~-Genera1 Electric Type CEH—llA

‘PLEASE REFER TO MANUFACTURER'S BULLETIN BEFORE PROCEEDING WITH TEST.
Eguigment Reguired
L. MULTI-AMP Model SR-51 relay tester _
2.  MULTI-AMP. Model CS-5 or CS-6 Phase Shifter and Phase Angle
Meter. (Note: See MULTI-AMP CS-7 Instruction Book for
procedures using Model CS«?

. Power Required T R R

"Input: 3~phase at approximately 200 VA for Model CS-S‘~-~ SRR

120 volts, 60 hertz, l-phase at approximatly 1.0 kva
=for Models SR~51 and CS~6 .. o L

Type of Tests

1. Chafacteristics'of Induction Cylinder Unit
a. Offset and diameter of circle. (Total Ohmic Reach)
.b. Angle of maximum. torque | )
2. Pickup of auxiliary relay ("A")
"3. "Pickup of target and seal-in unit

Pre-Test Reguirements.

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 Found" tests are required).

2. Relay must -be level for tests.

3. The MHO unit spiral spring should hold the contact definitely ope
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SETUP? OF EQUIPMENT BEFORE TEST
1. Place Model CS-5 or CS=6 to the left of Model SR=51.

2. Place the relay at a ‘convenient location so that easy connections
can be made to all terminale, or SRS _

“place Model CS-5 or CS-6 and Model SR-51 close to the relay at
the switehboard so that the test lead length is- kept to a
_‘minimum and the relay operation can be observed during testing.

3 Ifethe relay 1is to be tested on . the switchboard, remove
connection plug from the bottom of the unit and replace with
test plug. ' ‘

WARNING!!! During removal of cover and plugs, be careful not
to activate the target and seal-in unlt contacts
as this can cause tripping of the circuit breaker.

4., Make sure that the Main Switch on Models CS~5 or CS«6 and SR-51
are QOFF.

5. Connect Model CS-5 to a sultable source of 3-phase power, or
Model CS-G to a sultable 120 volt, single-phase source.

6.  Connect Model SR-51 to a suitable source of single-phase power
as indicated on the nameplate._

SETUP OF CONTROLS BEFORE TEST - MODEL SRwﬁ

CONTROL . Po'sm*ion"

“Power ON" Switch".C.0‘.IIC....O....'....COOCOOOFF

"Timer Operation Selector“ Switch...............UPPER-"N O.MOM."
LOWER=-"CONT."

"Main Control" ..................................Zero (counterclockwise)
"Aux. Power" Switch......'..--.‘....-.O.l.l...l';;.t‘ExT" . .

"Voltmeter Range" Switch.................;......So that test vcltage
' will be read in upper 1/3 of scale

"Voltmeter Selector"” SWALCH.esosnossasrernsssass TAC Qutput #3".
Taux. Selector"” SWiteh....sssessessssssssvsesses AC Output #3" 150V
"AC Range" SWALCH...esscesoesssccvsesssssssssessl0A

"De Range" Switch...............................-5A=---

" "Main Ammeter Range" bwitch.....................So that test current
- may be read in upper 1/3 of scale
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CONTROL i POSITION

"Yoltage Relay Test ("Direct. Element")Switch...SET NORM
"Output #1-#2" ; SWitCh Ve .o" R . "o Fve v dseved - . 'o. LI - "Output -#1"

SETUP OF CONTROLS BEFORE TEST - MODELS CS-5 or CS=6

CONTROL ____ POSITION

 ﬁPowér ON“QSwitch...,;};.,‘;3.;;;;,24;.;..;;....OFF-_._
?;ﬁpu§\VQltage”Sgiéctor?;;},}}.;ff;f,.;;;.,;....As”feéuired
"Phase Shift Adjust Coérse";.;..;;....Q..;....;;;Ahﬁ pcsition
 :?PhaSe Shift,Addust_Eine"..;:{f,,yy.,.T;cqunterclockwise

Switch ( Upper Risht)..Q...{..;..;.}.....l?.}}L.i;FPnase Shift Output”

NOTE: + For testing with Model:CS~T7,iplease refer to CS-7
instruction book. 4 :

Induction Cylinder Unit -

The induction cylinder unit belongs to the general classification
of MHO units. That is, the unit is composed of a wound field
wlith both current and voltage coils and an armature shaped like a

.=-cylinder,and_acts_like a single-phase induction motor. The design

is such that the torque may rotate the armature elther clockwise
or counterclockwise, dependent upon the value of the impressed
voltage and current. For certain phase angle relationships,
there are no values of voltage and current that will produce a
torque on the armature to close-the unit's trip circuit contacts.
This characteristic gives the relay directiocnal qualities.

_jgeét;ggziﬁductidn Cylinder Unit

A. OQOffset and Diameter of Circle < (Onmic Reach).

l; Connect the MULTI-AMP test units to a sultable source of
power and ground. -BE SURE THE "MAIN -SWITCH" IS OFF. -
~ CHECK "PQWER ON" LIGHTS. . '

2. Connect Model CS=5 or CS=6 output terminals marked "Phase

© . Shifter Output" to the "Aux. Power"” input terminals on
Model SR-51. Observe polarity.  Connect terminals marked
"%" together. R A L

:3.:~Canectf"AC Output #3" terminals on SR-51 to relay voltage
*7 " polarizing ‘¢oil terminals. Relay polarity terminals (%)
_should be connected to "AC Output #3". polarity terminal (%).

4, ~Connect "AC ‘Qutput #1".of the SR=51 to the relay current
© ~operating coil ‘terminals. “The relay contains. two current
colls. A jumper must bhe used so that the current will




13.

15.

- until continuity light glows. Record this value of voltage

MAC Output #1".

- 1ights should glow. ST
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“flow throui?:these;coils,in-senies. "AC Qutput #1" polarity

terminal ( must be connected to polarity.terminal‘(*) of
one of the operating coils. Non-polarity terminal of that
coil is jumpered to polarity terminal (£) of relay second
operating coil. Non-polarity terminal of relay second
operating coll is connected to non-polarity terminal of

m———

Insert the telephone type plug into the "P.A.M." Jack on
Model SR~51. Connect the leads from the plug to the CS-5
or CS~-6 terminals marked "Current Coil Input". Observe

_%glarity. Connect black lead from plug to terminal marked

Connect the SR-51 continulty light across the relay terminals

so as to observe operation of the relay main trip circult
contacts. . . . . _ e B

Block the auxiliary relay (A) trip circuit contacts closed.

Select proper Voltmeter and'ﬁaih Amméfef fénges on the Model
SR-51 so that meter readings will be in upper ;/3-of_meter

scale.

Turn "Power ON" in both SR-51 and CS=5 or CS-6. "Power ON"

 Adjust "Timer Operation Selector" Switch to UPPER-"N.O.MAINT."
Initiate Model SR-51 by pressing "Initiate™ Switch.

Rotate "Main Control" to energize relay current operating

- coils. (Suggested - 5 amps.) . -

Adjust phase angle by means of ."Coarse" and "Fine" Phase
Shifter adjustment to 270°. (e.g. 909 current lead voltage
or any other specified angle of maximum torque.)

Rotate "Aux. Control" (clockwise) to increase voltage until

" the continuity light lights.

Continue to rotate "AUK. Contrél“ (ciOckwiSe)”to increase

voltage until continuity light is. extinguished. Continue

to rotate "Aux. Control" to increase voltage approximately
10 or 20 volts above point where continuity light was
extinguished. o

Decrease voltage by rotating "aux. Control™ (counterclockwise)
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 specifiled in Steps 12 & 13.
17. g B

Remove blocking from relay.
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B. 'Testing for Angle -of. Maximum Torgue

1. Repeat Steps 1 through 16 above for phase angles of 255°
“+ (current lead voltage by 75°) and 285° (current lead voltage
by 1059). - (15° on either side of’angle of maximum torque)
..Qther angles may be used. depending upen’ offset tap setting.

2. Remove all blocking from relay.

This unit is an electromagnetic attraction type unit actuated by a
DC coll. The purpose of this unit is to prevent false tripping due
to vibration should that relay voltage go to zero as the result of _
a blown fuse in the potential transformer circuit.

Pickup of Auxiliar Rela ran

SETUP OF CONTROLS - MODEL SR-§ (CS-S or CS-6 not required)
CONTROL AP POSTPTON

"Power ON" Switch'.........OOC......Q.‘.C..0.0CODOFF

“Timer Operation Selector" Switch.....;..;......UPPER-"N 0 MAINT."
| LOWER-"CONT."

"Main Control'..................................Zero (counterclockwise)
"Auxl Power" SwitCh..-.C'..l..C..l.".l'.i......."INT l'

"Voltmeter Range" Switch........................So that test VOltage
_ may be read in UPPER 1/3 of scale.

"Voltmeter Selector® Swiltch...eseeeerocveeceesDCL

"Aux. Selector’" Switch.iscessesssssssssrssersaesDC.150 - :
MAUX. CONEIOLMeivoeivovassssansssansasennassesscZerofcounterclockwise)
"AC Range" SwitChesieieeevesrecsorsorsnsnssssaeslOA

"DC ‘Range” SwitcCh.iueeseeeveossrseresssssnseasssQ.5A

"Main Ammeter Range" Switch..cceceesesoscesesass.500 L

"Voltage Relay Test"("Direct. Element")} Switch..Set YNORM"

"Output #l-ga" Switch..........................."Output #l"
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1. Connect SR-51 to a suitable ‘source of power-and ground. . -BE.SURE
THE "MAIN SWITCH" Is OFF.: CHECK "POWER ON" LIGHT.
2. -Conneot a pair of 1ight leads to: relay terminals which will permit
--energizing auxiliary(A) coil of ‘relay when relay main trip circuit
contacts are closed.’ Connect other end of these leads to SR=-51
"D.C. Qutput".

3, Connect continuity light across relay terminals to observe operation
of relay ("A") trip circuit contacts. S

u.'.Block relay main trip cireuit contacts closed. V
5. Turn "Power ON".Switch,ON,“7"Power ON" light should glow.-f'f
6. Push "Initiate" Switch. u, | -
7. Rotate "Aux. Control” until continuity 1ight glows.:“
8. ~Record- these values-of DC. voltage and current. .. |
Test of Target and,Seal-In (Model CS-5uor CS-6 not required)
- SETUP OF CQN?BOLS -_MODEL SR-il )
CONTROL . POSITION

"POWEI‘ ON“ S’kit@h.'.-..‘..'-..'...'.o.-.'.a'. .'....‘.-OFF-

"Timer Operation ‘Selector” SWitChR.sseosssses UJPPER="N.O.MAINT." .
LOWER=-"D. C "

"Main Control" .......................;.....;.Zero (counterclockwise)
"AUK. Power" SWitCH.....ieicesssessesaseneass TINT"

“Voltmeter ﬁanée";Switch......;....;.........3001

nyoltmeter Selector” SWitCh....esesseccsacesss"EXT. ALCLT

fAux. Selector” SWItChi.:eeiesesvanssosnossesd D.C. .
MAUX. COMEDOL e esuruennsenssosossssnssasessssl€rO (counterclockwise)

"Ac Range“ SWitcho- 8 8 s ... k' KO L .. . w " LR B K AR N . . e’e loA N

“Dc Ranse" SWitCh.. TR o"o .a'-.-‘o o v e - er e .SO that test Ourrent Will
‘ be read in UPPER 1/3 of scale i

"Main Ammeter Range" bwitch..................500
"Voltage Relay Test"(DET) SWLtCH. s v e envssssaoSet "NORM"
TOUEPUL #L1-#2" SWItCh.veessrererosossesseasssOULPUL #1"
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Connect SR=-51 to a suitable source of power and ground. BE SURE
MAIN SWITCH IS OFF.J CHECK "POWER ON“ LIGHT.“. o

Connect a pair of 1ight leads to relay terminals which will allow
energlizing the target and seal-in coll; connect other end of these
leads to SR-51 "Relay Contacts" binding posts.

'Block relay main unit and "A" ﬁnit trip circuit contacts closed.

Turn "Power ON" Switch CN. "Power ON' light should glow.
Initiate unit by pressing "Initiate" Switch.

- Rotate MAux. Control" (clockwise) to 1ncrease current to target

and seal-in coll until target shows. Remove blocking from |
A" unit trip circult contacts. If DC cirecuit remains energized

the seal-in unit 1is. operating properly. .

Record this value of current.

.;Remove%all@blocking;from;relanywa#méﬁﬁhj
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DIRECTIONAL DISTANCE (REACTANCE RELAY
eneral Elgctric_Iype”GCX

The GCXrelay 1s a high-speed directlonal-dlstance relay 1ntehded
for tune protection of transmission lines. The relay contains two (2)
basic units - MHO and OHM, and may contain some or all of several
accessory units, each of which is explained below: - - o

MHC UNIT

The MHO unit belongs to the general classifiCatiqnvof~1nduction cup
units. That is, the unit is composed of a wound field with both

‘current and voltage colls and an armature shaped like a cup. The

unit operates like a single-phase induction motor.  The deslign of
this motor is such that the torque may rotate the armature elther
elockwise or counterclockwise dependent -upon value of ‘the impressed
voltage, current, and phase angle between the current and voltage.
‘here are certain phase angle relationships where 1t«is impossible
to find values of voltage and current that will produce a torque on
the armature to close the MHO unit trip ecircult contacts. Therefore,
the MHO unit has directional qualities.

OHM UNIT

This is also an induction cup unit with both current and voltage colls
acting like a single-phase induction motor. However, in this case,
regardless of phase angle relationships, values of voltage and current
can be found that will produce torque on the armature to close the

OHM unit trip cirecuit contacts. Torque 1s a function of lmpressed
voltage, current, and phase angle between the current and voltage.

INSTANTANEOUS OVERCURRENT UNIT

This is an electromagnetic attraction type of unit actuated by an
AC current coil. The coil of this unit is iIn series with the MHO
and OHM unit current operating coills. The overcurrent unit trip
circuit contacts must be closed before this relay can trip a circuit
breaker.

"oX" UNIT

This 1is an electromagnetic attraction type unit actuated by a DC coil.,
This unit changes potential taps on the TOHM" unit so that the "OHM"
unit will respond for either Zone 1l or Zone 2 values of OHMIC reach.’

"sS* UNIT
This is an electromagnetic attraction type of unit actuated by a DC coil.

For certain faults, the MHO unit reset 1s relatively slow. The "s"
unit prevents a Palse trip signal under these conditions.
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Eguigment Reguired |
1. MULTI-AMP Model’ ‘SR-51 Rela.y Tester B
.2, MULTI-AMP Model CS~-5, C C3-6 or CS~7 Phase Shifter & Phase Angle Meter
 NOTE: gggk?esting with Model CS~7, please refer to CS3-7 instruction

Power Reqpired

Input: 3=phase at approximately 200 VA for Model CS-S :
120 volts, 60 hertz, l-phase at approximately 1. 0 kva for
Model SR-51 or CS-6 _ ,

Types of Tests

1. OHM unit tests .- First (#1) zone reach and maximum torgue .angle -

2. OHM unit tests - Second (#2) zone reach

3. MHO or starting unit tests - Third (#3) zone reach and maximum
torque angle

4, Pickup~of M"OX" relay L R

§., Pickup of "S" relay ‘

6. Plckup of overcurrent unit (where applicable)

7. Pilekup of target and seal~in unit

8. Overall test

Er ewTest Reguirements

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 Found" -
- tests are required)

Relay must be level for tests.

The OHM unit (upper) lead—in spring should barely hold the contact
against the backstop. N

| The MHO unit (lower) lead—in spring should ‘hold the contact definitely
open.

Set-up of Equipment'Before Test

1. Place Model (S5 or CS-6 to the left .of Model SR-51.

2. Place the relay at a convenient location so that easy connections
can be made to all terminals, or R

Place Model CS—S or CS-6 and Model SR-51 close to the relay at ‘the
switchboard so that the test lead length is kept to a minimum:
_and the relay operation ¢can be observed during testing.

3. 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.
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WARNING: During removal of cover and plugs, be careful not to-
activate the Target and Seal-In unilt contacts as this
¢can cause tripping of the circuit breaker.,
4. Make sure that the “Main Switch" on. CS-5 or CS-G and SR~51 are OFF.
5, Connect Model CS-5 to 2 suitable source of three-phase power.

6. Connect Model SR-51 and CS-6 to a suitable source of single-phase
power as 1nd1cated on the. nameplate.___;_ _ o ‘ o

Test Procedures
SETUP OF CONTROLS BEFORE TESTS -~ MODEL SR=-51
CONTROL -~ S - s o ~ .POSITION

MPoWET ON® SWALCR. s eeossonieesscornnnsasrosessQFF .

.-"Pimer Operation Selector" SWLECH. e eveessaeoan UPPER="N.O, MOM{ =
LOWER-"CONT

"Main Control" ............;..;;.{..;..........Zero (counterclockwise)

“Aux. Power“ SWitch-ooooooooooooooocoooooooooo“m “

"Voltmeter Range" Switch......................So that test voltage will -

be read in upper 1/3 of scale
"Voltmeter Selector“ Switch.......;........... AC Output #3v
"Aux. Control" ................................Zero (counterclockwise)
"AC Range" Switch.............................IOA o o
“DC Range Switch............................. 54 .

'"Main Ammeter Range" SWALCR. e eevessesessssses SO that test current will
be read in upper 1/3 of scale_

"Voltage Relay Test" (DET) Switch.............Set “NORM"
ﬂoutput #1-#2" switch.......C.....O'QC.-.....' Output #1"
“SETUP_OF CONTROLS_BEFORE TEST - Model CS-S or ( CSwb

. CONTROL - POSITION
‘"Power 0N~OFF" Switch............:............OFF ; ' .
Input Vcltage Selector........................As ‘required’ (Not on CS=-6)
"Phase Shift Adjust COarse....................Any position -

"Phase Shift AdJust Fine" .....................counterclockwise

hY

"Switch” (UPPer Pight)ee.essccsssssssssnssssss Phase Shift Qutput"
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Tegting QHM Unit (Zone 1) for Reach and Phase Angle

1. Connect Model GS-5 or CS-6 output terminals marked "Phase Shifter
Output" to the "Aux. Power” input terminals on Model SR-51.
Observe polarity. Connect terminals marked "" gogether.

2. Connect Model SR-51 "AC Output #3" to the relay potential coil
terminals. Observe polarity. . . A - _

3. Connect;SR;sl)ﬂAc“Oﬁép&trﬂi? to‘reléy”cﬁfrénf coilﬁtérminals;
The relay current colls should be connected in series. Observe
polarity. .- O . L R _

4. Plug in the telephone type plug into the "P.A.M." Jack on SR-51.
Connect the leads from the plug to the CS-5 or CS-6 terminals

- Farked "Current Coil Input". Observe polarity. Connect black

5. Connect a pair of 11ght leads from terminals marked "Relay
Contacts" to terminals on relay so as to observe operation of
COHM:unit:trip circuit contacts thropggéyggﬁ"OX?”upithClgontacts.

6. Bypass ob block the overcurrent unit contacts (1f present) and
the MHO unit contacts. . o _ _

7. Select proper AC range on the "Aux._SelectorP_Sthch_of the\SR-Sl.

8. Turn Power ON in the Models SR-51 and CS-5 or CS-6. "Power ON"
7+ lights should .glow. . - : T T ;

9. Tuvn "Pimer Selector” Switch to UPPER - "N.O. MAINT.", LOWER-'CONT".
10, Initiate Model SR-51 by'préssing'the""Initiaﬁe“ Switch.

11. Adjust current through the current colls of the relay to the

... desired value by turning the '"Main Control” on SR-51 slowly
‘elockwise. . (The value of current will be calculated from the
impedance settings of the relay and will be provided to the per-
sonnel performing the test (suggested value § amps. ). The

continuity,light;will glow. .. .

12. Adjust the phase angle by means of the "Coarse" and "Fine" phase
~. . ghifter adjustment .on the CS-5 or CS-6. The phase angle utilized
will be either the angle cf_maximum_torque'of;the_relay-(e.g.

909 current lag voltage) or value as determined from actual
- operating conditions. P

13. Adjust "Aux. Control" on SR-51 until the continuity light extin-
guishes. Continue to lncrease voltage for another 10-1% volts.

14. Reduce voltéée‘sio#ly by rbtatihg “AﬁkJ Contro;" counterclbckwise

until the contacts of the OHM unit Just close (as shown by the
© flickering of -continuity light). , :




16.

17.
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_Record the values of current, voltage and phase angle. Compare
.with values_compute@_and/gr;calibrgtiongdatawpn"the relay.

Return "Main" and "Aux." controls on“SR~51”to-zero-(mﬁiiﬁum

. counterclockwise).

To determine the angle of maximum‘torqué,~repeat'Stéps:11-16

 for two other values of phase angle equi-distant from 900

18.

1.

3-

_current lag. (e.g. 60° current lag and 1200 current lag)

Turn "Power ONY Switches on SR-51 and C8-5 6r.CS46 to.dFF.

‘Testing OHM Unit - (Zone 2) = For Reach

‘Connect 2 pair of light leads frcm'Bindihg-posts”markediFRelay

Contacts" to relay terminals to observe closure of OHM unit
and "OX" unit Normally Open contacts.

in the closed position. (Thisnis*the“relayfmounted-behihd the
nameplate).

2..Close the "OX" relay contacts by blocking its armature

Turn Models SR-51 and CS-5 or CS-6 "Power ON" Switches to ON.

' Initiate SR-51 by pressing "Tnitiate™ Switch.
_ 5.J

(The value of current will be calculated from the lmpedance

Adjust current through the current colls of the relay to desired
value by turning the "Main Control" on SR-51 ‘slowly clockwise.

settings of the relay and be provided to-the personnel performing
the test. (Suggested value 5 amps.)

. Adjust the phase angle by means of the "Goarse" and "Fine" phase

" shifter adjustment on the CS=5 or CS-<6 to the angle of maximum

' -shou1d'g1ow;

1l.

counterclockwise).

torque of the relay'(e.g;'goo;current-lag;voltage), or value
as determined from ac;ualfoperatingjcondit;qns.~uContinuity light

Adjust "Aux. Control" on SR-51 until the continuity light extin-
guishes. Continue to increase voltage another 10~15 volts.

Reduce Qoiﬁagekslowly with “Aux;-Control"=ﬁnt11€the contacts ‘of

the OHM unit Just close as shown by the flickering of the

continulity light.

‘Record the values of current, voltage ahd phésé ahgie. Compare
: with;valupsugomputed_and/qr-balibration”datanon:thelrelay;-

Return "Main" and "Aux. Control" on SR-51 to zero (maximum

If desired, Steps 4 through 10 may be repeated.at«other-phase
angles. .




12.

13.
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Turn Models SR-51 and CS-5 or CS-6 OFF.

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- Torque -

L.
2.

9.

1l.

Block OHM unit and ‘overcurrent unit (if present) closed.

Connect a pair of light leads from "Relay Contacts" binding posts
to relay terminals to observe closure of MHO unit terminals.

" mpurn "Power ON" in Models SR-51 and CS<5 or CS=6. "Power ON" "

lights should glow.

aInitiate Model SR-Sl by pressing the "Initiate" Switch.” o

Adjust current through ‘the current coil of the relay to desired
value by turning the "Main Control" on SR-51 slowly clockwise.
(The value of current will be calculated from the impedance’

- settings.of the relay and-will:be prowided to the personnel

performing the test (suggested value 5 amps.).

' Adjust the phase angle by means of the "Coarse" and- "Fine"

phase shifter adjustment on CS-5 or (S-6 to the angle of

maximum torque of the relay (e.g. 60° current lag) or values.-

as determined from actual operating conditlons. Continuity

éight may be extinguished. Ir so, follow with first part of-
tep 7.

Rotate "Aux. Control" clockwise.on SR-51 until the continuity
l1ight glows. Continue to rotate "Aux. Control" until continulty
light extinguishes. Continue to increase voltage for another
10015 volts. _ g oLvake * S

Reduce vcltage slowly by rotating Maux. Control" counterclockwise
‘until the contacts of the MHO unit Just close (as shown by
flickering of the continuity light).

Record the values of current voltage and phase angle

Return "Main" and "Aux." Controls on SR-51 to zero (maximum

_ counterclockwise)

To determine angle of  maximum torque, repeat Stegs 4 - 10 for
two (2) other phase angles, equi-distant from 60 current lag.

{e.g. 309 current lag and. 90% current lag)

12.
13.

Turn Models SR-51 and CS=5 or CS-6 OFF.

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 '

"Power ON” Switch.'...C.‘.......I....‘.....QOFF

Mimer Operation Selector“ Switch...........UPPER-“N 0. MAINT.
_ ' LOWER-"CONT o

"Main Control” ..............................Zero (counterclockwise)
“Aux. Power“ Switchl‘...‘.‘.......".l.‘.... INT"V

“Voltmeter Range“ Switch...;................So that test ‘voltage will
S U _ be read in upper 1/3 of scale

"Voltmeter Selector“ Switch.................DC _ O

Cmaux. Selector“ Switch......................DC of desired voltage
"Aux. COntrol ...........¢..................Zero (counterclockwise}
"AC Range“ Switch...........................10A o

"DC Range bwitch...........................‘5 OA

"Main Ammeter Range™ Switch...ceescsvseesssee500

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

"Output #1—#2" Switch....................... "Output #l"'

1. Block MHQ, OHM and overcurrent unit contacts closed.

2. Connect a pair ‘of light leads to relay terminals associated with
TOX" unit operating coil.

3. Connect the ‘other end ‘of the leads to terminals marked’ e Qutput"
on SR-51. _ _ :

4, Connect a palr of light leads from terminals marked “Relay Contacts"
‘to terminals of relay to cbserve gening of "OX“ unit trip
- eircuif contacts. , \

5. Turn "Power ON" Switch £o ON. '"Power ON"'light*and Continuity
light should glow. . e ‘ _ .

6. Initlate unit by pressing "Initiate" Switch. o
7. Advance "Aux. Control" slowly clockwlse until the continuity

light is extinguished. Observe the voltage on the voltmeter.
This is the pickup voltage of the "O0X" relay.
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8. Return "Aux. Control" to zero (maximum counterclockwise).

9. Reconnect the- continulty light to relay: terminals to observe.
closure of "OX" unit contacts. Continuity light is extinguished.

10. ‘Advance "Aux. Control" slowly clockwise until the continuity’
1ight glows. Observe the pickup voltage of the "OX" relay on

) the voltmeter.__ e o

11. Turn "Aux. Control" slowly counterclockwise until continuity
light is extinguished. Observe the dropout voltage of the "OX"
relay on the voltmeter. _

12. Return the "Aux. Control" to zero (maximum counterclockwise).

13. Turn Model SR=51 OFF.

14, Remove all blooking from the relay.-v- ,

Testing "S" Relay - (Phase Shifter and ‘Phase Angle Meter not- required)

SETUP OF CONTROLS BEFORE TEST - MODEL SR-SI** Pl

CONTROL : POSITION

"Power ON" Switch.'.......'.......l.."...OCOFF

"Timer Operation Selector" Switch....e.e.s..UPPER="N.O. MAINT."-
- R _ . L LOWER= "CONT "

"Main Control"....................... ......Zero( counterclockwise)

"Aux. Power" Switch...................}.;g;;“INT;“-

"oltmeter Range'- OWLECH . cevsevssesesasessss30 that test voltage will
be read in upper 1/3 of scale

"Voltmeter Selector“ Switch..;..;.;;........DC

"Aux. Selector" Switch......................DC desired voltage..
MAUR. CONETOL" SWILCH. e v eceisnaevesonsenesssZ@TO (counterclockwise)
"AC Range" SWltCh..ieeeseicoossiossansssssssl0h o o

"DC Range” Switch.isiieiecscidescesvecssssss 5,04

"Main Ammeter Range" SWLtch......i.se.sesss.500

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

TOutput HL=#2" SWLtCH.seetessisisssrnsasssssioutput #1" - o
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1. Connect a pair of light leads to relay terminals associated
with "S" unit operating coil. o _ L '

2. Connect the other end of the leads to terminals marked "DC Output"
on Model SRe«51... . . .o . YRR e o

3. Connect a pair of light leads from terminals markedﬁ"ﬁeiay Contacts™
to relay terminals so as to observe operation of "S" unit contacts.

4. Turn the "Power ON" Switch ON. "Power ON" light should glow.

5. Initiate unit by pressing "Initiate" Switch. _ _

6. Observe the Continuity light. Light should be extinguished.

7. Advance "Aux. Control®™ slowly clockwise until the Continulty
light glows. Observe the pickup voltage of the "s" pelay on
-the voltmeter. . S R T N SR o

o8, Pupn - MAux s Control™ iglowly. counterclockwise . and. observe the drop4
out voltage of "S" relay as indicated when the continuity light
is extingulshed. - _ -

9. Return the "Aux. Control™ to zero (maximum counterclockwise).

10. Turn Model SR=-5L OFF.

Testing Overcufreht'ﬁﬁiﬁ - Phase Shifter and Phase Angle Meter
T EEERE is not required o e _

SETUP _OF CONTROLS - MODEL SR=51 L
CONTROL - R POSITION

npower ON" SwitCh..O.........‘.O.l......UCOOOOOOQODCOOOFF

"Timer Operation Selector" SWALCH s eeoseesss JPPER-"N.O.MAINT."
e SR o LOWER-"CONT."

"Main CONELOL: svisenssasserensssssossnnssesesss2ero (counterclockwise)
"Aux. Power” SWitCh..ssvesecsoosssssssonsceae INT"
"Yoltmeter Range® SwitCh...eceececsescsecssss300

"Voltmeter Selector” Switch...eceosessscases"EXT.ACT

"aux. Selector” SWltCh.essessessssseasserssss 'VERN.T __fk_ ‘
BAUR. CONETOLevseecssssannsnnssssnsnssesssssZero (counterclockwise)

"Ac Range" SWitchoooo'c.aoo-ooo-co.oooococntoolca
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CONTROL L SRS . POSITION.
"Dc R Range“ SWitcho LI .'.' LI R B B I N N NN R B I B B SA .
"Ooutput #Ll-#2" Switch;.;;..;......;s....;;“Output'#l

"Main Ammeter Range" SWLLCR: .. essssss0000.50 that test current may be
, L read in UPPER 1/3 of scale

"Yoltage Relay Test“ (DET) Switch.........Set “NORM f
- 1.. Bloeck the OHM and MHO unit trip circuit contacts closed.

2. Connect a set of heavy leads to relay terminals associated with
the OVercurrent unit operating coil._

3. Connect the other end of these leads to the "Output #l" terminals
of ‘SR=-51. Use "suitable  Common’ for-the#ammeter range to be . -
utilized and desired output taps. (See "Selection of Output Taps")
4, Connect a pair of light leads from terminals marked "Relay Gontacts"
" to relay trip circuilt terminals’ so as to observe operation of
overcurrent unit contacts.
fS}J_Turn'"Poﬁer'ON"'Switch'ON“"*"Power ON" light should glow..
6. Initiate unit by pressing “Initiate" Switch.

7. Turn "Main Control" and "Aux. Control" slowly clockwise until
instantaneous element plcks up. Continuity light should glow.

'8:” Readwcorrent on ammeter. This 1s the pickup current of the .
1nstantaneous overcurrent element.

9. Return "Main Control“ to zero (maximum counterclockwise)
10. Turn the SR-51 OFF.. _
11l. Remove. all ‘blocking from the relay.

Testing of Target and Seal-In Unit - Phase Shifter and Phase Angle
Meter not required.

SETU? OF CONTROLS - MODEL SR-Bl _

CONTROL . .~ o POSITION

TPoWEr ON" SWLECH . s ressssoesesnssnessssesss OFF-
"Dimer Operation Selector” Switeh..........UPPER-"N.O:MAINT."

LOWER-"CONT "

"Main Control"....... .......,..,.:,,..,....Zero (counterclockwise)
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CONTROL POSITION

"Aux. Power" SWLtCR.ceeavsrresaassrracnccees INT "

"Yoltmeter Range" Switch....................300

"Yoltmeter Selector” SwitChieeeeseessossosss "EXTo AC"

fAux. Selector" SWLtCheeoevessessssssssnsassd DC _ |
4"Aux. Control .......;......................Zero (counterclockwise)
"AC Range" Switch................;;;....;...10A s

"DC Range“ Switch...........................So ‘that test current will
: : . . .. be.read in UPPER 1/3 of scale

_“Main Ammeter Range" SWALEN. v scsoasssseesssB00
~"Voltage Relay Test“ &DET) Switch...........Set “NORM“
"OuCDUt #l-#a S“itChooooooaoooooocooo.oaoooo Output #l“

1;. Block the OHM, MHO and Instantaneous Overcurrent Element (when
supplied) trip circult contacts closed., T

2. Connect a pailr of light leads from terminals marked “Relay Con-
tacts" to relay trip circuit terminals so as to observe operation
of seal-in contacts. _ o

3. Connect a set of light leads to relay terminals associated with
- -target. and seal-in operating coil. = . , _

. . Connect: other end of the leads to terminals marked "DC Output"
. Turn "Power ON" Switch ON.. "Power ON" light should glow.

4

5

6. Initiate unit by preseing "Initiate"tSwitch.

7. Rotate "Aux. Control" slowly (clockwise) to inicrease output.
8

. Observe Target operation. When SeaIAIn;contects close, the -
o Continuity light will. glow. :

9. Read pickup current on DC ammeter.
NOTE: Target and Seal-In operation can ‘be observed by alternately
pressing 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. . o
10 Return- the “Aux. Control” to zero (maximum counterclockwise)
11. Turn SR-Sl OFF.

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 the GCX
relay. They verify the integrity of lnternal connections in ‘the
relay, correct polarization between the OHM and the MHO units, and
the operation.of the "OX" relay. . . _

SETUP .OF CONTROLS BEFORE TEST -~ MODEL SR~§1

CONTROL | - ’ POSITLION -

"Power ON" SWitChaooocoooooooovot-a-cao-ooooFF

"Timer Operation Selector" Switch..........UPPER-“N o} MAINT LA
~ LOWER=CONT." ~ '

~"Main Control”.cererressesesssocssssensessslI'O (counterclockwise) .

"Aux. Power“ Switch....'........0.......... INT“

"Voltmeter Range" Switch...................So that test voltage will

_ _ . be read in UPPER 1/3 of scale
- "Yoltmeter Selector"-Switch....,...,......."EXT." AC”__

"Aux. Selector:' Switchl....'............G.llso Dc
t'Ac Range" Switch"..‘.Q‘..........'.......lloA

: '"Dc Ra.nge" SWitcho-oot-ooooo.oooooctooo-ooa:SA

"Main Ammeter Range" Switch................So that ‘test current will
R _ be read in UPPER 1/3 cf scale

"Voltage Relay Test" (DET) Switch..........Set 'NORM" o
“Output #1"'#2“ -SWitCh...-.................-."Output #l" S

SETUP OF CONTROLS BEFORE TEST - MODELS Cb-S or _CS=6

CONTROL L Lo _ POSITION

"Power ON“OFF“ Switch.l........'.“.'...OOSOOFF

e et e ARt S 05 S s

“Input Voltage" Selector........;.;;;.......As required (Not on CS=6)

. "Phage Shift Adjust Coarse” .................Any position

“Phase Shift Adjust Fine'...................Counterclockwise

Switch (upper right)............;...........Phase Shift Qutput




1. Conhect Model CS~5 or CS-6 output terminals marked "Phase Shifter
_gutpug" to relay potential coll terminals. Observe polarity.

2. Connect one set of light leads from terminals marked "DC Output"”
to relay terminals associated with "OX" unit operating coll. o

3. Connect SR-51 "AC Output:#l“fﬁo the rélay'currentaoperétingicoil
terminals. Current colls are connected in series. Observe
‘polarity. : ' : _ o T

4, Plug in the telephone type plug into the "PL.AJM." Jack on SR=51l.
Connect the leads from the plug to the CS-5 or CS-6 terminals
marked "Current Coil Input®. Observe polarity. Connect black
lead to terminal marked "E",

5. Connect a pair of light leads from terminals marked "Relay Contacts"
to relay trip circuit terminals to observe closure of overcurrent,
OHM and MHO unit contacts through circuit: with "O0X" unit Normally

i -.Closed -contacts,. .. ... , N _ _

6. Select 150V range on the "Voltmeter Range" Switch.

7. Hook up external éOItmeter‘terminals on SR«51 to output terminals
of phase shifter. . . N

8. Connect CS-5 or CS=6 to a sultable source of power and SR-51 to
120 volts, single-phase power. e ) o s ST

9. Turn "Power ON" Switches in Model SR-51 and CS~5 or CS-6. "Power
. ON" 1ights should glow. ’

10. Initiate Model SR-51 by pressing "Initiate" Switch.

11. Select proper ammeter range on Main Ammeter. The range should
be high enough to reglster the current sufficlent to plck up
the OHM unit (Zone 1) when phase shifter output voltage is—.
applied to potential colls of relay. .

12. Rotate "Main Control®™ on SR-51 clockwise to pass about 5 amperes
" through relay current colls.  Rotate "Coarse” and "Fine" controls
on CS-5 or CS=6 until desired phase angle is read on phase angle
meter. (e.g. 90° current lag). Continue to rotate "Main Control”
- - on SR=51 until Continuity light glows. Rapidly read current,
voltage and phase angle. o B il

13. Reduce the current to zero by turning "Main Control" to . lts maximum
counterclockwise position.

14. Record the value of current, voltage and phase angle'dbserved'
in Step 12. o - = T I e

15. Repeat Steps 12 through 14 for another phase angle, if desired.
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Increase the DC output voltage by turning the "Aux. Control®
on the SR=51 slowly clockwise until the "OX" relay plcks up
as indicated by a clicking noise. This will set up the relay

- for the ‘second zone operation.~

'Hook Continuity light across: relay trip circuit terminals %o
observe closure of Overcurrent, OHM and MHO unit. contacts -

.,'through circuit with "OX" unit Normally Open contacts.-

8.

Repeat Steps 12 through 15,
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_ DISTANCE RELAY (MHO) . -
' GENERAL ELECTRIC TYPE GCY -

The Type GCY relay is a high speed directional distance relay
containing three (3) MHO units known as the M} unlt, the Mz unit
and the OM3 unit. Each of.these units contains a wound field with
both current and voltage colls and an armature shaped like a cup.
The units operate like single-phase induction motors. Generally
speaking, the voltage coils produce torque to hold the relay trip
circuit contacts open while the current colls produce torque to
close the trip circult contacts. T '

The M1 unit is used for first zone protection. This unit 1is
an instantaneous unit, has directional qualities and operates
independent of any other relay.

. The M2 unit is used for second zone protection. This unit has
directional qualities and operates in conjunctlion with a timing
relay. Therefore, a time delayed trip is obtalned.

‘The OM3 unit may be used for zone 3 protection. This unit has
directional qualities; however, its circular impedance characteristics.
may be offset so as to encompass the origin of the impedance dliagram.
Thus, this unit may "Reach® backwards. The OM3 unit is also used
in conjunction with a timing relay which resulgs in a time delayed
trip. ,

Testing
PLEASE REFER TO MANUFACTURER'S BULLETIN BEFORE PRO&EEDING WITH TEST

Types of Tests

1. MHO Unit Mj - Pirst (#1) zone Reach and Torque Angle

2. MHO Unit M2 - Second (#2) zone Reach and Torgque Angle

3. MHO Unit OM3 - Third (#3) zone Reach, Maximum Torque Angle and
Offset.

Equipment Required

1. MULTI-AMP Model SR-~51 Relay Tester
2, MULTI-AMP Model CS«5 or CS-6 Phase Shifter & Phase Angle Meter

Power Regquired

Input: 3-phase at approximately 200 VA for Model Cs=5
120 volts, 60 hz, l-phase at-approximately 1.0 kva for
Models 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
fAs Found" tests are required). .

Relay must be level for tests.
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SETUP OF EQUIPMENT BEFORE TEST

1. Place Model CS«5 or: CS-6 to the left of Model SR-Sl.

2. Place the relay at a convenient 1ocation so that easy connections
can be made to all terminals, or '

2a. Place Model CS-=5 or (S-6 and Model SR-51 close to the relay at
the switcéhboard so that the test lead length is kept to a minimum
and the relay Operaticn can be observed during testing.

3. If the relay is to be tested on the switchboard, remove plugs
from the top and bottom of the unlt and replace them with test
plugs. Remove bottom plug first.

WARNING: During removal of cover and plugs, ‘be careful not to
activate the Target and Seal-in contacts as this can
cause tripping of the" circuit breaker. '

4, Make sure the Main. Switches on CS-S or CS~6 and SR-Sl are OFF.

.5, ' Connect Model CS=5 to.a suitable source of 3~phase power.

6. Connect Model SR-51 and CS-6 (when used) to a sultable source
' ;fof singlewphase power as indicated on the nameplate._,

SETUP OF CONTROLS ‘BEFORE TEST - MODEL SR—Sl

CONTROL IR A L, A POSITION

"Power ON" Switch.........;.........OFF L

‘"Pimer Operation Selector” Switch . JJPPER=-"N.O. MAINT.“, LOWER=-"CONT."
"Main Control..................;....Zero (counterclockwise)

“Aux. Power“ Switch...............;."EXT "

“Voltmeter Range“ Switch............So that test voltage will be read
o in upper 1/3 of. voltmeter scale

~ "Voltmeter Selector" Switch.....v... "AC Output #3"
..“Aux. Selector“ Switch N ees e Q..:;"AC Output #3 150V"
"Aux. Control“rr..;;.......;;.;..;..Zero (counterclockwise)m
"AC Range" 3w1tch.....;1.:}eﬁ}......10A,Q o :

0D RANEE" SWABCR. snsensenensnnenes SA

'"Main Ammeter Range" Switch........ .80 that test current willl be read
x -in upper 1/3 of. ammeter scale

"VOltage Relay Test“(DET)Switch.....Set "NORM"

“Output #l“#z“ SWitCh. I I « e e -Output #l
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SETUP OF CONTROLS BEFORE TEST = MODEL«CS-S.or-CS~6.~_T~

" CONTROL . POSITION _

) "POW&I‘ ON-OFF" SWitCh- sessvteess OFF

‘Input Voltage Selector.......:..As Required (Not on CS-6) ..

Phase Shift Adjust Coarse.......Any Position

" phase Shift Adjust Fine.........Counterclockwise -

‘Switch (upper right)........Q...?hase Shift Output

Testing M; Unit (Zone 1) for Reach and Phase Angle

1.

2.

3.

1o,

Connect -Model SR-51 and Model CS-5 or CS-6 together as described

in Section 2 under "Use of Phase Shifter and Phase Angle Meter”.

Connect SR=-51 ™AC Output #3" binding.posts: to the relay Mj unit
potential coil terminals. Observe polarity.

Connect all the relayicurrent'coils in seniésiby-Juﬁpériﬁg the
proper relay terminals. This series clrcult is then connected
to the SR=-51 "Output. #1" binding posts. Observe:polarity. -

Connect a pair of light leads from the SR-51 binding posts

marked "Relay Contacts" to the relay terminals associated with
the relay My unit trip circuit contacts.. , : :

“Pupn "Power ON'" Switch ON. Both test sets (SR-51 and CS-5 or

CS-6) "Power ON" lights should glow.
Initiate SR-51 by pressing "Initiate" Switch.

Rotate "Main Control" on SR-51 clock#ise to éhergize'éurrent

coils of relay until the desired value of test current is read
on the SR-51 Main Ammeter (suggested 5 amperes). The Continulty
light. should glow.

Adjust the "Coarse" and "Fine" céntfbis on the CS-5 or CS-6 until
the phase angle meter indlcates the presumed angle of maximunm
torque for the Mj; unit. (Example: 60C current lag voltage)

Rotate the "Aux." Control on the SR-51 clockwise to increase
voltage applied to the relay M unit potential coll until the
voltmeter indicates a voltage approximately 15-20 volts higher
than the voltage where the continuity light extinguishes. =

Rotate the "Aux." Control on the SR-51 counterclockwise until

‘the Continuity Light flickers. Observe and record the values

of voltage, current and phase angle. ’Ca;culate "Reach".
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. 11. Return SR-51 *Main" and "Aux." Controls to zero.

"12. Repeat Steps 7 through 10 for two other values of phase angle
to determine that the presumed angle of maximum torque was
‘really the true angle of maximum torque for the relay M; unit.
(suggested -15¢ and +15° from angle chosen: in Step 8. °

13. . Turn "Power ON" Switches OFF on both SR-51 and CS-5 or CS-6.

Testing M. Unit (Zone 2) for Reach and Phase Angle

1. Repeat Step 1 above ("Testing Mj Unit").

2. _Coﬁnect SR-51 "AC Output #3" binding posts-to the relay My unit
potential coil terminals.  Observe polarity.

3. Repeat Step 3 above. ("Testing M; Unit)

4., Connect a pair of light leads from the SR-51 binding posts
marked "Relay Contacts" to the relay terminals assoclated with
the relay Mgwunit trip circult contacts. :

5. Repeat Steps 5, 6, 7 for "Testing M; Unit".

6. Adjust the "Coarse" and "Fine" Controls on the CS-5 or Cs=-6
until the Phase Angle Meter indicates the presumed angle of
maximum torque for the M, unit, (Example: 759 current lag:
voltage) :

7. Repeat Steps 9-13 above. (Testing M; Unit)

Testing OM2 Unit (Zone 3) for Reach, Phase Angle and Offset.

1. Repeat Step 1 "Testing M; Unit".

2. Connect SR-51 "AC Qutput #3" binding posts to the relay OM3 unit
- potential coil-terminals. Observe polarity.

3. Repeat Step 3 "Testing M1 Unit".

4. Connect a pair of light leads from the SR-51 binding posts marked
"Relay Contacts" to the relay terminals assoclated wilth the relay
OM3 unit trip circult contacts. -

5, Repeat Steps 5, 6 and 7 "Testing M1 Unit".

6. Adjust the "Coarse" and "Fine" Controls on the CS-5 or CS-6 until
the Phase Angle Meter indicates the presumed angle of maximum
torque for the OM3 unit. (Example: 759 current lag voltage)

7. Repeat Steps 9 through 12 above. ("Testing Mj Unit")

8. Repeat Step 7 "Testing M; Unit".
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9. Adjust "Coarse" and "Fine" Controls on CS-5 or CS=-6 until the
""" Phase Angle Meter indicates a shift-of 180° from the OM3 unit
' -angle of'maximum torque. oo U L o .

10. Repeat'Steps.9sand,10i"Téstingjmi'Uhit"féxdéﬁﬁ,the_calculation
will be Offset of the OM3 unit.
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DISTANCE (IMPEDANCE) RELAY

: _(Westinghouse Type_HZ):ﬂ
GENERAL .

The HZ relay is a high speed zone distance lmpedance type relay pro-
viding either an instantaneous or-a time delay trip. - The total relay
contains five (5) major units, namely, three (3) instantaneous imped-
ance units, a directional unit and a synchronous timer, each of which
is described below: ' -

Instantaneous Impedance Units

These units work on the balance-beam principle. A magnetic beam is
plvoted between two voltage actuated colls which produce a magnetic
pull on one end of the beam, and a current actuated coil which pro-
duces a magnetic pull on the other end of the beam. When the pull
produced by the current coll exceeds the pull -produced by the voltage
colls, the beam tips and closes the relay trip circult contacts.

 The values .of voltage and current required.to tip the beam and close
relay trip circult contacts, may be varied through the use of a core
screw and taps on the relay current coil.

Directional Unit

This is a polarized electromagnetic unit with a pivoted armature.
"There are two (2) potential colls and ocne (1) current coil.  The: unit
is designed so that for all current/voltage phase relationship
between current lead 1009 to current lag 80° passing through 09 lag,
torque 1is produced to close the unit's contacts. For all the other
current/voltage phase relationships, the directional unit's contacts
are restrained.

Synchronous Timer

This is a'motpf“&riven'timing unit- that provides a time delay for:
closing the relay_trip circuit contacts in Zones 2 and 3.

TESTS TQ BE RUN

"Balance - Impedance Unit Zone 1 .

Balance - Impedance. Unit Zone 2

Pickup of Directional Unit _

Pickup Impedance Units Zone 1, ‘Zone 2, Zone 3
Timing Test - Zone 2 Impedance Unit

Timing Test - Zone '3 Impedance Unit
Pickup of Target and Seal-Ii




TEST PROCEDURES |
ALWAYS CONSULT MANUFACTURER'S ‘LITERATURE BEFORE STARTING TEST

alance - gedance Unit - Zone 1
-SETUP OF CONTROLS BEFORE TEST ~ MODEL SR-§

CONTROL SRR i R POSITION
"Power ON" SWitchoooooooooooooooooooooooooooOFF &

"Timer Operation Selector" Switch....Jﬁ.;;..UPrﬁnn“N 0.MAINT."
LOWER-"CONT "

"Main Control ..............................Zero (counterclockwise)

"Aux. Power" switch........‘..."...‘00....‘. m" .

| be read on UPPER 1/3 of scale
"Yoltmeter Selector” Switch.........;....... ACn3"‘

~4"Voltmeter Range" Switch....,...............So that test voltage may

"aux. Selector" Switch.......................AC of desired voltage

E "Aux. Control ...............................Zero (counterclockwise)
vﬂac Range“ Switch............................IOA |

"pC Range™ SWAECR: s nvnvnnsssenessasassosssns SA

"Main Ammeter Range" Switches.sssvesssessesssSo that test current may
be read on UPPER 1/3,of scale

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

“output #l-#an Switch..-.....OO......“.;....output #l

1. Connect SR-51 to a suitable source of power as indioated on the
nameplate and ground. BE SURE THE MAIN SWITCH 1S CFF. CHECK
THE "POWER ON" LIGHT. .

2. Connect Zone 1 current coil to. "Output g,

3. Connect Zone 1 potential coil to "AC Output 3"“

4, Conneect Continuity light across terminals on relay so as %o
observe operation of Zone 1l contacts.

5, Block directional unit contacts closed.
6. Turn "Power ON" Switch ON. "Power ON“'light should glow.
7. Initiate unlt by pressing "Tnitiate" Switeh.
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8. Rotate "Aux._Control" clockwise until 35 volts is applied to
voltage colls. _

9. Rotate "Main Control" clockwise until Zone 1 contactsclose as
,indicated by glowing of Continuity light.

10. Record this value of current.

11. Return both "aux. Control" and "Main Control" to zero. (counter~
clockwise).

12. Rotate "Aux. Control“ clockwise until 5 volts 15 applied to voltage
o coils.

13. Rotate "Main Control" clockwise until Zone 1 contacts close as
indicated by glowing of Continuity light.

14. Record this value of current. It should be approximately 1/7th
© of value'record in Step 10;‘

- 15. Remove all relay blockinz- i

Balance - Impedance Unit Zone 2

1., Same setup of controls and hookup as for Zone l, except Zone 2
c‘coils and contacts are connected to test unit; Timer Contacts
Py are Jumpered; directional unit contacts are blocked closed.
2. In Step 8 use 60 volts.
_3.,_In Step 12 use 10 volts.;

4, In Step 14 second current snould be approximately 1/6th of first
current. o _

5. :Remove Jumper from “Tl" contact._}
6. Remove blocking - directional unit.
. Balance - Impedance Unit Zone 3

1. No electrical test recommended. Beam should be balanced when
both current.and.potentiel_coilsware de-energized. .

Pickup of Directional Unit

.. SETUP OF CONTROLS - MODEL SR-§1 RELAY TESTER

CONTROL o o ) POSITION

"POWGI‘ ON" SWitCh. . c'=¢ - - s e e e :o o .c. .on.o. P u:o PEPR c.o IOFF

"Timer Operation Selector" Switch...........UPPER-"N O.MAINT."
LOWER-'"CONT."

MMain CONELOL" e veeearsecracsesasnasensssssssslero (counterclockwise)
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CONTROL T o POSITION

“Aux. . POWGI‘" SWitChc LRI NE B ST N L N _-'o'_._..o.‘o__'o LR “INT." -

"Yoltmeter Range" SHALCHo oo veanssassssssssslsd 0r 7.5 depending upon
' position of "D.g,T.“‘Switch

-“Voltmeter-Selector“HSwitch..aw..,.....,,,.“D.E.T."‘._
_"Aux.’Selector" SWAtCHesavsossssosasssserss DJETM
'ﬁAﬁ*.kcohéfoiﬁ;;;;;;:..;g;;.};.;..J:Q:}}:;.zero (cauﬁterc19¢2wiée)
"AC Range™ SwitChe.eeeeeecseoscnssccsescaesl0A

"DC Range" SWAGCH. s svvveassecnsssassasasces A

"'“ﬁainlammeter'nange" Switdh..;.....;.l.;..sa.or'loa dépending upon
position of "D.E.T." Switch

' nyoltage Relay Test™ (DET) SWAtCH.esenee. Position 1=l (2s desired)
"Output #l-g2" Switcn.............;.;;;;..ﬁdutpaﬁ5#1“'7 }

1w~rConﬁect.SR-Sl;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. ‘ B : .

2, Connect Polarity terminal (&) of relay direction unit current
operating coil to the Polarity terminal (%) of "AC Output #3".
The other relay operating coil terminal should be connected to
the desired tap of “"Output #1". ‘

3. Connect the relay voltage polarizing coil to "AC Output #3" :
terminals. The Polarity terminal -(£) of the relay voltage polar-
1zing coil should be connected to Non-Polarity terminal of
"AC Qutput #3". o _ )

4, Connect Continuity light so as to observe operation of directional
unit contacts. If necessary, block other -contacts to allow this
- observation. . .. . e . 7
5. Turn "Power ON" Switch ON. "Power ON" light should glow.
6. Initiate unit by pressing "Initiate™ Switch. -

7. Rotate "Main COnﬁrol"~éloékwise?until~relay=directional contacts
‘close as indicated by glow of Continuity llght. o

8. Read and record values of voltage and current.

9. ' Remove blocking from relay.




3 - 107_

Pickup Impedance Units Zone l, Zone 2 Zone 3

- Test - Equipment Required _
Model.SR-51 Relay Tester :
Model CS=5,.CS=6 or CS~7 Phase Shifter & Phase Angle Meter
'Note: Please refer to CSa7 1n3truction book: when testing
‘ with Model CS-7 .

SETUP OF CONTROLS = MODEL SR-51 - | |
CONTROL o POSITION -

"Power ON" Switch“....'..'.l............"OFF

"Timer Operation Selector" Switcn....;.....UPPER-"N 0.MAINT."
T LOWER=-"CONT, "

"Main Control"........;.;....;..;....;.....Zero (counterclockwise)
"Aux. Power™ Switch........................ EXT "

"VQltmeter Range“ Switch...................So ‘that test voltage may
o T ~be read on. U?PER 1/3 of scale

"Voltmeter Selector“ Switch......;........."AC 3“'

“Aux. Selector" bwitch..................... AC-3 150"

"Aux. Control“...;.........................Zero (counterclockwise)
"AC Range"™ SwWitche..vseseseveevisnsaosessassl0A

"DC Range" Switch...ieiseescncecrcancriacss. SA .. -

"Main Ammeter Range' Switch...eevesessssses .50 that test current. may be
_read on UPPER 1/3 of scale

"oltage Relay Test" (DET) Switch..........Set “NORM"
"Output #l~#2" Switch ....................."Output #l" o
SETUP OF CONTROLS - Model CS-5 or Cs=6 '

CCONTRQL i m o e o I POSITION

"Power ON-OFF" Switch......................OFF

"Input Voltage Selector”'..................As required (Not on CS 6)
"Phase Shift Adjust Coarse"...ieessceasessAny position

"Phase Shift Adjust Fine'....... cevsessaeassCounterclockwise

Switch {(upper right).sveeeressecscacs ee+eos"Phase Shift Output”
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Connect SR-51 "AC Output #1" to pelay current operating coil
terminals. The relay current coils should be connected in series.
Observe_polarity;”, U : .

Connect all relay'potenfial pblariiing coils in parallel ‘and
across "AC Output #3" binding posts.  Observe polarity.

Connect. Continuity light so as to observe operation of Impedance
Unit #1 trip circuilt contacts. - ank ST

Turn "Power ON® Switches ON. "Power ON" lights should glow.
Initiate unit by pushing "Initiate" Switch.‘ B R

Adjust current through opefaﬁihg"cbils of relay to the desired value
by rotating the "Main Control" on the SR-51 clockwise. (suggested

Adjust Phase Shifter to desired Phase Angle. (suggested relay

. angle of maximum torque.) Continuity light should glow.

9.
10.
11,

12.
13.

14,

i5.

" Increase applied voltage by rotating "Aux. Control"™ on SR=51

clockwise until Continuity light is extinguished. Increase
voltage 10-l5 volts above this point..  Then slowly decrease
voltage by counterclockwise rotation of "aux. Control" on SR-51
until the Continuity light glows. Record these values of = -
ecurrent, voltage and phase angle as pickup of Zone 1 Impedance

Return "Main Control" and "Aux. Control" to zero positions.
Jumper relay timer contacts.

Connect Continuity light to observe operation of Impedance Unit
#2 trip circult contacts. .

Repeat Steps=649 above. - Record the values of current, voltage and
phase angle as_p;ckup of Zone 2 Impedance Unit. )

Connect Continuity light to‘observe opéraﬁidn'dfrimpédance Unit #3
trip circult contacts. ST e T LT

Repeat Steps 6=9 above. Record the values of current, voltage and
phase angle as pickup of Zone 3 Impedance Unit.

Turn test sets OFF and remove all relay blocking and jumpers.

Ly
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Timing Test -~ Zone 2 Impedance Unit

SETUP OF CONTROLS BEFORE TEST - MODEL_ bR-ﬁlj:ﬂ-”

CONTROL . . - POSITION

"Power ON“ Switch‘..........Q.'..-.COIOOOOOOOFF

"Timer Operation Selector” Switch...........UPPER - "N. O MOM" ‘
e S LOWER - “CONT W

"Main Control'..............................Zero (counterclockwise)
“Aux. Power" Switch‘..l..l....l‘....l.‘.‘;l.'tExT "

"Voltmeter Range" SWLECH. s e eevieeesossenses S0 that test voltage will
_ _— _ be read on UPPER 1/3 of scale

"Voltmeter Selector“ Switch..........cc...;."AC EXT. o

S MAuX. Selector“ Switch...................... 'DC- lSOV" o :

. "pux. Control" ..............................Zero (ccunterclockwise)
WAC Range" SWALCH..u..ssseesesiaensereasiaasl0A

"DC Range" SHAECH + s nsennnnaeasasssssasssns 5A

"Main Ammeter Range" Switch.................So ‘that test current will be
. ‘read on UPPER 1/3 of scale

"Voltage ‘Relay Test" (DET) Switch...........Set "NORM"k_
!'output #l“#a“ SwitCh . 4 0800 0 * ' - . l - » I L 2 B ) . l “Output #1"
SETUP OF CONTROLS BEFORE TEST - MODEL CS-S or. CS~ 6

CONTROL POSITION

"Power ON-OFF" Switch.......................OFF o
"Input Voltage Selectcr".....;..............As required (Not on CS-6)
"Phase Shift Adjust Coarse”...iesvscecess eeed AT

'"Phase Shift Adjust Fine™. . evesssereedsssesCounterclockwise

Switch (upper Plght).ieeecssssssncasesssssss"Phase Shift Qutput”




.50 :
6.
7.

8.

9.0 :
10.

il.
1z.

Connect "DC Output" binding posts on SR=-51 to relay terminals
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Connect SR~-51 "AC Output #1" to5re1éy5cﬁrrént~operating-éoil L
terminals. The relay. current -coils -should be connected in
geries. Observe polarity. : L ST

Corinect all relay potential polarizing coils in parallel and

to "Phase Shifter Output" terminals of CS-5 or CS-6. Observe .
polarity. C - - e
Connect.a pair of light leads from "Phase Shifter Output" termin-
als on CS-5 or CS-6 to "External Voltmeter" terminals on SR-51.

so that lower contact switch of relay may be energizeq,_ S
Rotate ™Aux, Control" 1/2 turn clockwise. o _ 
Turn "Power ON" Switches ON. "Power ON" lights should glow.
Set Pointer Pre-Set on Main Ammeter to 1/2 division below

desired test current. This value of current should be high enough
to pick up Zone 2 Impedance Unit. It may be calculated from

_relay settings and voltage avallable from "Phase ShirterLOutputP.

Rotate "Main Control" clockwise to increase currént_to_desired
value. Jog "Initiate™ Switch. Set CS=5 or CS-6 to desired
phase angle. R

Connect "Relay Contacts" binding posts on SR=51 to relay termlnals

. so that closure of "Timer 1" contacts may be observed.

Adjust "Timer Operation Selector” Switch, UPPER-"N.O: MAINT.",
LOWER - "TIMER". | R SRR

‘Initiate unit by pressing "Initiate” Switch. .

Record time to trip.

Timing Test - Zdné'g Imgedance Unit

Repeat Steps 1 through 12 above except that in Stép”Q,'connect'so
_as to time closure of Timer 2 contacts. S o

Pickup of Targets
See DC Target and Seal-In test procedure.

i
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TYPICAL TESTS FOR DC AUXILIARY RELAY
- ____Model SR=-51 Only . . - :

ALWAYS REFER TO MANUFACTURER'S- LITERATURE BEFORE TESTING -

Type of Tests

Pickup
Dropout

. SETUP. -OF CONTROLS BEFORE- TEST . . .o -

CONTROL U poSITION

"Power ON" SWALCN..oeeevenssacseseasss OFF

*Timer Operation Selector® Switch.....UPPER-"N.O.MAINQ"
LOWER-"CONT",

) “Main contrcl"......"C.‘."-......'..zero (counterclockwise)
“Aux. Power“ Switch...‘l.l‘..-........"INT"

"Yoltmeter Range™" Switch..............50 that desired test voltage
wlll be read in upper 1/3 of scale

"Voltmeter Selector” Switch....sses...DC
"Aux. Selector” Switch....viieveesss..150 or 300 DC

"Aux. antrol"....:...................Zero (counterclockwise)
"AC Range" Switch.:...................10A

"DC Range" Switch...eceveerreeacsesesdA

"Qutput #1-#2" Switch...iessessesssa..Output #1"

"Main Ammeter Range" Switch........ «+.500

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

Testing Pilckup and Dropout -

1. Connect Model SR-51 to a suitable source of power as indlcated on
the nameplate and ground. BE SURE THE MAIN SWITCH IS QFF. CHECK
THE "POWER ON" LIGHT. .

2. Connect relay operating coil terminals to "DC Output" binding
posts of test set.

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




.

10.
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Purn "Power ON" Switch ON. ~"Power ON" light should glow.
Initiate unit by pressing "Initiate" Swiltch. -

Rotate "Aux. Control" clockwise to increase output until continulty
light glows. b

Read pickup voltage on voltmeter. Record.

Rotate "Aux. Control™ counterclockwise to decrease output untll
continuity light extingulshes. '

Read dropout voltage on voltmeter. Record.

Turn test set OFF.




u"‘l

- TESTING DC TARGET AND SEAL~IN UNITS (Operations Indicator)

The operating coll of the Target and Seal-In unit is usually located
in the same cilrcult as the relay trip circult contacts. Therefore,
when using the relay's trip circult terminals as a connection to
energize the Target unit operating coll, the relay's trip circuit

- contacts must be closed or shunted.

Testine | | -
'Alﬁays7referfto;manufacturer's*literatufe“beforé'testing.

. Type of Test
1. Pilckup
SETUP OF CONTROLS BEFORE TEST

CONTROL | . POSTTION

"Pimer Operation Selector" Switch.........UPPER-“NLO.MAINT."
. ﬁ _ . LOWER~ "DC"

"™Main Cohtrol"......;Q;;}..;....;...;;;.b;Zero (éountérclockwise)
TAux. Power" SWAtCh:esceececssssoasssseess TINT"
anltmetéf'Raqggf Syitgh.t,,Qi;q.,i};{f;;,3dqx: -

- "Voltmeter Selector® Switch....w....;..:.#"EX?.VAC"':'”.

"aux. Selector” SwitcChiieeersessrsesnsesss8 VDC

"AUX. Control"............................Zerq (counterclockwise)
"AC Range Switch"...eceesevoesosrsesnnsssl0A

"DC Range" SWitCh...ivieeveseseaseccsssrss s deslired

"Main Ammeter Range" SwitcCh...c..eiveoessa.”500"

"Voltage Relay"(DET) Switche.ssssesveses..Set "NORM"

T0utput Fl=#2" SWltCh.cserosessasnersesessOutput #1°




ua
5.
6-

b w2

. Connect Model SR=51 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.. .

_:Connect-light leads from binding posts marked "Relay Contacts™
to operating coil of Target and_SealwIn unlts. o

If necessary, close relay trip circuit contacts. This may be
done electrically or mechanlcally. To c¢lose these contacts
electrically, energize the proper operating coll from .
"Output #1% or "Output #2" of the test set. When "Qutput #1"
is used, it will be necessary to adjust the test set Main
ammeter switch so that the current required to close the relay
trig circult contacts may be read on the upper 1/3 of ammeter
sg¢ale. '

Turn "Power ON" Switch ON. "Power ON" light should glow.
Initiate unit by pressing "Initiate" Switeh. = |
When relay trip circult contacts are closedvelectriqally;
rotate "Main Control" clockwise to energize proper operating
coilc AR _

Rotate ™iux. Control" slowly (clockwise) to increase output
until Target shows or Seal-In plcks up.

Observe DC amperes on DC Ammeter and record.

Open relay trip ecircuit contacts. The DC trip circult should

remain energlzed through the Seal-In contacts.
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TESTING INSULATION RESISTANCE
-SETUP OF  CONTROLS BEFORE TEST . -

CONTROL : POSITION

"Power ON‘r Switch.-.CIO.....".IQII‘.....COFF

"pimer Operation Selector” Switche........UPPER="N.Q.MAINT."

| LOWER-"OFF"
"Main Control"............................Zero (counterclockwise)
"Aux. Power” Switch....;.................. INT."
"Woltmeter Range” SWAtCh.....seieesseesss "INS: RES."
"Yoltmeter Selector" SW1tch......eeeeses.™INS, RES,"
"aux. Selector” Switch..................{;'INS RES."
"Aux. Control“....;.......................Zero (counterclockwise)
MAC RAnge" SWAtCHesesseeeeocsssveanioiosssl0A
"DC'Rangé"‘Switcﬁ}};.;.};;........;..;....SA
"Main Ammeter Range" s&itch.........;.....soo
"Yoltage Relay Test"(DET) Switch..:.......Set "NORM.,"
]f"output #1—#2“]3w1£¢h;},,....;..;....;.;.."Outputf#1"- s
Testing

1. Connect the SR-51 to.a sultable source of power as indicated
on the nameplate and ground., BE SURE.THE MAIN SWITCH IS OFF.
CHECK THE "POWER ON" LIGHT.

2. Connect high voltage test leads'to terminals marked "INS. RES."
3. Throw’"waér ON" Switchfto ON. "Pdﬁeb ON?_light"shduld glow.
4, :Initiate unit by pressing “Initiate" Switch

5. Make sure test probes are separated.

6. Increase "Aux. Control" (clockwise) until reading of infinity is
obtained on megohm scale of voltmeter on SR-Sl.-

7. Apply test probes to the equipment to be tested. The relay
components will not be harmed as 1ong as one probe 1s applied
to relay frame and the other to all external termlnals 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 RELAYS

SETUP OF CONTROLS BEFORE TEST

CONTROL. POSITION
"Power on“ Switch...“.'...‘..........‘.-om

"Timer Operation Selector seeess e s GUPPER - '“N c MOM“
. LOWER - "CONT“

"Main COntrol™..eeeececsascsssasesnasselerO (counterclockwise)
"Aux. Power" Switch.....ceecciccioncanss WINT®

"Voltmeter Range" Swibtch....ccvcecesens 300“ |

"Voltmeter Selector“ Switch............ "EXT. AC"

"Aux. Selector® Switch.................“VERN“

TAux. Control" .........................Zero (counterclockwise)
"AC Range" Switch......................10A

"DC Range™ SWLtChe.eccseiscsasscecessselh

"Main Ammeter Range" Switcheceieeansss.S0 ‘that test. current may be
. read on’ upper 1/3 of scale.

"oltage Relay Test"(DET) Switch.......Set "NORM"
MQutput #Ll-#2" SWAtCh....eesesessesss. Output #3

- Test Procedure

1. Refer to manufacturer's literature for connection points and
TIME-CURRENT Curves of the device to be tested. _

2. Connect the test set to ‘a suitable source of power as indicated
on the nameplate. BE SURE THE MAIN SWITCH IS OFF.: CHECK THE
"POWER ON" LIGHT. - ) '

3;' 'Connect operating coil or heater of device to be tested to
"Qutput #1" of the test set.

b, f7Connect relay contacts of device being tested to “Relay Contacts
: binding posts of test set. o

S. "Preset main ammeter needle 1/2 division below. desired test
current through the use of ‘the pointer pre-set.
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Turn "Power ON" Switch ON. "Power ON" light should glow.

Jog test set with “Initiate" switch and rotate "Main Control"
clockwise to increase current. to desired value. .

Set "Timer Operation Selector’ Switeh, UPPER - "N.C. MAINT"
LOWER - "TIMER".

4_Reset timer to zero.

Initiate unit with “Initiate" Switch and run test.

If minor adJustments in current are necessary, ‘use "Aux. Control“

Timer stops and test set will de-energize when device under test

trips.

Read timer and record results. ]Compare to,manufacturer!s_'

-specifications.




o | THERWAL OVERLOAD RELAYS
(Westinghouse Qype-BL-l)ﬁ(GeneraiiElecﬁrié:Type'TMC)_'f”

GENERAL

The Westinghouse Type BL-l 1s a thermal overload relay basically
designed to provide overload running protection of a motor. The
relay may be used anywhere if the current transformer ratio is such
that at full load current of the motor, the relay recelves between’

2.5 = 5.0 amperes. The relay setting is changed by moving an indicator
on a sliding scale and/or changing the position of short~circulting
links. When the scale pointer is set to one of the indicated current
values (motor full load current), the relay contacts will close in
approximately 60 minutes if the current increases to 125% of motor full
load current. (NOTE: The full load current must have been flowing
long enough for the temperature rise to reach a constant value.)

The General Electric Type TMC is a thermal relay also providing over-
load running protection for motors. The range of adjustment of the
relay is from 2.01 - 5.09 amperes (eurrent transformer secondary
currents). However, the relay rating is changed through the use of

10 interchangeable operating coils. The relay is provided with a screw
adjustment to vary the setting of each operating coil from 50% to 110%
of the rated coil current.

Both the BL-1 and TMC relays are amblent compensated and are equlpped
with instantaneous elements for short clrcuit protection of a motor.

Testing
. Type Of Tests.

Time Current Characteristics
Instantaneous Pickup

SETUP OF CONTROLS BEFORE TEST

CONTROL POSITION

"Power ON“ Switch...‘.-.........'.QCQOF'F

"P4mer Operation Selector" Switch....UPPER "N.O. MOM"
LOWER "CONT."

"Main CORETOL e cesevsnnnsnasensosossssI8L0 (counterclockwise)
"Aux. Power" Switch................{,INT

"Voltmeter Range"” Switch...eeeaseeces."300"

ettt e ottt e T
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CONTROL . b  ' POSITION .

"Voltmeter Selector" Switch........."ExT._AQﬁ |

"Aux. Selector"” Switch......seeeee..VERN

"Aux. Control .......,..r..t,.,,,..,Zero (counterclockwise)
"AC Range" Switeh......evcvieeeeeia 104 _  o S
"DC Range"'Switch.........}.......{QSA |

"Main Ammeter Range" Switcheseeee...80 that test current may be
. read in upper 1/3 of scale.

"Vcltage Relay Test" (DET) Switch...Set “NORM"

Testing for Time Current Characteristics

1. "Refer to manufacturer's literature for connectien pcints and
TIME-CURRENT curves of the relay to be tested. ... .

2. ' Connect the SR-51 to a suitable source of power as indicated
on the nameplate. BE SURE THE MAIN SWITCH IS OFF. CHECK THE
"POWER ON" LIGHT.

3. Connect the relay thermal unit operating coil terminals to the
test set "AC Output #1" terminais. :

b, Turn "Power On" switch MON'. "POWer'On"'lightfshouldAglow.

- B Use main ammeter pre=gset to set the main ammeter needle approx—
1mately 1/2 scale division below desired test current.

6. Jog the test set by alternately pressing and releasing the
"initiate" switch. ‘At the same ' time rotate the "Main Control”
clockwise, until the main ammeter needle moves off the pre-=set
and indicates the desired amount of. test current. . _

T.H_qunnect test set "Relay Contaects" binding post to the relay trip
. eircuit contact terminals associated with the relay thermal
~element. : :

8. If necessary allow the relay coil to cool down to approximately
room temperature,

9. Set "Timer Operation Selector" Switch, UPPER - "N.O. Maint",
) LOWER - "TIMER".

10. Reset tlimer to zero.
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11.
i1z2.

13.

4.

" Initiate unit with “Initiate" switeh and run-test.

If minor edjustments in current are necessary, use "Aux.
Control." e _ , .

Timer will stop and test set will de-energize when thermal
unit trip circult econtacts of relay close.

Read timer and record results. - Compare to mahﬁfecturer's
specifications. _

Testing Instantaneous Trig

1.

10.

1.

:Connect the SR-Sl 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.

Connect -instantaneous unit operating coll of the relay to
®output #1" of the test set.

Connect light leads from binding posts marked "Relay Contacts"

_ on the test set to instantaneous unit trip circuit contact

terminals on the relay. _
Set "Timer Operation. Selector“ Switch, UPPER = “N 0 MOM“

LOWER - "PAST TRIP".

Turn "Power ON" Switch ON.

'Initiate unit by holding in "Initiate" Switch. 

. Rotate "HMain Control". (clockwise) to increase current until timer
stops.

Rapidly read this value,df current and releese "init;éte“ switch.

,WARNING.!!!_ CURRENT IS FLOWING THROUGH THE RELAY COIL
S UNTIL "INITIATE" SWLTCH IS _RELEASED.
TﬁEREFORE TT 18 IMPORIANL 1O READ THE

_ Decrease setting of "Main Control" about 10% and jog the
- "Initiate" switch. Determine minimum setting of "Main Control"

where relay instantaneous trip circuit contacts of the relay
consistently close when the test set "Initlate" switch is pressed.

Read and record pilckup current.

Turn test set off.. . -




b -9

TESTING ROWAN MAGNETIC OVERLOAD: RELAYS .

1. Types of Tests
a. Pilck-up
b. Timing L - . :

"NOTE: The plck-up test 1s not normally performed unless it
1s desired to change the setting, or it is suspected
that the setting has been changed.

Pick-ug -

1. Remove dashpot from the relay by releasing retainers and
bearing pin. Set dashpot aside in an upright position.

2. Secure proper callibrating weight from manufacturer and suspend
from lower control arm-attached to relay armature,. .. _

3. Follow test set setup of controls and steps -(1) through (¥)
under "Typical Tests for Heater Type Thermal Motor Overload
Relays.” B

4, Turn"Power ON™ Switch ON.: Power ON light and continulty 1llght

<. should glow. .

5. Initiate test set by pressing "Initiate“'switch.

6. Rotate "Main Control" clockwise until continuity 1ight is ex-
tinguished.

7. Read.and record this value of current as pick-up. -

Timing - '

1. Remove calibrated welght and re-install dashpot if disconnected
previously.. Operate armature by hand several times to reset
piston and oil. ‘ ‘ -

2'

Follow entire procedure for "Typlcal. Test for Heater Type Thermal
Motor Overload Relays." . .




TESTING MULTI-POLE MOLDED CASE CIRCUIT BREAKERS
ALWAYS REFER TO MANUFACTURER'S LITERATURE BEFORE TESTING

SETUP OF CONTROLS BEFORE TEST

coNTROL . POSITION

"Bower ON" Switcn......;}.L;.Q....IL..;OFF

mpimer Operation Selector" Switeh......UPPER -~ "N.C. MOM® ,
, . o . LOWER - "OFF"

"Main Qqntroi".;.;;;;...;..;;.;;;}..;;.Zero (couhterclockﬁiSe)

"AUX. Powef“.Sw1Cch,;;...;;.;.;;.f.:.;QINw__ | " |

"Vqltmeteriﬁange“ SWitCR.eeseeisenssossn300"

“VOitmeteé éelectbr“ Switch....;.;..};.Exﬁ AC:'"'

A, Selector“nSwitﬁh.........;...;..,?VERN“-‘;

"Aux, COntrol“..;......................Zero {counterclockwise)

"AC Range" SWAGCH..eeesseeseesssasoeess1OA o

"DC Range” SWitche...ssessssssessneesss5A A

"Main Ammeter Range! Switch......s.....50 that desired test current
may be read on upper 1/3 of
scale. .

"Voltage Belay:Test“(DET);Switch.,...,,Set_NORM_ ,

 POULDUE #1-#2" SWLGCR...esenenrenens.. OuLDUE AL

Testing'

1. Connect test set to a suitable source of power as indicated on
the nameplate and ground. BE SURE THE MAIN SWITCH 1S QFF.
CHECK THE “POWER ON"™ LIGHT.

F

2. Connect one pole of circult breaker to be tested to "Output #1"
terminals of the test set.

3. Conneet another pole of circult breaker to be tested to "Relay
Contacts" binding posts of the test set.
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100'.

11,
12.

13.
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' Preset main ammeter needle 172 division below desired test

current through the use of the polnter preset.

.. Turn "Power ON“-Bwiﬁch “ON". Power ON" ;ightgehculd_gxowc-

Close circult breaker under test.,,

Jog test set with "Initiate" switch and rotate "Main Control"
(clockwise) to obtain desired test current.

Adjust "Timer Operation Selector" Switch - UPPER - "N C MAINT"
LOWER - "TIMER".

Reset ‘timer to zero.'

-Initiate unit with. “Initiate“ Switch and run test.

If minor adjustments in current are necessary, use "Aux. Control“

Timer stops and test set de-energizes when circuit breaker under
test trips.

Read timer and record results. Compare to manufacturer's
specifications.. . _
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 TESTING SINGLE POLE MOLDED CASE CIRCUIT BREAKERS

NOTE: = The MULTI-AMP test set must be equipped with a‘Currént
Actuator (optional accessory) to use this test procedure.

SETUP OF CONTROLS BEFORE TEST

CONTROL o - POSITION

"fimer Operation Selector" Switch......UPPER -4"ﬁ.0, MOoM"
" LOWER -~ "OFF"™ -

"Main Control"...;;..;i.;;..;Q..;;..;.;Zero’(counterclockwiSe)

"Aux. Power" Switch... ...':‘C..C..C.......'.“INT" .

nyoltmeter Range" SWLECH . e veanannssesss 300"

"Voltmeter Selector” Switeh............"EXT. AC"

taux. Selector” SWItCR....cecsescssesss VERN"

MAUX. CONETOL e reecscasasnsasessssessssléro (counterclockwise)

nAc Ranse" Switch‘...‘.‘.'...l.l......‘10A

!'Dc Ransei' Switch...l‘l...!....’...'...’sA

"Main Ammeter Range" Switch............S50 that desired test current
may be read on upper 1/3 of
scale.

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

"Qutput H1l-#2" Switch.......eicceaesq..0utput #£1

Testing

1. Connect test set to a suitable source of power as indicated on
the nameplate and ground. BE SURE THE MAIN SWITCH IS OFF.

2. Connect single pole circuit breaker to be tested to "Outpdt #1"
terminals of the MULTI-AMP.

3. Preset main ammeter needle 1/2 division below desired test
) current through the use of the pointer preset.

4. Turn "Power ON" Switch "ON". "Power ON" light should glow.

5. Close circult breaker under test.
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Jog test set with "Initilate" Switch and rotate "Main Control"
(clockwise) to obtain desired test current.

Adjust "Timer Operation Selector" Switch, UPPER -~ "N.O. MOM"
LOWER - "TIMER".

Resgset timer to zero.
Initiate unit with "Initlate" switch and run test.
If minor adjustments in current are necessary, use "Aux. Control".

Timer stops and test set de-energizes when circuilt breaker under
test ¢rips.

Read timer and record results. Compare with manufacturer's
specificatlons.
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SERVICE DATA

Your MULTI-AMP test ééﬁ'bésicaily'useSjSﬁféighthrwafd eircuits
and components requiring little or no routine servicing except
for c¢leanliness.

The following maintenance 1is recommended: . o
1. Open the unit every six months and examine for:
a. -dirt -
b. molisture

e. corrosion
d. condition of relay contacts

2. Remove dirt with dry compressed air. |

3. Remove moisture by 6pen1ng unit as much as possible and
putting it in a warm dry environment.

4, As corrosiocn may take many forms, no specific recommenda~
tions can be made for its removal. : _

5. The contacts on relays and contactors should be examlned
for pitting and burning. The contacts on control relays
and contactors may be burnished with a diamond dressing
tool 1f not too badly damaged. If excessive pitting or
burning has occurred, the relay or contactor should.be
replaced.

Current Actuator

The minimum amount of output current which will cause the Thyratron
tube to "fire" and:.operate the relay 1is between 10% and 20% of

full scale on the ammeter. This polint is factory set and may be
adjusted in the field by means of the potentlometer on the control
chassis. This potentiometer is located next to the Thyratron tube
and has a screwdriver slot and shaft lock. :

Adjustment:
1. Set the controls on the unit so that output may be obtained.
2. Set "Mailn Control" at zero and put a short cilrcuit across

the output of the unit. The lowest voltage, highest
current tap and "Common for Ammeter” is used.




.3.

Set controls for "CA™ operation.
Set "Ammeter Range" switch to any position.

Turn power ON and rotate "Main Control” until the ammeter
indicates 20% of. full scale.

Adjust the potentiometer until the timer hands Just start
running at this point.

If attempt is made to make the M"CAM™ pick up at too low a
current value, the unit will chatter when the load clrcuit
is broken.

- The sensitivity of the "CA" circuit will vary slightly

due to the phase angle of the load’ and aging of the Thyra-
tron tube.

If the "CA" refnses to operate, the 2D21 tube should be
replaced first.
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