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A GUIDE TO THE APPLICATION OF POWER RELAYS
FOR THE DETECTION OF %
OVERPOWER OR REVERSE POWER CONDITIONS \

ON A POWER SYSTEM $b

This guide covers all of our true power relays tinguished from
directional power and directional overcurrent rel ts purpose is to
pinpoint exactly the relay required for any spec plication. All power
relays from the most sensitive to the highest ely to be used are

e core loss of a power
f one per cent of full load
hen it is no longer supplying

covered. The most sensitive are in the range
transformer, that is, of the order of one

power. They are used for tripping a ban
power . &

The more usual application of a rse power relay is to protect
generators from motoring. This cap A@ be met with the simplest type
of induction disc relay which ca 50 vide the time delay which is
generally required. These simp elays are single phase which is usually
acceptable because balanced t ase conditions can be assumed and they
range from two per cent up to 6ad power. The guide gives a table on
page 11 listing all the type erators classified by their prime
movers which determine the a of reverse power when they motor. Three-
phase power relays are al ed which have sensitivities from one half
of one per cent up to € r jcent of full load. These sensitivities re-
quire induction-cylind'qﬂiiﬁe relays which in turn are inherently instan-
taneous so that separa¥e time delay devices are required. Of course the
separate time delay ,‘th can be incorporated in the same case as well as
separately resultigff ive different types of relays which are shown in
the table on the Jdgher))side of this page.

The g de@signed to be used like an encyclopedia. Table I should
first be uﬁ!\*.' » The introduction spells out the different types listed
in the stpcomn and gives their essential differences. Following the

tlfe general application of the different types is described
after whi ical applications are given complete with all the different
wiring diagrams and tables listing all the individual ratings of the five
differens.relays.
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TABLE - 1 @ ,
CONTINUOUS 0
} SPEED
RELAY | CONNECTIONS PUUN';ZNPGFES‘ CURRENT 4 B CASE| GENERAL
TYPE Y RATING OPERATION | SIZE | APPLICATION
POTENTIAL [ CURRENT| AMPERES 2 | AMPERES
0.08-0.33 REVERSE
ADJUST.
16 L-N 0.21-0.83 AND/OR
1 N.O.
1CW518) o Volts | 19 | 0167 N DTéC":Y ST over
0.83-3.33 POWER
. 0.07-0.29
l20¢i/(5LTS 0.12-0.48 ADJUST. iE'\\j’ERSOE
ICW51A 1% 0.24-0.96 5:0 IN.O. | TIME 3 D/OR
OR 0.48-1.9 5.0 DELAY OVER
208 VOLTS >0 POWER
- 36 L-L ;
- ADJUST. -
Gopsag| 120 YOLTS | 5, 5.0 I N.O TIME m2| REVERSE
OR ObLRy POWER
208 VOLTS
36 L-L
1 N.O.
120 VOLTS REVERSE
cap 158|120 ¥E 3 g 5.0 | N&C CINST. s2 | REERS
208 VOLTS i@ T
3¢ L-L % I N.O
. 120 VOL 0.004-0.012 ' O | REVERSE
| cceizp 120 YE o oo O 5.0 | N&C INST. M2 | SRR

208 VOE f
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s INTRODUCTION

The relays covered by this guide are listed in table 1 and are all designed
to operate at normal rated voltage to detect reverse power or overpower coft-
ditions on a power system. All of these relays with the exception he
ICW51B are suitable for application on three-phase systems only %WSIB
may be applied on single-phase and two-phase as well as three-ngh.gh tems.
None of these relays are intended for use as fault protective % lating

«”

devices.
Table 1 compares the salient features and characteristics t five types of
Ny relays. The ICW51A and ICW51B relays are single-phase i c disk devices
~with inherent time delay; this delay being adjustable wel as the pickup.
Because of the band of pick-up ranges that are avail §these relays are suit-
able for the detection of reverse power and/or overpfw. thin their ranges of

pickup.- )
The GGP53B relay is made up of two basic uni measuring unit is a three-
phase, high-speed induction=-cup type power i ving a pick-up range of 0.025-
0.300 unity power factor amperes at rated v e.? The second unit is an in-
duction disk, a=-c operated, adjustable timiffg unTt. Because of its low pickup,
this device is basically a reverse power a

The CAP15B relay is a three-phase, s induction cup power relay that

is similar to the power unit of th 3B relay. Because of its low pickup,

this device is basically a reversﬂigighr relay. .
- :ixﬂhe Cd?13D relay is a three-phasé,phigh-speed, extremely sensitive power relay.

1t is made up of three single- p type units all coupled to a common shaft.
Because of its very low pick=- e, this device is basically a reverse power

relay. L 4 \
c} GENERAL APPLICATION

" CCP13D félays are all three-phase devices. Under normal

h voltage conditions these relays will develop torques which
are direct ated to the direction and magnitude of the real component of the
three-phase flowing in the associated circuit. The basic functional differ-
ences between tHe three different relays lies in their sensitivities and their
operating times. The GGP53B has a built-in a-c operated timing unit which is ad-
justable froft 1.5 to 30 seconds. Aside from this, it is very much the same as

the CARLOB which is an instantaneous device. _The CCP13D is more sensitive than

both AP15B and the GGP53B relays, but like the CAP15B it is an instantaneous

The GGP53B,
balanced thp€e-

G

se of the sensitivities and high operating speeds of the CAP15B and CCP13D
ys, it is strongly suggested that these devices always be used in conjunction

)
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RELAY TRIPS FOR POWER FLOW

o

IN THIS DIRECTION

" PHASE SEQUENCE 1-2-3 (SEE NOTE 1)

'NQNNECTIONS FOR CCPISD RELAY WHEN USED WITH IAV51M RELAY

Y
USE EITHER
m m ‘YYV‘I\ CONN. /
' -
1
R ¢
32 l?
B 32 17 18
_._—.N._
3 4 - . 32
. 32 1 1
5 v—e—_‘? 52 13
32 32 o
f L] 7V — 1 6 i
> b D
bRy SR
_L_ N .
NOTE 1 - FOR PH X NCE OPPOSITE
CIRCUT | 52 TO THAYAINDI®ATED, INTERCHANGE
BREAKER | = CONBEC S BETWEEN B AND R
o} E CURRENT AND -
PATENMAL CIRCUITS
3 2 |
"‘J DLt
rooge

LIST OF DEVICES

DEVICE NO. DEVICE TYPE DESCRIPTION
32 CCP13D POWER RELAY
62 IAV5TM TIME DELAY RELAY

KWO11661 Sh 1 - Rev. 12/8/61



]with some kind of a time delay relay. This will prevent undesired operations

(“'during system disturbances which may momentarily cause the power flow to be

! reversed from its normal direction of flow. Applied in conjunction with a

! delay relay, the CAP15B is functionally equivalent to the GGP53B. Thus, t j

| CAP15B relay plus a timer need only be considered for application where th /

- timing characteristics of the GGP53B relay are not suitable. The CCP13D, on
the other hand, need only be considered where the CAP15B'and GGP53B relays do

- not have the required sensitivity. ¢

—S;nmrizing, the CAP15B and_CCP1l3D relays should always be used n%?mction
with a suitable timing relay and the selection of the proper re:§’§i¥ 1d be
based primarily on the sensitivity and timing characteristics ate required
for the particular application.

The ICW51A and ICW51B relays are single-phase time delay d@yice® which are not
as sensitive as the three-phase relays discussed above. functional view-
point, these two types of relays are essentially the s . e major difference
- between them lies in the difference in connections. W51A requires a single-
phase current and the quadrature phase-to-phase vol Under balanced system
current .and voltage conditions, one ICW51A relay elop a torque which is
directly related to the direction and magnitude o real component of the
three-phase power flowing in the associated c This is true because, for
balanced conditions, the power in any one ph equal to one-third of the
total three-phase power. Since the relay geg#s e-to-phase voltage and single-
phase current, it is conveniently calibratefin ferms of three-phase watts. When
the ICW51A is applied where balanced thr% voltages exist but the currents
t
o

are unbalanced, the relay will develop a e which is directly related to the
direction and magnitude of the real of the three-phase power that would
flow if the three currents were ba d and equal to the current in the phase in
which the relay current coil is neé@ted .

The ICN51B relay is connected tw e phase~to=-neutral voltage and the corres-
ponding phase current. Thus, ess of system conditions, these relays will
measure the real power flowi e particular phase to which the relay is con-
nected. For balanced thrée- seJconditions, the three-phase watts will always

be three times the indivi ngle-phase watts so one ICW51B may be used to
measure three-phase wagt Siflce the relay receives phase=-to-neutral voltage
and the associated curr is conveniently calibrated in terms of single-phase

watts. Also, because se connections the ICW51B may be used as a power relay
on single-phase and tWo-phlase systems.

) ® TYPICAL APPLICATIONS

The following typical applications for the individual relays have been selected
to illustrat® the important points of consideration in the selection of the
proper ¥elay for a given application.

e of its sensitivity and its real power directional characteristics, the
3D relay finds application where it is required to detect extremely small



RELAY TRIPS FOR POWER FLOW
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IN THIS DIRECTION

PHASE SE

QUENCE 1-2-3 (SEE NOTE 1)
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i 1 1 +) % » 1
2
2 1 | L.32X
3~ : - 2 8
T2 1 3x
. = ‘-* Y —32X 6
TN USE EITHER 7] 62
m ' CONN — I ™
1 l - L 2 2 g2
: =h 62 | 3 TX
|S S 5| -
WHEN
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4 6 ' LIST OF DEVICES
L controre  resdror DEVICE NO. DEVICE TYPE DESCRIPTION
BREAKER |22 VOLTAGE \ MS 32 CAP158 POWER RELAY
62 RPMI3A TIME DELAY RELAY
4 200 32X HGAllAor  AUXILIARY RELAY
12 1000 , HGAI1J
. 4000 RES. CAGE TYPE RESISTOR
NOTE 1 - FO EQUENCE OPPOSITE TO THAT INDICATED, INTERCHANGE CONNECTIONS BETWEEN
8 OTH THE POTENTIAL & CURRENT CIRCUITS.
NOTE GA RELAY WITH CONTINUOUS RATING EQUAL TO 1/2 THE CONTROL VOLTAGE SUPPLY
SBRECT A RESISTOR FROM THE TABLE. : :
Rl CONNECTIONS FOR CAP158 RELAY WHEN USED WITH RPM13A RELAY
2
,l N i
'\ ‘ 'S e
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below.

reverse power flow. The classical example of such an application is illustbO

CPP #| _ SOURCE #I . s

D>
} ETRANSFORMER #1
LOAD CCP#-2 M

SYSTE

—(H

S 2

2
3

3 :
é(fb A\

Consider the section of a system shown above with al direction of load

flow being from the system to the load. If a @imgl&pRase-to-ground fault were
to occur at F, it would be cleared at source Nout®hot necessarily at breaker
#2 because of delta-wye .transformer #2. How is desirable to open circuit
breaker #2 in order to remove the ground fa wh¥ch could continue to arc. This
can be accomplished by the CCP13D relay a ed with circuit breaker #2. The
CCP13D is generally sensitive enough to ope on the real component of the
exciting current (this is the core 1 o ent) taken by the transformer through
circuit breaker #2 when source #2 i ved.,

Since the CCP13D is very fast andN nsitive, it could operate for system
disturbances that result in mome versals of power through one or the other
of the two banks. For this reas e CCP13D should be used in conjunction with
some time delay when applied di ssed above. Sketch KW101661 SH1 shows how
this can be done with an a® rated timing relay while sheet 2 of the same

sketch illustrates the com&'ons for a d=-c timing relay.

When the CCP13D relay i ed as illustrated in sketches KW101661 SH1 and SH2,
no holding coil is reqffireds” For this reason, a form without a holding coil should
be selected, or if a aywith a holding coil is obtained, the holding coil should
be by=-passed in th Yo

Before the C ;3~§§! pplied, certain calculations should be made to check the
sensitivity #f ghe rélay against the available core loss component of the associated
transformer or to insure proper operation. 1In general, the CT's that supply
the CCP relay 1d be selected with the lowest possible ratio without exceeding
the 5.0 ampere rating of the relay. A sample calculation is provided below.

L 4
Considefg the system illustrated above having the following transformer ratings.

10,000 KVA
13,800 Volts wye/138,000 volts delta
Core losses = 15.0 KW at rated voltage.
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EXESS POWER FLOW IN THIS DIRECTION
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