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Westinghouse I.L. 41-776.
INSTALLATION e OPERATION ¢ MAINTENA

INSTRUCTIO

TYPE KC-4 OVERCURRENT RELAY

CAUTION Before putting relays into service, remove protcection is insta fault is cleared by trip-
all blocking which may have been inserted for the ping breaker 3. @Notefthat this provided selective
purpose of securing the parts during shipment, make tripping, sin of the system as possible
sure that all moving parts operate freely, inspect the was left intagt. akers 4, 7, and 8 must trip, the
contacts to see that they are clean and close properly, local genggat lost and unnecessary separation

station from power systems S 1 and
o0, the tapped load is interrupted un-
nstead of being left tied to system Sz,

and operate the relay to check the settings and elec- of the gghe
trical connections.

APPLICATION

. . . emote backup, in additiontonot being selective,
The type KC-4 is a non-directional current or . .p t t t & .t
X y be sensitive enough because of the relatively
fault detector whichoperates for all phase and ground . .
K - L X s proportion of the total fault current following
faults to supervise the tripping of other relays. It is . . .
. . . e 4. any one line. For example, in Fig. 2 there may be
well suited to breaker-failure relaying for indicati X X
very little current flow in breakers 7 and 8 for fault

the presence or lack of current flow in the _gircuit b f the 1 ibuti by th
breaker. The relay can be applied where L ecause.o the large currex}t contn. ution by t.e
local machines at the generating station. Thus, it

units are to be operated indefinitely in the 1 up
position well below full load. Alternat&ere may be difficult or impossible at breakers 7 and 8 to
the relay is to be used as a fault detegto icRup detect adjacent line faults without depending upon
above full load) the 98% or betterdrops@of the sequentialtripping. If the generatorfeed is interrupted
phase units is advantageous. for fault L, such as by tripping breaker 4, the current
through breakers 7 and 8 may increase sufficiently
Breaker-failure relaying &t r@tages over for the relays to operate and trip breakers 7 and 8.
remote back-up protection. It i N and more sen- However, the system is by now cut to pieces, and
sitive thanremote back-up &J addition, it is because of the long time delay in clearing the fault,
selective, Wwhereas remo a, p protection is the remainder of the system may be unstable.
frequently non-selective, ig" shows some fault
conditions where break@r-faillire relaying could im- Although breaker-failure protection offers many
provethe quality of bg otection. Note that the advantages, remote backup cannot be completely
generating-station (@ ditage bus uses a breaker- eliminated. For example, assume that breaker 3 fails
and-a-halfarrgn jries interconnectthe station for bus-fault B in Fig. 2. Breaker-failure protection

will promptly trip breaker 2, but the fault is still fed
by breaker 8. Likewise, if breaker 2 fails with a line
fault at M, a remote breaker must trip to clear the
fault. Breaker-failure protection trips breaker 3, but
breaker 8 still feeds the fault. Although breaker-
rupted. Now back-up protection must function. If re- failure protection does not complete the job in these

e Wackup is relied upon, time-delay relays must examples, it does expeditiously trip thelocal breaker,
tri te breakers 7 and 8. In addition, the local making it easier for the remote relays to detect the

cleared by lin ys tripping breakers 5, 6, and 9.
However, assume that the breaker-6 mechanism sticks
so that currglt flow through breaker 6 is not inter-

tor feed through breaker 6 must be interrupted fault.
tripping breaker 4. However, if breaker-failure
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TYPE KC-4 RELAY

Type KC-4 Relay Without Case.

Fig. 1.



TYPE KC-4 RELAY

GENERATING STATION

N

LINE PROTECTION’//A,
ZONE

Fig. 2. Sample System to Show Adv

CONSTRUCTION

The type KC-4 relays consists of two e
instantaneous overcurrent units, (I, and
. . 1 .
one ground instantaneous unit (I5), and andn ng
0
in

contactor switch (ICS). The principal c
parts of the relay and their location ar 0
Figures 1 and 3.

Phase and Ground Instantaneous Ofercuf@ent Units
Uy, 130 1) \
Each instantaneous oge % nit consists
ac

of an induction cylinder unit, r, varistor, and
a transformer. The comp ts connected such
that a contact closing tofgue i§ produced when the
current exceeds a spegifi

Mechanj the €ylinder unit is composed of
four basic a diecast aluminum frame,
an electromagn oving element assembly, and a
molded bridge.

e framg serves as the mounting structure for
etic core. The magnetic core which houses
pin bearing is secured to the frame by a
nut. The bearing can be replaced, if nec-
ary, without having to remove the magnetic core
the frame.

PROTECTIOM
ZONE

e Breaker-Failure Protection.

The electromagnet has two pairs of coils. The
ils of each pair are mounted diametrically opposite
one another, and a capacitor is connected in series
with one pair of coils. In addition, there are two
locating pins. The locating pins are used to accu-
rately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is
secured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to liolding
the upper pin bearings, the bridge is used for mount-
ing the adjustable stationary contact housing. The
stationary contact housing is held in position by a
spring type clamp. The spring adjuster is located
on the underside of the bridge and is attached to the
moving contact arm by a spiral spring. The spring
adjusteris alsoheld inplace by a spring type clamp.

With the contact closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.



TYPE KC-4 RELAY

Transformer

The transformer is a saturating type consisting
ofatapped primary winding and a secondary winding.
A varistor is connected across the secondary wind-
ing to reduce the voltage peaks applied to the in-
duction cylinder unit and phase shifting capacitor.

Indicating Contactor Switch Unit (ICS.)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, the moving
contacts bridge two stationary contacts, completing
the trip circuit. Also during this operation two fin-
gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator targetto drop. The target is reset from the out-
side of the case by a push rod located at the bottom
of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup valve of the switch.

OPERATION

Instantaneous Overcurrent Unit

Operation of the instantaneous overcurrent un\
occurs when the primary current of the transforpgfér

exceeds a value as marked on the tap plate. U
application of current to the transformer, a a
is induced in the secondary winding. Hhis ta

is impressed upon the parallel connect i f
cylinder unit coils. The capacitqr ec in
series with one pairof coils shifts th%w owing
in these coils in reference to the n ing in
the other pair of coils. As a r@t‘he air gap
fluxes of the cylinder unit are ase and a
contact closing torque is prod

t is tapped and
onpec block for ease in

e relay. The use of
pproximately the same

The primary of th
brought out to a ta
changing the pickup
atapped transformer pr
energy level at a given multiple of pickup current for
any tap setting, resulting in one time curve through-
out the range qf the rel@y.

Of Scheme

General Op

Wh roper breaker successfully inter-
rupts 1t current the KC-4relay quickly disables
the br ilure timing circuit. In addition, where
th lays trip two breakers such as on a ring

INTERNAL SCHEMATIC

{NSTANTANEQUS
OVER CURRENT .
(vePER CrL.umiT) N Jf
STANTANEQUS
OVERACURRENT
‘ YL.UNIT)

tdlaifedl

TWO IN SERIES
FOR 250 v.0.C. | INSTANTAREOUS
OVER CURRENT

(LOWER CYL UNIT)

INDICATING
CONTACTOR ——————1
SWITCH

CHASS{S OPERATED
SHORTING SWITCH

HE RED HANDLE
TEST SWITCH

[CU!I(IT TEST
JACK

TERM(MAL

1884640
Fig. In Schematic of the KC-4 Relay in the FT-41
ase,
busNthe -4 selects which of the two breakers has
fail hen the phase overcurrent units I, and I
re above load-current level, the KC-4 also func-

ions as afault detectorto prevent undesired tripping
by testpersonnel. The following paragraphs describe

C-4 operation in more detail for different system
bus connections.

Single Bus/Single Breaker Arrangement

Unless something fails, current flow in the
breaker should cease shortly after the trip circuit is
energized. The time interval between these two
occurrences will be the breaker-interrupting time. If
this interruption does not occur, breaker-failure re-
laying will initiate the tripping of other breakers.
Fig. 4 shows how this is accomplished. Unless
something fails either the primary of back-up relays
initiate tripping of the faulted line breaker. Note that
the primary and back-up relays connect to separate
sets of current transformers and d-c supplies. This
way a failure in one or the other circuits will not
disable all of the protection.

Whenthe primary protection operates, it energizes
62X; the back-up protection energizes 62Y. Contacts
of these two auxiliaries start the breaker-failure
timer 62, through the KC-4 contacts. If the line
breaker fails to clear the fault, KC-4 contacts remains
closed. The contact of timer 62 closes, energiz-
ing the bus lock-out relay 86B through 62X or 62Y
and KC-4 contacts. Relay 86B then trips all the
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TYPE KC-4 RELAY

breakers on the bus.

The TRB-1 rectifier in the primary — protection
circuits of Fig. 4 blocks the flow of red-light super-
vision current through the 62X coil.

An MG-6 relay performs the 62X function in Fig.
4. Actually an SG will suffice unless a directional-
comparison blocking system provides the primary
protection. With this system two MG-6 contacts seal
around the RRG and RRP contacts. (Refer to drawing
540D542 for the details of this arrangement.)

Breaker-and-a-Half Arrangement

Typical trip and control circuits for breaker-
failure back-up protection for the breaker-and-a-half
bus arrangement are shown in Fig. 5. The trip cir-
circuits for line A and bus L are shown. Similar cir-
cuits would exist for breaker 3, line B and bus R.
cuits would exist for breaker 3, line B and bus R.
Protection against breaker 2 failure for line A faults
and breaker 1 failure for line A or bus L faults is
discussed below. All other breaker failure fault com-
binations are equivalent to one of these three
combinations. For example, protection against a
breaker 3 failure for bus R faults is similar fo the
protection against a breaker 1 failure for bus L faults

Assuming a failure of breaker 2 for a faul

on line A, the breaker-failure timer 62 associa
with breaker 2 is energized by 62X or 62Y from

line A. Since the KC-4 current detector 50-2 w
is supplied by breaker 2 current does
drop out, 62 of breaker 2 operates 86

breaker 2. One 86LN contact trips.bre er

Another 86LN contact stops the trans a
blocking signal on line B, allowing thg¥emot@pilot
relays to trip the remote line B br T, they de-
tect the fault. Thus, the fault 1 is now
cleared. Another 86LN contact bl@cks Migh-speed re-
closing of breaker 3. Note that th is associa-

h is the breaker
tripping of both
ame approach used

outside breakers, whij
j cribed later.

for ring bus protect

An essential fun e selection of the faulty
breaker, is performed by"he KC-4. Relays 62X and
and 62Y indicate that the fault has not been cleared,
but they are unabldto define for a line A fault
whether brealigr 1 or breaker 2 is still feeding current
to the fa e 50-1 or 50-2 KC-4 performs this
job.

ker 1 fails for a fault on line A, bus L is
cleared® is is accomplished by the bus L. breaker-
imer which is energized by the line A relay

; wi

is the same as that used with the single bus/sMgl

pA
detector 50-1 selects the faulty breaker. Note thalO
the line A part of the bus L timer circuit in F‘l@
e

breaker arrangement in Fig. 4

If breaker 1 fails for a fault on bus L it is de-
sirable to trip breaker 2 and stop the transmi&ion
of blocking carrier on line A. This i mplished
by the 86Z device which is energize h 62ZL,
50-1 and 62L contacts and a six istor, as
shown in Fig. 5. One 86Z co 1) breaker 2.
Other 86Z contacts stop bloc ier on line A
and block reclosing of bre he six ohm re-
sistor and the 86Z coilgare h low impedance
compared to the 62L cigcul istance. Therefore,
the 86Z coil will not @ffe e 62L timing, and the

will not be enough to pick-

62L timing circuit cur
ix ohm circuit maintains

ingly i rc¥itry is to permit a single current
detec 50-1, to supervise 62L timing,
86BL nd 8627 tripping.

s Arrangement

circuits for the ring bus are shown in Fig. 6
ip and control circuits outlined for breaker 2,
together with line-B primary and back-up protection
circuits. As with the breaker-and-a-half Scheme, the
rimary protection uses tripping rectifiers, and the
backup uses an auxiliary relay to trip two breakers.
As before, the 62X and 62Y relays are operated by
the primary and back-up relays, respectively.

Assume a failure of breaker 2 for a fault on line
B. Line-B relay 62X or 62Y is operated and energizes
breaker-2 timer. Since current detector 50 for breaker
2 remains energized by the breaker-2 current, 62
operates to energize relay 86LLN. Relay 86LN trips
breakers 1 and 3, blocks reclosing on breakers 1,2,
and 3, and stops carrier on lines A and B. The trip-
ping of breaker 3 -and the stopping of carrier of line
B is unnecessary, since it is assumed that the pro-
tective relays have already accomplished these
results. Although unnecessary, these functions dono
harm and simplify the circuitry by permitting the
86LN relay to trip breakers and stop carrier symmetri-
cally, without regard to whether the fault is on line
A or line B.

The purpose of stopping carrier on line A is to
remove carrier blocking to permit remote carrier relay
relay tripping. Otherwise, line A continues to feed
the fault through breaker 2 until a back-up relay
operates or until the fault burns clear.
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TYPE KC-4 RELAY

CHARACTERISTICS

Phasé & Ground Qvercurrent Units are available
in the following current ranges:

Range Taps
0.5 - 2 Amps. 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 b 6 8

The tap value is the minimum current required
to just close the overcurrent relay contacts. For
pickup settings in between taps refer to the section
under adjustments. The pickup and dropout time
curves for the phase overcurrent units is shown in
Fig. 7.

ENERGY REQUIREM

Trip Circuit

The main contacts will safely close 30 amp€res
at 250 volts d-c and the seal-in contacts of the 1fgi-

cating contactor switch will safely carry this current
long enough to trip a circuit breaker. .

The indicating contactor switc two taps
that provide a pickup setting of 0 eres. To
change taps requires connecting o a®™located in
front ofthe tap block to the desj ti¥hg by means
of a screw connection.

Trip Circuit Constants

Indicating Contactg
0.2 amp. tap 6.3foh d-c resistance
2.0 amp. tap O. hms d-c resistance

Qo

PHASE & GROUND OVERCURREN 0 CYCLES
Ampere VA at A at
Range Tap Tap Value PF. A 5 Amps P.F. Angle
5 .37 24 46
.75 38 3 13 37

1 .39 8.5 34

.9-2 1.25 41 34 6.0 32
1.5 .43 32 4.6 31
2 45 5 30 2.9 28
2

1 4 36 9.0 36
1.5 32 5.0 32
. @ 30 30 29
1-4 2.5 : 28 2.1 27
3 \3 26 1.5 26
4 \ .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3.3 42
2-8 1.3 38 2.1 37
1.4 35 1.4 35
\ 1.5 33 1.1 33
1.8 29 0.7 29
R gs

Rating of the Overcurrent Units (Phase & Ground)

L 4 Continuous Rating One Second Rating
Range (Amperes) (Amperes)
.5-2 5 100
1-4 8 140
2-8 8 140
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TYPE KC-4 RELAY

SETTINGS

Phase & Ground Overcurrent Unit

The pickup current setting is made by means of
the connector screw located on the tap plate. By
placing the connector screw in the desired tap, the
relay will just close its contacts at the tap value
current.

CAUTION Sincethe tapblock connectorscrew carries
operating current, be sure that the-screw is turned
tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before
removing the other tap screw from the original tap
position.

Indicating Contactor Switch (ICS.)

Connectthe lead located in front of the tap block
to the desired setting by means of the connecting
screw. When the relay energizes a 125-or 250-volt
d-c type WL relay switch or equivalent, use the 0.2
ampere tap; for 48-volt d-c applications set in 2 tap
and use WL coil S#304C209G01.

INSTALLATION

The relays should be mounted on switchb
panels or their equivalent in a location fr rg
dirt, moisture, excessive vibration, and ‘eat Mount

the relay vertically by means of the fo g
holes on the flange for semi-flush m tin r by

means of the rear mounting stud or ds projec-
tion mounting. Eithera mounting st ounting
screws may be utilized for grounding the relay. The
electrical connections may be ma' ctly to the

terminals by means of screw eel panel mount-

ing or the terminal studs€gurnigiied &ith the relay for
thick panel mounting M nal studs may be
easily removed or i#Ser by“ocking two nuts on
the stud and then tur e pa@per nut with a wrench.

For detailed information, refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

justments to insure correct opera-
have been made at the factory. Upon
the Telay, no customer adjustments, other
overed under ‘‘SETTINGS,’’ should be

tionof t
receipt

AN

Acceptance Check

O

The following check is recommended to ingure
that the relay is in proper working order:

Phase & Group Overcurrent Unit 'S
1. Contact Gap— The gap betwe€n station-
ary and moving contacts with t il the de-

energized position should be oXmately .020.”’
2. Minimum Trip Currept -~

overcurrent unit can be check

screw in the desired tap a

value current. The co S

of tap value current.

pick-up of the
inserting the tap
applying rated tap
1d close within 5%

pass su c Current through the trip circuit to
close of the ICS. This value of current
should be'@reaterthan the particular ICS tap set-
ting ing d. The indicator target should drop
fre

e contact gap should be approximately .047*’
etween the bridging moving contact and the adjust-
able stationarycontacts. The bridging moving contact
hould touch both stationary contacts simultaneously.

Routine Maintenance

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such othertime intervals as may be dictated
by experience to be suitable to the particular appli-
cation.

All contacts should be periodically cleaned. A
contact burnisher S#182A836HO1 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the dan-
ger of embedding small particles in the face of the
soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See ‘‘Acceptance
Check’’).

o,



TYPE KC-4 RELAY

60
50 |
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MULTIPLES OF TAP VALUE CURRENT

629A576

* Fig. 7 Maximum Pick-Up and Drop-Out Time Curves fo
the Phase and Ground Overcurrent Unit

Phase & Ground Overcurrent Unit \

The moving contact assembly has faQtory
adjusted for low contact bounce per and
should not be changed.

. &
The set screw inthe station X has been
an

shop adjusted for optimum foll is adjustment
should not be disturbed.

1. The upper pin ari should be screwed
down until there is approi ly 1/64’’ clearance
between it and the haft bearing. The upper
pin bearing sho th e s@curely locked in position
withthe lock er bearing position is fixed

and cannot

2. The gap adjustment for the overcur-
rent unit is made With the moving contact in the reset
position, e.e., against the right side of the bridge.
Advance the@®stationary contact until the contacts
se. Then back off the stationary contact 2/3
rn for a gap of approximately .020.'’ The
holding the stationary contact housing need
loosened for the adjustment since the clamp

izes a spring-type action inholding the stationary
ontact is position.

ot

3. The sensitivity adjustment is ma y-
ing the tension of the spiral spring agfach o the
moving element assembly. The spring iS§adjusted by
placing a screwdriver of similar tool into one of the
notcheslocated onthe periphery ofthe spring adjuster
and rotating it. The spring adjuster is ﬁcated on the
underside of the bridge an 1d in place by a
spring type clamp that S h@ve to be loosened
prior to making the necess affustments.

he minimum value tap
g such that the contacts
with the required current.
The pick up of, \i rrent unit with the tap screw
in any other S 1d be within +5% of tap value.

a@lt of pick-up current in between tap
i sired, insert the tap screw in the next

p Setting andadjust the spring as described.
be noted that this adjustment results in a
different time characteristic curve and burden.

Insert the tap sc
setting and adjust t
will close when rgi

Indicating Contactor Switch (ICS.)

Close the mainrelay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greaterthan the particular ICS tap setting being used.
The operation indicator target should drop freely.

The contact gap should be approximately .047’’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving contact
should touch both stationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnishedtothe customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.

11



TYPE KC-4 RELAY
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Westinghouse I.L. 41-776.1
INSTALLATION e OPERATION ¢ MAINTENA

INSTRUCTIO

TYPE KC-4 OVERCURRENT RELAY .

CAUTION Before putting relays into service, remove protcction is install&@y tRe#fault is cleared by trip-
all blocking which may have been inserted for the ping breaker 3. te t this provided selective
purpose of securing the parts during shipment, make tripping, since of the system as possible
sure that all moving parts operate freely, inspect the was left intagill If kers 4, 7, and 8 must trip, the
contacts to seethattheyare clean and close properly, local generato lost and unnecessary separation
and operate the relay to check the settings and elec- of the genffr tation from power systems S, and

ts. , the tapped load is interrupted un-
tead of being left tied to system Sz,

trical connections.

APPLICATION
The type KC-4 is a non-directional current or ° ebac‘k}lp, in addition tonot being selec‘mve,
X no®be sensitive enough because of the relatively
fault detector whichoperates for all phase and ground . .
L L. . sm proportion of the total fault current following
faults to supervise the tripping of other relays. It is

well suited to breaker-failure relaying for indicatin any. one line. For exa.mple, in Fig. 2 there may be
. . ery little current flow in breakers 7 and 8 for fault
the presence or lack of current flow in the c

L because of the large current contribution by the

breaker. The relay can be applied where thg/phase

units are to be operated indefinitely in the g & D local machines at the generating station. Thus, it
position well below full load. Alternati Sficre may be difficult or impossible at breakers 7 and 8 to
the relay is to be used as a fault deteN detect adjacent line faults without depending upon
above full load) the 98% or betterdropoujfffa ofthe sequential tripping. If the generator feed is interrupted

for fault L, such as by tripping breaker 4, the current

phase units is advantageous.
through breakers 7 and 8 may increase sufficiently

Breaker-failure relaying offers va, ges over for the relays to operate and trip breakers 7 and 8.
remote back-up protection. It is x more sen- However, the system is by now cut to pieces, and
sitive thanremote back-up etlﬁ ddition, it is because of the long time delay in clearing the fault,
selective, whereas remote C protection is the remainder of the system may be unstable.
frequently non-selective. '&hows some fault
conditions where breakel@ relaying could im- Although breaker-failure protection offers many
prove the quality of backs ection. Note that the advantages, remote backup cannot be completely
generating-station hi ge bus uses a breaker- eliminated. For example, assume that breaker 3 fails
and-a-half arrang I sinterconnectthe station for bus-fault B in Fig. 2. Breaker-failure protection
to systems S 3’ will promptly trip breaker 2, but the fault is still fed

by breaker 8. Likewise, if breaker 2 fails with a line
fault at M, a remote breaker must trip to clear the
fault. Breaker-failure protection trips breaker 3, but
breaker 8 still feeds the fault. Although breaker-
failure protection does not complete the job in these

1functioning, fault L. will be
s tripping breakers 5, 6, and 9.
However, assume tlat the breaker-6 mechanism sticks
so that currént flow through breaker 6 is not inter-
Now ﬁack-up protection must function. If re-

rupte
ckup is relied upon, time-delay relays must examples, it does expeditiously trip thelocal breaker,
tri breakers 7 and 8. In addition, the local making it easier for the remote relays to detect the
or feed through breaker 6 must be interrupted fault.

tripping breaker 4. However, if breaker-failure

PERSEDES I.L. 41-776.1B EFFECTIVE OCTOBER 1966

*Denotes change from superseded issue.



TYPE KC-4 RELAY

Type KC-4 Relay Without Case.

Fig. 1.



TYPE KC-4 RELAY

GENERATING STATION

- _

LINE PROTECTION /7
ZONE

Fig. 2. Sample System to Show Ad

vant ) eaker-Failure Protection.
&he electromagnet has two pairs of coils. The
cOils of each pair are mounted diametrically opposite

CONSTRUCTION

The type KC-4 relays consists of two S
instantaneous overcurrent units, (I, and e
. . 1 .
one ground instantaneous unit (I;), and an i g
contactor switch (ICS). The principal nt
parts of the relay and their location are_s
Figures 1 and 3.

Phase and Ground Instantaneous Ogffercu t: Units

(I3, 13, 1%
Each instantaneous over %nit consists
of an inductioncylinder uni pa@itor, varistor, and
a transformer. The compo

connected such
that a contact closing toffque produced when the

current exceeds a specifi e.

Induction Cylin

ylinder unit is composed of
a diecast aluminum frame,
an electroma, oving element assembly, and a

molded bridge.

he fram® serves as the mounting structure for
netic core. The magnetic core which houses
pin bearing is secured to the frame by a
nut. The bearing can be replaced, if nec-
, without having to remove the magnetic core
the frame.

the
th

PROTECT IOM
ZONE

one another, and a capacitor is connected in series
with one pair of coils. In addition, there are two
locating pins. The locating pins are used to accu-
rately position the lower pin bearing, which is
threaded into the bridge. The electromagnet is
secured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alu-
minum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing with
the cylinder rotating in an air gap formed by the
electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to Liolding
the upper pin bearings, the bridge is used for mount-
ing the adjustable stationary contact housing. The
stationary contact housing is held in position by a
spring type clamp. The spring adjuster is located
on the underside of the bridge and is attached to the
moving contact arm by a spiral spring. The spring
adjusteris alsoheld inplace by a spring type clamp.

With the contact closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.



TYPE KC-4 RELAY _.

Transformer

The transformer is a saturating type consisting
of atapped primary winding and a secondary winding.
A varistor is connected across the secondary wind-
ing to reduce the voltage peaks applied to the in-
duction cylinder unit and phase shifting capacitor.

Indicating Contactor Switch Unit (ICS.)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, the moving
contacts bridge two stationary contacts, completing
the trip circuit. Also during this operation two fin-
gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator targetto drop. The target is reset from the out-
side of the case by a push rod located at the bottom
of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup valve of the switch.

INTERNAL SCHEMATIC

INSTANTAREOUS
OVER CURRENT 1 .
(UPPER CXL.UNIT) | ”g'—
STANTANEOUS
ER CURRENT
(M1 YL.UNIT)

i Lol
)

]
[ S e NSTANTANEOUS
OYVER CURRENT

=S iy (LOWER CYL UNIT)

IRDICATING

CONTACTOR ————1
SWITCH

CHASS)S OPERATED
SNORTING SWITCH

K RED WANDLE
TEST SWiTCH

CURRENT TEST
JACK

TERMIMAL

RONT VIEW

188a6L0

chematic of the KC-4 Relay in the FT-41

OPERATION 3 seffabove load-current level, the KC-4 also func-

Instantaneons Overcurcant Unit ' i as afault detectorto prevent undesired tripping

by testpersonnel. The following paragraphs describe

Operation of the instantaneous overcurrent unit\ KC-4 operation in more detail for different system
occurs when the primary current of the transforr bus connections.

exceeds a value as marked on the tap plate. U
application of current to the transformer, a v g
is induced in the secondary winding. This @
is impressed upon the parallel connecte )

cylinder unit coils. The capacitor cgine in
series with onepairof coils shifts th flowing

fluxes of the cylinder unit are ou
contact closing torque is prod

The primary of the S erdis tapped and
ock for ease in
relay. The use of

energy level at a given m le of pickup current for
any tap setting, resulting in one time curve through-
out the range of the rel‘vg

General Opegat Of Scheme

rrent the KC-4relay quickly disables
ilure timing circuit. In addition, where

Single Bus/Single Breaker Arrangement

Unless something fails, current flow in the
breaker should cease shortly after the trip circuit is
energized. The time interval between these two
occurrences will be the breaker-interrupting time. If
this interruption does not occur, breaker-failure re-
laying will initiate the tripping of other breakers.
Fig. 4 shows how this is accomplished. Unless
something fails either the primary of back-up relays
initiate tripping ofthe faulted line breaker. Note that
the primary and back-up relays connect to separate
sets of current transformers and d-c supplies. This
way a failure in one or the other circuits will not
disable all of the protection.

When the primary protection operates, it energizes
62X; the back-up protection energizes 62Y. Contacts
of these two auxiliaries start the breaker-failure
timer 62, through the KC-4 contacts. If the line
breaker fails to clear the fault, KC-4 contacts remains
closed. The contact of timer 62 closes, energiz-
ing the bus lock-out relay 86B through 62X or 62Y
and KC-4 contacts. Relay 86B then trips all the
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TYPE KC-4 RELAY

breakers on the bus.

The TRB-1 rectifier in the primary — protection
circuits of Fig. 4 blocks the flow of red-light super-
vision current through the 62X coil.

An MG-6 relay performs the 62X function in Fig.
4. Actually an SG will suffice unless a directional-
comparison blocking system provides the primary
protection. With this system two MG-6 contacts seal
around the RRG and RRP contacts. (Refer to drawing
540D542 for the details of this arrangement.)

Breaker-and-a-Half Arrangement

* Typical trip and control circuits for breaker-

failure back-up protection for the breaker-and-a-half
bus arrangement are shown in Fig. 5. The trip cir-
cuits for line A and bus L. are shown. Similar cir-
cuits would exist for breaker 3, line B and bus R.
Protection against breaker 2 failure for line A faults
and breaker 1 failure for line A or bus L faults is
discussed below. All other breaker failure fault com-
binations are equivalent to one of these three com-
binations. For example, protection against a breaker
3 failure for bus R faults is similar to the protection
against a breaker 1 failure for bus L faults.

Assuming a failure of breaker 2 for a fa
on line A, the breaker-failure timer 62 associ
with breaker 2 is energized by 62X or 62Y fro

line A. Since the KC-4 current detector 50-2 .
is supplied by breaker 2 current does

drop out, 62 of breaker 2 operates 8
breaker 2. One 86LN contact trips br@aker

Another 86LN contact stops the trans

blocking signal on line B, allowing t pilot
relays to trip the remote line B b they de-
tect the fault. Thus, the fault is now

cleared. Another 86LLN contact bliocks¢high-speed re-

closing of breaker 3. Note that t iger is associa-

ted with the middle break ich is the breaker

that has failed. The témer tripping of both

outside breakers, w N ame approach used
, be

for ring bus protec scribed later.

An essential fun€gion e selection of the faulty
breaker, is performed by¥the KC-4. Relays 62X and
and 62Y indicate that the fault has not been cleared,
but they are unabd® to define for a line A fault
whether bredker 1 or breaker 2 is still feeding current
to the f; e 50-1 or 50-2 KC-4 performs this
job.

aker 1 fails for a fault on line A, bus L is
cle Phis is accomplished by the bus L breaker-
imer which is energized by the line A relay

detector 50-1 selects the faulty breaker. Note thQ o
the line A part of the bus L timer circuit in g
is the same as that used with the single bus/@
breaker arrangement in Fig. 4

If breaker 1 fails for a fault on bus L it is de-
sirable to trip breaker 2 and stop the transmfssion
of blocking carrier on line A. This j®accomplished
by the 86Z device which is en iz@]gh 62ZL,
50-1 and 62L contacts and aN sistor, as
shown in Fig. 5. One 86Z c s breaker 2.
Other 86Z contacts stop blo@ki rier on line A
and block reclosing of br er he six ohm re-
sistor and the 86Z coil ar th low impedance
compared to the 62L i sistance. Therefore,
the 86Z coil will n the 62L timing, and the
62L timing circuit ¢ t will not be enough to pick-
up the 86Z devdCeMELhe six ohm circuit maintains
@ on the 62L. device after
p¥éted. The purpose of this seem-
itry is to permit a single current
50-1, to supervise 62L timing,

SGB& and 86Z tripping.
Ri&us rrangement
e circuits for the ring bus are shown in Fig. 6
rip and control circuits outlined for breaker 2,
together with line-B primary and back-up protection
circuits. As with the breaker-and-a-half Scheme, the
primary protection uses tripping rectifiers, and the
backup uses an auxiliary relay to trip two breakers.

As before, the 62X and 62Y relays are operated by
the primary and back-up relays, respectively.

C

af

Assume a failure of breaker 2 for a fault on line
B. Line-B relay 62X or 62Y is operated and energizes
breaker-2 timer. Since current detector 50 for breaker
2 remains energized by the breaker-2 current, 62
operates to energize relay 86LN. Relay 86LN trips
breakers 1 and 3, blocks reclosing on breakers 1,2,
and 3, and stops carrier on lines A and B. The trip-
ping of breaker 3 and the stopping of carrier of line
B is unnecessary, since it is assumed that the pro-
tective relays have already accomplished these
results. Although unnecessary, these functions do no
harm and simplify the circuitry by permitting the
86LN relay to trip breakers and stop carrier symmetri-
cally, without regard to whether the fault is on line
A or line B.

The purpose of stopping carrier on line A is to
remove carrier blocking to permit remote carrier relay
relay tripping. Otherwise, line A continues to feed
the fault through breaker 2 until a back-up relay
operates or until the fault burns clear.
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TYPE KC-4 RELAY

CHARACTERISTICS

Phasé & Ground Overcurrent Units are available
in the following current ranges:

Range Taps
0.5 - 2 Amps. 05 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 20 25 3.0 4.0
2-8 2 3 4 5 6 8

The tap value is the minimum current required
to just close the overcurrent relay contacts. For
pickup settings in between taps refer to the section
under adjustments. The pickup and dropout time
curves for the phase overcurrent units is shown in
Fig. 1.

ENERGY REQUIRE

PHASE & GROUND OVERCURREN

Trip Circuit

The main contacts will safely close 30 am@ieres
at 250 volts d-c and the seal-in contacts of the i

cating contactor switch will safely carry this current
long enough to trip a circuit breaker. .

The indicating contactor swit two taps
that provide a pickup setting of amperes. To
change taps requires connectinN located in
front ofthe tap block to the de etting by means
of a screw connection.

Trip Circuit Constants
Indicating Contact i -
0.2 amp. tap 6.8 o d-c resistance
2.0 amp. tap 099, 0hms d-c resistance

/

Ampere VA at

Range Tap Tap Value P.F. 5 Amps. P.F. Angle
.5 .37 24 46
.75 .38 13 317

36 9.0 36

1 .39 8.5 34

.5-2 1.25 .41 34 6.0 32
1.5 .43 32 4.6 31
2 .45 30 2.9 28
1

32 5.0 32

1.5 =4
2 . GD 30 3.0 29
1-4 2.5 28 2.1 27
3 \3 26 1.5 26
4 \ .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3.3 42
1.3 38 2.1 37
1.4 35 1.4 35
1.5 33 1.1 33
1.8 29 0.7 29

Rating of the Overcurrent Units (Phase & Ground)

L 4 Continuous Rating One Second Rating
Range (Amperes) (Amperes)
.5-2 5 100
1-4 8 140
2-8 8 140
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TYPE KC-4 RELAY

SETTINGS

Phase & Ground Overcurrent Unit

The pickup current setting is made by means of
the connector screw located on the tap plate. By
placing the connector screw in the desired tap, the
relay will just close its contacts at the tap value
current.

CAUTION Since the tapblock connector screw carries
operating current, be sure that the-screw is turned
tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before
removing the other tap screw from the original tap
position.

The following check is recommended to i@
that the relay is in proper working order:
Phase & Group Overcurrent Unit @
1. Contact Gap-— The gap hetwge station-
ary and moving contacts with re n the de-
i

energized position should be ately .020.”

2. Minimum Trip Curr t@pick-up of the
overcurrent unit can be ec by inserting the tap
screw in the desired ta d applying rated tap

value current. The ¢ should close within #5%
of tap value current.

Acceptance Check

Switch (ICS

se or ground relay contacts and

Indicating Contactor Switch (ICS.) pass s -c current through.the trip circuit to
closel tacls of the ICS. This value of current
Connectthe lead locatedin front of the tap block shou begreater than the particular ICS tap set-
to the desired setting by means of the connecting ting4@eing Used. The indicator target should drop
screw. When the relay energizes a 125-or 250-volt f
d-c type WL relay switch or equivalent, use the 0.2
ampere tap; for 48-volt d-c applications set in 2 tap he contact gap should be approximately .047’’
and use WL coil S#304C209GO01. between the bridging moving contact and the adjust-
able stationarycontacts. The bridging moving contact
INSTALLATION \ should touch both stationary contacts simultaneously.

The relays should be mounted on switch
panels or their equivalent in a location fLo

dirt, moisture, excessive vibration, andgheal@yy Molint

the relay vertically by means of the f ing
holes on the flange for semi-flus nting®or by
means of the rear mounting stud or d r projec-

tion mounting. Eithera mountings mounting
screws may be utilized for grounding relay. The
electrical connections may b rectly to the
terminals by means of scre eel panel mount-
ing or the terminal stud r edy/with the relay for
thick panel mountin Thé&§terminal studs may be

d locking two nuts on
thegfoper nut with a wrench.

For detailed information, refer to I.L. 41-076.

TMEN?S AND MAINTENANCE

Routine Maintenance

All relays should be inspected periodically and
the operation should be checked at least once every
yearor at such othertimeintervals as may be dictated
by experience to be suitable to the particular appli-
cation.

All contacts should be periodically cleaned. ‘A
contact burnisher S#182A836HO1 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the dan-
ger of embedding small particles in the face of the
soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See ‘‘Acceptance
Check’’).
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the Phase and Ground Overcurrent Unit
Phase & Ground Overcurrent Unit \
The moving contact assembly ha tory

adjusted for low contact bounce peffo, e and
should not be changed.

«
The set screw in the statio ct has been

shop adjusted for optimum fold@w a his adjustment

should not be disturbed. \

1. The upper pin fbeariag should be screwed
down until there is a igAtely 1/64’’ clearance
between it and the shaft bearing. The upper

pinbearing sh t ecurely locked in position
withthe loclkffut. er bearing position is fixed

2. The t gap adjustment for the overcur-
rent unit is madeé®with the moving contact in the reset
position, e.e., against the right side of the bridge.
Advance th® stationary contact until the contacts
justQelose. Then back off the stationary contact 2/3

turn for a gap of approximately .020.’’ The

olding the stationary contact housing need

ot Pe loosened for the adjustment since the clamp

ilizes a spring-type action inholding the stationary
contact is position.

3. The sensitivity adjustment is mad
ing the tension of the spiral spring ac
moving element assembly. The spring adgnsted by
placing a screwdriver of similar tool into one of the
notches located on the peripheryofthe spring adjuster
and rotating it. The spring adjuster i®ocated on the
underside of the bridge a held in place by a

spring type clamp thatqdoe ve to be loosened
prior to making the neces ustments.

Insert the tap @the minimum value tap
setting and adjust ng such that the contacts

will close whe erghized with the required current.
The pick up current unit with the tap screw
in any oth ap uld be within +5% of tap value.

@ent of pick-up current in between tap
i esired, insert the tap screw in the next

ta®setting and adjust the spring as described.
be noted that this adjustment results in a
ly different time characteristic curve and burden.

Indicating Contactor Switch (ICS.)

Close themainrelay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greaterthan the particularICS tap setting being used.
The operation indicator target should drop freely.

The contact gap should be approximately .047'’
between the bridging moving contact and the adjust-
able stationary contacts. Thebridging moving contact
should touch bothstationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished tothe customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.

11
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INSTALLATION

INSTRUCTIO

Westinghouse 1.L. 41-776.
OPERATION e MAINTENA

TYPE KC-4 OVERCURRENT RELAY

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

APPLICATION

The type KC-4 is a non-directional current or

fault detector which operates for all phase and

lays. It is well suited to breaker-failure relaying for

protcction is ins e e fault is cleared by trip-
ping breaker 3 that this provided selective
tripping, since ch of the system as possible
was left irQbreakers 4, 7, and 8 must trip, the
local gene r is' lost and unnecessary separation
of the ) station from power systems S 1 and
S so, the tapped load is interrupted un-
nstead of being left tied to system qu

es®l
s

motebackup, in addition to not being selective,
ot be sensitive enough because of the relatively

in any one line. For example, in Fig. 2 there may be

m
ground faults to supervise the tripping of other re-&\ll proportion of the total fault current following

indicating the presence or lack of current flo
the circuit breaker. The relay can be appligd w
the phase units are to be operated ind
the picked up position, set well belo"

Alternatively, where the relay is to usegh as a
fault detector (pickup above full load) t 9 or
better dropout ratio of the phase a units
is advantageous.

Breaker-failure relaying.off@antages over
remote back-up protection. It nd more sen-
sitive thanremote back-up ho n addition, it is
selective, whereas re k-up protection is
frequently non-selectiv i shows some fault
conditions where bredgKer-failure relaying could im-
provethe quality of roteetion. Note that the

generating-statio oltage bus uses a breaker-

cleared by lays tripping breakers 5, 6, and 9.
However, assurte that the breaker-6 mechanism sticks
so that current flow through breaker 6 is not inter-
rupted. N&N back-up protection must function. If re-
mobe backup is relied upon, time-delay relays must
ote breakers 7 and 8. In addition, the local

rator feed through breaker 6 must be interrupted

by tripping breaker 4. However, if breaker-failure

SUPERSEDES I.L. 41-776.1E

*Denotes changes from superseded issve.

very little current flow in breakers 7 and 8 for fault
L. because of the large current contribution by the
local machines at the generating station. Thus, it
may be difficult or impossible at breakers 7 and 8 to
detect adjacent line faults without depending upon
sequential tripping. If the generator feed is interrupted
for fault L., such as by tripping breaker 4, the current
through breakers 7 and 8 may increase sufficiently
for the relays to operate and trip breakers 7 and 8.
However, the system is by now cut to pieces, and
because of the long time delay in clearing the fault,
the remainder of the system may be unstable.

Although breaker-failure protection offers many
advantages, remote backup cannot be completely
eliminated. For example, assume that breaker 3 fails
for bus-fault B in Fig. 2. Breaker-failure protection
will promptly trip breaker 2, but the fault is still fed
by breaker 8. Likewise, if breaker 2 fails with a line
fault at M, a remote breaker must trip to clear the
fault. Breaker-failure protection trips breaker 3, but
breaker 8 still feeds the fault. Although breaker-
failure protection does not complete the job in these
examples, itdoes expeditiouslytrip thelocal breaker,
making it easier for the remote relays to detect the
fault.

EFFECTIVE FEBRUARY 1972



TYPE KC-4 RELAY

Single Bus/Single Breaker Arrangement

Unless something fails, current flow in the
breaker should cease shortly after the trip circuit is
energized. The time interval between these two
occurrences will be the breaker-interrupting time. If
this interruption does not occur, breaker-failure re-
laying will initiate the tripping of other breakers.
Figs.4 and 5 show how this is accomplished. Unless
something fails, either the primary or back-up re-
lays initiate tripping of the faulted line breaker.
Note that the primary and back-up relays connect to
separate sets of current transformers and d-c sup-
plies. This way a failure in one or the other circuits
will not disable all of the protection.

When the primary protection operates, it energizes
62X; the back-up protection energizes 62Y. Contacts
of these two auxiliaries start the breaker-failure
timer 62, through the KC74 contacts. If the line
breaker fails to clear the fault, KC-4 contacts remain
closed. The contact of timer 62 closes, energiz-
ing the bus lock-out relay 86B through 62X or 62Y
and KC-4 contacts. Relay 86B then trips all the
breakers on the bus.

The TRB-2 rectifier in the primary — protection

circuits of Figs. 4 and 5 blocks the flow of re
light supervision current through the 62X coil.
An MG-6 relay performs the 62X function in FR

4 and 5. Actually an SG will suffice unless a
tional-comparison blocking system provid

primary protection. With this system two -6 -
tacts seal around the RRG and RRP c@nta8hs. (Refer
to drawing 540D542 for the details o \ nge-
ment.)

Breaker-and-a-Half Arrangement

Typical trip and control €ircu
failure back-up protection f aker-and-a-half
bus arrangement are sho ies. 6 & 7. The trip

circuits for line A an S shown. Similar cir-

cuits would exist bre 3, line B and bus R.

Protection again er ailure for line A faults
for,

and breaker 1 fai ne A or bus L faults is
discussed below. All otif€ér breaker failure fault com-
binations are equivalent to one of these three com-
binations. For exar@le, protection against a breaker
3 failure fd@bus R faults is similar to the protection
against er 1 failure for bus L faults.

for breaker-

Flg. 6. Assuming a failure of breaker 2
1t onh line A, the breaker-failure timer 62 as-
with breaker 2 is energized by 62X or 62Y
ine A. Since the KC-4 current detector 50-2

which is supplied by breaker 2 current does

drop out, 62 of breaker 2 operates 86L 0
breaker 2. One 86LN contact trips brea 3.
Another 86LN contact stops the transmission 0O

blocking signal on line B, allowing the remote pilot
relays to trip the remote line B breaker, if thgy de-
tect the fault. Thus, the fault ongne A is now
cleared. Another 86L.N contact plo -speed re-
closing of breaker 3. Note that t1 S associa-

ted with the middle breaker, icHgis the breaker
that has failed. The timer u ipping of both
outside breakers, which isgthe e approach used

for ring bus protection, be cribed later.

An essential fun
breaker, is perfor by
and 62Y indicate t
but they are a
whether br rl

selection of the faulty
KC-4. Relays 62X and
fault has not been cleared,
define for a line A fault
eaker 2 is still feeding current
-1 or 50-2 KC-4 performs this

r 1 fails for a fault on line A, bus L is
is accomplished by the bus L breaker-
which is energized by the line A relay;
50-1 selects the faulty breaker. Note that
t e A part of the bus L timer circuit in Fig. 6
i e same as that used with the single bus/single
breaker arrangement in Figs. 4 and 5.

If breaker 1 fails for a fault on bus L it is de-
sirable to trip breaker 2 and stop the transmission
of blocking carrier on line A. This is accomplished
by the 86Z device which is energized through 62ZL,
50-1 and 62L contacts and a six ohm resistor, as
shown in Fig. 5. One 86Z contact trips breaker 2.
Other 86Z contacts stop blocking carrier on line A
and block reclosing of breaker 2. The six ohm re-
sistor and the 86Z coil are both low impedance
compared to the 62L circuit resistance. Therefore,
the 86Z coil will not affect the 62L timing, and the
621 timing circuit current will not be enough to pick-
up the 86Z device. The six ohm circuit maintains
approximately half-voltage on the 62L device after
the timing is completed. The purpose of this seem-
ingly involved circuitry is to permit a single current
detector, device 50-1, to supervise 62L timing,
86BL tripping and 86Z tripping.

In Fig. 7, a separate timer is associated with
each breaker and the need for multiple control paths
is eliminated. 622ZL initiates breaker failure opera-
tion directly along with 62X and 62Y.

Note that, for bus faults with a failed breaker,
the bus lockout aux. 86BL is re-tripped by the 86Z

J

)
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I.L. 41-77

contact; this is unnecessary but not detremental and
permits simplest circuitry. Similarly, a line A fault
with breaker 1 failure will initiate redundant tripping
of breaker 2 and transfer-tripping of line A.

Ring Bus Arrangement

The circuits for the ring bus are shown in Fig. 8
with trip and control circuits outlined for breaker 2,
together with line-B primary and back-up protection
circuits. As with the breaker-and-a-half Scheme, the
primary protection uses tripping rectifiers, and the
backup uses an auxiliary relay to trip two breakers.
As before, the 62X and 62Y relays are operated by
the primary and back-up relays, respectively.

Assume a failure of breaker 2 for a fault on line
B.Line-B relay 62X or 62Y is operated and energizes
breaker-2 timer. Since current detector 50 for breaker
2 remains energized by the breaker-2 current. 62
operates to energize relay 86BF-Relay 86BF trips
breakers 1 and 3, blocks reclosing on breakers 1, 2,
and 3, and stops carrier on lines A and B. The trip-
ping of breaker 3 and the stopping of carrier of line
B is unnecessary, since it is assumed that the pro-
tective relays have already accomplished thes
results. Although unnecessary, these functiqa
no harm and simplify the circuitry by permitj
86BF relay to trip breakers and stop carrié
trically, without regard to whether the t on
line A or line B.

The purpose of stopping carrier o is to
remove carrier blocking to permiff re carrier
s to feed

relay tripping. Otherwise, 1iné®A cOati
the fault through breaker 2 1 ack-up relay
operates or until the fault Kear.

Additional Contacts

Figs. 4 through 8 s
relay may be conne,

ow an AR auxiliary
 provide additional con-
AR will operate when both
e 62X, Y, or Z contacts
coil (80 ma @125 Vdc) will
nit in the KC-4, but may hold
the ICS picke unless its coil current is inter-
rupted by the 86B contact as shown.

te that’one of the TRB-2 zener diodes in Figs.
4 is designated as necessary only if the AR
rel sed.

Fig. 9 illustrates how Figs. 4 through 8 may be
ified so that the AR relay will be operated by

the KC-4 overcurrent unit contacts directl S
is done, it is essential that the KC-4 rgimy t
well above load current; otherwise, thellover@urrent
unit contacts may be damaged by repeate ng of

the AR relay coil current.

Umits are available

in the following current ran

Range @ Taps

0.5 - 2 Amps. 0.5 5 1.0 125 15 2
1-4 1. 20 25 3.0 4.0
2-8 4 b} 6 8

The t \4 is the minimum current required
to just overcurrent relay contacts. For
pick elt in between taps refer to the section

ments. The pickup and dropout time

the phase overcurrent units is shown in

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of the indi-
cating contactor switch will safely carry this current
long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting of lead located in
front ofthe tap block to the desired setting by means
of a screw connection.

Trip Circuit Constants

Indicating Contactor Switch —
0.2 amp. tap 6.5 ohms d-c resistance
2.0 amp. tap 0.15 ohms d-c resistance

SETTINGS

Phase & Ground Overcurrent Unit

The pickup current setting is made by means of
the connector screw located on the tap plate. BY
placing the connector screw in the desired tap, the
relay will just close its contacts at the tap value
current.

CAUTION Since the tap block connector screw carries
operating current, be sure that the-screw is turned
tight.
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ENERGY REQUIREMENTS

PHASE & GROUND OVERCURRENT UNIT — 60 CYCLES
Ampere VA at VA at
Range Tap Tap Value P.F. Angle 5 amps P.F. Angle
.5 .37 39 24 46
5 .38 36 13 37 L 4
.5-2 1 .39 35 8.5 34
1.25 .41 34 6.0 2
1.5 .43 32 4.6
2 .45 30 2.9
1 .41 36 9.0
1.5 .44 32 5.0
1-4 2 .47 30 3.0
) 2.5 .50 28 2.1
3 .53 26
4 .59 24
2 1.1 49
3 1.2 43
2-8 4 1.3 38
5 1.4 .4 35
6 1.5 .1 33
8 1.8 T 29
4 1.5 51
6 1.7 . 45
8 1.8 0.7 40
4-1
6 9 1.9 0.6 38
12 2. 4 0.37 34
16 30 0.24 31
Current Ratings
RATING OF THE OV NT UNITS (PHASE & GROUND)
RANGE UOUS RATING ONE SECOND RATING
(Amperes) (Amperes)
.5-2 r'S 5 100
1-4 8 140
2-8 8 140
4-1 10 200

In order to avoid opening th rre ransformer
circuits when changing taps undér lodd, connect the
spare tap screw in the desj osition before

removing the other tap sc r@jn the original tap
position.

Indicating Contact

Connect the lea in front of the tap block
to the desired setting means of the connecting
screw. When the relay energizes a 125-or 250-volt

d-c type WL relay sgitch or equivalent, use the 0.2

ampere tap;Qfor 48-volt d-c applications set in 2 tap
and use S#304C209GO01.
INSTALLATION

T relays should be mounted on switchboard
pan their equivalent in a location free from

dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flange for semi-flush mounting or by
means of the rear mounting stud or studs for projec-
tion mounting. Either a mounting stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
ing or the terminal studs furnished with the relay for
thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a wrench.

For detailed information, refer to I.L. 41-076.
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BKR -1 TRIPPING LINE A RELAYING BUS L CLEARING BKR.-2 TRIPPING BKR-2 FAILURE DETECTIO
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=:52a 822 lse
b + NALIF ADDITIONAL CONTACTS ARE NEEDED.
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16/ 4 76)%%
VICE DESCRIPTION
[TRE-2 [ ZENER TRIPPING UNIT
50 |KC-4 CURRENT DEY.
. 62 JT0-5 TIMER
aus 69 LINE & LINE B aU: 62X [MG_OR SG
v 868 | WL LOCKOUT AUX.
LT 3 [ —868F] WL _LOCKOUT_AUX,
878 | BUS OIFF
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L R

293B005

¥ Fig. 6 Simplified External Schematic of the KC-4 Relaff fo ker Failure Protection of a Breaker-and-a-Half Bus — One
Timer Per Bus
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2T . sock
RECL @

+: OPTIONAL IF ADDITIONAL CONTACTS ARE NEEDED.

IDEVICE DESCRIPTION NO. REQD.

ITRB-2 | ZENER_TRIPPING UMT
30 [KG-4 GURRENT OEY _ [1/

-5 TIMER VBAY &

Cgegonss

| 868 VT AUX 7/
8 WL Lockout aux. /_BAY

34 [ TR-TAUX_YRWP 7

L L OCK AUX. 2/ BAY

719B394

ig. 7 Simplified External Schematic of the KC-4 Relay for Breaker Failure Protection of a Breaker-and-a-Half Bus ~ One
Timer Per Breaker



oL

LINE ®

pos. 8.2 JRIPPING PRIMARY PROTECTION

LnE 8 SREAKER 2 TINER meaen FarLue Lockourl

BACK UP PROTECTION CORTROL CIRCHIT

L L[l
1 Il

"
e m:‘[ v
A

o

TRE-2 TRB-2

FROM LINE A
PROT. RELAYS

rei.

*|-mroT.

LInE
L3

BACK LP

BLOCK RECLOSING

860F-2 BLOCK RECLOSING

BRI

et wor [——o:‘l:: I‘?
l $T0

sKR.2
865F-2 LiNE B
l CARRIER
sTo?

KR '[ 528 ¥ 52a
1T [ or.s 860¢-2 BLOCK RECLOSING
= [ 1 BER.3
NEG.
+.  MAKE CONTACT IF USED WiTH S@R-12,
> BREAK CONTACT IF USED WITH RC
3 OPTIONAL IF ADOITIONAL CONTACTS
LINE LINE NO. REQ'D. ARE NEEDED.
o ¢ ZENER TRIPPING UNIT /LINE
0 KC- 4 CURRENT DETECTOR /oK.
TD-5 BREAKER FAILURE TIMER 1/oKe.
62X SG TIMER AUX. 1/LINE
Y SG TIMER AUX. 1/LINE
WL BREAKER FAILURE LOCKOUT 1/,
9 TR-1 AUX. TRIPPING RELAY 1/LInE

TE: A TRB-4 UNIT (CONTAINING 4 ZENER DIODES)
MAY BE USED TO REPLACE TWO TRB-2 UNITS
{i.e.. ONE TRB-4 UMT PER PAIR OF LINES).

* Fig. 8 Sim

q

" AV3d v-D) 3dAL

408C554
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l.LL. 41-7

DC_POS.

3

AR CONTACT REPLACES
11/13/10 CONTACTSIN
BREAKER FAILURE BUS
CLEARING CIRCUIT.

NOTE:

THIS CONNECTION
MAY ONLY BE USED ¢
WHEN I1/13/I0
ARE SET WELL
ABOVE LOAD
CURRENT.

DC NEG. ’I’

TYPICAL BREAKER FAILURE SCHEME SHOWING
KC-4 RELAY DIRECTLY OPERATING AR AUXILLARY

3490A09

* Fig. 9 Direct Operation of AR Relay by KC-4 Overcurrent
Contacts

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correc
tionof this relay have been made at the fact

receipt of the relay, no customer adjust t her
than those covered under "SETTINGS,N e

required.

Acceptance Check

The following check is repommended to insure
that the relay is in proper worki

Phase & Group Overc

een the station-
the relay in the de-
approximately .020.”’

1. Contact Gap—~T
ary and moving contact
energized position

checked by inserting the tap
ap hole and applying rated tap

of tap value cur

Indicating Contactor Switch (ICS)
L 4

Jose the phase or ground relay contacts and

p ficient d-c current through the trip circuit to

0 contacts of the ICS. This value of current

ho not be greater than the particular ICS tap set-

g being used. The indicator target should drop
freely.

60
ol | il (
DROPOUT TO 953 QF PICKUP
2 1 LA
S 40
S T
I |_PiCKUP
3 | 80% OF PICKUP
2 30
b3
z OUT TO O % OF PICKUP
y _5 ;
£ 2
(= 0 ~ = —
] —
10

6 8 ‘0 12 14 16 18 20
LTIPLES OF TAP VALUE CURRENT

629A576

aximum Pick-Up and Drop-Out Time Curves for
the Phase and Ground Overcurrent Units

The contact gap should be approximately .047"’
etween the bridging moving contact and the adjust-

able stationary contacts. The bridging moving contact
should touch both stationary contacts simultaneously.

Routine Maintenance

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such other time intervals as may be dictated
by experience to be suitable to the particular appli-
cation.

All contacts should be periodically cleaned. A
contact burnisher S#182A836HO1 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the dan-
ger of embedding small particles in the face of the
soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See ‘‘Acceptance
Check’").

n
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INTERNAL SCHEMATIC

| NSTANTANEOUS

e fﬁnsﬁ

1y Ligle,
R e

INSTANTANEOUS
I~ OVER CURRENT
(MIDOLE CYL.UKIT)

i
3 OPERAT IO
o 1HDICATOR

IMSTANTANEOUS
) L OYER CURRENT
2 {LowWER CYL UnIT)

CNASSIS OPERATED
-~ SHORTING BW{TCH

1— NED NANDLE
—TEST SWITCH

CHRRENY TEST
Jhex

[ TemsIaaL

862A612

INTERNAL SCHEMATIC

T

INSTANTANEQUS
OVER CURRENT
(UPPER CYL.UNIT)

INSTANTANE
" OVER CURRENT
(MIDOLE CYL.UNIT)

* Fig. 11 KC-4 Relay Instantaneous-Overcurrent Contacts to
Separate Terminals in FT-41 Case.

Phase & Ground Overcurrent Unit

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw inthe stationary contact has been
shop adjusted for optimum follow andthis adjustme
should not be disturbed.

1. The upper pin bearing should be screw

down until there is approximately 1/64’’ clea
between it and the top of shaft bearing. The @p
it

pinbearing should thenbe securely locked i i
withthe lock nut. The lower bearing pog'tiol@ed
and cannot be adjusted.

2. The contact gap adjustment
rent unit is made with the moving ¢
position, e.e., against the right si
Advance the stationary contac
just close. Then back off the
of one turn for a gap of ap
clamp holding the sta aN

e bridge.

tment since the clamp
inholding the stationary

ing the tension of the spiral spring attached to the
moving element assegably. The spring is adjusted by

nthe peripheryofthe spring adjuster
. The spring adjuster is located on the
the bridge and is held in place by a
clamp that does not have to be loosened
aking the necessary adjustments.

,I_ b
|
I ke 14
L,
TWO IN SERIES ___
FOR 250 V.D.C. Tt~ ISTANTANEOUS
R CURRENT
Ics I2 OWER CYL UNIT)
INDICATING
cmncw&,’—»@
SWITCH
CHASSIS OPERATED
1 SHORTING SWITCH
- y %71l RED HANDLE
| — TEST SWITCH
! . | i
Lok St = - Ef- | cuRReNT TEST
S ™ sack
4 8 10 |
TERMINAL
FRONT w
* Fig. 12 KC- stantaneous-Overcurrent Series make

setti
wil

just the spring such that the contacts
se when energized with the required current.
pofthe overcurrent unit with the tap screw
ther tap should be within +#5% of tap value.

If adjustment of pick-up current in between tap
settings is desired, insert the tap screw in the next
lowest tap settingandadjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Indicating Contactor Switch (ICS.)

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

The contact gap should be approximately .047’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving contact
should touch both stationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished tothe customers who are equipped for doing

repair work. When ordering parts, always give the
complete nameplate data.
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INSTALLATION

WESTINGHOUSE I.L. 41-776.
OPERATION e MAINTEN

INSTRUCTIO

TYPE KC-4 OVERCURRENT RELAY .

CAUTION: Before putting relays into service,
remove all biocking which may have been inserted
for the purpose of securing the parts during ship-
ment, make sure that all moving parts operate
freely, inspect the contacts to see that they are
clean and close properly, and operate the relay to
check the settings and electrical connections.

APPLICATION

The type KC-4 is a non-directional current or
fault detector which operates for all phase and
ground faults to supervise the tripping of other
relays. It is particularly suited for breaker-failure
relaying schemes, in which it indicates the presege
or lack of current flow in the protectedgei
breaker. The relay can be applied where, @ ase
units are to be operated indefinitely ig tiéygicked
up position, set well below full load. A% '

where the relay is to be used as a f

(pickup above full load) the 98% or bgt opout
ratio of the phase and groun it advan-
tageous. L

}ncs using the

ations, are given

Specific breaker faj
KC-4 relay, with detaile
in the OPERATION g€Cti

Cco

The ty N ay consists of two phase
instantangous gverclirrent units, (Io and I¢), one
i tangous unit (Ip), and an indicating
contactor switelf’ (ICS). The principal component

parts of the relay and their location are shown in
Figure 1. ¢

CTION

PHASE AND GRO TANTANEOUS
OVERCURRENT
Q Ic, 1o)

Each in neous overcurrent unit consists
of an indugn cYlinder unit, capacitor, varistor,
and a t r. The components are connected

e

such tha ontact closing torque is produced
wh rent exceeds a specified value.

TION CYLINDER UNIT

four basic components: a diecast aluminum frame,
an electromagnet, a moving element assembly,
and a molded bridge.

K\Mechanically, the cylinder unit is composed of

The frame serves as the mounting structure
for the magnetic core. The magnetic core which
houses the lower pin bearing is secured to the
frame by a locking nut. The bearing can be re-
placed, if necessary, without having to remove
the magnetic core from the frame.

The electromagnet has two pairs of coils. The
coils of each pair are mounted diametrically oppo-
site one another, and a capacitor is connected in
series with one pair of coils. In addition, there are
two locating pins. The locating pins are used to
accurately position the lower pin bearing, which
is threaded into the bridge. The electromagnet is
secured to the frame by four mounting screws.

The moving element assembly consists of a
spiral spring, contact carrying member, and an
aluminum cylinder assembled to a molded hub

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

SUPERSEDES |I.L. 41-776.1J, dated December 1977

© Denotes change since previous Issue.

EFFECTIVE SEPTEMBER 1980
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Fig. 2. External Connections for the KC-4 Relay — Breaker
— One Timer per Bus.

has been initiated. They energize the p
breaker-failure timer (62) through the KC.
contacts, which have already closed in fespoqse
to the same fault which operated thg& s
s

the KC-4 drops out and the T
energized before it times out;
is taken. But if current flow ¢
expected time limit, the TD-
the output (TR) contact

t multiplication.

the 62A auxiliary relafgr
62A contact energig€s th lockout auxiliary

to strip the bus ckgreclosing.

eyond the
expires and
TD-5 energizes

Note that, in figure'?, each breaker has its own
line protection relays, BFI auxiliary and KC-4
current detector; bd® that all of these funnel into a

single TD- er. This is done for ecomony since
the same g device, 86B, is energized regard-
less o breaker fails. Targeting of the parti-
cul dled breaker is accomplished by the ICS

ciated KC-4 in conjunction with the 62X
BFI contacts for that line. The zener
king diode inside each KC-4, connected to

e

N

TRIP CKT

1459C10
SUB. 4

Protection of a Single Bus/Single Breaker Arrangement

terminal 50-2, isolates the multiple trip circuits
of the KC-4’s from one another so that only the
target of the failed breaker will drop.

After the TD-5 has operated and picked up-

62A, the 62A contact also energizes the 86BF
auxiliary relay. Refer to the primary breaker
tripping circuit. If a fault occurs and the breaker
operating mechanism is stuck (the most frequent
type of breaker failure), line relays energize the
trip coil with no effect. The breaker failure scheme
will operate the initiate backup tripping, elimin-
ating threats to power system integrity. However,
dc current will continue to flow in the primary
relay ICS and in the breaker trip coil, uninter-
rupted by the stuck 52a contact. The trip coil, and
other devices in the tripping path, are only inter-
mittently rated and may disintegrate or ignite
before operators or repair crews can intervene.
For this reason, a normally-closed 86BF contact
is shown in series with the trip circuit, to interrupt
dc current flow.

After the TD-5 has operated, a sneak path may
be created through the supervising lamp for the

)



TYPE KC-4 RELAY

86BF coil, backwards through the closed 62 A con-
tact, through the KC-4 terminals 1 and 2, and
finally into terminal 9 of the TD-5. This sneak
current may prevent the TD-5 from dropping out,
a normally-closed 86 BF contact cuts off the TD-5.

In the primary breaker-tripping circuit, the
TRB-2 blocking diode prevents red supervising-
light current from flowing in the 62X coil.

In both the primary and the backup tripping
circuits, the 62X and 62Y coils are connected to
follow the protective relay contacts and should
never be connected in series with 52a contacts.
Otherwise, BFI is lost when the breaker functions
mechanically, opening 52a, but fails to interrupt
current flow. The resistor in parallel with the 94T
auxiliary dissipates 625 Watts in a 125 Vdc control
scheme. It draws sufficient current to hold an ICS
in the line backup tripping circuits picked up, and
may burn if the 52a contact doesn’t open. A 86BF
contact deenergizes the backup circuit to preve
this.

For a bus fault, the 87B relay contag agizes
the 86B lockout auxiliary to strip and
block reclosing. The blocking valv -2

a bus fault, the BFI auxiliary 6
up by 87B. The closure of€con Z provides
a signal in the breaker fail x:me to energize
the TD-S timer, then pi the corresponding

86BF auxiliary. 86BF ¢ t 1Mtiates the transfer
trip for isolating the t us.

Figure 2 also ow BFI seal-in can be
provided whegon isused per bus. The TD-5
relay cont N relay cannot be used here.

62#auxiary relay is provided for each

wifh a TRB-2 blocking diode to
its on multiple breakers from

breaker,
isolate the
one another.

igure 3 shows a breaker-failure scheme for

me bus arrangement. The key differences

that (a) now a separate TD-5 timer is dedicated

to each breaker; and (b) in this scheme BFI seal-in
hs provided by the TX auxiliary in TD-5.

The telephone relay coil TX in parallel with

the TD-5 timer 62 is optionally used
and 62Y contacts. When the KC-4
62X or Y contacts are both closed, both the timer
circuit and TX are energized, TX seals around
62X and Y so that only the opening of the KC-4
contacts can stop the ti is may be needed
when 62X and Y rgized by potential-
polarized distance relays®¥f a close-in fault occurs
so that the polariZin tential collapses com-
pletely, the distagc will reset after stored
energy in the p@larizing circuit damps out
(usually 15 to . This will cause dropout
of 62X or §, n if the breaker has failed and
the fault régains. The TX contact will keep the
timer gzed for this critical situation, allowing

r ailure scheme to function and strip

gure 3, the ICS in the TD-5 now provides
al-in and target functions, since a separate

t
K&S is dedicated to each breaker.

With the KC-4 connected adjacent to the dc
positive supply as shown in figure 3, a 50X auxil-
iary relay can be connected between terminal 2 of
the KC-4 and dc negative. S0X then follows the
KC-4 and provides contact multiplication. This
allows the KC-4 to perform other non-breaker-
failure functions. For example, a 50X contact can
be used to supervise a distance relay trip circuit
to prevent false-tripping on loss of ac potential

supply.

Although using a separate timer for each
breaker is more costly than the scheme of figure
2, there are several performance advantages:

(1) For a fault which begins on one line and sub-
sequently spreads to another (such as can occur
on a double-circuit tower), the common timer
in figure 2 will energized by the initial fault.
However, even if the breaker clears the first
line affected, the 62X and Y contacts and KC-4
relay of the second faulted line will keep the
timer energized. The time delay may expire
and the bus may be stripped before the second
breaker clears the fault, even though no
breaker failed.

(2) If the breakers on the bus have different
interrupting times, a common timer must be

5
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__STATION BUS PHASE ROTATIONA.8.C

BREAKER

BUS
DIFFERENTIAL FAILURE

L

12svoc
NES.

AdHGH-THRESHOLD TYPENUSPCKUR)
.lD?(lll ZENER GUT WD’ ™.

T .
f =0pTIONAL FOR Mo'&muﬂununs.
4 ~SgT 1‘3:” CONTACT UULTIPLICATION OF KC—4 OVERCURRENT

LINE

Fig. 3. External Connections for the KC-4 Relay — Brea
with One Timer per Breaker.

set to accommodate the slowest breaker.

arate timers provide faster backup ri
for fast breakers. 4

(3) With separate timers, the b be Tecon-
figured without rewiring the ke failure

circuits.
(4) If BFI seal-in is need is casy to obtain
with separate timegs. hMa single timer,
auxiliary relays N g diodes must be
i

added whose igal®s the timer savings.

BREAKER-AND-A- ARRANGEMENT

Figure 4 show breaker-failure protection cir-
cuits for a jreaker®ind-a-half bus arrangement,

with one ti for each breaker.

T unctioning of the scheme of figure 4
18 e as for the single bus-single breaker
c

First, consider the breaker | failure detection

BREARER FAILURE
TINER CKT

=+ emtuany
TRIP CaT

wACKUP
AP ext

1427C95
SuB. 11

e Protection of a Single Bus/Single Breaker Arrangement

circuit as an example for a breaker adjacent to a
bus. Breaker-failure timing is initiated not only
for faults on line A, but on bus L as well. Auxiliary
relay 62Z-L in the Bus-L clearing circuit provides
BFI to breaker-failure schemes for breakers 1, 4,
and others on bus L whenever a bus fault occurs
and bus differential relay 87B-L operates.

For a bus fault on L and a failure of breaker 1,
the timer 62 will energize lockout Switch 86BF
directly which will in turn cause tripping and re-
close blocking of breaker 2 and transfer tripping
of breakers at the remote end of line A. The timer
62 also energizes lockout switch 86B-L through a
TRB-2 blocking diode; this is not detrimental but
is redundant since 86B-L was already tripped by
the bus relay 87B-L.

Now consider a fault on line A and a failure
of breaker I. BFI is provided by 62X and Y. The
timer 62 will energize 86Z and 86B-L through
TRB-2 as just described. In this case, breaker 2
and remote-breaker tripping were already accom-
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Fig. 4. External Connections for the KC-4 Relay

@ er Failure Protection of a Breaker-and-a-Half Bus Arrangement — One Timer
per Breaker.

plished by line relays, so these act re- in of BFI contacts as described for the single-bus
dundant. However, the blocking of g for single-breaker case above.

:)realferl 2, . aniih re;:losefbloq(m f t remote As mentioned before, on breaker failure
pii)?ilcri]: d ‘:\1?50 ; 6Bfinrs10€\;-m e ti)r(i:sor;;)::: protection, a separate timer for each breaker has

an advantage over a common timer per bus, and
also most of the breaker-and-a-half bus arrange-
ments are applied to the rather high voltage
system. Therefore, it is recommended that a
separate timer be applied for each breaker for
the breaker-and-a-half bus arrangement.

the failed breaker 1.

Now, refer to the & failure detection
circuit. BFI is providc@X and Y contacts for
lines A and B, si It on either initiates
tripping of bggak breaker 2 fails and the
timer 62 dglay , lockout switch 86BF is
energizedgCo f 86BF trip breakers 1 and 3,
block reClosi# ongll 3 breakers, and transfer-trip
lines A and me of these actions are redund-

RING BUS ARRANGEMENT

Figure 5 shows the line and breaker-failure
protection circuits for a ring bus. The symmetry

ct

ant-for example, a line A fault does not require

re-tripping, of breaker 1. But none of these re-

dugpdant actions are detrimental. Remember that

r-tripping of the remote end of the faulted

1 ’t really redundant since it performs the

1 rtant additional function of blocking re-
osing at the remote terminal.

The TX relay is shown providing optional seal-

of the bus permits a simple circuit for the latter
function. Using breaker 2 as an example, BFI is
provided by 62X and 62Y contacts from lines A
and B, since a fault on either line initiates breaker
2 tripping. If the time delay expires, the lockout
switch 86BF trips adjacent breakers 1 and 3;
blocks reclosing of breakers 1, 2, and 3; and
transfer-trips both line A and line B. As in the
breaker-and-a-half scheme, redundant actions are

7
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allowed since they cause no difficulties and result
in the simplest scheme. Recall that the transfer-
tripping of the faulted line isn’t really redundant
since it provides the critical reclose-blocking
function at the far terminal, as in the previous
cases.

SETTING THE KC-4 FOR BREAKER
FAILURE PROTECTION

In all of these schemes, the KC-4 phase-unit
pickup should be set above maximum load but
below minimum fault current levels. The residual
current unit should be set below the minimum
ground fault current. If the largest load exceeds
the minimum fault current, the KC-4 must be set
below the minimum fault, and the user must ac-
cept a slight reduction in security. At times of
heavy load, the KC-4 contacts are closed even
though no fault is present.

In the past, 52a contacts have occasionally
been connected in parallel with the KC-4 to allow
timer starting for light faults below the KC-4 set-
ting. This practice is not recommended, since the
52a is closed whenever the line is in service and t

security benefits of KC-4 supervision are ¢
pletely lost. Also, breaker-failure protection_i

incomplete since opening of the 52a contact gt
relay operation doesn’t show that fault curr

S
actually interrupted—it only shows thatfthe @ip
mechanism cycled. A lower KC-4 ¥segt ¥ a

better alternative.

neéeed to one
n prgsent a parti-

Sometimes, a transformer
side of the protected breaker
t faults may

cular setting problem. Li
of) which the KC-4

occur inside the transfor
relay won’t pick up.
tection is provided” when erential or sudden-

aker-failure pro-
pressure relays i trigping. To remedy this,
connect a 52a contactyggeries with an 86T contact
from the breaker-failure dc positive supply to ter-
minal 9 of the TD-; timer 62 (86T is a contact of
the lockoutggwitch associated with the transformer
differentj y). Repeat this connection for each
break is adjacent to the transformer.

6T contact supervision insures that
1s not reduced by the added connection.
a transformer fault results in 86T tripping, the

timer is energized and is stopped only whe Q
opens. This won’t happen if the breaker is @
and backup tripping is initiated. The only c
bination of circumstances for which this connec-
tion doesn’t help is a light transformer faulgy and
a breaker which opens but dogsw’t interrupt.
Many utilities consider this ugli provide
no further protection aganist 1 nly alter-
native is to replace 52a wi cparate low-set
current detector, which ca%ize the timer

only when 86T closes.

CHAR STICS
Phase & Overcurrent Units are
available ip th f, ing current ranges:
Range Taps

0.5-2 PS5 0.75 1.0 1.25 1.5 2

1. 1.0 1.5 2.0 2.5 3.0 4.0
2 3 4 5 6 8
4 6 8 9 12 16
10 15

20 24 30 40
20-30 20 30 40 48 60 80

The tap value is the minimum current required
to just close the overcurrent relay contacts. For
pickup settings in between taps refer to the section
under adjustments. The pickup and dropout time
curves for the overcurrent units shown in Fig. 6.

TRIP CIRCUIT

The main contacts will safely close 30 amperes
at 250 volts dc and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes.
To change taps requires connecting of lead located
in front of the tap block to the desired setting by
means of a screw connection.

TRIP CIRCUIT CONSTANTS

Indicating Contactor Switch —
0.2 amp. tap 6.5 ohms d-c resistance
2.0 amp. tap 0.15 ohms dc resistance
1.0 amp. tap (when supplied) 0.1 ohm dc
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SETTINGS
PHASE & GROUND OVERCURRENT UNIT

The pickup current setting is made by means
the connector screw located on the tap plate. By
placing the connector screw in the desired tap, the
relay will just close its contacts at the tap value
current.

CAUTION: Since the tap block connector screw
carries operating currrent, be sure that the screw
is turned tight.

In order to avoid opening the current trans-
former circuits when changing taps under load,
connect the spare tap screw in the desired tap
position before removing the other tap screw
from the original tap position.

INDICATING CONTACTOR SWITCH (ICS)

Connect the lead located in front of the tap
block to the desired setting by means of the co
necting screw. When the relay energizes a
250-volt dc type WL relay switch or eg @

use the 0.2 ampere tap; for 48-volt dc appliSagons
set in 2 tap and use WL coil S#304CM

INSTALLATION
The relays should be myou

1@1 switch-
board panels or their equiy, a location
free from dirt, moisture,e ive Vibration and
heat. Mount the relay ve IlySy means of the
rear mounting stud or
jection case or by me
holes on the flan ¢ semi-flush type Ft
case. Either t t@e mounting screws may
be utilized ing the relay. External
toothed ar® provided for use in the
locations the outline and drilling plan
to facilitate g a good electrical connection
between the relay case, its mounting screws or
studs, and ghe relay panel. Ground wires and

| connections may be made directly to the
nals by means of screws for steel panel

unting or to the terminal stud furnished with
the relay for thick panel mounting. The terminal
stud may be easily removed or inserted by locking

two nuts on the stud and then turni Qer
nut with a wrench.

For detail information on the FT case refer to
I.L. 41-076. P

ADJUSTMENTS A ENANCE

The proper adj to insure correct
operation of this r¢la e been made at the

factory. Upon reegipt he relay, no customer
adjustments, er n those covered under
“SETTINGS be required.

CHECK

g check is recommended to insure
is in proper working order:

ACCEP

9

Ground Overcurrent Unit

¥ Contact Gap — The gap between the

Qtja lonary and moving contacts with the relay in

e deenergized position should be approximately
.020.”

2. Minimum Trip Current — The pick-up of
the overcurrent unit can be checked by inserting
the tap screw in the desired tap hole and applying
rated tap value current. The contact should close
within + 5% of tap value current.

Indicating Contactor Switch (ICS)

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

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

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at least once
every year or at such other time intervals as may
be dictated by experience to be suitable to the
particular application.
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I.L. 41 A
TYPE KC-4 RELAY

ENERGY REQUIREMENTS - 60 Hz G ’

PHASE & GROUND OVERCURRENT UNIT — 60 Hz

tt g 1t . ¢
AMPERE RANGE | TAP | VAATTAPVALUE | P.F.ANGLE | VAATS5AMPS. P.F. ANGLE
5 37 39 % 46
75 38 36 37
1 39 35 (b 34
52 1.25 41 34 32
1.5 43 32 04.6 31
2 45 30 2.9 28
1 41 36 9.0 36
1.5 44 32 5.0 3
2 47 3.0 29
1-4 25 50 2.1 27
3 53 1.5 26
4 59 4 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3.3 42
4 1.3 38 2.1 37
2-8 5 1.4 35 1.4 35
6 1. 33 1.1 33
8 ¢ 29 0.7 29
4 . 51 2.4 51
6 1 45 1.2 45
4-16 8 . (); 40 0.7 40
9 \ 79 38 0.6 38
12 22 34 0.37 34
16 & 2.5 30 0.24 31
1 1.7 28 0.43 28
2.4 21 0.27 21
3.1 16 0.20 17
10-40 36 1.5 0.15 15
0 42 12 0.11 13
40 49 1 0.08 12
20 6.6 31 0.40 31
30 9.3 24 0.25 24
20-80® 40 12 20 0.18 20
48 135 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15

t t Voltages taken with Rectox type voltmeter.
@ Degrees current lags voltage.

1
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KC-4 50Hz BURDEN DATA

Q)O

tt g tt ]
AMPERE RANGE | TAP | VAAT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
.5 .35 36 24 4
5 36 33 13 %
1 .37 32 8.0

.5-2 1.25 .39 31 5.5 30
1.5 41 29 4.5 28

2 43 27 2.8 26

1 35 35 8.8 36

1.5 .38 31 30

2 41 29 .8 28

1-4 2.5 44 27 27
3 47 25 25

4 53 23 2 23

2 1.04 45 6.2 45

3 1.1 41 32 41

4 1.2 3 2.0 36

2-8 ) 1.3 1.2 33
6 1.4 1.0 31

8 1.7 0.6 27

4 1.26 2.1 42

6 1.5 0.9 40

4-16 8 1.6 37 .5 37
9 1.7 34 4 34

12 2.0 31 35 31

16 2.2 28 .20 28

10 39 45 39

15 36 40 36

20 34 .35 34

10-40 24 31 .30 31
30 29 27 29

40 27 25 27

t t Voltages taken with oltmeter.

@ Degrees current |

CURRENT TXO & 60 Hz)

OF THE OVERCURRENT UNITS (PHASE & GROUND)

Continuous Rating (Amperes)

One Second Rating (Amperes) t

5
8
8
10
10
10

100
140
140
200
200
200

t Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
square of the current.



TYPE KC-4 RELAY

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recom-
mended for this purpose. The use of abrasive
material for cleaning contacts is not recommend-
ed, because of the danger of embedding small
particles in the face of the soft silver and thus
impairing the contact.

CALIBRATION

Use the following procedure for calibrating
the relay if the relay has been taken apart for re-
pairs or the adjustments have been disturbed. This
procedure should not be used unless it is apparent
that the relay is not in proper working order.
(See ““Acceptance Check”).

Phase & Ground Overcurrent Unit

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in the stationary cont
been shop adjusted for optimum follow is
adjustment should not be disturbed.

1. The upper pin bearing shoul@ed

down until there is approximately 1/ ance
between it and the top of shaft beasimg. upper
pin bearing should then be swre@d in posi-
tion with the lock nut. The lo ng position
is fixed and cannot be adjusfed.

ent for the over-
moving contact in
the right side of the
tationary contact until the
back off the stationary
for a gap of approximately

2. The contact ga ju
current unit is made with t
the reset position,
bridge.) Advagce
contacts jusfyc

since the clamp utilizes a spring-type action in

holding thc.stationary contact is position.

The sensitivity adjustment is made by vary-

by placing a screwdriver of similar tool'into one of
the notches located on the periphery of the spring
adjuster and rotating it. The spriﬂg adjuster is

located on the underside bridge and is held
in place by a spring t hat does not have
to be loosened prior g the necessary ad-

justments.

Insert the tap s 1n the minimum value tap
setting and adj hgyspring such that the contacts

will close whemygnergized with the required cur-
rent. The up of the overcurrent unit with the
tap scr@ other tap should be within + 5%
of

JUstment of pick-up currentin between tap
is desired, insert the tap screw in the next
t tap setting and adjust the spring as des-

1
w
Q: ed. It should be noted that this adjustment

esults in a slightly different time characteristic
curve and burden.

Indicating Contactor Switch (ICS)

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

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

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, interchangeable parts can
be furnished to the customers who are equipped
for doing repair work. When ordering parts,
always give the complete nameplate data.

13
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