INSTALLATION

Westinghouse 1.L. 41-776.1A
OPERATION e MAINTENANCE

INSTRUCTIO NS

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
contactsto seethattheyare 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 forall phase and ground
faults to supervise the tripping of other relays. It is
well suited to breaker-failure relaying for indicating
the presence or lack of current flow in the circuit
breaker. The relay can be applied where the phase
units are to be operated indefinitely in the picked up
position well below full load. Alternatively,“Where
the relay is to be used as a fault detectori(pickup
above full load) the 98% or betterdropoutfratio ofrthe
phase units is advantageous.

Breaker-failure relaying offers|advantages over
remote back-up protection. It is_faster*and more sen-
sitive thanremote back-up methods. Imyaddition, it is
selective, whereas remoteéy’back-up protection is
frequently non-selective. _F'igi§.2 shows some fault
conditions where breaker-failure relaying could im-
prove the quality of back-up,protection. Note that the
generating-station high-voltage bus uses a breaker-
and-a-half arrangement{L.ines interconnect the station
to systems S S,, @nd 8.

If there isdno malfunctioning, fault L. will be
cleared by line, reldys tripping breakers 5, 6, and 9.
However, assume that the breaker-6 mechanism sticks
so that current flow through breaker 6 is not inter-
rupted. Now<back-up protection must function. If re-
mote “backup is relied upon, time-delay relays must
trip'remote breakers 7 and 8. In addition, the local
generator feed through breaker 6 must be interrupted
by tripping breaker 4. However, if breaker-failure

SUPERSEDES I.L. 41-776.1

*Denotes change from superseded issue.

protcction is installed, theffault is cleared by trip-
ping breaker 3. gNote ‘that this provided selective
tripping, since_as much of the system as possible
was left intact. If*breakers 4, 7, and 8 must trip, the
local generatoryis lost and unnecessary separation
of the generating ‘station from power systems Sland
So résults. fAlso, the tapped load is interrupted un-
necesSsarily ‘instead of being left tied to system Sz,

Remote backup, in addition to not being selective,
may not be sensitive enough because of the relatively

smally proportion of the total fault current following
in any one line. For example, in Fig. 2 there may be
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.
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TYPE KC-4 RELAY

Type KC-4 Relay Without Case.

Fig. 1.



TYPE KC-4 RELAY

L. 41776
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LINE PROTECTION /
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Fig. 2. Sample System to Show Advantegesief Breaker-Failure Protection.

CONSTRUCTION

The type KC-4 relays consists of two phase
instantaneous overcurrent units, (I, and J.), dne
one ground instantaneous unit (Ip), ar%d an,indieating
contactor switch (ICS). The principal cemponent
parts of the relay and their location aregshown in

Figures 1 and 3.

Phase and Ground Instantaneous Overcuftent Units

(I'I ' |3r IO)

Each instantaneous overéurrent “unit consists
of an induction cylinder unit, eapacitor, varistor, and
a transformer. The compgnents@are connected such
that a contact closing torque is produced when the
current exceeds a specifiediwvalue.

Induction CylindefUnit

Mechanicallyy the“eylinder unit is composed of
four basic components: a diecast aluminum frame,
an electromagnet;, 4 moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
thejlower pin bearing is secured to the frame by a
loéking nut. The bearing can be replaced, if nec-
essary, without having to remove the magnetic core
from the frame.

The electromagnet has two pairs of coils. The
coils of each pairare 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 holding
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 also held in place 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.

1A
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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 target to 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 unit
occurs when the primary current of the transformer
exceeds a value as marked on the tap plate. Upen
application of current to the transformer, a véltage
is induced in the secondary winding. This voltage
is impressed upon the parallel connected“pairswéf
cylinder unit coils. The capacitor cennected in
series with onepairof coils shifts the“etirrentyflowing
in these coils in reference to the curkentiflewing in
the other pair of coils. As a result, ¢he air gap
fluxes of the cylinder unit are outWef phase and a
contact closing torque is produced.

The primary of the, transfofmer’is tapped and
brought out to a tap 4eonnector block for ease in
changing the pickup gurrent of the relay. The use of
a tapped transformer providesdpproximately the same
energy level at a given multiple of pickup current for
any tap setting, resulting in one time curve through-
out the range of the relay.

General Operation Of Scheme

When®™they proper breaker successfully inter-
rupts the fault current the KC-4 relay quickly disables
the breaker-failure timing circuit. In addition, where
the. line relays trip two breakers such as on a ring

INTERNAL SCHEMATIC
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Fig. 3glnternal Schematic ofthe KC-4 Relay in the FT-41
Case.

busmthe'KC-4 selects which of the two breakers has
failed. " WWhen the phase overcurrent units I, and I
are (set/'above load-current level, the KC-4 also func-
tions as afault detectorto prevent undesired tripping
by test personnel. The following paragraphs describe
KC-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 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-
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 fault
on line A, the breaker-failure timer 62 associated
with breaker 2 is energized by 62X or 62Y from
line A. Since the KC-4 current detector 50-2 which
is supplied by breaker 2 current does (nof
drop out, 62 of breaker 2 operates 86laslN of
breaker 2. One 86LN contact trips, breaker 3.
Another 86LN contact stops the transmissiongef a
blocking signal on line B, allowing thelremote pilot
relays to trip the remote line B breaker3if they de-
tect the fault. Thus, the fault on"lime A" is now
cleared. Another 86LN contact blocks high-speed re-
closing of breaker 3. Note that the timer is associa-
ted with the middle breaker#” which is the breaker
that has failed. The timer '‘caftses tripping of both
outside breakers, whieh ishjthe®Same approach used
for ring bus protection, t@pbe described later.

An essential funéfion, the selection of the faulty
breaker, is performed byithe KC-4. Relays 62X and
and 62Y indicate that the fault has not been cleared,
but they are unable to define for a line A fault
whether breaker 1 or breaker 2 is still feeding current
to the famkt. The 50-1 or 50-2 KC-4 performs this
job.

If breaker 1 fails for a fault on line A, bus L is
clearedn, This is accomplished by the bus L breaker-
failureztimer which is energized by the line A relay

detector 50-1 selects the faulty breaker. Note that
the line A part of the bus L timer circuit in Figf6
is the same as that used with the single bus/single
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 transmiSsion
of blocking carrier on line A. This isgaccomplished
by the 86Z device which is energized through 62ZL,
50-1 and 62L contacts and a six“Wehmarésistor, as
shown in Fig. 5. One 86Z cont@et 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 circuityresistance. Therefore,
the 86Z coil will not @affeet,the 62L timing, and the
62L timing circuit current will not be enough to pick-
up the 86Z devige.'Fhe“six ohm circuit maintains
approximatelgr. half-gyoltage on the 62L device after
the timing isycempleted. The purpose of this seem-
ingly involvedteircuitry is to permit a single current
detector, ydeviee) 50-1, to supervise 62L timing,
86BL trippingyand 86Z tripping.

RingiBus Arrangement

The circuits for the ring bus are shown in Fig. 6
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 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 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 Trip Circuit O .
es

Phase & Ground Overcurrent Units are available The main contacts will safely close 30 am@

in the following current ranges: at 250 volts d-c and the seal-in contacts of the
cating contactor switch will safely carry this curren
long enough to trip a circuit breaker.

Range Taps P
0.5 - 2 Amps. 05 07 10 125 15 2 The indicating contactor switc as two taps
1-4 1.0 15 2.0 25 3.0 4.0 that provide a pickup setting of 0 eres. To
2-8 2 3 4 5 6 8 change taps requires connecting o ad*located in
The tap value is the minimum current required front ofthe tap block to the desi etting by means

to just close the overcurrent relay contacts. For of a screw connection.

pickup settings in between taps refer to the section Trip Circuit Constants
under adjustments. The pickup and dropout time
curves for the phase overcurrent units is shown in
Fig. 1.

Indicating Contactor
0.2 amp. tap 6.5 0 -c resistance
2.0 amp. tap 0.15,0hms d-c resistance

ENERGY REQUIREM

3

PHASE & GROUND OVERCURREN CYCLES

Ampere VA at A at
Range Tap Tap Value P.F. A 5 Amps. P.F. Angle
.5 .37 24 46
.75 .38 3 13 37 P

1 39 8.5 34
.9-2 1.25 41 3 6.0 32
1.5 .43 32 4.6 31
2 .45 5 30 2.9 28

1 4 36 9.0 36
1.5 32 5.0 32

2 47 30 3.0 29

1-4 25 ¢ C) 28 2.1 27
3 \3 26 1.5 26

9 24 0.93 24

4 .
2 1.1 49 6.5 48
30 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 Ragings
Rating of the Overcurrent Units (Phase & Ground)

@ 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 Stnce the tap block 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.

Indicating Contactor Switch (ICS.)

Connectthe lead locatedin 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 switchboatrd
panels or their equivalent in a location free" from
dirt, moisture, excessive vibration, andgheat., Mount
the relay vertically by means of the fourfjymoumnting
holes on the flange for semi-flush meunting®or by
means of the rear mounting stud or “studs“fer projec-
tion mounting. Either a mounting stud,or‘they mounting
screws may be utilized for grounding thHe relay. The
electrical connections may be_made,directly to the
terminals by means of screwg for steel panel mount-
ing or the terminal studs%furnished/with the relay for
thick panel mountingd™ TheWterminal studs may be
easily removed or dnserted by locking two nuts on
the stud andthen turningthe proper nut with a wrench.

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

ADJUSTMENTS AND MAINTENANCE

The propern adjustments to insure correct opera-
tion of thiSmrelay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than ‘those) covered under ‘‘SETTINGS,’”’ should be
required:

10

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order;

Phase & Group Overcurrent Unit

1. Contact Gap— The gap betweengthe) station-
ary and moving contacts with theyrelay4in the de-
energized position should be approximately .020.”"

2. Minimum Trip Current —(The pick-up of the
overcurrent unit can be checkedyby inserting the tap
screw in the desired tap hele and applying rated tap
value current. The cofitaet, should close within +5%
of tap value current.

Indicatipg Contactor Switch (ICS)

Close the) phase or ground relay contacts and
pass suffi€ient ‘d-c current through the trip circuit to
close jthe contacts of the ICS. This value of current
should{neét, be ‘greater than the particular ICS tap set-
ting 4being used. The indicator target should drop
freeby.

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

Routine Maintenance

All relays should be inspected periodically and
the operation should be checked at least once every
yearor 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”’).
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I.L. 40-776.1A

60

50

40

\'/‘\/PICKUP
30

20 Rt\(

DROPOUT
L

TIME IN MILLISECONDS

[o] 2 4 6 8 10 12 14 16 18 20
MULTIPLES OF TAP VALUE CURRENT

629A576

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

Phase & Ground Overcurrent Unit

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

The set screw inthe stationany contact has been
shop adjusted for optimum foldow andithis adjustment
should not be disturbed.

1. The upper pin(bearing should be screwed
down until there is approximately 1/64°’ clearance
between it and the/topfof, shaft bearing. The upper
pinbearing should then be'securely locked in position
withthe locknut. The lower bearing position is fixed
and cannot be adjusted.

2. The “ecentact 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
justielose. Then back off the stationary contact 2/3
of.énenturn for a gap of approximately .020.”” The
elamp holding the stationary contact housing need
not be loosened for the adjustment since the clamp
utilizes a spring-type action inholding the stationary
contact is position.

3. The sensitivity adjustment is madeyby vary-
ing the tension of the spiral spring dttached to the
moving element assembly. The spring i§,adjusted by
placing a screwdriver of similar tool into one of the
notcheslocated onthe peripheryofthe spring adjuster
and rotating it. The spring adjuster is*located on the
underside of the bridge and is,held in place by a
spring type clamp that‘doeswnot have to be loosened
prior to making the necessary adjustments.

Insert the tap se€réw in the minimum value tap
setting and adjust the, spring such that the contacts
will close when“energized with the required current.
The pick upofthe, overcurrent unit with the tap screw
in any othertap 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
lowestitap” setting and adjust the spring as described.
Ityshould 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 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. 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.
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INSTALLATION

Westinghouse I.L. 41-766.1B
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPES SC. SC-1. SV AND SV-1 RELAYS

CAUTION Before putting protective 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 electrical connections.

APPLICATION

The types SC and SC-1 current relays and the
types SV and SV-1 voltage relays are applicable where
an instantaneous plunger relay of high accuracy is
required. These relays are suitable for protective ser-
vice, and for auxiliary service where some of their
special features are desired. They are adjustable over,
a wide range of voltage or current, are provided with
mechanical operation indicators, and have a c@libra-
ted scale which indicates the pick-up settifig. Both
contacts can readily be changed from &make” to
‘“‘break’’. The volt-ampere burden is low.

The type SC and SV relays have a ‘high ratio of
drop-out to pick-up (90 to 98%) andg@re particularly
suitable for fault detector relays. The type SC-1 and
SV-1relays have a lower ratio of drep-out"to pick-up.
Thislowerratiomay be desirable'in some applications,
and it makes possible a plufiger“pull characteristic
which permits the operation.ef allatching device. The
latch is combined with theémecHanical operation indi-
cator, and prevents furtherimotion of the moving con-
tacts after the relay has/operated.

CONSTRUCTION

The types SC, SC4 and SV and SV-1 relays oper-
ate on the soleneidfprinciple. A U-shaped iron frame,
mounted on the moulded base, supports the coil and
serves asthe external magnetic path for the coil. The
coil surrounds a core and flux shunt. The upper end
of thejcore isthreaded and projectsthrough the upper
side'of the frame, to which it is fastened by a nut. A
tubethreaded on the outside at its lower end is as-
sembled in the core, and the threaded end extends be-
low the core. A graphite bushing, which is the lower

SUPERSEDES I.L. 41-766.1A
* Denotes changed from superseded issue.

bearing for the plungemmshaft) is assembled in the
lower end of this threaded tube. It is held in place
bytwo split spring skeevies,one above and one below
the bearing. The, splitysleeves must be compressed
to insert themin theytube and they will remain at any
position in whichythey are placed. The bearing for
the upper end'of the plunger shaft is a graphite bush-
ing whichds pressedin the upper end of the core. This
bearing is /visible when the plunger is in the ener-
gized position. The plunger itself does not touch the
walls of the tube in which it moves.

A flux shunt which surroundsthe core is screwed
on the’tube, and its lower end projects below the re-

lay“frame. The position of this shunt determines the
pick-up setting of the relay. The lower end of the
shuntis beveled and knurled, sothat it canbe grasped
by the fingers and turned to change the setting. A
calibrated scale plate is mounted adjacent to the
shunt. A groove just above the knurl in the lower end
of the shunt serves as an index mark, and the relay
pick-up setting is indicated by the calibration scale
marking which is adjacent to the groove.

The construction of the plunger, core and flux
shunt (which differ in details in the various types of
these relays) causes the plunger to float in its ener-
gized position, without being held against a stop,
even when energized much above the pick-up value.
Consequently, there is negligible noise and the con-
tacts are free from chatter, even on heavy overloads
and in 25 cycle applications.

The core, shunt and plunger construction also
provides the high ratio of drop-out to pickup in the
SC and SV relays. This ratio is above 90% for any
pick-up setting. In the latch type relays it isnecessary
for the plunger to rise with sufficient force to oper-
ate the latch positively and to deflect the stationary
contacts sufficiently to prevent their opening, when
the relay is de-energized, due to play in the latch.
It is necessary to have a lower ratio of drop-out to
pick-up in, order to obtain this characteristic, and
this lower ratio may be desirable in some applica-
tions where the latch is not required. The plunger

EFFECTIVE APRIL 1965



TYPES SC, SC-1, SV AND SV-1 RELAYS
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Fig. 1. Internal Wiring of the Relays In The Small Glass
Case.

floats in its operated position just as in the SC and
SV relays. The drop-out ratio varies somewhat for
different shunt positions, but is constant for any one
setting.

The shunt is held in any desired position by pres#
sure from a curved arm made of sheet spring steely
which is fastened to the bottom of the coil frameyat
the rear of the shunt. This spring arm is shaped to
extend around the shunt to the front of the relay, and
in its normal position it exerts sufficient pressure
against the shuntto prevent any creeping offthe shunt
or undesired change of setting. The ffont end of the
springarmhas a bent-overtabon which thumb-pressure
may be applied to move the arm put ‘6f contact with
the shunt while the position of the, latter is being
changed.

The stationary contacts are,assembled on slotted
brackets. These are held in pgsition on the base by
filister-head screws, whieh are threaded into the ter-
minal inserts. Lock4éwashersiare assembledinside the
moulded terminaldbushings sbetween the inserts and
the base, as a safeguard against loosening of the
screws. Byrotating the bracket on its mounting screw
andmovingit alongits slot, the contact assembly can
be made either normally open or normally closed. The
moving contacts are mounted on a Micarta insulation
plate whi€hyjisysecured tothe threaded end of the plun-
ger shaft by a nut. The front edge of this insulation
plate ‘operates the indicator. The rear portion of the
platewus slotted and a post screwed to the frame passes
fhrough this slot to prevent the plate from rotating.

Fig. 2. Internal Schematic of the Single Unit Type SC or
SC=l Relay in The Type FT21 Case.

TheWmoving, contacts are double-faced so that they
canfbe%make’’ or ‘‘break’’ and are connected to the
base, terminals by flexible leads. All contacts are
pure sibver. The contacts will carry 5 amperes con-
tinuowsly, and will interrupt 5 amperes at 115 volts
As@, or 1 ampere at 125 volts D-C.

The mechanical operation indicators used on
these relays are shockproof, and can be used to in-
dicate onthe up stroke or down stroke of the plunger.
The indicator is reset by pulling out the knurled stud
which projects through the cover nut. The indicator
should be reset after each relay operation because
otherwise there may be a one or two percent decrease
in the operating value of the relay. The operation in-
dicator is assembled at the factoryto indicate on the
up stroke of the plunger, but by removing the two
mounting screws which fasten the indicator to the
main frame, turning the indicator bracket around and
at the same time swinging the indicator flag 180°
about its shaft, the indicator can be set to indicate
on the down stroke of the plunger. The rivet weight
must be removed fromthe indicator flag and the latch
screen turned around to complete the assembly.

In certain applications, an extremely wide range
of current adjustment is desirable, and certain styles
of SCand SC-1relays have been provided with tapped
coilstomeet thisrequirement. The coil taps are brought
out to a tap block mountedon the lower end of the re-
lay frame or on the relay sub-base, depending on the
type of case used. The connector plate on the tap
block is marked with the minimum pick-up value of
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Fig. 3. Internal Schematic of the Double Unit Type SC or
SC-1 Relay in the Type FT2] Case.

each tap, and the shunt is adjusted in the usual man-
ner to obtain any pick-up setting between taps. The
scale plate is not calibrated for the relays withytap-
ped coils, as there is not sufficient space for marking
a scalefor eachtap. However, the scale plateyisfsup-
plied in order that a customer may mark omyit the,in-
dividual relay setting or settings if desired.

INSTALLATION

The relays should be mountedy, on Switchboard
panels ortheir equivalentin a lecation free from dirt,
moisture, excessive vibration}\,and heat. Mount the
relay vertically by means ofthe four mounting holes
on the flange for semi-flushky mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting,studs6r the mounting screws
may be utilized for (grofinding the relay. The electri-
cal connections ' may be,made directly to the terminals
by means ofscrews fer steel panel mounting or to the
terminal sguds fdrnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by leeking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and

Fighyd. Internal Schematic of the Single Unit Type SV or
SV-1 Relay in the Type FT21 Case.

should not be disturbed after receipt by the customer.
If the adjustments have been changed, the relay taken
apart for repairs, or if it is desired to check the ad-
justments at regular maintenance periods, the in-
structions below should be followed.

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is notrecommended, because of the dan-
ger of embedding small particles in the face of the
soft silver and thus impairing the contact.

Several factors may affect the drop-out ratio of
the relay. Whatever affectsthe ratio does do because
either the drop-out or pick-up or both are affected.
Obviously, incorrect assembly orinterchange of parts,
such as the use of the SC plunger with the SV core
tube, will alterthe electrical characteristics.However,
the factor most likelyto be encountered in service is
friction. This may be due to dirt or foreign material
between the plunger shaft and its bearings, to ex-
cessive pressure of the indicator screen on the indi-
cator, or to leads so mis-shaped that they tend to
rotate or tilt the moving contact insulation plate
with appreciable force.

In orderto remove the plunger and shaft assembly,
it is necessary to remove the setscrew and nut at the
top of the shaft. The spool-shapedbushing assembled
on the upper end of the plunger shaft has a portion of
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Fig. 5. Internal Scheniatic of the Double Unit Type SV or
SV-1 Relay in the Type FT32 Case.

its center section machined off so that the shaft is
exposed at this point and can be prevented from turn-
ing by gripping shaft and bushing with a pair of lang-
nose pliers while removing the set screw and nut:
Then by pressing down with the fingers on the upper
end of the shaft, the lower split sleeve which retains
the lower bearing will be forced out of thehreaded
tube, the bearing will drop out freely, @and the upper
split sleeve will be forced out far enoughyto“permit
grasping it for removal. The shaft and plunger as-
sembly then can be removed.

The shaft and plunger assemply should be hand-
led carefully to avoid bending the, shaft or damaging
the bearing surfaces. The shaft®should never be grip-
ped on its upper bearing surface;) below the spool-
shaped bushing, whendooseningthe nut and setscrew,
as this would alm@st certainly damage the bearing
surface. The shaftybearingdsurfaces should not be
cleaned or polished with4any abrasive material, as
the abrasive particles might become imbedded in the
shaft and cause difficulty later. The plunger shaft
and bearings may be cleaned by wiping them care-
fully with a clean, lint-less cloth. This may be mois-
tened with.benzZene or some other cleaning solvent if
necessanmys. Use no lubricant on the plunger shaft or
bearings, when re-assembling the relay, since this
will\eventually become gummy and prevent proper
operation. It is recommended that the shaft be clean-

Figh6. Internal Schematic of the Three Unit Type SC or
SC-1 Relay in the Type FT32 Case.

edjat intervals of approximately two years. When re-
placing the lower bearing and the split sleeves, the
shorter sleeve (assembled below the bearing) should
be pushed in until it is flush with the end of the
threaded tube.

The mounting holes in the operation indicator
screen are slotted so thatitsposition canbe adjusted.
Forrelaysin whichthe movingcontacts are not latch-
ed in the operated position, the screen should be so
located that the indicator positively enters the
screen opening when the contacts barely touch. For
latch-type relays, the screen should be so located
that good contact is still obtained when the relay is
de-energized. The pressure of the screen against the
indicator may be adjusted by bending the screen be-
tween its lower end and the large elongated hole.
This pressure should be such that the indicator will
be held at any further position to which it is moved
after enteringthe screen opening. However, the mini-
mum amount of pressure necessary to obtain this ad-
justment should not be exceeded appreciably, since
the pick-up value, and consequently the ratio, will
be affected. The purpose of this pressure is to elim-
inate indicator rattle which might otherwise occur
under certain energized conditions.

The moving contactleads passthrough insulation
sleeves assembledonthe shanks oftheterminal clips




TYPES SC, SC-1, SV AND SV-1 RELAYS L. 4176618
CHARACTERISTICS OF TYPES SC AND SC-1 RELAYS
Range of Watts V.A. at

Adjustment Max. Amps. 5 Amps. 5 Amps. Dropout Dropout
Type Frequency Amps. Continuous 60 Cycles 60 Cycles Ratio-AC Ratio-DC
SC DC, 25 to 60 C. .5-2 1.5 99 225 90-98% 65-80%
SC DC, 25 to 60 C. -4 .33 28 65 90-98% 65-80%
SC DC, 25 to 60 C. 2-8+ 6 6.9 19 90-98% 65-80%
sC DC, 25 to 60 C. 4-16 12 1.5 5 90-98% 65-80%
SC DC, 25to 60 C. 10-40 25 .24 1 90~98% 65-80%
SC DC, 25 to 60 C. 20-80 40 .07 .16 90-98% 65-80%
SC DC, 25 to 60 C. 40-160 40 .03 .05 90-98% 65-80%
SC DC, 25 to 60 C. 4-100* 10-15-20 1.7-0.6-0.18 5-1-0.2 90~98% 65-80%
SC-1 DC, 25 to 60 C. .5-2 1.5 100 210 35-60% 25-40%
SC-1 DC, 25 to 60 C. 1-4 3 24 60 35-60% 25-40%
SC-1 DC, 25 to 60 C. 2-8 6 6 16 35-60% 25-40%
SC-1 DC, 25 to 60 C. 4-16 12 1.5 5 35-60% 25-40%
SC-1 DC, 25 to 60 C. 10-40 25 .25 .65 35-60% 25-40%
SC-1 DC, 25 to 60 C. 20-80 40 .07 .16 35-60% 25-40%
SC-1 DC, 25 to 60 C. 40-160 40 .03 .05 35-60% 25-40%
SC-1 DC, 25 to 60 C. 4-100* 10-15-20 1.7-0.6-0.18 5-1-0.2 35-60% 25-40%

* Coil has taps on which minimum pickups are 10 and 30 @gmpetes.
CHARACTERISTICS OF SV AND)SVal RELAYS
Range of Watts at
Frequency Adjustment Max. Volts 115 V. AC V.A. at Dropout
Type (Cycles) Volts Continuous P25 V. for DC) 115 V. Ratio

* SV 60 7-16 16 - - 90-98%
S\ 60 70-160 160 3.4 7.3 90-98%

* SV 60 140-320 320 - - 90-98%

* SV 60 280-640 640 - - 90-98%
RAY 50 70-160 180 2.8 6.1 90-98%
SV 25 70-160 200 1.5 2.5 90-98%
SV DC 50-150 150 4.8 - 65-80%

* SV DC 100-300 300 - - 65-80%

* SvV-1 60 7-16 16 - - 40-80%
SV-1 60 70-160, 160 4.1 8.5 40-80%

%* SV-1 60 140-320 320 - - 40-80%

% SV-1 60 280-640 640 - - 40-80%
SV-1 50 70-160 180 3.5 7.1 40-80%
SV-1 25 70-160 200 1.4 3.2 40-80%
SV-1 DC 502150 150 4.8 - 25-40%

* SV-1 DC 100-300 300 - - 25-40%

NOTES:--Standard current, relays are calibrated on 60 cycles. This calibration is approximately correct
for 25 cycle and DC applications, but there will be discrepancies of 10% to 15% at some points of scale.

Values of watts land volt-amperes in the tables are average for various plunger and shunt position.

For the SC relay, volt-amperes for pickup at minimum setting are approximately 3.4 and 1.4 for 60
and 25 cycles. Watts at minimum setting are approximately 1.0, .65 and .57 for 60 cycles, 25 cycles and
DC respectively. Multiply values by 16 for approximate burdens at maximum setting.

Fordthe SC-1 relay, volt-amperes for pickup at minimum setting are approximately 3.5 and 1.3 for 60
and 25 eycles. Watts at minimum settings are 1.3, .7 and.57 for 60 cycles, 25 cycles and d-c respectively
Multiply value§ by 16 for approximate burdens at maximum setting.

*The V.A. burdens ofthe SC and SC-1 relays at 3, 10 and 20 times minimum pickup current are approx-
imately 31, 240 and 770 V.A. respectively.

Dropout ratio varies somewhat with pickup adjustment but will be approximately constant for any
given pickup setting. Limits in tables include variables such as friction and other individual relay varia-

tions.

Maximum continuous volts given for the SV and SV-1 relays for A-C are for the relay set for minimum
pickup. With the relay set for maximum pickup the continuous voltage can be increased 10 to 20%.
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Fig. 7. Internal Schematic of the Three Unit Type SV or

SV-1 Relay in the Type FT32 Case.

which are attached to the base terminals. ThesSe
sleeves are notched at their upper ends, and the aot-
ches aretoward the centerof therelay. The leads are
bent at approximately a right angle where they pass
out through the notches, which aids in preventing them
from coming into contact with the stationaryieontact
brackets. Figure 11 shows properly coiléd and,assem-
bled moving contact leads.

Althoughthe moving contact leads_are very flexi-
ble, if the leads have been pulled“eut of their original
shape by handling they may eXerbsufficient side pres-
sure on the shaft bearing or gwisting force against
the guide post to cause appreciable friction and wear.
If this condition continues foma long period of time,
the resulting wear‘mayfaffect’the relay calibration or
or the dropout ratio noticeably. In extreme cases the
wear may progress to a degree whichmay occasionally
cause failure of the plungerto drop down when the re-
lay is de-engrgized.

Correct, Shaping of the leads is not difficult, and
they maymbeischecked readily by removing the guide
post and, the nut at the top of the shaft. The plunger
shouldbedheld in the raised position, either by ener-
gizing 'the relay or by pressing lightly against the

Fig. 8 Typical Time Curves for the Types SC and SV
Relays(UsingFlux Shunt for Pick-up Adjustment.)

collar under the insulation plate after raising the
plunger manually. With the plunger raised, the insul-
ationplate should be oscillated slightly in a horizon-
tal plane by twisting it horizontally and releasing it.
If in several trials the plate comes to rest with the
center line of the contacts approximately parallel to
the baseandwith itsmountinghole fairly well center-
ed with the end of the shaft, if the plate does not tip
appreciably, and if the leads have a safe clearance to
the stationary contact brackets, the leads are properly
shaped.

If this check shows that re-shaping is necessary,
it may be possible to obtain sufficient correction by
bending theleads sharply where they emerge from the
insulation sleeves. One or two pairs of tweezers ate
tools for re-shaping the leads. If it is necessary to
re-coil the leads, they should be wound around a rod
having a diameter of approximately 5/32’’. The coils
then shouldbe stretchedout just enoughto avoid side
pull or twisting force on the plunger assembly.

In allrelays except the SV-1 relay for A-C, if the
stationary contacts are assembled so that they close
when the relay is energized, they should be located
so that they barely touch the moving contacts when
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Fig. 9. Outline & Drilling Plan for Single Unit Relays in
Small Glass Projection Case.

the latter are 5/32’" above the de-energized position.
The moving contacts can be held in this position
while the adjustment is being made by inserting a
5/32’’ spacer between the shaft collar and the topfof
the core. This dimension should be 3/16’’ ongthe SV~
1 relay for A-C. Both contacts should to@ich at the
same time when the plunger is raised. Whenythé plun-
is moved upward against its stop, there“ishould, be a
slight deflection of the stationary contact.stopisprings,
but this should not exceed 1/32'’. Whefithe stationary
contacts are reversed so that they_are/closed when
the relay is de-energized, they should be located so
that they just touch the moving ‘Gentacts when the
latter are 1/32 above the defenergized position. On
some relays it may be feund“that when the contacts
are used in this position“the relay may operate at
values a few percent bglow theé”scale markings. The
adjustments specified for the stationary contacts are
important. Failure to@@bservethem may cause improper
relay operation, either directly or after a period of
service. Contaet, position should not be used as a

[Si534
7 ERA e 1]

Fig. 10. View of Type SC Relay Showing Correct Shaping
of Moving Contact L eads.

means of altering the ratio of dropout to pickup.

RENEWAL PARTS

Repair workcan be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing
repair work. Whenordering parts, always give the com-
plete nameplate data.
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INSTALLATION

Westinghouse I.L. 41.776B
OPERATION ¢ MAINTENANCE

INSTRUCTIOMNS

TYPE KC-3 CURRENT DETECTOR RELAY

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

APPLICATION

The type KC-3 is a non-directipnal current or
fault detector which operates for all phase and ground
faults to supervise the tripping of other relays. It is
well suited to breaker-failure relaying for indicating
the presence or lack of current flow in the gircuit
breaker. The relay can be applied where thé phase
units are to be operated indefinitely in the pieked up
position well below full load. Alternatively, where
the relay is to be used as a fault detector (pickup
above full load) the 98% or better dropout ratie,of the
phase units is advantageous.

These instructions apply for twolrelay varieties,
as shown in the internal schematics“f Figs. 3 and 4.
The two differ only in thepterminal 14 connections.
The relays connected per Figfh3 will suffice in most
cases. Use the relay per Fig. 4 where the ICS-2 con-
tact is needed for an external sgal-in. Note, however,
that the circuits assogiated with terminals 10, 11 and
14 of Fig. 4 should notgbelused where more than one
KC-3 relay cenneets“tesa common breaker-failure
timing circuit. Otherwise all of the KC-3 targets con-
nected to #4his/timing circuit may operate on a
breaker-failuretoperation.

Breaker-failure relaying offers advantages over
remote back-dp protection. It is faster and more sen-
sitiveythan remote back-up methods. In addition, it is
seleetive, whereas remote back-up protection is
frequently non-selective. Fig. 2 shows some fault
conditions where breaker-failure relaying could im-
prove the quality of back-up protection. Note that the

SUPERSEDES I.L. 41-776A
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generating-station high-voltage bus uses a breaker-
and-a-half arrangement. Bines interconnect the station
to systems S¢, Sy, and S3.

If there 1isy.no malfunctioning, fault L will be
cleared by line relays tripping breakers 5, 6, and 9.
However,"assume that the breaker-6 mechanism sticks
so that“eurrent flow through breaker 6 is not inter-
rupted. \Now» back-up protection must function. If re-
mote backup is relied upon, time-delay relays must
trip remote breakers 7 and 8. In addition, the local
generator feed through breaker 6 must be interrupted
by tripping breaker 4. However, if breaker-failure
protection is installed, the fault is cleared by trip-
ping breaker 3. {Note that this provided selective
tripping, since as much of the system as possible
was left intact. If breakers 4, 7, and 8 must trip, the
local generator is lost and unnecessary separation
of the generating station from power systems 8; and
Sy results. ‘Also, the tapped load is interrupted un-
necessarily instead of being left tied to system So.

Remote backup, in addition to not being selective,
may not be sensitive enough because of the relatively
small proportion of the total fault current following
in any one line. For example, in Fig. 2 there may be
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

EFFECTIVE SEPTEMBER 1961
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TYPE KC-3 RELAY

1.L. 41.776B

GENERATING STATION

Xz
wl:

ZONE

8US PROTECT ION
ZONE

Fig. 2. Sample System to Show Advantades, of Breaker- Failure Protection.

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 breakerf3, but
breaker 8 still feeds the fault. Although<breaker-
failure protection does not complete the joby,in‘these
examples, it does expeditiously trip the local breaker,
making it easier for the remote relays tg detect“the
fault.

CONSTRUCTION

Phase Overcurrent Unit (|~| & |3)

The phase overcurrent” whit .is an induction-
cylinder unit. The time-ph@se relationship of the two
air gap fluxes necessary fonthe/development of torque
is achieved by means$ of” a capacitor coennected in
series with one pair of\pole/windings.

Mechaniéallyg#the“overcurrent unit is composed
of four basieyeompongfits: a die-cast aluminum frame,
an electromagnety, @ moving element assembly, and a
molded bridge.

The franie 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
loeking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core from
the)frame.

:[he electromagnet has two pairs of coils. The
eoils of each pair.are mounted diametrically opposite
one another. 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.

Themoving element assembly consists of a spirdl
spring, contact carrying member, and an aluminum
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 dylinder
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 holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary 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 adjuster
is also held in place 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-3 RELAY
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Fig. 3. Internal Schematic of the Type KC-3 Relay in
FT42 Case. (For S#290B243A — Series).

When the current in the overcurrent unit exceeds
the pick-up value the contacts close to energize thg
auxiliary relay (X).

A transformer and varistor assembly is usedgin
conjunction with the overcurrent unit. The transformer
is of the saturating type -which limits the energy(to
the overcurrent unit and reduces the burden ondthe
operating CT.

The primary of the transformer,isjtapped and
brought out toatap connector block foryease‘in chang-
ing the pick-up current of the rglay. .The use of a
tapped transformer provides approximately the same
energy level at a given multiple of*pick-up current
for any tap setting, resulting in one time curve
throughout the range of,thedrelays

Across the se€oenddry isdconnected a non-linear
resistor known as a varistor. The effect of the varis-
tor is to reduce the voltage peaks applied to the over-
current unit and phase shifting capacitor.

Ground O vercurrent Unit (1)

Thé“greund overcurrent unit is a small a-c oper-
ated, clapper “type device. A magnetic armature, to
whichyleafsspring mounted contacts are attached, is

Fig. 4:Internal'Schematic of the Type KC-3 Relay in FT42
Caselfwith ICS-2 Contact to Separate Terminal.

attfacted to the magnetic core upon energization of
the “switch. When the switch closes, the moving con-
tacts bridge two stationary contacts completing the
auxiliary relay (X) circuit.

A core screw accessible from the top of the
switch provides the adjustable pickup range. A cali-
brated scale is located to the rear of the core screw.

Auxiliary Unit (X)

The auxiliary relay is a multicontact telephone
type of relay having a single coil. Four normally open
contacts and one normally closed contact (all of
which are electrically isolated) are brought out to
the relay terminals. Two normally open contacts
operate indicating contactor switches for identifica-
tion of circuit operation.

Indicating Contactor Switch Unit (ICS-1 and 1CS-2)

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
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TYPE KC-3 RELAY

front of the switch, which allows the operation indi-
cator target to 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 value of the switch.

OPERATION

General

When any one of the overcurrent units (Il’ I, or
IO) operates, it energizes the X unit. When used for
breaker-failure relaying, one or more of the X-unit
contacts supervise the breaker-failure timing circuits
to prevent other breakers from being unnecessarily
tripped. When the proper breaker successfully inter-
rupts the fault current the KC-3 relay quickly disables
the breaker-failure timing circuit. In addition, where
the line relays trip two breakers such as on a ring
bus, the KC-3 selects which of the two breakers has
failed. When the phase overcurrent units I and I3
are set above load-current level, the KC-3 also func-
tions as a fault detector to prevent undesired tripping
by test personnel. The following paragraphs describe
KC-3 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 tripgeircuituis
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. 5 shows how this is aceemplished. Unless
something fails either the prinary or¢back-up relays
initiate tripping of the faulted line,breaker. Note that
the primary and back-up rélays eonnect to separate
sets of current transfommersfand d-c supplies. This
way a failure in one or the other circuits will not
disable all of thegprotection.

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-3 contact 50X. If the line
breaker failsito clear the fault, contact 50X remains
closed. The SG contact of timer 62 closes, energiz-
ing the bws)lock-out relay 86B through 62X or 62Y
an@n,50X contacts. Relay 86B then trips all the
breakers‘on the bus.

The TRB-1 rectifier in the primary — protection
circuits of Fig. 5 blocks the flow of red-light Super:
vision current through the 62X coil. If the KC-3\phasge
overcurrent units. are set above load current, a 50X
contact may be inserted in series with the 62X coil
to block the red-light currents. Then, the TRB-1 is
not needed.

An MG-6 relay performs thené2X“function in Fig.
5. Actually an SG will suffice_unless a directional-
comparison blocking system provides the primary
protection. With this system Ywo MG-6 contacts seal
around the RRG and RRP contacts. (Refer to drawing
540D542 for the details‘6f,this drrangement.)

Breaker-and-a-Half4Arrangeiment

Typical trip a@amnd control circuits for breaker-
failure bagk-up“protection for the breaker-and-a-half
bus arrangement aré shown in Fig. 6. The trip cir-
cuits are shown for breaker 1 and breaker 2 and the
line-A “proteéticn. Similar circuits would exist for
breakér 3 and line B. Protection against a breaker-1
or breaker-2 failure for line-A faults is included.

Assuming a failure of breaker 2 for a fault on
line /B, the breaker-failure timer 62 associated with
bre@ker 1 is energized by 62X or 62Y from line B.
Since the KC-3 current detector 50-2 which is sup-
plied by breaker-2 current does not drop out, 62 of
breaker 1 operates to trip breaker 1. ‘When 62-ICS is
operated by breaker-1 trip current, 86LN is energized.
One 86LN contact stops the transmission of a block-
ing signal on line A, allowing the remote pilot relays
to trip the remote line-A breaker, if they detect the
fault. Thus, the fault on line B is now cleared. An-
other 86LN contact blocks high-speed reclosing of
breaker 1. Other 86LN contacts energize the breaker-
1 and breaker-2 trip-coil circuits to provide for a trip-
free operation should either breaker be prematurely
closed in.

An essential function, the selection of the faulty
breaker, is performed by the KC-3. Relays 62X and
62Y indicate that the fault has not been cleared, but
they are unable to define for a line-A fault whether
breaker 1 or breaker 2 is still feeding current to the
fault. The 50-1 or 50-2 KC-3 performs this job.

Now, if breaker 1 fails for a fault on line A, bus
L is cleared. This is accomplished by the bus L
breaker-failure timer which is energized by the line-A
relay 62X or 62Y contact. When 62 operates, 86B is
energized to dump bus L. For this sequence, the cur-
rent detector 50-1 selects the faulty breaker.
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TYPE KC-3 RELAY

Note that the bus L timer circuit in Fig. 6 is the
same as that used with the single bus/single breaker
arrangement in Fig. 5. (‘An identical timer circuit (not
shown) is associated with bus R in Fig. 6. There are
also timers for each bay (e.g., associated with
breakers 1 and 3). These trip the appropriate outside
breaker for a middle breaker failure. These timer cir-
cuits are associated with the breaker to be tripped.
This same approach is used for ring buses, as will
now be explained.

Ring Bus Arrangement

The circuits for the ring bus are shown in Fig. 7
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 1 for a fault on line
D. Line-D relay 62X or 62Y is operated and energizes
breaker-2 timer. Since KC-3 50-1 remains energized
by the breaker-1 current, 62 operates to trip breaker
2. The ICS unit of relay 62 also operates to energize
relay 86LN during breaker-2 .tripping. Relay 86LN
blocks breaker-2 reclosing and sets up the breaker-2
trip circuit to provide a trip-free operation if “this
breaker is closed in prematurely.

Now assume that breaker 3 fails for @ fault“en
line C. Again, breaker 2 should be tripped. Breaker-2
timer is energized through 50-3 and line=C'62X or 62Y
contact. Relay 62X or 62Y indicates4a, line-C fault,
and 50-3X selects breaker 3 as faultyly Relay 62
times out to trip breaker 2 and alsosto energize 86LN.

Relay 86LN cannot Metermine which carrier
blocking signal should beinterfupted, since a breaker-
2 trip occurs when either breaker 1 or 3 fails. There-
fore, relay 5 is used infconjuniction with relay 86LN
to stop carrier on“line A ©r line B when breaker 2
trips. Relay 5 is energizéd by the primary relays. If
breaker 1 fails for a fault on line D, relay 5 of line D
is energized, setting up the line-A carrier stop cir-
cuit so that when Telay 86LN is operated in the
breaker-2,tripicircuit, carrier blocking will be removed
from line VA “fo)permit remote carrier relay tripping.
Otherwiseline A continues to feed the fault through
breaker\2 until a back-up relay operates or until the
faultiburns clear.

CHARACTERISTICS

The Phase Overcurrent Units are availableyin
the following current ranges:

Range Taps

0.5-2Amps. 0.5 0.75 1.0 ({14250 1.5 2
1-4 1.0 1.5 2.0y, 25 3.0 4.0
2-8 2 3 4 5 6 8

The tap value is the mimimum current required
to just close the overcurrenf 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 and telephone
relay is shown({in/Figr 8. The Ground Overcurrent

Unit is available (\in"the 0.5 - 2 or 1 to 4 ampere
range. The piekupysetting is continuously adjustable
over the,range.)\The pickup and dropout time of the
groundoveteurrent unit and telephone relay is shown
in Fig. 9N

Frip 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 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 d-c resistance

Auxiliary Relay (X)

With rated voltage applied, the contact closing
time upon energization and the contact opening time
uponde-energization is approximately 5 milliseconds.

The rectifiers S#508C320H 14 320P silicon recti-
fiers have a peak inverse voltage rating of 700 volts
d-c.

e



BKR. 2 TRIPPING

TRIPPING FOR BKR.

1 OR 3 FAILURE

LINE &
PRINARY PROTECTION

LINE 8
SACKUP PROTECTION

POS. > é tg
] 8
v .
8600 1 s2x_ | eav e | s2y 2x ezv o2x | ey BACKUP
gL v L gL g T LINE TLINE IME T LIBE ’1““ me Ling tr PROT,
LN Line [T 1 T T 165 { o D ¢ 3 | [ - LINE &
: - Lies Lutet 1 Jl“x” J Lies 1 %03
| | 4 | L rasu, Prot.
T LIeE B
| so—xI 50-1 1
uo PR AT M3 " ¥ Q 4 b s) ¢ LINE
i
— ~=) '
=82
Line | (9 ) Line
T 1cs B [
(] ™8 T TR W
! : BKR. 3 v
z i H"E 2 Cax ] L ~ ™e ¢ L 0 KR, 3
© e a WAL 2 e T ‘D TRIP COIL
FROM LIKE A T8 c;msn
PILOT RELAYS 9 . saqu s b—
o wl T O s T
52 ) ame. 0 LIne (o) R
. i CARRIER ) 0 ur. [, 1 sae
sToP 'Y 2 T .3
4 y 522 A Wy A= —_— P I
BKR.2 16 BKR.1 TO &¥R.4
© s,z RETIAS & TRIP CXT. D
" T - RECL. 8AaCKING
i
LINE {InE DEVICE DESCRIPTION X0, REQ'D.
) / ¢ RS STATIC TRIPPIms uNlY 1/Ling
PV VTN e B Vo 5 S CARRIER STOP RELAY L/LIng
L AL R e 50 KC-3 CURRENT DZ1ECTOR 1/s0a.
50~ 62 To~3 BAEAKER FAILURS TIMER 1
4 o 82X MG TIMER AUL. 1/LINE
A {50~ §21 So TIMER Auk. 1/LINE
L 3 e %e-¢ GEERSER FRILURE LBCTOUT 1N
T [ TR-1 OB TRIPPING RELAY 1/LinE
EJ
Fa N W anVanN
2 B —
N
LikE
[}

Fig. 7. Simplified Extemal Schematic of the Type KC-3 for Breaker-Failure Protection of a Ring Bus.

AV3d €-0) 3dAl

a9LL-Ly "]




TYPE KC-3 RELAY

ENERGY REQUIREMENTS

PHASE OVERCURRENT UNIT (I & I3) — 60 CYCLES

Ampere VA at VA at
Range Tap Tap Value P.F. Angle 5 Amps. P.F. Angle

.0 .37 39 24 46
.15 .38 36 13
1 .39 35 8.5

Q\
.5-2 125 .41 34 6.0
1.5 .43 32 4.6
2 .45 30 2.9
1 .41 36 9.0
1.5 .44 32 5.0 2
2 .47 30 3.0 29
1-4 2.9 .50 28 2. 27
3 .53 26 1. 26
4 .59 24 93 24
2 1.1 49 5 48
3 1.2 43 42
2-8 4 1.3 38 . 37
5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 0.7 29
GROUND OVERCUR IT (I;) — 60 CYCLES
Ampere VA at VA at "VA at
Range Min. Pick ax. Pickup 5 Amps.
0.5-2 4.5 32 215
1-4 P Q) 32 53
Current Ratings \
R& hase Overcurrent Unit (I & Ig)
Oiontinuous Rating One Second Rating
R (Amperes) (Amperes)
s 5 100
8 140
-8 8 140
Rating of Ground Overcurrent Unit
L 4
One Second Rating
Ampere Range (Amperes)
0.5-2 18

1-4 36

P
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1.L. 41-776B

SETTINGS

Phase Overcurrent Unit (l'l & |3)

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.

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.

Ground Overcurrent Unit (|°)

The core screw must be adjusted to the value of
pickup current desired.

Auxiliary Relay (X)

With the 125/250 volt relays the tapped géesistor
in series with the auxiliary relay (X) is shipped from
the factory for operation on 125 volts d¢e. Feor 250
volt operation move the lead connection fromythe“tap
position to the full resistance connectiony The re-
sistor in the 48 volt relay is not tapped.

Indicating Contactor Switch (ICS-1 and 1C$-2)

Connect the lead located in ront, of the tap block
to the desired setting by ,me@ns of the connecting
screw. When the relay energizesWa 125-or 250-volt
d-c type WL relay switchgor equivalent, use the 0.2
ampere tap; for 48-volt d-c applications set in 2 tap
and use WL coil S#304G209G0d .

MNSTALLATION

The rglaysd'should be mounted on switchboard
panels or their eqg@iivalent in a location free from
dirt, moisture, exeessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on thepflange for semi-flush mounting or by
means, of the rear mounting stud or studs for projec-
tigngmounting. 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 lockingftwo_ nuts on
thestud and then turning the proper nut with awrench.

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

ADJUSTMENTS AND=MAINTENANCE

The proper adjustments toginsure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, (no/customer adjustments, other
than those coveredgunder4*‘SETTINGS,’’ should be
required.

Acceptance Check

The fellowing check is recommended to insure
that the felay‘is, in proper working order:

Phase Overcurrent Unit (Il & Ig)

I, Contact Gap — The gap between the station-
ary “and moving contacts with the relay in the de-
energized 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.

Ground Overcurrent Unit (1)

The core screw which is adjustable from the top
of the trip unit determines the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to 4 and
an accuracy within the limits of 10%.

The contact gap should be approximately 5/64’’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving contact
should touch both stationary contacts simultaneously.

Indicating Contactor Switch (ICS-1 and ICS-2)

Close the auxiliary telephone 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 set-
ting being used. The 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.

N
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Fig. 8. Maximum Pick-Up and Drop-Out Time. Curves for
the Phase Overcurrent Unit Plus Auxiliary Unit.

Auxiliary Relay (X)

Block one of the phase overcurrent cylinder 4init
contacts closed and apply rated d-c voltage to the
proper relay terminals. Observe that all of 4H€ naors
mally open contacts close and all the naormally closed
contacts open.

Routine Maintenance

All relays should be inspectgd periodically and
the operation should be checked 'at least once every
yearor at such other time intervals as®may be dictated
by experience to be suitable tofthe particular appli-
cation.

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the dan-
ger of embedding sm@ll particles in the face of the
soft silver andythus impairing the contact.

Calibragtion

Use ‘the following procedure for calibrating the
relay if the relay has been taken apart for repairs or

12

Fig. 9 Maximum Pick-Up and Drop-Out Time. Curves for
the Ground Overcurrent Unit Plus Auxiliary Unit.

the adjustments have been distrubed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See ‘‘Acceptance
Check’”).

Phase Overcurrent Unit (I] & I3)

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

The set screw in the stationary contact has been
shop adjusted for optimum follow and this adjustment
should not be disturbed.

1. The upper pin bearing should be screwed
down until there is approximately 1/64’' clearance
between it and the top of shaft bearing. The upper
pin bearing should thenbe securely locked in position
with the lock nut. The lower bearing position is fixed
and cannot be adjusted.

2. The contact 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
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I.L. 41-7768B

just close. Then back off the stationary contact 2/3
of one turn for a gap of approximately .020.’’ The
clamp holding the stationary contact housing need
not be loosened for the adjustment since the clamp
utilizes a spring-type action in holding the stationary
contact in position.

3. The sensitivity adjustment is made by vary-
ing the tension of the spiral spring attached to the
moving element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notcheslocated on the periphery of the spring adjuster
and rotating it. The spring adjuster is located on the
underside of the bridge and is held in place by a
spring type clamp that does not have to be loosened
prior to making the necessary adjustments.

Insert the tap screw in the minimum value tap
setting and adjust the spring such that the contacts
will close when energized with the required current.
The pick up of the overcurrent unit with the tap screw
in any other 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 nexf
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve andburden.

Ground Overcurrent Unit

The core screw which is adjustable from\the top
of the trip unit determines the pickupswalue. The trip
unit has a nominal ratio of adjustment ofy1 to 4 and
an accuracy within the limits of 10%.

The contact gap shouldibe “@pproximately 5/64""
between the bridging moving eentact and the adjust-
able stationary contacts. he bridging moving contact
should touch both stationary contacts simultaneously.

Indicating Gentactor Switch (ICS-1 and ICS-2)

Close th€ main relay contacts and pass sufficient

d-c current through the trip circuit to closejthe con-
tacts of the ICS. This value of current Should be not
greater than the particularICS tap setting,being used.
The operation indicator target should drop freely.

To increase the pickup current remove the molded
cover and bend the springs out or away from the cover.
To decrease the pickup curgent_bend the springs in
toward the cover.

The contact gap should b€ approximately .047”°
between the biridging maoving contact and the adjust-
able stationary contaets.“The bridging moving contact
should touch bothystationary contacts simultaneously.

Auxiliary Relay (X)

Block the cylinder unit contact closed. Apply
rated voltage and see that all the normally open con-
tactsyclesedy means of a neon lamp. Also see that
the normally closed contacts make a good contact
with“the\coil de-energized by noting some deflection
of the contacts. With the relay de-energized check
tolsee that a good contact is made across the resis-
tor in series with the coil by measuring approximately
zero resistance at the resistor terminals.

The contact gap should be approximately .020"’.
The armature rest may be adjusted slightly to achieve
this, but care should be exercised so as not to affect
the normally closed contacts.

The armature residual screw may be adjusted to
vary contact follow of the normally open contacts but
the residual gap should not be less than .002"’.

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 givethe com-
plete nameplate data.

13



TYPE KC-3 RELAY

2%
Y

i )

+ 9 DIA. 4 MOLES FOR
hcu“’ e 8 5% *.lso—aa:\m.scms
B -

5-
-
3—

—_—

4—~w9%->~

|a—‘z—

¢ ¢
v;l:wT ‘—T
J we | 4, r 2

¢ .‘f | 5::%

—-P‘s-?—‘n— }

(.

| I
I 8 1 " i m
FANEL \ OCATION ,
szmt';r\f_usg\ MTG. PANELZCUTOUT € DRILLING

FOR(SEMA-FLUSH MTG.

PROJECTION MTG.

N
%/.o 90-32 SCREW

PANEL

SPACEES OB

THIN PANELS
218 acrew
/" (rom THICK

PANEL USE
] £718 5TuD)

L -190-32 SCREW
FOR THICK, PANEL
USE .190-32 STUD

CAS
g

TERMINAL AND
MOUNTING DETAILS

TERMINAL NUMBER

57-D-T905

Fig. 10. Outline and Drilling Plan for the Type KC-3 Relay in FT-42 Case.

14







TINGHOUSE ELECTRIC CORPORATION
AAAAAAAAAAAAA NEWARK, N. J.



INSTALLATION

Westinghouse  I.L. 41-776,1
OPERATION e MAINTENANCE

INSTRUCTIONS

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 seethat theyare 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 forall phase and ground
faults to supervise the tripping of other relays. It is
well suited to breaker-failure relaying for indicating
the presence or lack of current flow in the circuit
breaker. The relay can be applied where thé phase
units are to be operated indefinitely in the pieked up
position well below full load. Alternatively, Wwhere
the relay is to be used as a fault detector (pickup
above full load) the 98% or betterdropout ratio,of the
phase units is advantageous.

Breaker-failure relaying offers ‘advantages over
remote back-up protection. It isgfaster and more sen-
sitive thanremote back-up meth@ds. In"addition, it is
selective, whereas remote ‘back-up protection is
frequently non-selective. g##Fig.“2"shows some fault
conditions where breaker-failure relaying could im-
prove the quality of baek-up¥protection. Note that the
generating-station highsvoltage bus uses a breaker-
and-a-half arrangement. Lines interconnect the station
to systems Sl' Sz, and SS‘

If therepisfno malfunctioning, fault L. will be
cleared by line“relays tripping breakers 5, 6, and 9.
However, assume that thebreaker-6 mechanism sticks
so that current flow through breaker 6 is not inter-
rupted. Now back-up protection must function. If re-
mote backup is relied upon, time-delay relays must
tripyremote breakers 7 and 8. In addition, the local
generator feed through breaker 6 must be interrupted
by tripping breaker 4. However, if breaker-failure

NEW INFORMATION

protcction is installedy, th€ fault is cleared by trip-
ping breaker 3. “Note that this provided selective
tripping, sincegas mueh of the system as possible
was left intaet. If breakers 4, 7, and 8 must trip, the
local generator<is lost and unnecessary separation
of the generating station from power systems S1 and
S results. (Also, the tapped load is interrupted un-
necessarily instead of being left tied to system Sz.

Remote backup, in addition to not being selective,
may not’ be sensitive enough because of the relatively

small proportion of the total fault current following
in any one line. For example, in Fig. 2 there may be
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 expeditiously trip thelocal breaker,
making it easier for the remote relays to detect the
fault.

EFFECTIVE MAY 1964
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GENERATING STATION
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LINE PROTECTION /
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B8US PROTECT 10N
ZONE

Fig. 2. Sample System to Show Advantages)of Breaker-Failure Protection.

CONSTRUCTION

The type KC-4 relays consists of two phase
instantaneous overcurrent units, I and I4), one
one ground instantaneous unit (I, and an 1nd°’1cat1ng
contactor switch (ICS). The principal ‘@emponent
parts of the relay and their location are_shown in
Figures 1 and 3.

Phase and Ground Instantaneous Ogercugrent Units

(I‘ll |3I IO)

Each instantaneous overeurrent“unit consists
of an inductioncylinder unit;)¢apacitor, varistor, and
a transformer. The componentshjare connected such
that a contact closing torque is produced when the
current exceeds a specifiedyvalue.

Induction Cylinder, Unit

Mechani€allyg the%eylinder unit is composed of
four basic “Gcemponents: a diecast aluminum frame,
an electromagnet, a’moving element assembly, and a
molded bridge.

The framé serves as the mounting structure for
the magnetic core. The magnetic core which houses
the Yoewer pin bearing is secured to the frame by a
Toeking nut. The bearing can be replaced, if nec-
essary, without having to remove the magnetic core
from the frame.

The electromagnet has two pairs of coils.: The
coils of each pairare 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 holding
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 also held in place 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.

1L 41-776.

1
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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.

OPERATION

Instantaneous Overcurrent Unit

Operation of the instantaneous overcurrent unit
occurs when the primary current of the transformer
exceeds a value as marked on the tap plate.g#Wpon
application of current to the transformer, a (voltage
is induced in the secondary winding. This, voltage
is impressed upon the parallel connected paiss of
cylinder unit coils. The capacitonfconnected in
serieswith onepairof coils shifts the,current flowing
in these coils in reference to the gurrent flowing in
the other pair of coils. As a result/the air gap
fluxes of the cylinder unit are out,of phase and a
contact closing torque is‘produeed.

The primary of gdhe ttansformer is tapped and
brought out to a tap®eonnecgtor block for ease in
changing the pickup currentfof the relay. The use of
atapped transformer provides approximately the same
energy level at a given multiple of pickup current for
any tap setting, resulting in one time curve through-
out the range,of‘the relay.

General{Operation Of Scheme

Wheény the proper breaker successfully inter-
ruptetheifault current the KC-4 relay quickly disables

INTERNAL SCHEMATIC

(NSTANTAKEOUS
OVER CURRENT
(UPPER CYL, UNIT)

INSTANTANEOUS
OYER CURRENT
(MIDOLE CYL.URIT)

TWO IN SERIES |
FOR 250 ¥.D.C.

INSTANTANEOUS
L~ OVER CURRENT
{LOWER CYL UNIT)

e

R

oren |
CNASSIS OPERATED

[~ SHORTING SWITCH

__‘Lﬂ-_% RED HANDLE
)

TEST SWiTCH

= CURRENT TEST
FJIC(

[ TERMINAL

FRONT)VIEW

1884640

Fig. 3.8 Internal’'Schematic of the KC-4 Relay in the FT-41
Casel

the®breaker-failure timing circuit. In addition, where
the dine¥relays trip two breakers such as on a ring
bus,ythie KC-4 selects which of the two breakers has
failed. When the phase overcurrent units I, and I
are set above load-current level, the KC-4 also func-
tions as a fault detectorto prevent undesired tripping
by testpersonnel. The following paragraphs describe
KC-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 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.

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 toclear the fault, KC-4 contacts remains

P %
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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-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 are shown for breaker 1 and breaker 2 and the
line-A protection. Similar circuits would exist for
breaker 3 and line B. Protection against a breaker-1
or breaker-2 failure for line-A faults is included.

Assuming a failure of breaker 2 for a fault ©n
line B, the breaker-failure timer 62 associated@with
breaker 1 is energized by 62X or 62Y from line B-
Since the KC-4 current detector 50-2 which is'sups
plied by breaker-2 current does not drop out,“62 of
breaker 1 operates to trip breaker 1. Whenf62-ICS"is
operated by breaker-1 trip current,86LN 1S energized.
One 86LN contact stops the transmission“ef a block-
ing signal on line A, allowing the remote pilot relays
to trip the remote line-A breaker, ifjthey“detect the
fault. Thus, the fault on line B 4s now ¢€leared. An-
other 86LN contact blocks high=speed reclosing of
breaker 1. Other 86LN contactsienergize the breaker-
1 and breaker-2 trip-coil cireudts to provide for a trip-
free operation should either ‘bréaker be prematurely
closed in.

An essential function, the selection ofthe faulty
breaker, is performed by the KC-4. Relays 62X and
62Y indicate that the fault has not been cleared, but
they are unable to define for a line-A fault whether
breaker Iper breaker 2 is still feeding current to the
fault. 4uThe 50-1 or 50-2 KC-4 performs this job.

Now, if breaker 1 fails for a fault on line A#bus
L is cleared. This is accomplished by the ‘bus Li
breaker-failure timer which is energized by the 1iné A
relay 62X or 62Y contact. When 62 operates, 86B is
energized to dump bus L. For this sequence, the cur-
rent detector 50-1 selects the faulty breaker.

Note that the bus L timer cireuit ingF'ig. 5is the
same as that used with the single,busysingle breaker
arrangement in Fig. 4. An identieal timer circuit (not
shown) is associated with Bus Ryin F'ig. 5. There are
also timers for each bay (e.)g., associated with
breakers 1 and 3). These tripsthe appropriate outside
breaker for a middle breaker failure. These timer cir-
cuits are associated“with the breaker to be tripped.
This same approachiis used for ring buses, as will
now be explained/

Ring BuswArrangement

The cireuits for the ring bus are shown in Fig. 6
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
baekup 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 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 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

Trip Circuit T
CHARACTERISTICS e ~rren”
Phase & Ground Overcurrent Units are available The main contacts will S'flfew close 30 am<ergs’
in the following current ranges: at 250 volts d-c and the seal-in contacts of the 1
cating contactor switch will safely carry this current
Range Taps long enough to trip a circuit breaker. ¢
0.5 - 2 Amps. 05 0.7 10 1.25 15 2 The indicating contactor swit two taps
1-4 1.0 1.5 2.0 25 3.0 4.0 that provide a pickup setting of amperes. To
2-8 2 3 4 5 6 8 change taps requires connecting o ad located in
The tap value is the minimum current required front ofthe tap block to the degir tting by means
to just close the overcurrent relay contacts. For of a screw connection.
pickup settings in between taps refer to the section Trip Circuit Constants
under adjustments. The pickup and dropout time Indicating Contac _
cgrves for the phase overcurrent units is shown in 0.2 amp. tap oh d-c resistance
Fig. 7. 2.0 amp. tap.0. hms d-c resistance
ENERGY REQUIRE
PIIASE & GROUND OVERCURREN 60 CYCLES
Ampere VA at VA at
Range Tap Tap Value P.F. Q 5 Amps. P.F. Angle
.5 .37 24 46
15 .38 13 37 g
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 36 9.0 36
1.5 32 5.0 32
2 30 3.0 29
1-4 2.5 28 2.1 27
3 26 1.5 26
4 24 0.93 24
2 1.1 49 6.5 48
1.2 43 3.3 42
2-8 1.3 38 2.1 37
1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 29 0.7 29
nt ings
Rating of the Overcurrent Units (Phase & Ground)
¢ Continuous Rating One Second Rating
Range (Amperes) (Amperes)
.5-2 5 100
N
1-4 8 140

2-8 8 140



'sng Buty D Jo uoi4d3j0id 3In[ID4 13YD3IQ 104 p-I ) Y4 4O d14pway>S [puidixJ patjidwig ‘9 big

17660801

HiE B

PoOS. 22 JRIPRING PRIMAIY PROTECT!OW

LIvE B

BACK YP PROTECTION

BRE.UEI 2 TIMU

CONTROL CIREWIT

neal£1 FAILURE LokouT

81L1-2

i

s6Ln-2 =£ ™e
LIZLBGL'U 1 BACK UP s2x ez | e2f _[cn prr-t
8. = KR. = 101 PROT B T 3 l—
3 T LINE B L Jume  Tuame ['eine
A A B 8
———©
3 10 BOLN-2 TRIP
¥ BKR.3
PRI+
J:eor. L — o
LIME
8
B6LN-2 T BLOCK OEcLosIle
‘ 86U-2 l LITEA
Cllll;l
RS TRB TRB TR8 s TRB | 870
My % 62 [——-0
R. g —
"r:lpacou_ [ 86LM-2 1_ zl.lic; RECLOSING
FROM L1J0E A BKR.2 L—O MU _ I Live 8
PILOT RELAYS 86LN CARRIER
(] q sToP
BKR 52a = 528
2 I BKR.3 B6LN-2 1L0CI RECLOUNG
[ 1 Ry
NEG.
1- . MAKE COTACT IF USED will SGR-J2,
*  BREAK corTCT IF USED WITH IC
LINE LINE DEYICE DESCRIPTION MO. REQ'D
» ¢ TRB STATIC TRIPPING UNIT 1/EINE
50 1C- % CURRE DETECTOR 1/BKR
62 Tb-5 BREUER FAILURE TIMI 1/BIR.
62X MG TIMER AUX. 1/LINE
62y $G TIMER AUX. 1/LINE
86LK WL BREAKER FAILURE LOCKOUT 1/BKR.
94 TR-t .UX. TRIPPIMG RELAY 1/LI10E

AV3Y v-OX 3dAL

L1°9LL-1L¥ °11



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 tap block 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.

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#304C209GO01.

INSTALLATION

The relays should be mounted on switchbeard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, andgheat, Mount
the relay vertically by means of the fof,mounting
holes on the flange for semi-flush meuntingypor by
means of the rear mounting stud or“studs%or projec-
tion mounting. Either a mounting stud, ordéhe 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 studSyfurnished with the relay for
thick panel mountingf” Thepterminal studs may be
easily removed ordnsepted by locking two nuts on
the stud and then turningthe proper nut with a wrench.

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

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of thisyrelay havebeen made at the factory. Upon
receipt ‘of the relay, no customer adjustments, other
than \thése) covered under ‘‘SETTINGS,’’ should be
required.

10

Acceptance Check

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

Phase & Group Overcurrent Unit

1. Contact Gap— The gap betweendhe station-
ary and moving contacts with the, relay4in the de-
energized 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 hele and applying rated tap
value current. The cofitaet should close within +5%
of tap value current.

Indicating Contactor Switch (ICS)

Close the phase or ground relay contacts and
pass suffieient\d-c current through the trip circuit to
closepthe “‘@entacts of the ICS. This value of current
shouldénet be“greater than the particular ICS tap set-
tingqbeing“@sed. The indicator target should drop
freely.

The contact gap should be approximately .047”’
between the bridging moving contact and the adjust-

able stationarycontacts. 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 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#182A836H0O1 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’’).



TYPE KC-4 RELAY
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the Phase Overcurrent Unit

Phase & Ground Overcurrent Unit

The moving contact assembly hasfbeemyfactory
adjusted for low contact bounce perfofmance and
should not be changed.

The set screw inthe statiomarypcontact has been
shop adjusted for optimum,follow andthis adjustment
should not be disturbed.

1. The upper pin (bearing should be screwed
down until there is approximately 1/64'’ clearance
between it and the (topfofishaft bearing. The upper
pinbearing shouldthenbefsecurely locked in position
withthe locknut. The,lower bearing position is fixed
and cannot be ddjusted.

2. The contéct 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
just elose. Then back off the stationary contact 2/3
ofYoné turn for a gap of approximately .020.’’ The
clamp holding the stationary contact housing need
not be loosened for the adjustment since the clamp
utilizes a spring-type action in holding the stationary
contact is position.

3. The sensitivity adjustment is madelby Vary-
ing the tension of the spiral spring attach@d to the
moving element assembly. The spring 1shadgusted by
placing a screwdriver of similar tool into one of the
notcheslocated onthe periphery of the spring adjuster
and rotating it. The spring adjuster is located on the
underside of the bridge and ismheld in place by a
spring type clamp that dees not have to be loosened
prior to making the necessary,adjustments.

Insert the tapgscrew in the minimum value tap
setting and adjust thepspring such that the contacts
will close when energized with the required current.
The pick upoftheyovercurrent unit with the tap screw
in any othertap should be within +5% of tap value.

If. adjustment of pick-up current in between tap
settingsWis desired, insert the tap screw in the next
Jowesttap setting and adjust the spring as described.
It9should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Indicating Contactor Switch (ICS.)

Close the mainrelaycontacts 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.

Toincrease the pickup current remove the molded
coverand bend the springs out or away from the cover.
To decrease the pickup current bend the springs in
toward the cover.

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.

1
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Westinghouse |.L. 41-776.2E
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIOMS

TYPE KC-2 HIGH SPEED
OVERCURRENT RELAY

CAUTION: Before putting relays into service,
remove all blocking 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.

NOTE: These Instructions apply to 50 and 60
Hz. Relays.

© APPLICATION
The type KC-2 relay is a two unit high speed
overcurrent level detector. As an example, it may
be used as a fault detector for KD-10 distance
relays. It may be operated continuously picked
up, if the application requires, without experi-
encing excessive wear.

CONSTRUCTION AND OPERATION

The type KC-2 relay consists of two high speed
overcurrent cylinder units and an indi€ating“con-
tactor switch.

OVERCURRENT UNIT (1)

The overcurrent unit is a, product induction
cylinder type unit. The time“phase relationship of
the two air gap fluxes necessaryafor the develop-
ment of torque is achieved'by meéans of a capacitor
connected in series with one pair of pole windings.

Mechanically, (the evercurrent unit is com-
posed of foury basics/components: a die-cast
aluminum frame, anelectromagnet, a moving ele-

All possible“eagntingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport tovbe covered by these instructions. If
further information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

SUPERSEDES |.L. 41-776.2D, dated Jan. 1977

‘@Denotes change from superseded Issue

ment assembly, and a molded*bridge.

The frame serves @s theymounting structure for
the magnetic core, The/ magnetic core which
houses the lower pinpbearing is secured to the
frame by a locking'nut. The bearing can be replac-
ed, if necessary,%Wwithout having to remove the
magnetic coreafrom the frame.

The electromagnet has two pairs of coils. The
coils,of, each’pair are mounted diametrically op-
positejone another. In addition, there are two
locating) pins. The locating pins are used to ac-
curately position the lower pin bearing, which is
mounted on the frame, with respect to the upper
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
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 gdp
formed by the electromagnet and the magnetic
core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to
holding the upper pin bearing, the bridge is used
for mounting the adjustable stationary contact
housing. The stationary contact housing is held in
position by a spring type clamp. The spring ad-
juster is located on the underside of the bridge and
is attached to the moving contact arm by a spiral
spring. The spring adjuster is also held in place by
a spring type clamp.

With the normally open contacts closed, the
electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp.

EFFECTIVE MAY 1978




TYPE KC-2 HIGH SPEED OVERCURRENT RELAY

A transformer and varistor assembly is used in
conjunction with the overcurrent unit. The
transformer is of the saturating type which limits
the energy to the overcurrent unit and reduces the
burden on the operating CT.

The primary of the transformer is tapped and
brought out a tap connector block for ease in
changing the pick-up current of the relay. The use
of a tapped transformer provides approximately
the same energy level at a given multiple of pick-
up current for any tap setting, resulting in one
time curve throughout the range of the relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the
varistor is to reduce the voltage peaks applied to
the overcurrent unit and phase shifting capacitor.

INDICATING CONTACTOR SWITCH UNIT
(1CS)

The indicating contactor switch is a small dc
operated clapper type device. A magnetic ar-
mature, to which leaf-spring mounted contacts are
attached, is attracted to the magnetic core upon
energization of the switch. When the switch closess
the moving contacts bridge two stationary cen-
tacts, completing the trip circuit. Also during this
operation two fingers on the armature deflect a
spring located on the front of the switch, whi¢h
allows the operation indicator target to dgép. The
target is reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in additionyto helding the
target, provides restraint for the armature and
thus controls the pickup value of tHe switch.

CHARACTERISTICS

The relay is available‘in the follolwing current
ranges:

Range Taps
0.5-2amps | 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 20 25 3.0 40
2-8 2 3 4 5 6 8
4.- 16 4 6 8 9 12 16
10440 10 1S 20 24 30 40

The tap value is the minimum current required
to just close the overcurrent relay contacts./For
pick-up settings in between taps refer to the Sec:
tion under adjustments.

CONTACTS

The moving contact assembly,ift” the over-
current unit has been factory adjusted for low con-
tact bounce performance and’sheuld” not be dis-
turbed.

TRIP CIRCUIT

The main contacts willsafely close 30 amperes
at 250 volts dc and the,seal-in contacts of the in-
dicating contactor/switch will safely carry this
current longhenough to trip a circuit breaker.

TRIP CIRCUIT CONSTANT
Indicating, contactor Switch (ICS)

| ampere rating: 0.1 ohms dc resistance
042/2.0"ampere rating: 0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

SETTINGS

OVERCURRENT UNIT (1)

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

CAUTION: Since the tap block connector screw
carried 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)

No setting is required for relays with a 1.0
ampere unit. For relays with a 0.2/2.0 ampere un-
it, connect the lead located in front of the tap
block to the desired setting by means of the con-
necting screw. When the relay energizes a 125- or



TYPE KC-2 HIGH SPEED OVERCURRENT RELAY

250-volt dc type WL relay switch, or equivalent,
use the 0.2 ampere tap; for 48-volt dc applications
set the unit in a tap 2 and use a Type WL relay
with a S#3C4C209GO01 coil, or equivalent.

INSTALLATION

The relays should be mounted on switchboard
panels or 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 moun-
ting or by means of the rear mounting stud or
studs for projection 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 mounting or to 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.

ADJUSTMENTS & MAINTENANCE

The proper adjustments to inglirg, correct
operation of this relay have been made/at the fac-
tory. Upon receipt of the relay, #i0 customer ad-
justment, other than thése ‘covered under
“SETTINGS”, should be required.

ACCEPTANCE CHECK

The following check is récommended to insure
that the relay is in_propessWworking order.

OVERCURRENT UNIT (I)

Contact Gap = The gap between the
stationarytand meving contact with the relay in
the de-energized/position should be approximately
.020”.

The pickup of the overcurrent unit can be
checked by interting the tap screw in the desired
tapyhole and applying rated tap value current. The
contact should close within +5% of tap value
current.

I.L. 414776:2E

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip ciréuit’to close
the contacts of the ICS. This value of current
should be not less than 1.0 ampere nor greater
than 1.2 amperes for the,l ampere ICS. The
current should not be greaterthan the particulai
ICS tap setting being used forsthe 0.2-2.0 ampere
ICS. The operation dndicater target should drop
freely.

The contact “gap“should be approximately
0.047” for the @:2/2.0%ampere unit and 0.070” for
the 1.0 ampereunit’between the bridging moving
contact and, the“adjustable stationary contacts.
The bridging “moving contact should touch both
stationary contacts simultaneously.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
theyoperation 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 par-
ticular application.

All contacts should be periodically cleaned. A
contact burnisher S#182A836HO01 is recommend-
ed for this purpose. The use of abrasive material
for cleaning contacts is not recommended because
of the danger of embedding small particles in the
face of the soft silver and thus impairing the con-

tact.

CALIBRATION

Use the following procedure for calibrating the
relay when taken apart for repairs or the ad-
justments have been disturbed. This procedure
should not be used unless it is apparent that the
relay is not in proper working order. (See *‘Accep-
tance Check”).

OVERCURRENT UNIT (1)

1. The upper pin bearing should be screwed down
until there is approximately 1/64” clearance
between it and the top of shaft bearing. The up-
per pin bearing should then be securely locked
in position with the lock nut. The lower bearing
position is fixed and cannot be adjusted.
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2. The contact gap adjustment for the overcurrent
unit is made with the moving contact in the
reset position, i.e., against the right side of the
bridge.

Move in the left-hand stationary contact until
it just touches the moving contact. Then back
off the stationary contact of 2/3 of one turn for
a contact gap of approximately .020”.

The clamp holding the stationary contact need
not be loosened for the adjustment since the
clamp utilizes a spring-type action in holding
the stationary contact in position.

With the tap screw in the desired tap hole, pass
rated ac current through the relay terminals.

The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the
moving element assembly. The spring is ad-
justed by placing a screwdriver or similar tool
into one of the notches located on the periphery
of the spring adjuster and rotating it. The spr-
ing adjuster is located on the underside of the
bridge and is held in place by a spring type
clamp that does not have to be loosened prior
to making the necessary adjustments.

Adjust the spring until the contacts close!
With this adjustment, the pick-up of the relay
for any other tap setting should be within £5%
of tap value.

If settings in between taps are desired, place the
tap screw in the next lower tap hole and adjust
the spring until the contacts just close atythe
desired pick-up current.

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contactsfand, pass suf-
ficient dc current through the“sip eircuit to close
the contacts of the ICS. This value of current
should be not less than 1.0fampere nor greater
than 1.2 amperes for the 1 fampere ICS. The
current should not be greatégthan the particular
ICS tap setting being used, for the 0.2-2.0 amper:
ICS. The operationfindigator target should drop
freely.

The contact gap“should be approximately
0.047” for thenQ.2/2°0 ampere unit and 0.070” for
the 1.Q;ampere unit between the bridging moving
contact “and™“the adjustable stationary contacts.
The bridging, moving contact should touch both
stationarya€ontacts 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:

RATINGS OF OVERCURRENT UNIT

50 & 60 Hz
Bange Continuous One Second
Rating Amps Rating Amps
S=2 5 100
5-4 8 140
2-8 140
4—-16 10 200
10 — 40 10 200

Pl
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l.L. 41-776.2E
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Fig. 1. External Connection of KC-2/Relay for Supervising the Distance Phase Relay.
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£ Fig. 2. Internal Schematic of KC-2 with Tapped ICS.

© Fig. 3. Internal Schematic of KC-2 Relay with 1 Amp ICS Unit.
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I.L. 41:776.2E

ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT
KC-2 50 HZ
VA AT VA AT
AMPERE RANGE TAP TAP VALUE PF ANGLE 5 AMPS. PF ANGLE

S 35 36 24 34
5 .36 33 13 32
1 37 32 8.0 31

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 34
1.5 .38 31 4.8 30
2 41 29 2.8 28

1-4
2.5 44 27 2.0 27
3 47 25 1.4 25
4 .53 23 .92 23
2 1.04 45 6.2 45
3 | 41 3.2 41
4 2 36 2.0 36

2-8
5 1.2 33 1.2 33
6 1.4 31 1.0 31
8 1.7 27 0.6 27
4 1.26 43 2.1 42
6 1.5 40 0.9 40
8 1.6 37 S 37

4 -16
9 1.7 34 4 34
12 2.0 31 35 31
16 2.2 28 20 28
10 1.9 39 45 39
15 3.6 36 40 36
20 5.8 34 .35 34
10 — 40

24 7.8 31 30 31
30 10.5 29 27 29
40 17.5 27 .25 27

Fig. 5. Burden Data



TYPE KC-2 HIGH SPEED OVERCURRENT RELAY

ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT
60 HERTZ
VOLT-AMPERES [POWER FACTOR|VOLT AMPERES|POWER FACTOR
RANGE AMPS|TAPS|. \ b yALUE CURRENT| ANGLE ¢° |AT5AMPERES| ANGLE °

s 37 39 24 46
75 38 36 13 37
1 39 35 8.5 34

5-2
1.25 41 3 6.0 32
s Ve 32 46 31
) 45 30 2.9 28
1 41 36 90 36
15 44 32 0 1
2 47 30 3.0 29

1-4
2.5 50 28 21 27
3 53 26 s 26
4 59 74 0.93 24
) 1.1 49 6.5 48
3 12 43 33 0
4 13 38 2.1 37

2-8
5 1.4 35 1.4 35
6 15 33 11 33
8 18 29 0.7 29
4 15 51 2.4 51
6 b7 45 12 45
8 18 40 0.7 40

4-16
9 1.9 38 0.6 38
12 22 34 0.37 34
14 2.5 30 0.24 31
10 1.7 28 23 28
15 2.4 21 27 21
20 31 16 20 17
10 - 40

24 3.6 s 15 s
30 42 12 11 13
40 49 I 08 12

Fig. 6. Burden Data

P
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IN MILLISECONDS

TIME

60

50

40

30

20

10

4

DROPOUT, TO 95% QF PICKUP

\

PICKUP

LDRQPOUT TO 80% OF PICKUP

_-DROPOUT TO O % OF PICKUP

|2
—

2

4 6 8 10 12 14 16 8
MULTIPLES OF TAP VALUE CURRENT

20

(629A576 Sub. 3)

© Fig. 7. Maximum Pickup and Dropout Time Curves for the
Phase and Ground Overcurrent Unit.




TYPE KC-2 HIGH SPEED OVERCURRENT RELAY
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© Fig. 8. Outline and Drilling (FT-31 Case).
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INSTALLATION

Westinghouse I.L. 41-776.1J
OPERATION e MAINTENANCE

INSTRUCTIO NS

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 presence
or lack of current flow in the protected circuit
breaker. The relay can be applied where the phase
units are to be operated indefinitely in thgfpicked
up position, set well below full load. Alternatively,
where the relay is to be used as a faultydeteector
(pickup above full load) the 98% or better dropout
ratio of the phase and ground units s advan-
tageous.

Specific breaker failure sGhemes” using the
KC-4 relay, with detailed explanatiens, are given
in the OPERATION section.

CONSTRUCTION

The type KC-4 pelay consists of two phase
instantaneous, overcurrefit units, (I and I¢), one
ground instantapeousyunit (Ip), and an indicating
contactor‘switch (L€S). The principal component
parts of the relay’and their location are shown in
Figure 1.

PHASE AND GROUNDINSTANTANEOUS
OVERCURRENT UNITS

9 fe'Als)

Each instantamneous®overcurrent unit consists
of an inductigmeeylinder unit, capacitor, varistor,
and a transfermer.“Fhe components are connected
such thatgay, contact closing torque is produced
when the current exceeds a specified value.

INDUCTION CYLINDER UNIT

Mechanically, the cylinder unit is composed of
four,basic components: a diecast aluminum frame,
an electromagnet, a moving element assembly,
and a molded bridge.

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

AW, possible contingencies which may arise during installation, operation, or maintenance, and all
details 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. 41-776.1H, DATED MAY 1977

COMPLETE REVISION

EFFECTIVE DECEMBER 1977




TYPE KC-4 RELAY

which holds the shaft. The shaft has removable top
and bottom jewel bearings. The shaft rides be-
tween 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

FRONT VIEW

1-1:\ UNTT 2-IC

ST,

UNIT 3-IO OR IB UNIT

SATURATING TRANSFORMER

holding the upper pin bearings, the bridge is used
for mounting the adjustable stationary coptact
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 armpby a
spiral spring. The spring adjuster s also held in
place by a spring type clamps

REAR VIEW

4-INDICATING CONTACTOR SWITCH

6°I . SATURATING TRANSFORMER

7-IO OR Tj3 SATURATING TRANSFORMER

Fig. 1. Type KC-4 Relay Without Case.
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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.

TRANSFORMER

The transformer is a saturating type consisting
of a tapped primary winding and a secondary
winding. A varistor is connected across the
secondary winding to reduce the voltage peaks
applied to the induction cylinder unit and phase
shifting capacitor.

INDICATING CONTACTOR SWITCH UNIT
(ICS)

The indicating contactor switch is a small dc
operated clapper type device. A magnetic arma-
ture, 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 con-
tacts, completing the trip circuit. Also during this
operation two fingers on the armature deflect @
spring located on the front of the switch,gWhich
allows the operation indicator target to dfop. The
target is reset from the outside of theycaseyby a
push rod located at the bottom of the cower.

The front spring, in addition to“hglding the
target, provides restraint for thg armatiire and
thus controls the pickup vald@e ofithe switch.

OPERATION

INSTANTANEOUS OVERCURRENT UNIT

Operation of the,instaftaneous overcurrent
unit occurs when the primary current of the trans-
former exceeds ‘ayalueas marked on the tap plate.
Upon appli€ation oficurrent to the transformer, a
voltage is{induced jin the secondary winding. This
voltage is impressed upon the parallel connected
pairs of cylinder unit coils. The capacitor con-
nected in series with one pair of coils shifts the
curgent flowing in these coils in reference to the
current flowing in the other pair of coils. As a
resultyithe air gap fluxes of the cylinder unit are
outhof phase and a contact closing torque is
produced.

The primary of the transformer is tapped and
brought out to a tap connector blocksfor ease in
changing the pickup current of the relay. The use
of a tapped transformer provides approximately
the same energy level at a given multiple of pickup
current for any tap setting, resulting®in one time
curve throughout the ranges®f the relay.

BREAKER FAILURE/SCHEMES USING THE
KC-4 RELAY

The followingaexplanations frequently refer to
the type TD#5 timing relay, which is usually used
in conjunction with the KC-4 relay for breaker
failure protection. For detailed data on the TD-5,
refer, to’igstouction leaflet 41-579.1.

SINGLE'BUS/SINGLE BREAKER
ARRANGEMENT

In a properly functioning breaker, current
flow should cease shortly after the trip circuit is
energized. The time interval between trip-circuit
energization and current flow cessation is the
breaker-interrupting time. If interruption doesn’t
occur within the specified interrupting time, the
breaker is assumed to have failed and the breaker-
failure relaying should initiate tripping of adjacent
and/or remote breakers to isolate the protected
breaker. For the single bus-single breaker config-
uration, all the breakers on the bus must be tripped
to isolate any one of them which fails. This is
readily accomplished by having the breaker-failure
protection circuits energize the bus-differential
lockout auxiliary 86B.

Figure 2 shows the simplest breaker-failure
scheme using the KC-4 relay. Primary and backup
line relays connected to separate current trans-
formers and separately-fused dc supplies so that a
failure in either circuit will not disable all of the
protection. When primary protection operates, it
energizes auxiliary relay 62X and the breaker trip
coil simultaneously. Similarly, backup relays
energize both tripping auxiliary 94T and auxiliary
62Y simultaneously. 62X and 62Y are known as
breaker-failure initiate (BFI) auxiliaries. The
closure of contacts 62X and 62Y provide a signal
in the breaker failure scheme that breaker tripping
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Fig. 2. External Connections for the KC-4 Relay — Breakerf Failure

— One Timer per Bus.

has been initiated. They energize the TD-S
breaker-failure timer (62) through the KC-47(50)
contacts, which have already closed in response
to the same fault which operated the life relays.
If the breaker interrupts fault current as expected,
the KC-4 drops out and the TD-5ftimer 1s de-
energized before it times out; no further action
is taken. But if current flow confinues béyond the
expected time limit, the TD-§ delay expires and
the output (TR) contact of the TD-5 energizes
the 62A auxiliary relay fof contact multiplication.
62A contact energizésythey86B lockout auxiliary
to strip the bus apd block, reclosing.

Note that, in figlire 2§deach breaker has its own
line protection relaysy” BFI auxiliary and KC-4
current detector; but that all of these funnel into a
single TD-5 timer#This is done for ecomony since
the same tripping device, 86B, is energized regard-
less of which breaker fails. Targeting of the parti-
cularg failed, breaker is accomplished by the ICS
in the'associated KC-4 in conjunction with the 62X
and\62¥ BFI contacts for that line. The zener
blocking diode inside each KC-4, connected to

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
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86BF coil, backwards through the closed 62A 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 prevent
this.

For a bus fault, the 87B relay contact energizes
the 86B lockout auxiliary to strip thefbus /and
block reclosing. The blocking valyes“&IZRB-2
prevent the 87B from energizing the 86BF “aux-
iliaries. However, in case of breaker failure during
a bus fault, the BFI auxiliary 62Z relay is picked
up by 87B. The closure of conta€t’62Zsprovides
a signal in the breaker failute schemejto energize
the TD-5 timer, then picks up“the corresponding
86BF auxiliary. 86BF conta€tiinitiates the transfer
trip for isolating the faulted bus:

Figure 2 also shows how BFI seal-in can be
provided when one t#mer isised per bus. The TD-5
relay containing the TX relay cannot be used here.
A separate 62S auxiliary relay is provided for each
breaker, each gavith®%a TRB-2 blocking diode to
isolate theycircuit§ on multiple breakers from
one another.

Figure 3 shows a breaker-failure scheme for
theqsame bus arrangement. The key differences
age that (a) now a separate TD-5 timer is dedicated
to'each’breaker; and (b) in this scheme BFI seal-in
1s provided by the TX auxiliary in TD-5.

The telephone relay coil TX in parallel with

the TD-5 timer 62 is optionally used to seal-in 62X
and 62Y contacts. When the KC-4 gontacts“and
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 timer. This m@y be needed
when 62X and Y are epéfgized by potential-
polarized distance relays. Ifsd@"close-in fault occurs
so that the polarizing paotential collapses com-
pletely, the distancefrelay, will reset after stored
energy in the polanizing circuit damps out
(usually 15 to 30 ‘ms).“This will cause dropout
of 62X or Y, ¢ven iffthe breaker has failed and
the fault remiains. The TX contact will keep the
timer energized for this critical situation, allowing
the breaken,failure scheme to function and strip
thegbus:

Infigure 3, the ICS in the TD-5 now provides
theéwseal-in and target functions, since a separate
TD=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. 50X 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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Fig. 3. External Connections for the KC-4 Relay — Breaker( Failure Protection of a Single Bus/Single Breaker Arrangement

with One Timer per Breaker.

set to accommodate the slowest breaker. Seps
arate timers provide faster backup clearing
for fast breakers.

(3) With separate timers, the bus can“be recon-
figured without rewiring the bfeaker failure
circuits.

(4) If BFI seal-in is needed it\is easy to obtain
with separate timers. gWith "a" single timer,
auxiliary relays and bloegking diodes must be
added whose cost mitigateS the timer savings.

BREAKER-AND-A<HALF ARRANGEMENT

Figure 4 show breaker-failure protection cir-
cuits for a breaker-and-a-half bus arrangement,
with one timer for‘each breaker.

The basiefunctioning of the scheme of figure 4
is theysame)as for the single bus-single breaker
cases

kirst, consider the breaker | failure detection

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 — Breaker Failure Protection of a Breaker-and-a-Half Bus Arrangement —

per Breaker.

plished by line relays, so these actionsyare“re-
dundant. However, the blocking of reclesing,for
breaker 2, and reclose blocking at{ithe remote
terminal via the transfer-trip sighal,bafe now
provided. Also, 86B-L now stripstbus LI to isolate
the failed breaker 1.

Now, refer to the breaker 28failure detection
circuit. BFI is provided by*62Xwénd Y contacts for
lines A and B, since @ fault on either initiates
tripping of breaker 2mlf“breaker 2 fails and the
timer 62 delay expir€s, lockout switch 86BF is
energized. Contaets ofi86BF trip breakers 1 and 3,
block reclo$ing on alh3 breakers, and transfer-trip
lines A anhd,Bf Somie of these actions are redund-
ant-for examplega line A fault does not require
re-tripping of breaker 1. But none of these re-
dundant actions are detrimental. Remember that
transfer-tripping of the remote end of the faulted
line_isn’t really redundant since it performs the
important additional function of blocking re-
closing at the remote terminal.

The TX relay is shown providing optional seal-

in of BFI contacts as described for the single-bus
single-breaker case above.

As mentioned before, on breaker failure
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.

RING BUS ARRANGEMENT

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

One Timer
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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 thg
security benefits of KC-4 supervision are coms
pletely lost. Also, breaker-failure protectionWis
incomplete since opening of the 52a contact after
relay operation doesn’t show that fault current was
actually interrupted—it only shows that_the trip
mechanism cycled. A lower KC-4 setting 45 a
better alternative.

Sometimes, a transformer comnected to one
side of the protected breaker ¢am presént a parti-
cular setting problem. Lightscurrent faults may
occur inside the transformemfor*which the KC-4
relay won'’t pick up. Thus,.n6 breaker-failure pro-
tection is providedpwhen differential or sudden-
pressure relays initiate tripping. To remedy this,
connect a 52a contagt'in séries with an 86T contact
from the breaker-failuré dc positive supply to ter-
minal 9 of the TD-5 timer 62 (86T is a contact of
the lockout switch associated with the transformer
differentialrelay). Repeat this connection for each
breakergwhich is adjacent to the transformer.

The 86T contact supervision insures that

sectrity)is not reduced by the added connection.
Maa transformer fault results in 86T tripping, the

8

timer is energized and is stopped only when 52a
opens. This won’t happen if the breaker is stick,
and backup tripping is initiated. The onlytcom:
bination of circumstances for which this connec-
tion doesn’t help is a light transformer fault, and
a breaker which opens but doesn’t intérrupt.
Many utilities consider this unlikely and provide
no further protection aganist, it.\Fhe only alter-
native is to replace 52a with aWseparate low-szt
current detector, which caft gmergize the timer
only when 86T closes.

CHARACTERISTICS

Phase & Ground ‘Overcurrent Units are
available in theffellowing 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
258 2 3 4 5 6 8
4-16 4 6 8 9 12 16

10-40 10 15 20 24 30 40
20-80 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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IL. 41-776.1J

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 con-
necting screw. When the relay energizes a 125-¢r
250-volt dc type WL relay switch or equivalent,
use the 0.2 ampere tap; for 48-volt dc applications
set in 2 tap and use WL coil S#304C209G01.

INSTALLATION

The relays should be mousnted 'on switch-
board panels or their equivalent in'/a location
free from dirt, moisture, exeessive vibration and
heat. Mount the relay yertically by means of the
rear mounting stud or studs fomthe type FT pro-
jection case or by means of¥the four mounting
holes on the flange for the semi-flush type Ft
case. Either the stud“or the mounting screws may
be utilized for grounding the relay. External
toothed wadshers, ar€” provided for use in the
locationsgshown on*the outline and drilling plan
to facilitatedmaking a good electrical connection
between the“gelay case, its mounting screws or
studs, and the relay panel. Ground wires and
affixed to the mounting screws or studs as required
fofypoorly grounded or insulating panels. Other
electrical connections may be made directly to the
tenminals by means of screws for steel panel
mounting 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 turning the proper
nut with a wrench.

For detail information on the FT ¢ase refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustmentsg#to insure correct
operation of this relay have been made at the
factory. Upon recéipt/ ofsthe relay, no customer
adjustments, other ‘than those covered under
“SETTINGS,. should be required.

ACCEPTANCE, CHECK

Thesfellowing check is recommended to insure
that the gelay is in proper working order:

Phase & Ground Overcurrent Unit

1. Contact Gap — The gap between the
stationary and moving contacts with the relay in
the 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
td 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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Fig. 5. External Connections for the KC-4 Relay — Breaker Failure Protection of a Ring Bus.
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I.L. 41-776.1J

ENERGY REQUIREMENTS - 60 Hz

PHASE & GROUND OVERCURRENT UNIT - 60 Hz

tt g tt g
AMPERE RANGE | TAP | VAAT TAP VALUE | P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
S 37 39 24 46
15 .38 36 13 37
1 .39 35 8.5 34
S5-2 1.25 .41 34 6.0 32
1.5 43 32 4.6 31
2 45 30 2.9 28
1 41 36 9.0 36
1.5 44 32 5.0 32
2 47 30 3.0 29
1-4 2.5 .50 28 2.1 27
3 53 26 1.5 26
4 .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 33 42
4 1.3 38 2.1 37
2-8 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 18 29 0.7 29
4 bS5 51 24 51
6 17 45 1.2 45
4-16 8 1.8 40 0.7 40
9 1.9 38 0.6 38
12 2.2 34 0.37 34
16 2.5 30 0.24 31
10 1.7 28 0.43 28
15 24 21 0.27 21
20 3.1 16 0.20 17
10-40 24 3.6 1.5 0.15 15
30 4.2 12 0.11 13
40 4.9 11 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 13.5 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15

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

1
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KC-4 50Hz BURDENDATA O

tt 0 tt 0
AMPERE RANGE | TAP | VAATTAP VALUE | P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
) .35 36 24 34 @
75 .36 33 13 2
1 37 32 8.0
5-2 1.25 39 31 5.5 0
1.5 41 29 4.5
2 43 27 2.8 6

1 35 35 8.8 36
1.5 .38 31 438 30
2 41 29 2. 28
1-4 2.5 44 27 2 27
3 47 25 : 25
4 53 23 23

2 1.04 45 45
3 11 41 3.2 41
4 1.2 36 2.0 36
2-8 5 1.3 33 1.2 33
6 1.4 3] 1.0 3]
8 1.7 27 0.6 27
4 1.26 2.1 42
6 15 0.9 40
4-16 8 1.6 5 37
9 1.7 34 4 34
12 20 31 35 3]
16 22 28 20 28
10 1.9 39 45 39
s 3.6 36 40 36
20 5. 34 35 34
10-40 24 * () 3 30 3]
30 & 29 27 29
40 S 27 25 27

t t Voltages taken with Rectox{type voltmeter.
@ Degrees current lags voltage.
@0 Hz)

THE OVERCURRENT UNITS (PHASE & GROUND)
Continuous Rating (Amperes) One Second Rating (Amperes) t

S 100

8 140
8 140

10 200

10 200

10 200

t Thermal capacities tor short times other than one second may be calculated on the basis of time being inversely proportional to the
square of the current.
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All contacts should be periodically cleaned. A
contact burnisher S#182A836HO01 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 U nit

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

The set screw in the stationary contact hds
been shop adjusted for optimum follow and thig
adjustment should not be disturbed.

1. The upper pin bearing should“be serewed
down until there is approximately 1 /64’ clearance
between it and the top of shaft bearings The upper
pin bearing should then be securely,locked in posi-
tion with the lock nut. The lower beating position
is fixed and cannot be adjusted.

2. The contact gapiddjustment for the over-
current unit is made with“theymoving contact in
the reset position, (dganist the right side of the
bridge.) Advance the stationary contact until the
contacts just cloge. /Then back off the stationary
contact 2/3 ofeneturnt for a gap of approximately
.020". The clampyholding the stationary contact
housingineed notybe loosened for the adjustment
since the clamp utilizes a spring-type action in
holding the stationary contact is position.

3. The'sensitivity adjustment is made by vary-

ing the tension of the spiral spring attached to the
moving element assembly. The sprifig isad)justed
by placing a screwdriver of similar tool into one of
the notches located on the periphery ofthe spring
adjuster and rotating it. The spring adjuster is
located on the underside of the bridge and is held
in place by a spring typeslamp that does not have
to be loosened prionto ‘making the necessary ad-
justments.

Insert the tap scpew/in the minimum value tap
setting and adjustitheSpring such that the contacts
will close when, energized with the required cur-
rent. The pickyup of the overcurrent unit with the
tap screwiin any’other tap should be within + 5%
of tapsvalue:

If adjustment of pick-up current in between tap
settingsvis desired, insert the tap screw in the next
lowest tap setting and adjust the spring as des-
cribed. It should be noted that this adjustment
résults 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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Fig. 9. Internal Schematic of the KC-4 Relay with Series

Make Contacts in FT-41 Case.
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INSTALLATION

WESTINGHOUSE I.L. 41-776.1K
OPERATION e MAINTENANCE

INSTRUCTIO NS

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 presence
or lack of current flow in the protected circuit
breaker. The relay can be applied where the phase
units are to be operated indefinitely in thefpicked
up position, set well below full load. Alternatively,
where the relay is to be used as a faultidetector
(pickup above full load) the 98% or bettendropout
ratio of the phase and ground units is ‘@dvan-
tageous.

Specific breaker failure sChemes” using the
KC-4 relay, with detailed explanations, are given
in the OPERATION section.

CONSTRUCTION

The type KC-4 relay consists of two phase
instantaneousyovencurrent units, (Io and I¢), one
ground insgantaneouseunit (Ip), and an indicating
contactor ‘switch (LCS). The principal component
parts of the relay’and their location are shown in
Figure 1.

PHASE AND GROUNDINSTANTANEOUS
OVERCURRENT UNITS

da,.dc o)

Each instantameous “overcurrent unit consists
of an inductigi®eylinder unit, capacitor, varistor,
and a transférmer. The components are connected
such thatg@y contact closing torque is produced
when, the current exceeds a specified value.

INDUCTION CYLINDER UNIT

Mechanically, the cylinder unit is composed of
foursbasic components: a diecast aluminum frame,
an electromagnet, a moving element assembly,
and a molded bridge.

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

All\possible contingencies which may arise during installation, operation, or maintenance, and all
details 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




TYPE KC-4 RELAY

which holds the shaft. The shaft has removable top
and bottom jewel bearings. The shaft rides be-
tween 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

FRONT VIEW

1-IA UNIT

5-1, SATURATING TRANSFORMER

A

2-1. UNIT 3-10 OR I, UNIT

holding the upper pin bearings, the bridge is used
for mounting the adjustable stationary costact
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 armby a
spiral spring. The spring adjustersi§ also held in
place by a spring type clamp:

REAR VIEW

4-INDICATING CONTACTOR SWITCH

6°I. SATURATING TRANSFORMER

7-I, OR Iy SATURATING TRANSEORMER

Fig. 1. Type KC-4 Relay Without Case.
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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.

TRANSFORMER

The transformer is a saturating type consisting
of a tapped primary winding and a secondary
winding. A varistor is connected across the
secondary winding to reduce the voltage peaks
applied to the induction cylinder unit and phase
shifting capacitor.

INDICATING CONTACTOR SWITCH UNIT
(ICS)

The indicating contactor switch is a small dc
operated clapper type device. A magnetic arma-
ture, 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 con-
tacts, completing the trip circuit. Also during this
operation two fingers on the armature deflect a
spring located on the front of the switch, which
allows the operation indicator target to drop. The
target is reset from the outside of the case by a
push rod located at the bottom of the coyer:

The front spring, in addition to(holding the
target, provides restraint for thegarmature and
thus controls the pickup value of.the Switch.

OPERATION

INSTANTANEOUS OVERCURRENT UNIT

Operation of the instantaneous overcurrent
unit occurs when the primary current of the trans-
former exceedsia value as marked on the tap plate.
Upon appligation‘ef current to the transformer, a
voltage isgnduged in“the secondary winding. This
voltage is impresséd upon the parallel connected
pairs of cylindef unit coils. The capacitor con-
nected in series with one pair of coils shifts the
current flowing in these coils in reference to the
current flowing in the other pair of coils. As a
result,sthe air gap fluxes of the cylinder unit are
outhof phase and a contact closing torque is
produced.

The primary of the transformer is tapped and
brought out to a tap connector block fer ease in
changing the pickup current of the relay. The use
of a tapped transformer provides appreximately
the same energy level at a given multiple of pickup
current for any tap setting, resultingyin one time
curve throughout the rangeof the relay.

BREAKER FAILURE SCHEMES USING THE
KC-4 RELAY

The followifig explanations frequently refer to
the type TD%iming relay, which is usually used
in conjunctien with the KC-4 relay for breaker
failure protection. For detailed data on the TD-S,
refer to instriction leaflet 41-579.1.

SINGLEN\BUS/SINGLE BREAKER
ARRANGEMENT

In a properly functioning breaker, current
flow should cease shortly after the trip circuit is
energized. The time interval between trip-circuit
energization and current flow cessation is the
breaker-interrupting time. If interruption doesn’t
occur within the specified interrupting time, the
breaker is assumed to have failed and the breaker-
failure relaying should initiate tripping of adjacent
and/or remote breakers to isolate the protected
breaker. For the single bus-single breaker config-
uration, all the breakers on the bus must be tripped
to isolate any one of them which fails. This is
readily accomplished by having the breaker-failure
protection circuits energize the bus-differential
lockout auxiliary 86B.

Figure 2 shows the simplest breaker-failure
scheme using the KC-4 relay. Primary and backup
line relays connected to separate current trans-
formers and separately-fused dc supplies so that a
failure in either circuit will not disable all of the
protection. When primary protection operates, it
energizes auxiliary relay 62X and the breaker trip
coil simultaneously. Similarly, backup relays
energize both tripping auxiliary 94T and auxiliary
62Y simultaneously. 62X and 62Y are known as
breaker-failure initiate (BFI) auxiliaries. The
closure of contacts 62X and 62Y provide a signal
in the breaker failure scheme thatbreaker tripping
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Fig. 2. External Connections for the KC-4 Relay — Breaker
— One Timer per Bus.

has been initiated. They energize the TD-§
breaker-failure timer (62) through the KC-4450)
contacts, which have already closed in respopse
to the same fault which operated the lin€ relays!
If the breaker interrupts fault current as expected,
the KC-4 drops out and the TD-5imer is de-
energized before it times out; no further¥action
is taken. But if current flow continues beyond the
expected time limit, the TD-S¢delay%expires and
the output (TR) contact of the TD-5 energizes
the 62A auxiliary relay forg@®ntactmultiplication.
62A contact energizes the 86Blockout auxiliary
to strip the bus and bloek reelosing.

Note that, in figure 2 £ach breaker has its own
line protection relaysy/BFI auxiliary and KC-4
current detector; but that all of these funnel into a
single TD-5 timer. This is done for ecomony since
the same tfipping device, 86B, is energized regard-
less of whichybreaker fails. Targeting of the parti-
cular failed breaker is accomplished by the ICS
in thetassoctated KC-4 in conjunction with the 62X
and"62Y, BFI contacts for that line. The zener
Blecking diode inside each KC-4, connected to

q

Failure

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

B
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86BF coil, backwards through the closed 62A 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-S.

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 prevent
this.

For a bus fault, the 87B relay contact energizes
the 86B lockout auxiliary to strip thegbus jand
block reclosing. The blocking valvesy TRB-2
prevent the 87B from energizing the 86BFuaux-
iliaries. However, in case of breaker failure’during
a bus fault, the BFI auxiliary 62Z relay iSwpicked
up by 87B. The closure of contaety 62Z gprovides
a signal in the breaker failure scheméto energize
the TD-5 timer, then picks upythesedrresponding
86BF auxiliary. 86BF contagt initiates the transfer
trip for isolating the fault€éd bus.

Figure 2 also shows how BFI seal-in can be
provided when one timerisused per bus. The TD-5
relay containing the TX ¢elay cannot be used here.
A separate 62 Zauxiliagy relay is provided for each
breaker, edch withha TRB-2 blocking diode to
isolate the cifcuits on multiple breakers from
one another.

Figure 3 shows a breaker-failure scheme for
the, same bus arrangement. The key differences
are that (a) now a separate TD-5 timer is dedicated
toyeach breaker; and (b) in this scheme BFI seal-in
iSaprovided by the TX auxiliary in TD-S.

The telephone relay coil TX in parallel with

the TD-5 timer 62 is optionally used to seal-in 62X
and 62Y contacts. When the KC-4 contactssand
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 timer. This may be needed
when 62X and Y are enersgized by potential-
polarized distance relays. If as€lgse-in fault occurs
so that the polarizing “potential collapses com-
pletely, the distance g#/€lay will reset after stored
energy in the polarizing’ circuit damps out
(usually 15 to 30%ms)»This will cause dropout
of 62X or Y, ewxen ifi'the breaker has failed and
the fault remains.“Fhe TX contact will keep the
timer energized fopthis critical situation, allowing
the breaker failure scheme to function and strip
the bus.

I'n figure 3, the ICS in the TD-5 now provides
the seal-in and target functions, since a separate
TB-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. 50X 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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Fig. 3. External Connections for the KC-4 Relay — Breaker ffailure

with One Timer per Breaker.

set to accommodate the slowest breaker. Sep-
arate timers provide faster backup cledring
for fast breakers.

(3) With separate timers, the bus capfbe teeOn-
figured without rewiring the breaker “failure
circuits.

(4) If BFI seal-in is needed itlis easy to obtain
with separate timers. With“asfSingle timer,
auxiliary relays and blocking diodes must be
added whose cost,mitigatessthe timer savings.

BREAKER-AND-A-HALFYARRANGEMENT

Figure 4 show breaKer-failure protection cir-
cuits for a breaker-and-a-half bus arrangement,
with one timer for @ach breaker.

The basie functioning of the scheme of figure 4
is the Sameyas for the single bus-single breaker
case.

First, consider the breaker | failure detection

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 1. 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 —/Breaker Faildre Protection of a Breaker-and-a-Half Bus Arrangement — One Timer

per Breaker.

plished by line relays, so these actionsyareWse-
dundant. However, the blocking of pé€€lesing for
breaker 2, and reclose blocking at the jremote
terminal via the transfer-trip sighal;wdre now
provided. Also, 86B-L now stripsibus L to isolate
the failed breaker 1.

Now, refer to the breaker 29failure detection
circuit. BFI is providedy 62Xfand Y contacts for
lines A and B, since ‘a fault on either initiates
tripping of breaker™2yIf breaker 2 fails and the
timer 62 delay expifes, lockout switch 86BF is
energized. Contacts 6f86BF trip breakers | and 3,
block reclésingon all 3 breakers, and transfer-trip
lines A and B. Some of these actions are redund-
ant-for examplef a line A fault does not require
re-tripping of breaker 1. But none of these re-
dundant actions are detrimental. Remember that
transfer-tripping of the remote end of the faulted
ling ‘isn’t really redundant since it performs the
important additional function of blocking re-
closing at the remote terminal.

The TX relay is shown providing optional seal-

in of BFI contacts as described for the single-bus
single-breaker case above.

As mentioned before, on breaker failure
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.

RING BUS ARRANGEMENT

Figure 5 shows the line and breaker-failure
protection circuits for a ring bus. The symmetry
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
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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 the
security benefits of KC-4 supervision are com-
pletely lost. Also, breaker-failure protectionis
incomplete since opening of the 52a contact after
relay operation doesn’t show that fault current was
actually interrupted—it only shows that the trip
mechanism cycled. A lower KC-4_setting i§ a
better alternative.

Sometimes, a transformer connected to one
side of the protected breaker can'preseént a parti-
cular setting problem. Light-current faults may
occur inside the transformer*for Which the KC-4
relay won’t pick up. Thus, ng breaker-failure pro-
tection is providedgwhenydifferential or sudden-
pressure relays initiatg’tripping. To remedy this,
connect a 52a contact'in series with an 86T contact
from the breaker-failur¢ dc positive supply to ter-
minal 9 of the TD-5 timer 62 (86T is a contact of
the lockout switch associated with the transformer
differentialirelay). Repeat this connection for each
breaker #hich is adjacent to the transformer.

The 86T contact supervision insures that

securityis not reduced by the added connection.
[fea,transformer fault results in 86T tripping, the

8

timer is energized and is stopped only when 52a
opens. This won’t happen if the breaker is stuck,
and backup tripping is initiated. The only ‘¢om-
bination of circumstances for which this connec-
tion doesn’t help is a light transformer fault, and
a breaker which opens but doesn’t intefrupt.
Many utilities consider this unlikely and provide
no further protection aganistyit. “Ehe only alter-
native is to replace 52a with a“sgparate low-set
current detector, which can energize the timer
only when 86T closes.

CHARACTERISTICS

Phase & Ground Overcurrent Units are
available in thesfollowing current ranges:

Range Taps

0.5-2 Amps 0% 0.75 1.0 1.25 1.5 2
1-4 1.0 LS 2.0 2.5 3.0 4.0
2-8 2 3 4 S 6 8
4-16 4 6 8 9 12 16

10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80

Thetap 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

P
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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 con-
necting screw. When the relay energizes a 125-or
250-volt dc type WL relay switch or equivalent,
use the 0.2 ampere tap; for 48-volt dc applications
set in 2 tap and use WL coil S#304C209G0|".

INSTALLATION

The relays should be mountéd on*switch-
board panels or their equivalentyin a location
free from dirt, moisture, excessive vibration and
heat. Mount the relay vertically by means of the
rear mounting stud or studsyfor the type FT pro-
jection case or by meafis of the four mounting
holes on the flange for, the/'semi-flush type Ft
case. Either the stud”ofithe mounting screws may
be utilized for, grounding the relay. External
toothed washersare “provided for use in the
locations shown”on the outline and drilling plan
to facilitatenmaking a good electrical connection
between the relay case, its mounting screws or
studs, and the relay panel. Ground wires and
affixed to the mounting screws or studs as required
for poorly grounded or insulating panels. Other
eleetrical connections may be made directly to the
terminals by means of screws for steel panel
mounting or te 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 turning the, proper
nut with a wrench.

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

ADJUSTMENTS AND MAINTENANCE

The proper adjustments, t0 insure correct
operation of this relayyhave been made at the
factory. Upon receipt of the relay, no customer
adjustments, other, than/ those covered under
“SETTINGS,” sshouldybe required.

ACCEPTANCE CHECK

The following check is recommended to insure
thag the'relay is in proper working order:

Phase\& ‘Ground Overcurrent Unit

l. Contact Gap — The gap between the
stationary and moving contacts with the relay in
the 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.



o]

t25vDC

BKR. 2 TRIPPING

LINEB
PRIMARY PROTECTION

LINEB

BACK UP PROTECTION

BREAKER 2 FAILURE
TIMER CONTROL CIRCUIT

BREAKEREAILURE LOCKOUT
86BF-2

POS.

% BACK uP ]- _[___fms A
PROT. © T 22 80 s0-2 geaF-2 TRIP seaF-2
NEB -[——o ’ I o TRANSFER
1 TRIP
0
@ 101 866F186erl pRIMARY
4 A L M,
7T BKRT BkRT PROTECTION ! a=UNE A 86BF-2 TRIP  gegr-2 LINE B
1cs 194 lics 1oa LINE B. @ = LINEB: BKR.3
- A NN o TRANSFER
TRIP
LINE LINE] LINE B
A B8 TOBKR.3
! TRIP COIL 947 lics
o0 i %—T BGBF-Z‘[ BLOCK RECLOSING
FROM LINE  TRB-2 TRB-2 TRB-2 Lo )
A PROT. RELAYS i, 70 BKR.3
o @ TRIP COIL
52\ BXR. X
]
é 2 LgE 524 BGBF—Z'[ S‘R%CZK RECLOSING
b BKR2 :
(3
“ B6BF - -[ BLOCK RECLOSING
BKR. 2 868F 2'[ BKR .3
125VDC %] g
NEG.
LINE D Ya'al A Taal LINE € -
DEV.NO. | TYPE FUNCTION DWG.NO_._[NO. REQ'D
TRB-2 | ZENER TRIPPING UNIT 1874696 | I/ LINE
50 KC-4 OVERCURRENT DETECTOR 1884640 |1/BKR.
i 52 — _ |POWER CIRCUIT BREAKER —  [I7LINE
8} 62 TD—5 _ |BREAKER FAILURE TIMER 3515417 |I/BKR.
E- 62X ARA BKR. FAILINITIATING AUX. 3500485 [I/LINE
g 62Y __ _|ARA BKR_FAIL.INITIATING AUX. 3500485 |I/LINE
] 868 WL BKR FAIL LOCKOUT AUX. —  |I/BKR.
94T ARA TRIPPING AUX. 3500488 |I/LINE
A =HIGH THRESHOLD TYPE {4MS PICKUP)
AA=WITH SUPERVISING LIGHT, USE EITHER 86B CONTACT
OR TRB-2 BLOCKING ZENER BUT NOT BOTH.
| N = R ik + =OPTIONAL FOR SEAL-IN OF 62X AND 62Y CONTACTS
o\ [ L)
2 3
»
(408C554)
Sub 9

Fig. 5. “Externai Connections for the KC-4 Reiay — Breaker Faiiure Protection of a Ring Bus.

T

AVI3d v-OX 3dAL




TYPE KC-4 RELAY

I.L. 41-776AK

ENERGY REQUIREMENTS - 60 Hz

PHASE & GROUND OVERCURRENT UNIT - 60 Hz

tt ¢ tt ¢
AMPERE RANGE | TAP | VAATTAP VALUE | P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
S 37 39 24 46
5 .38 36 13 37
1 .39 35 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 41 36 9.0 36
1.5 44 32 5.0 32
2 47 30 3.0 29
1-4 2.5 S0 28 2.1 27
3 53 26 1.5 26
4 .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 33 42
4 1.3 38 2.1 37
2-8 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 29 0.7 29
4 15 51 24 51
6 1.7 45 1.2 45
4-16 8 1.8 40 0.7 40
9 1.9 38 0.6 38
12 272 34 0.37 34
16 2.5 30 0.24 31
10 1.7 28 0.43 28
15 2.4 21 0.27 21
20 3.1 16 0.20 17
10-40 24 3.6 1.5 0.15 15
30 4.2 12 0.11 13
40 4.9 11 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 13.5 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15

1 1 Voltages taken with Rectox type voltmeter.
@ Degrees current lags voltage.

"




TYPE KC-4 RELAY e

KC-4 50Hz BURDEN DATA
tt 0 tt 9
AMPERE RANGE | TAP | VAAT TAP VALUE | P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
S 35 36 24 34
75 .36 33 13 32
1 37 32 8.0 31
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 4.8 30
2 41 29 2.8 28
1-4 2.5 44 27 2.0 27
3 47 25 1.4 25
53 23 92 23
2 1.04 45 6.2 45
3 1.1 41 32 41
4 1.2 36 20 36
2-8 5 1.3 33 1.2 33
6 1.4 31 1.0 31
8 1.7 27 0.6 27
4 1.26 43 2.1 42
6 1.5 40 0.9 40
4-16 8 1.6 37 S 37
9 1.7 34 4 34
12 20 31 35 31
16 22 28 .20 28
10 1.9 39 .45 39
15 3.6 36 40 36
20 58 34 .35 34
10-40 24 T8 31 .30 31
30 10.5 29 27 29
40 17.5 27 .25 27

1t Voltages taken with RectOx type voltmeter.
@ Degrees current lags voltage.

CURRENT RATINGS{(50/& 60 Hz)

RATINGIOF THE OVERCURRENT UNITS (PHASE & GROUND)

Range Continuous Rating (Amperes) One Second Rating (Amperes) t
0.5-2 5 100
1-4 8 140
2-8 8 140
4-16 10 200
10240 10 200
20-80 10 200

1 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.

12



L. 41-776:1K

TYPE KC-4 RELAY

All contacts should be periodically cleaned. A
contact burnisher S#182A836H0l1 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 contact has
been shop adjusted for optimum follow and this
adjustment should not be disturbed.

1. The upper pin bearing should beyscrewed
down until there is approximately 1 /642 clearance
between it and the top of shaft bearing. Thewpper
pin bearing should then be securelydockedsn posi-
tion with the lock nut. The lower(bearing position
is fixed and cannot be adjusted.

2. The contact gap adjustment for the over-
current unit is made with the;moving contact in
the reset position, (aganist the right side of the
bridge.) Advance thesstatieniary contact until the
contacts just close. Thefi back off the stationary
contact 2/3 of one turasfor a gap of approximately
.020”. Thefclamp ‘helding the stationary contact
housing need ot be loosened for the adjustment
since the clampgutilizes a spring-type action in
holding the stationary contact is position.

3. Thesensitivity adjustment is made by vary-

ing the tension of the spiral spring attached to the
moving element assembly. The spring'is adjusted
by placing a screwdriver of similar toel into one of
the notches located on the periphery of the spring
adjuster and rotating it. The spring adjuster is
located on the underside of the bridge and is held
in place by a spring type clamp that does not have
to be loosened prior tg making the necessary ad-
justments.

Insert the tap screw in the minimum value tap
setting and adjust the spring such that the contacts
will close whefenergized with the required cur-
rent. The pick®up of the overcurrent unit with the
tap screw ifjany other tap should be within + 5%
of tap yalue.

[fladjustment of pick-up current in between tap
settings 18 desired, insert the tap screw in the next
lowestitap setting and adjust the spring as des-
cribed. It should be noted that this adjustment
restilts 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



TYPE KC-4 RELAY
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Westinghouse |.L. 41-776.2E
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTI O N-S

TYPE KC-2 HIGH SPEED
OVERCURRENT RELAY

CAUTION: Before putting relays into service,
remove all blocking 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.

NOTE: These Instructions apply to 50 and 60
Hz. Relays.

© APPLICATION

The type KC-2 relay is a two unit high speed
overcurrent level detector. As an example, it may
be used as a fault detector for KD-10 distance
relays. It may be operated continuously picked
up, if the application requires, without experi-
encing excessive wear.

CONSTRUCTION AND OPERATION

The type KC-2 relay consists of two high speed
overcurrent cylinder units and an indicatingeon-
tactor switch.

OVERCURRENT UNIT (1)

The overcurrent unit is a produetgsinduction
cylinder type unit. The time phase Ttelationship of
the two air gap fluxes necessaryafor the develop-
ment of torque is achieved by means of a capacitor
connected in series with gne pair of pole windings.

Mechanically, th€ overcurrent unit is com-
posed of fourgbasi¢’ components: a die-cast
aluminum frafne, anelectromagnet, a moving ele-

All possible‘eontingéncies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
Jurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the locai West-
inghouse Electric Corporation representative
should be contacted.

SUPERSEDES |I.L. 41-776.2D, dated Jan. 1977

©Denotes change from superseded Issue

ment assembly, and a molded bridge.

The frame serves asghémounting structure for
the magnetic core. Th¢ magnetic core which
houses the lower pingbearing is secured to the
frame by a locking'nut. The bearing can be replac-
ed, if necessapy,“without having to remove the
magnetic coré& from the frame.

The electromagnet has two pairs of coils. The
coils‘of,each pair are mounted diametrically op-
posite‘one,another. In addition, there are two
locating ‘pins. The locating pins are used to ac-
curately position the lower pin bearing, which is
mounted on the frame, with respect to the upper
pin bearing, which is threaded into the bridge. The
eleetromagnet 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
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 gdp
formed by the electromagnet and the magnetic
core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to
holding the upper pin bearing, the bridge is used
for mounting the adjustable stationary contact
housing. The stationary contact housing is held in
position by a spring type clamp. The spring ad-
juster is located on the underside of the bridge and
is attached to the moving contact arm by a spiral
spring. The spring adjuster is also held in place by
a spring type clamp.

With the normally open contacts closed, the
electrical connection is made through the
stationary contact housing clamp, to the moving
contact, through the spiral spring out to the spring
adjuster clamp.

EFFECTIVE MAY 1978




TYPE KC-2 HIGH SPEED OVERCURRENT RELAY

A transformer and varistor assembly is used in
conjunction with the overcurrent unit. The
transformer is of the saturating type which limits
the energy to the overcurrent unit and reduces the
burden on the operating CT.

The primary of the transformer is tapped and
brought out a tap connector block for ease in
changing the pick-up current of the relay. The use
of a tapped transformer provides approximately
the same energy level at a given multiple of pick-
up current for any tap setting, resulting in one
time curve throughout the range of the relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the
varistor is to reduce the voltage peaks applied to
the overcurrent unit and phase shifting capacitor.

INDICATING CONTACTOR SWITCH UNIT
(ICS)

The indicating contactor switch is a small dc
operated clapper type device. A magnetic ar-
mature, 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 cons
tacts, completing the trip circuit. Also during this
operation two fingers on the armature defleet a
spring located on the front of the switch, (which
allows the operation indicator target to drep. The
target is reset from the outside of the(case by a
push rod located at the bottom of the, cover.

The front spring, in addition te, holding the
target, provides restraint for theyarmature and
thus controls the pickup valu€ of the switch.

CHARACTERISTICS

The relay is available imthe follolwing current
ranges:.

Range Taps

0.5-2amps | 0,5 075 1.0 1.25 15 2
1-4 10 1.5 20 25 3.0 40

2-8 2 3 4 5 6 8
416 4 6 8 9 12 16
10-40 10 15 20 24 30 40

The tap value is the minimum current required
to just close the overcurrent relay contacts®For
pick-up settings in between taps refer to the sec:
tion under adjustments.

CONTACTS

The moving contact assembly 4ifiythe over-
current unit has been factory adjusted for low con-
tact bounce performance andyshould not be dis-
turbed.

TRIP CIRCUIT

The main conta¢tstwill safely close 30 amperes
at 250 volts dc ard\the s€al-in contacts of the in-
dicating contaetor, switch will safely carry this
current long enotigh™to trip a circuit breaker.

TRIP,CIRCUIT"CONSTANT
Indicating contactor Switch (ICS)

1 ‘ampere rating: 0.1 ohms dc resistance
0.2/20_ampere rating: 0.2 tap — 6.5 ohms
2 tap — 0.15 ohms

SETTINGS

OVERCURRENT UNIT (I)

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

CAUTION: Since the tap block connector screw
carried 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)

No setting is required for relays with a 1.0
ampere unit. For relays with a 0.2/2.0 ampere un-
it, connect the lead located in front of the tap
block to the desired setting by means of the con-
necting screw. When the relay energizes a 125- or

P N



TYPE KC-2 HIGH SPEED OVERCURRENT RELAY

250-volt dc type WL relay switch, or equivalent,
use the 0.2 ampere tap; for 48-volt dc applications
set the unit in a tap 2 and use a Type WL relay
with a S#304C209GO!1 coil, or equivalent.

INSTALLATION

The relays should be mounted on switchboard
panels or 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 moun-
ting or by means of the rear mounting stud or
studs for projection 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 mounting or to 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.

ADJUSTMENTS & MAINTENANCE

The proper adjustments to insure cerrect
operation of this relay have been mad¢ at the fac-
tory. Upon receipt of the relay, no_ctustomer ad-
justment, other than those ¢overed under
“SETTINGS?”, should be required:

ACCEPTANCE CHECK

The following check s§'recomimended to insure
that the relay is in proper working order.

OVERCURRENT UNIT ()

Contactf Gap%— The gap between the
stationaryfand¢moving contact with the relay in
the de-energized position should be approximately
.020”.

The pickup of the overcurrent unit can be
checked by interting the tap screw in the desired
tap hele and applying rated tap value current. The
contact should close within +5% of tap value
current.

I.L. 41-776.2E

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contacts apd pass”suf-
ficient dc current through the trip cireuit to close
the contacts of the ICS. This value of current
should be not less than 1.0 ampere nor greater
than 1.2 amperes for the 1 ampere ICS. The
current should not be great€r than the particula
ICS tap setting being usedfor the 0.2-2.0 ampere
ICS. The operation indicator“target should drop
freely.

The contact gap (should be approximately
0.047” for the 0,2/2.:Q,ampere unit and 0.070” for
the 1.0 ampere unit between the bridging moving
contact and/theyadjustable stationary contacts.
The bridgingymoving contact should touch both
stationary centacts simultaneously.

ROUTINE MAINTENANCE

Allrelays 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 par-
ticular application.

All contacts should be periodically cleaned. A
contact burnisher S#182A836HO01 is recommend-
ed for this purpose. The use of abrasive material
for cleaning contacts is not recommended because
of the danger of embedding small particles in the
face of the soft silver and thus impairing the con-
tact.

CALIBRATION

Use the following procedure for calibrating the
relay when taken apart for repairs or the ad-
justments have been disturbed. This procedure
should not be used unless it is apparent that the
relay is not in proper working order. (See ‘‘Accep-
tance Check”).

OVERCURRENT UNIT ()

1. The upper pin bearing should be screwed down
until there is approximately 1/64” clearance
between it and the top of shaft bearing. The up-
per pin bearing should then be securely locked
in position with the lock nut. The lower bearing
position is fixed and cannot be adjusted.



TYPE KC-2 HIGH SPEED OVERCURRENT RELAY

2. The contact gap adjustment for the overcurrent
unit is made with the moving contact in the
reset position, i.e., against the right side of the
bridge.

Move in the left-hand stationary contact until
it just touches the moving contact. Then back
off the stationary contact of 2/3 of one turn for
a contact gap of approximately .020”.

The clamp holding the stationary contact need
not be loosened for the adjustment since the
clamp utilizes a spring-type action in holding
the stationary contact in position.

With the tap screw in the desired tap hole, pass
rated ac current through the relay terminals.

The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the
moving element assembly. The spring is ad-
justed by placing a screwdriver or similar tool
into one of the notches located on the periphery
of the spring adjuster and rotating it. The spr-
ing adjuster is located on the underside of the
bridge and is held in place by a spring type
clamp that does not have to be loosened prior
to making the necessary adjustments.

Adjust the spring until the contacts close.
With this adjustment, the pick-up of the relay:
for any other tap setting should be within& 5%
of tap value.

If settings in between taps are desired, place the
tap screw in the next lower tap hole and adjust
the spring until the contacts just close @t thé
desired pick-up current.

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contactsgand pass suf-
ficient dc current through the trip cifcuit to close
the contacts of the ICS. Thisyvalue/of current
should be not less than 1.0"ampere nor greater
than 1.2 amperes for the, 1/ ampere ICS. The
current should not be greaterithan the particular
ICS tap setting being used for the 0.2-2.0 ampere
ICS. The operationgindicator target should drop
freely.

The conta€t /gap should be approximately
0.047 fotithe'02/2.0 ampere unit and 0.070” for
the 1.0 ampereunit between the bridging moving
contaCtwand ‘the adjustable stationary contacts.
Theybridging 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 to the customers who are equipped
for doing repair work. When ordering parts,
always give the complete nameplate data:

RATINGS OF OVERCURRENT UNIT

50 & 60 Hz

Continuous One Second

Range Rating Amps Rating Amps
S5=2 5 100
5—-4 8 140
2-8 8 140
4—-16 10 200
10 — 40 10 200
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Fig. 1. External Connection of KC+2 Relay for Supervising the Distance Phase Relay.
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© Fig. 2. Internal Schematic of KC-2 with Tapped ICS. © Fig. 3. Internal Schematic of KC-2 Relay with 1 Amp ICS Unit.
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INTERNAL SCHEMATIC
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© Fig34. Intérnal Schematic of KC-2 Relay with two Tapped
ICS units.
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I.L. 414776:2E

ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT
KC-2 50 HZ
VAAT VA AT
AMPERERANGE | TAP TAP VALUE PF ANGLE 5 AMPS. PF ANGLE

5 35 36 24 34
75 36 33 13 32
1 37 32 8.0 31

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 34
1.5 38 31 4.8 30
2 41 29 2.8 28

1-4
2.5 44 27 2.0 27
3 47 25 1.4 25
4 53 23 92 23
2 1.04 45 6.2 45
3 i1 41 3.2 41
4 1.2 36 2.0 36

2-8
5 1.3 33 1.2 33
6 1.4 31 1.0 31
8 1.7 27 0.6 27
4 1.26 43 2.1 42
6 1.5 40 0.9 40
8 1.6 37 5 37

4-16
9 1.7 34 4 34
12 2.0 31 35 31
16 2.2 28 20 28
10 1.9 39 45 39
15 3.6 36 40 36
20 5.8 34 35 34
10 - 40

24 7.8 31 30 31
30 10.5 29 27 29
40 17.5 27 25 27

Fig. 5. Burden Data
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ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT
60 HERTZ
VOLT-AMPERES |POWER FACTORIVOLT AMPERES|POWER FACTOR
RANGE AMPS|TAPS(.. o yALUE CURRENT| ANGLE ¢° |AT5AMPERES| ANGLE #°

5 37 39 24 46
75 38 36 13 37
1 39 35 8.5 34

5-2
125 a1 34 6.0 32
15 43 2 456 3
) 45 30 39 28
1 41 36 9:0 36
15 44 32 500 1
) 47 30 3.0 29

1-4
25 50 28 21 27
3 53 26 s 26
4 59 7 0.93 24
2 1.1 49 6.5 48
3 1.2 43 33 )
4 13 38 2.1 37

2-8
5 1.4 35 1.4 35
6 1.5 33 Il 33
8 18 29 0.7 29
4 15 51 24 51
6 (7 45 12 45
8 1.8 40 0.7 40

4-16
9 1.9 38 0.6 38
12 22 34 0.37 34
16 25 30 0.24 31
10 1.7 28 43 28
15 24 21 27 21
20 31 16 20 17
10 - 40

2 3.6 15 15 15
30 42 12 11 13
40 49 1 08 12

Fig. 6. Burden Data

e,
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IN MILLISECONDS

TIME

60
50
DROPOUT, TO 85% QF PICKUP
40 " /
/P|CKUP
OPOUT, TO 80% OF PICKUP
30 :
/DROPOUT TO O % OF PICKUP
20 -4\
S~
10
OO 2 4 6 8 ‘0 12 14 16 i8 20

MULTIPLES OF TAP VALUE CURRENT

(629A576 Sub. 3)

© Fig. 7. Maximum Pickup and Dropout Time Curves for the
Phase and Ground Overcurrent Unit.
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© Fig. 8. Outline and Drilling (FT-31 Case),.









INSTALLATION

Westinghouse I.L. 41-776.4E
OPERATION e MAINTENANCE

INSTRUCTIONSD

TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

CAUTION: It is recommended that the user of this
equipment become acquainted with the information
in these instructions before energizing the relay.
Failure to do so may result in damage to the equip-
ment, Before putting the relay into service operate
the relay to check the electrical connections.

Printed Circuit Modules should not be removed or
inserted while the relay is energized.

APPLICATION

The SBFU is a static relay used to detect the
failure of a circuit breaker to interrupt successfully.
It is used in conjunction with the primary and back-
up relays. Other logic inputs may be used where the
fault current is insufficient to operate the current
fault detector. The external schematic showsgthe
connections for the required inputs.

The wuser should refer to the supplementary
instruction leaflet (shown on the relay nameplate)
for drawing information pertaining to g#a“specific
relay.

CONSTRUCTION

The type SBFU relay is a gbolid=state 19’ wide
rack-mounted package containingya phase and ground
overcurrent unit fault detectom, similar to the West-
inghouse Type SIU. In addition®there is an input
logic module as well as'tan adjustable timer board.
The connection of the®medules as well as the type
of output trip device (Whieh may be a thyristor or
relay) is showa inWthe“particular logic drawing. The
various circtiit beardsy and their slot location is
also shown.y3Thé logi€¢ drawing number is printed on
the relay nameplatef

The inputs from the control voltage as well as
the 62X and “62Y or other input logic is connected
to thedSBFU by means of a Varicon connector plug.
The “fault detector currents and the trip circuit
connections are made to a terminal strip.

The modules are printed circuit boards with
plug-in type of connectors. This permits removal of
the module for replacement purposes or for use in

conjunction with an extendembodrd (S#3494A90G01)
which permits access 0 the médule test points for
making measurements While/the relay is energized.
The plug in feature 1§, ke¥ed to prevent the boards
from being re-inserted in the wrong location.

The overgurrentqunit and timer modules have a
scale plate,andy setting potentiometer mounted at
the front 0f theymodule. This permits changes in the
operating "levels while the relay is in service. A
knob Tocking device prevents accidental changes
of%he fault detector or timer settings.

The, internal schematic and component location
drawifig for the various modules depicts the circuitry
and description of the component values as well
as location of the components and test points.

Overcurrent Unit

Consists of three input transformers, two for phase
and one for ground. Some SBFU relays have four overcur-
rent units (Fig. 38). The transformer has a non-tapped
primary winding and a center tapped secondary winding.
A resistor and Zener diode (ZA and RC)
is mounted across the secondary winding which limits
the secondary voltage produced for large values of
primary current.

The output of the secondary winding also feeds
two parallel cuicuits located on the overcurrent unit
module. One circuit consists of a phase splitting
circuit which is used to convert single-phase to
three-phase voltage. The other is the setting circuit
which consists of a fixed resistor and a rheostat(s).
The rheostat is mounted on the front of the module
in conjunction with a dial plate. The dial plate is
calibrated in amperes required to produce a logic

A possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport 1o be covered by these instructions. lf
Jurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should bhe contacted.

SUPERSEDES |I.L. 41-776.4D, dated August 1974

© Denotes change from superseded issue.

EFFECTIVE APRIL 1977
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Fig. 1. Photograph (front view with door open and cards out part way).

Fig. 2. Photograph (rear view with top cover off and rear door open).
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““1”” output (15 to 20 volts). A knob on the rheostat
shaft is used to obtain the desired operate point.
A locking feature prevents the knob from being
accidentally changed.

Beside the setting circuit the overcurrent unit
module consists of a d-c rectifier, input sensing
circuit, a feedback circuit and a switching amplifier.
The phase splitting adjustment potentiometer and
feedback potentiometer are also located on the
module. These potentiometers are factory adjusted
and should not require changing. The output can be
checked by means of the red and black test point
jacks mounted on the front of the module. The actual
electrical connections can be seen by referring to
the internal schematic drawing of the module.

Breaker Failure Logic Module

This module receives the output of the over-
current unit. It also receives the 62X and 62Y signal
and performs the necessary logic function. Some
relays are wired with a seal-in circuit as shown in the
particular logic dwg. An 8MS time delay is used in some
types to prevent undesirable operation of the seal-in
circuit due to capacitive surges. In addition the input
buffer is designed to respond to input signals greater
than half battery voltage (Fig. 27). Figure 31 8hows
breaker failure logic module with high capacitive supge
immunity.

Adjustable Timer Module

The timer adjust potentiometer is Um@unted at
the front of the module along with a dial"platesA knob
is mounted on the potentiometer shaft and can/be held at
the desired setting by means of aJloeking®device. Some
relays come supplied with two timer modules (see Fig. 38).

Trip Module

A trip module is supplied\when the SBFU out-
put is a thyristor switeh.“lt#'contains the circuitry
for isolating the thyristor) trip supply voltage from
the SBFU controlvoltageé as well as the thyristor
gate drivinggeircuit.

Power Supply

The power ‘supply is a transistor and Zener
regulated d-c supply which is located on the power
supply module. The module is used in conjunction
with'Wtwo external resistors (Ry and Rp), whose
value, depend on whether a 48-volt or 125-volt d-c
eontrol voltage is available. The output voltage is
approximately 20VDC.

Output Relay

The output relay, when used, is the Westinghouse

I.L. 41-776.4E

© high speed Type AR with 4 normally open contacts) At

least one normally open contact is connected'to a teFminal
strip for tripping duty. The relay driyer circuit is
located on the power supply module or breaker failure
module.

OPERATION

The overall operation can best be explained by
referring to the d-c sehematic @and logic diagram
201C845. The 62X and_62¥Yapinput from the primary
or backup relays are fintroduced in a logic ‘‘AND"’
with the overcurrent unit fault detector. The output
of the breaker failure, logic module then operates
the adjustable timer module. The timer output then
drives eitherfa“telay driver or thyristor depending
on the type“ef output. An inductor L1 is used in
conjunction ywith” the thyristor to provide immunity
to line tramsients.

A supplementary instruction leaflet is provided
for_ some SBFU relays not contained in this booklet.
Refer to'nameplate for this number.

Owvercurrent Unit

The line CT current flows through the SBFU
input transformer producing a secondary voltage
proportional to the current. The secondary voltage
value is affected by the setting rheostat. The sec-
ondary voltage is connected to a phase splitter
consisting of a capacitor and fixed resistor and a
potentiometer which produce a three-phase voltage.
This voltage is fed into a three-phase full wave
rectifier. The output of the rectifier goes to a Zener
comparer. When this voltage is high enough, the
Zener conducts and allows current to flow into the
base of the Q1 transistor. When transistor Qq turns
on, transistor Qzalso turns on causing the voltage
at the output terminal of the module to rise from
approximately 0 (logic 0) to approximately 20 volts
(logic 1). At the same time, a current feeds back to
the input. The amount of feedback current is ad-
justed by a potentiometer in the feedback path which
is factory calibrated for a dropout of approximately
95% of pickup.

Breaker Failure Logic Module

The 62X and 62Y inputs are connected to two
buffer circuits which consist of two Zener diodes,
three resistors, one capacitor and one diode. This
circuitry provides immunity to transients that may
be picked up by the leads leading to the input of
the SBFU. The buffers are connected to a NOR
circuit consisting of a transistor and resistor. The
output of the NOR circuit connects to a NAND

3
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circuit in conjunction with the output of the over-
current unit. The NAND circuit consists of two
input resistors, a transistor, a base and a collector
resistor. The output of the NAND circuit is con-
nected tothe output terminal of the module and should
produce approximately 15 volts d-c input to the timer
module.

Some modules contain an 8 MS timer for delaying
the seal-in signal. The time delay may vary from 5
to 11 MS.

Adjustable Timer Module

The timer module input is a transistor OR circuit
consisting of a NPN and PNP transistor. The output
of the OR circuit drives a time delay circuit con-
taining a bridge circuit. One leg of the bridge cir-
cuit is the timing potentiometer which is set for the
desired time delay. The other leg has a timing cap-
acitor in it. The opposite two legs have a bias
potentiometer which establishes the timing capacitor
voltage required to fire the thyristor.

The thyristor is connected across two corners
of the bridge circuit. When the timing capacitor
voltage exceeds the bias voltage, current flows into
the gate of the thyristor turning it on. The voltage
at the brush of the bias potentiometer quickly rises$
to approximately 18 volts. This is about 5 vglts
greater than the blocking Zener and therefore allows
transistor Q5 to turn on. It also turns on transistor
Q3 which discharges the timing capacitor. At the
same time Q5 turns on, transistor Q6 turns @mwand),a
logic “‘1’’ (20 volts) appears at terminal{2 of \th-
module.

Trip Module

The output of the adjustablé timer board feeds
the trip module or output relay driver whichever
the case may be. Where a thyristor output is used,
a trip module is required. The trip module provides
a pulse for triggering thefgate of the thyristor as
well as providing i§olatién between the input power
supply by means of“@pul se gransformer.

When the output is a‘relay, a trip module is not
required. In that case the output of the timer feeds
a relay driver circuit located on the breaker failure
logic module) or power supply module. The relay
driver consists)of a transistor, base resistor, input
resister‘anda zener diode connected from emitter to
collector to protect the transistor from transients.
The“output of the relay driver circuit is connected to
a relay coil which operates four sets of contacts.

CHARACTERISTICS

The overcurrent fault detector is available in
0.5-2, 1-4, 2-8, and 4-16 amp. range. Figure 3 Shews
the operating time of the overcurrent unit vs. mul-
tiples of pickup value. The reset time of the over-
current unit is shown in Fig. 4. The dropout ratio is
factory adjusted for approximately 95%.@f pickup.

The adjustable timer can beW@supplied with .05
to .4, .1 to 1.0; and .4 tof4.Opsecond time delay
ranges. The timer has essentially no ‘‘over-travel’’,
(tendency for a timer to “operaté after the input is
removed). The recyclifig time¥of the timer is less
than .01 seconds aftemthe“timer has timed out.

The timer accura@y is rated at 5% or better from
18 to 21 V. d.¢. and)=—20 to + 60°C.

The thymistor trip output operates in approx. 1
millise¢ond.. When a relay output is used the oper-
ating time@yis approx. 6-8 ms. for a 2 watt AR and 2 ms.
for a0, wat® AR. A diode is connected around the coil
togdelay d¥opout by approximately 40 ms.

Seme input buffers are equipped with a ©.2K
shunting resistor across the buffer capacitor. In this
caSe the ‘‘must not operate’’ input voltage is 50%
of rated. The ‘‘must operate’’ input voltage is 80%
of rated.

For all other buffers the ‘‘must operate’’ voltage
is 38 VDC.

All output buffer signals are rated for 10 MA
maximum at a nominal 20 VDC and 15 VDC minimum.

The tripping thyristor, when used, is rated for
5 amperes continuous and 40 amperes for 5 cycles.

Battery Drain

The battery drain in the non-operate mode is
approx. 60 MA for 48 V. d.c. supply and 30 MA for
125 V. d.c. supply. This does not include the relay
drain if one is used. The 2 watt 125 V. d.c. relay
drain is approx. 15 MA and the 10 watt 125 V.d.c.
relay is 80 MA. The 10 watt 48VDC relay draws
200 MA.

The A-C current burden is shown in Table I

The A-C current rating is shown in Table II
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I.L. 41,776.

TABLE | O
ENERGY REQUIREMENTS 0
AMPERE SETTING VOLT AMPERES P.F. O VOLT AMPERES P.F.
RANGE AT SETTING ANGLE AT 5 AMPERES ANGLE
0.50 0.06 11.5 2.8 17.5
0.75 0.09 2 % 15.8
1.00 0.13 \ 14.5
.5-2 1.25 0.17 8 % 14.5
1.50 0.21 12 0 15.5
1.75 0.26 14 1 16.5
2.00 0.31 15 § 2.0 18.0
1.0 0.06 ; 1.3 4
1.5 0.10 1.1 4
2.0 0.15 5 0.9 5.8
1-4 2.5 0.19 9.0 0.8 8
3.0 0.25 11.0 0.7 11
3.5 0. 14.5 0.6 14
4.0 16.5 0.6 16
2 7 8+ 0.44 6+
3 .12 1.5 0.33 1.5
g & O 0.18 5.5 0.28 5.5
28 5 0.25 8.5 0.25 8.5
0.35 10.5 0.23 10.5
0.45 13 0.22 13
O 0.50 14 0.2 13.5
\ 4 0.10 6-/ 0.14 5.4/
6 0.15 3 0.10 3
8 0.25 5.5 0.10 6
4-16 10 0.35 7.5 0.09 8
L 4 12 0.50 9 0.08 9.5
14 0.65 9.5 0.08 10.5
16 0.8 10 0.08 11.5

A Current L.agging Voltage

4 Current Leading Voltage
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TABLE 11
CURRENT RATINGS
Range Continuous One Second
.5-2 8 Amps. 350 Amps.
1-4 10 Amps. 400 ‘Amps.
2-8 12 Amps. 400 ‘Amps.
4-16 15 Amps. 400 Amps.
SETTING

The only setting required is the overcurrent
unit and timer unit. These are set for each over-
current unit by means of the knob adjustment located
on the front of each overcurrent unit module. Like-
wise, the timer setting is made by means of the front
knob on the timer module.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. The maximum
ambient temperature around the chassis must not
exceed 55"C. Mount the relay by means of the foun
slotted holes on the front of the case. Additional suppo?t
should be provided toward the rear of the relay in addition
to the front panel mounting. This will protect against
warping of the front panel due to the extended weigzht
within the relay case. Ground relay chassis with No /12
AWG copper wire to grounding post.

ADJUSTMENTS AND MAINRENANCE

The proper adjustments to insure ,Correct operation
of this relay have been made atythe factory and
should not be disturbed.

Acceptance Test

The following check isecommended to insure
that the relay is inpproper werking order. Refer to
the logic drawingfpertdining®to the particular relay
(Dwg. No. is located ondthe relay nameplate) for
correct terminal conneetions. The test drawing shown
in Fig. 43 may be used.

Overcurrent Unit

Check Yer correct scale marking by applying
current with®the knob set at either end of the scale.
A voltagewnof approximately 20 V. d.c. should appear
at@thegtest terminals (located at the front of the
overcurrent unit module) when applied a-c current
is within + 10% of the scale setting.

Check the dropout ratio (94 to 98% of pickup
current) by reducing the applied a-c current ungil the
voltage at the test points falls to zero.

Timer Unit

A timing check at the minimum®and maximum
settings is recommended to imsureg thaft)the timer
module is in proper working orderdThi®s*can be dore
at the same time an overallf'test of the relay is
made.

Overall Test

Refer to the logie, drawing and test drawing.
Connect an 86 device between strip terminal 4 and
negative. Connect_125%volts d-c positive to terminal
3 of the terminal /steip. Connect rated voltage to
to terminal BWJ6" dnd /J8 of the Varicon connector
through normally. open switches. For some logic
drawingsmalso‘eonnect rated voltage to J15, J16 and
J17.pCoennect negative of supply to J3. Also connect
positivepcontrol voltage to terminal J4 and negative
control voltage to terminal J3.

Using a module extender (S#849A534G01, or
3494 A90GO01) remove the timer module and insert the
module extender into the timer slot position in the
relay. Now plug in the timer module into the module
extender. This makes the timer board terminals
accessible. Connect an electronic test timer so
that a positive signal at terminal 2 of the timer
module will stop the test timer. By using a DPST
switch in series with the input to terminal J6 then
the test timer can be started at the same time J6 is
energized. On some relays the timer module output
is connected to the relay output so that the module
extender is not required.

With overcurrent unit set at minimum, apply
twice pickup current, and the timer module set at
0.2 seconds, check to see that an output appears
at terminal 2 of the timer board 0.2 + .01 seconds
after the switch to terminal J6 is closed. The light
connected to the trip terminal should go on at the
same time. Open switch to J6 and reset the light.
When a seal-in feature is supplied it will be neces-
sary to reset the overcurrent unit.

The same procedure should be repeated using
I and then Ic input. Check also to see that an
output is obtained when J8 switch is closed with
an overcurrent unit input above pickup applied.

If there are other inputs such as J15 and J16
check to see that an output is obtained when either
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switch is closed. Also check all other outputs as
shown on the logic drawing.

CALIBRATION

Overcurrent Unit

The overcurrent unit may be recalibrated if the
phase splitter or feedback potentiometer adjustments
have been disturbed or if components have been
replaced. As a result, the scale markings may not
track with the knob so that it may be necessary to
readjust the knob or replace the scale plate with a
new dial.

The phase splitter is adjusted with minimum set-
ting current applied, and minimum dial setting.
Adjust the phase splitter potentiometer R13 so that
equal a-c voltages are measured at the input to the
three-phase rectifier. (TP1, PC terminal 9 and 10).

The dial rheostat is calibrated with rated d-c
voltage applied. Apply desired a-c current until a

I.L. 41-776.4

Adjustable Timer Unit

The circuit should be first checkedjto see that
there is no component failure. Replacement of a
defective component may or may not disturb the dial
calibration. If it does, repositioning of the dial

knob may get the knob to tr . If not, a new blank
scale plate is require E% relay and use a
card extender and hooku;N overall acceptance

ing jpetentiometer fully clock-

test. Rotate the timing
@‘ . Adjust the trimming

wise for maximum ti
potentiometer, (RB that maximum delay is
approximately 108% of] the maximum time. Tighten
knob so that on the knob makes an angle
of approxi ely degrees with a vertical line.
With the b ated fully counter-clockwise, the
timing sho less than 90% of the minimum time.
be readjusted in order to balance the
nically with respect to the stops. With
similar tool, scribe lines every .05, 0.1 or
conds, depending on the relay range.

voltage of approximately 20 V. d.c. appears at the &&'ere are no adjustments required on the power

module outputs test points.

The dropout (feedback) potentiometer is adg
by applying pickup a-c current after the
potentiometer has been rotated about half-v
lower the a-c current to 95% of pickup

desired). Increase the feedback resis e ro-
tating the feedback potentiometer cl@c until
the 20 volts d-c at the output drops e

L 2

Q
o
¥

L 4

upply, breaker logic, or trip module.

RENEWAL PARTS

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



TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY
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Fig. 3 Operating Tjime of/Overcurrent Unit Module.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

I.L. 41-776.4E

POWER SUPPLY

=1

TRANSISTOR STYLE REQ. REE.
Ql 837A617HOI I 2N3589
ZENER DIODE
ZI I187A936HI6 I IN3050A
z2 849A487HO! I IN4747A
| DI10DE
DI3 837A692R03 | | IN645 A
[ CAPACITOR
ce 184AB6IHIO | | 6 .8MFD.

_| 899Cc378G602 |

671B508

Fig. 5 Power Supply Module Internal Schematic Dwg.

< —

899C620

Fig. 6 Power Supply Module Component Location.



TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

Lo ! P N
7
13—
PHASE
" I TP
SETTING SPLITTER
12 RED
SENSING - 5 CAPACITOR | STYLE [REQ REF.
C1RCUIT PLIFIER ouTPUT BUFFER CI-C2-C4___| 187A624HII ' 3 | 0.5 MFD
]
| SETTING PHASE _]—. 2 €3 Lie7asoskos| r [ 1.5 wrp
. SPLITTER DIODE
’ BLTAPCK 0iTOD7 -D9TODI4 | {84AB55HO7 | I3 ING57A"
s £H20VOLTS @ D8-DIS 837A692HO3 ig ING45A |
“
POTENTIOMETER
Si-s2 636A635HOTN| 2 |iSKS12 1/2W
- T T T T T T e T = T 7 RI3~RIE 629A430H031 02 | 2 5K—1/4w
1a |l RI2 629A430H05] 1 200K~ 1/4W
>
I | % RESISTOR
~ c3 RI-RIT ] 629453iHe2 || 2 2.7K
x ! R2-R3-RI4—RI5 |[762A679H02.| 4 [330n-3W
Q2 | Ril 7624673H0 | 1| [1s00n.~ 3w
DI5 2| R4 629A53(H78 | | 82K
@ — e R5-R6-RT. 629A53IH56 | 2 10K
| R8 629AB531H52 | ! 6.8K
I 07 08 5 R9 184AT63H8I 1 | 180K
| (R5} R9 Ri2 - RIT % RI0 629A53IH78 1_| 82K
MOUNTED ON FRONT c2 , POS2 1'% TP3 RED
l7 PANEL OF MODULE = . 9 oz T
™ (3 IRANSISTOR
) BLACK
! cz 7 feosa ) - TP Qul 84B8AB5/H02 | | 2N3417
| \ |\x Q2 B49A441HOI | 2N3645 _
[] N —
NOTE I ZENER /DI ODE
! L -O | Z 186A797 HO6 | | IN9578
I DI D TP2 C2 OF BD 5313012 —— MOUNTED (N POSI 72 862A2 8 BHOI 1 IN368BA
i C2 OF BD 6267088 —— MOUNTED IN POS?2 ! -
- > |
|
| 03 D4 |
0 FORP | e2e7088 9 #* 2RESISTORS TO BE 1/2 WATT T29
| DST De - - = - [ UNLESS OTHERWISE SPECIFIED
i 5313012 4P
I 671B94°%
Fig. 7 Phase Overcurrent Module Internal Schematic Dwg.
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Fig. 8 Phase Overcurrent Module Component Location.



TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY I.L. 419775RE

RED
T 1 TP
~
N 2 CAPACITOR | STYLE [REG| . REF | |
SETTING PHASE SENSING e ",
10 SPLITTER L——O ¢ AMPLIFIER ouTPUT BUFFER| s G - 167 A62amiI_ | 2 05 MFD
PO ——— L CIRCUIT L €3 | I167TASOeHO9 [ | | 1.5 MFD.
T DIOTE B
BLACK DI TO D7 | 184A855HOT [ 7 iN45TA
% <HEOVOLTS @ D8 - DI5 837A692HA3 | 2 N 645A
| <NES: POTENTIOMETER
si B36A635H07 | | |SK-12.1/2W
_____________________________ RI3 629A430H03 | 2 .5K-1/4W
R12 629A430H05 | [ |200K- I74W

% RES| STOR

Ri 629A531H42 ] 2.7K
R2-R3 762A679H02 | 2 |330N- 3 W
RIl T62A6TIHOI | B0.A--3W
R& 629AS31H78 | 82K
R5-R6-RT 629A531MY6 2 10 K
R8 629A53H52 | 8K
R9 184A763HBY | | 180K
RIO 629A531H78 | | 82K
TRANSISTOR
Qi 84BAB51HO2 | | ZN34IT
Q2 849A441HO} 1 2N3%45
-
NOTE: | TENER_DIODE
C2 OF BD 5309033 — MOUNTED IN POS. | z! 186A797HO6 | | IN9578
C2 OF B0 6267089 —— MOUNTED IN POS{2 22 862A288HOI 1 IN36688A
|
l
%=RESISTORS TO BE 1/2 WATT *2%

6267085 UNLESS OTHERWISE SPECIFIED
5309033) |

671B960

Fig. 9 Ground Overcurrent Module Internal Schematic Dwg.
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Fig. 10 Ground Overcurrent Module Component Location.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

P N
2« |purrerl— +——| or AND | 57 - o »
- | < ’ "CAFACITOR | STYLE REQ]  REF |
“ ( Cl-C3 ~ 849A437HO4, 2 | 047 MFD.
s%»r———{aurrsn —- ! - S - ‘
T \ " biopE - I \
o ' 03-04 837A692H03 | 2 | ING45A_
5¢ __ ‘ i : I _
oR fr——— —— © —-
s 629A531H48
[629A5 3 1H78
]629A531H586
625a531H52
he - 6 - - - - 6295A534HE6 |
- 629453 1H72
M N - | 6 L
I [o‘ I TRANSISTOR | T O T
| 3{ | a5-06-07 _ |aaBAssiN02](S |
[ TPSO-— \ - B N
2 z2 D4 - Z5 D3 7 — e
AR Lte g o s il y AR ! - TSgaziztios [ ¢ | TNssass
noo2 L 4 za & C3T 1:—:’ 2] [ T2z 186A797HO6 | 2 | IN9578
! 4 | N T & ]
- S | [ A ) ,
|
| L
I
| . _ B _
1 ‘ [ N A S
L l Wy o -
,,,,,, e _ _ [zoicooacor X ONLESS OTHERWISE SPECIFED. -
691B004
Fig. 11 Breaker Failgre Logic Module.
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Fig. 12 Breaker Failure Logic Module Component Location.

12



TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

IL. 41,776.4E)

e 1
F4 TP7 |
[, 6 28 © |
Ty oo e—ele—bi & |
ps D9 I 04

L, Xz nes |2 z7g ean 5 @ I
— |

|
I |
= g :
6 .TPI TP2 "\‘
K———-—-———Iz [R36] = R4z o =
| - 2 cl E oy y - ] - o l
! T [1!] < |
|

14 POS. NEG. 1y,

8
TP7
2
BUFFER —>
o
TABLE |

7 BOARD STYLE [%:]
<l
e 202767601 NONE

s 202C767602 | 047 MFD,

CAPACITOR STYLE REQ. REF
CI—C3-C4 | B49A43THO4R| 3 | .047 MFD.
Cc9 1BBA669HIB | | | ,047 MFD.
DIODE
Di- D4-D9 837A692HO3 | 3 IN645A
RESISTOR
R2- RI8 ~R26 629A531H48 3 37K
R3-RI9 —R2T, 629A531H78 1 3 B2 K
R —RIZ=R25 629A53IH72 | 3 aTK
R6-RIB-R36-R42-R69 | 629A531HE6 5 27K
R4=R7—R28 629A531H56 3 10K
RS=RBER29 629A53IH52 3 6.8K
TRANSISTOR
Qr=02—07 84BAB5IHOZ | 3 | IN34I7
| ZENER DIODE
|BI=25—27 185A212H06 3 | IN36868
Z2—Z6—28 185A797HO6 | 3 | INS578

715B542

Fig. 13 Breaker Failure Logic with Provision for 52a Contact Input and Seal-In.
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Fig. 14 Breaker Failure Logic Module Component Location.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

SINGLE TIMER BOARD FOR RACK MOUNTED RELAY

. CAFAGITOR . TINE RANGE , STYLF _ REO! _ REF
: - "84AK63INHO( T 2 |
_ [ N - 1188ASB9HCS 1 !
¢ INPUT 1‘ADJUSYABLF " outPUT o >2 SEC. |87A808HI7 ',1,
DRIVER | TIMER |~ | DRIVER e H SEC _'87AS0BHIy' |
T o | L | ‘ BUFFER | >3 4D EEC TB7ABO8HIS| 2 |
- _“_s_us,snoa“u,
18428 55H08 gl
- 837A6392H03) |
TABLE | -
| BOARD ASSY STY_C Y\ME NANGE A - ﬂg::‘:i:”::
s +- - - a H
v 5312006601 L 05-.4 SEC. | . R4 —RIS | - wsééissl’is_zf
§312006602 1-1.0 SEC J RS-RmI3 i __ |629 AS3THSO
53|zuossos,5.s .4-40sEC.” [ ,:27 - 187A290129
2

184 4 763H8
5: 4 SEG.[6294%31H39

1.0 SEL.|629A831HAE |

MOUNTED ON FRONT

Ri4—— o

€,
9a ﬁSIﬂSZ

?
|
PANEL OF MODULE 3 R
. | | sznswnmr i Jrson 3w
S - | i
| ;04 ;t l Qs : eszuosnoﬂ 1 EET
i 8624 d3H02] | |28
¥05 862 AZ03HOT ' 1 50K 75
; | Yos \ 2 S B A asz A3031037 | io
| — - RIl o " THYRiSTOR_ [ T -
‘ ‘ 2 I . Twoz[ 1] EWees |
i . | E- J ) TRANSISTOR ; T
ol o4 ' 848A151HC2] 1 2N34IT
7 ' 7 - l 03 = - L -
LooTE & [—*E f » D oe | 3 {Ri2} + —» | as vy RIT 5 T [s4sasarnari 2 [ TaN3ess |
| %L »32 | i 3 - 1844638H B, 2 w837 )
L e L * -
| E] - : - " ' = TTe@ag3onil | 1 INI3ISA |
| ReTu  jel 5 —W g 22 1821 - A
| o | T ~e TPUY % lz Tcz L3 l |se2a288H0r T 1 ! iN36EBA |
: [ | 4 TH=RESISTORS TOBE 1/ZWATT- £ 2%UNLESS OTHTRWISE SPECIFIFD
e l . e Y — e _ A =BIMEG =\ (/2W -+ 5% .
I
L SEENTABLE | FOR

BOARD)ASSY. S TYLE

691B031

Fig. 15 Timer Module InternaliSchematic.
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Fig. 16 Timer Module Component Location.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY I.L.,41-7764E

P aioii PO S, NEG A,
—> g
LINE 58 CAPAGITOR [ - STVLE REQ. REF.
——>9 ¢z @7624nCs | 2 ZMFO. l
4 €—DRIVER ISOLATORL 5 o [ c3ce 18RAGE9HOS | 2 P By
oR ——>t1 S— -
——>13 -
s 12 RELAY TYPE SRU _0100€ #_ —
i %004 837a692H08 | 4 IN645A
o ——t— 1
e RESISTOR %
3 Pt 1o 2% 187A643H9 | 4 [47ON-W3s%
P @iz} tws |Dezoas3mis |4 | 3oon |
i 3 629A53H6ONT] | | 5K
| R 6294531448 | | 4.7K
7S §29A531H52 | L
| RI0- R8 €29A53Se (21 oK
7‘5 I Ril_T0 RI3 szugﬂgg_[’? 27K
| —
TRANSFORMER 77
| TR 629A372H01_ | 1 F0505 |
' TRANSISTOR - B -
‘ Q! 6294435H02 [ | 4JXS5EE95
az 849a4ain0r | (] _ 2n3eds
! ‘2 3 o3 8284351M02 | 1 2N341T
) ZENER DIODE 1 -
) 73 70 26 | ezeaseonor | g 1R200
' rp > 7 o oA 1cH0] Rl TN
,,,,, Y . __ __ __ [esscezecor’ —
®:ALL RESISTORS TO BE /2 WATT * 2% _UNLESS
OTHERWISE  SPECIFIED.
TRACF LoRPoNFNT - 00 GIim®S Y
Fig. 17 Trip Module for, Thyristor Output Internal Schematic.
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Fig. 18 Trip Module Component Location Drawing.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

12— auFreR————| oOR

ANO +——>»8
CAPACITOR STYLE | REQ REF.
— e ci-c3 849A437HO4 | 2 | 047 MFO.
-
2€¢—|BUFFER ‘
. ! DIODE
03— D04 8374692103 2 ING645A
# RESISTOR
R2—F., 629A531H48 | 2 7K
R3-RIB 629A53(H78] 2 82 K
RI9— R22-R25-R28 |629A53 H86 |14 10 K
R20-R23-R26-R67|629A531H52 | /4 6.8K
-7 R21-R60~-R6I-R64|629A531H66] 4 27 K
| R1-R68 629A531H72 2 ATK
| TRANSISTOR
| G85-Q06-47 _ |84BABSIHDZ] 3 TN3al7
\ a8 8374617H0] ) 2%3389
| ZENER DIOOE
Zi—z4 185A2/2H06 | 2 | 1N36868
1 | z2-2§ 186AT97HO6 [ 2 I N9578
{ 26 IBTA936HIT [} I1N30508
|
|
s L] 3!
k JR6— te7 TPe—— TP 8 O]
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'(9_4375.}—%— a7 —{re7 p.s a8 P i
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Fig. 19 Breaker Failure Logic and Relay Dfiver Module Internal Schematic.
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Fig. 20. Breaker Failure Logic and Relay Driver Module Component Location Drawing.



TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY LL. 4K7757%§

CAPACITOR TIME RMANGE STYLE REQs REF.

e - - 154A663H01 ¢ 2 U .ot WFD,

Lok R _| 1334663103 1 27 _MFD.

: C4 - ¢s 349A43THI <047 4FD,

ADJUSTABLE OUTPUT
TIMER DRIYER

<
| 1374203415 1 2 dfh
4=y SEC, | 1874508417 1 22 HFDa

TABLE 1

BOARD A$SY, STYLE TlMEﬁRlNGﬁEV

«1-1.0 SEC.

—Da-] — 1344350103 [LYFFL)

I1N36368 1

2
. - Dis — 133421 ¢HOs 2
D3-p3-016 3

> Geaudlii
0299 31HB5
6090 S1H

o
[ -uq.nrcg

2298031000 |
18742 90H29

134A733Hg 2
.| _s9m031445
_ | 629A531H39,

.y 337A692H03 |
L RI*RI. RZE-NG
LU

MOUNTED ON FRONT
PANEL OF MODULE

| TocAadinge
L2983 1RIL
N AYEL ALY W

A
s 624303401

‘ ] ”
LU Tew Tenose
RI_ 1 02,4 SEC. S G5eAJos
! —+

- — 3
h TRAMSESTOR - — - —
[T - —aiaAdaldle . L Maalr
SOAUHAQL | o _lsan
1848033M18 £ | ciloa?

S S S R EYY Y ¥V S G TVY YUY B
[ S — . 36<AJBGHOL __1.__IWJodBA
- T l30ATVINGE ¢ IMwa?3

« - TRESISTORS TQ SE 1/ VATT

| A-.51MEG. - 1/2 UATT » of
— e - QW - —d T ORLRELATK L2 UATT SkocdAastt7e FOR 48/1iv ¥DC (NPT - - @&
SEE TASLE | FOR BOARD “ASSY. STYLE —

T 2% UNLESS OTHERUISE SPECIFIED,

691B372,

Fig. 21 Threé Input Timer Module Internal Schematic.
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Fig. 22 Three Input Timer Module Component Location Drawing.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

RELAY TYPE SRU

JRE—

—.,—-xoy——n

71(09
2t

= |
K L_‘F‘JCI

POWER SUPPLY

CAPACITOR STYLE REﬂ. REF. \
Cl 184A661HIO | 6.8MFD.
Cc9 18BA669HC 3 | < MED
DIODE
D2 837A692H03 ! IN64SA
RESISTOR %
RI-R2-R3 629A531H39 3 2K
R4 629A531H56 | 10/K
TRANSISTOR
QI—0Q2 837A617HOI 2 2N3589
ZENER DIODE
2l —23 187A936HIZ 2 IN3050B
z2 849A487HO! i INA747A

899C642602i

% =REBISTORS, TO BE (/2W+ 2%

SPECIFIED.

UNLESS OTHERWISE

691B215
Fig. 23 Power Supply and Relay Driver.
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Fig. 24 Power Supply and Relay Driver Module Component Location.



TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

I.L. 41:776.4E

APACITOR TIME RANGE STYLE RE! REF.
o Pos NS o E,En = 844563001 20 RO MFD
e
3 188AG6910E 1 127 mep
7 w1 [ aosustase ouTPUT 2 oy 849443704 NEIAT
8 DRIVER  [— TIMER DRIVER G 05-.% SEC. | 1BUAGG IHl6 ] 22 wrp, )
. oR J ' 3 ¢Tu 1 - 1.0 SEC. | 187A508h15 T 27 MFD !
I — OIoE -
01-D2-04-D5-06 18448 55H08 5 INU59A
TABLE 1 03-08 337632703 2 | IN6u5A
BOARD ASS'Y INPUT o7 185A21 2H06 T | 1N3686 8
OARgrvie | |TME RaNGE s TERM, 7 TERM_ 8 HESISTOR X
5312006615 05— 4 SEC. |B2K (629A53iH78) |36 TO (40V. wal 629ASSTHE0 T T8k
5312006616 I — 1.0 SEC. | 82K (629A531n78) | 38 70 140V. — P SN T urg
5312006G18 .03 — A4 GEC | 62K (629A531H51} 100 TO 140 V. 38 TO 60V RSB 625453 1H43 | 7K |
5312006619 T —1.05EC.] 6.2K(629A53In51) ]| 100 TO [40V_| 3810 60V. R16-R20 629453 138 2 [ 27k |
RI-R3-R14 629453 |56, 3 | 10K
I} RY=RI5 7629453152 2 [ 6.8K
o1 MOUNTED ON FRONT RS-RT3 _| 629453150 2 | 5.6 !
B PANEL OF MODULE 43 RE 1674290429 || 5 IV 55
= w7 1642763197 | 1 ' &
& RS 054 SEC. 679453 1139 [« .
| RI-RIC 629453Th36 z | 1.5
. G [RUI=R12Z 6294531432 2 UK
-4 5| [*17 [ 76ZA673H01 | IS0M - 3W
A 3 R L9 |SEE TABLE I [
! /8 J- 1.0 SEC. | 629A53H46 | 1 . 3.9K
I . 3 T i
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B862A788H0| 1 | IN36583
T86A797H0E [
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Fig. 25 Timer,with High Input Threshold Voltage.
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Fig. 26 Timer with High Input Threshold Voltage Module — Component Location.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

—
[Py a— POS. NEG, ——> 1 CAPACITOR | STYLE  |Rea] REF,
C1-C2-C4-C7 |843A437HO04 | 4 1047 MFD.
6 &—— B— _ cs 763A219H18 | | |56 MFD,
— L o AND ce 18BAB69HOS | 1 |.27 MFD.
H(—{;UFFER | TP2 TPa
— I —Q DIODE B
2 <——{BUFF }7 — - 4
< —E,,ER DI-D2-05-D6-D7 |B37A692HO3 | 5 | ING45A
O oR - —
5< — RESISTOR ©
- RO N RI-R63-R64 | SEEMIABLE 3
R2-R8-RIT | 629A83)H48 | 3 47K
R3-R9-RI1A 629A53IHSL |3 6.2K
57 R4-RIO-RI9-R25-
gL ) . A 2 ]
e | R29 ~ |f623as3Inse | 5 10K
f*" o e L o | R6 - R12 - R26-R21|829AB31H52 | 4 | e.8K
2 TR2 o R36-R49- RS4~
I —_— 5-R56 < B 7
| 77 D7 | RS 629 AS3IHG 6 27K
22 | R30 €29A531878 | | 8z k
1
I o | R31 762A679H0 (1 | | li500-5% 3w
3 | T
’ | TRANSISTOR
Ics | Q)/@2-04-98) |sasass5iH02 | 4 | ZN3417
| 26 B45A441HOI | | | 2N3645
a6 \ |
ol ZENER D10DE |
79 s P P o —> 21-23%528 1854212H06 | 3 | IN368B6B
54 —e—te—pt as RS 72-24-27 \B6A797HO6 | 3 | IN957B
{549} i E Al
29 837A693H06 | | INTOS
: Zi0 862A288HO0) | | | IN3688A
r cs Z10 | €= ALL RESISTORS TO BE I/2W 2%
| UNLESS OTHERWISE SPECIFIED.
- s iipleysTyLE RI-R63-R64 |TERM.2-11-12 | TERM.5-6
97| |[205C268601 [629A531H72 (47K)[100 TOI40V | (5T020 V
__ 7 [205c268602[629A531H60 (15 k1| 38 TO 60 V| I5 TO 20 V
__________________________ -—_—— ESE_E TABLE | TABLE |

718B644

Fig. 27 Breaker Failure Logic with High Input Threshold),Voltage and 8MS Seal-In Time Delay.
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Fig.%28 Breaker Failure Module — Component Location —~ High Input Threshold Voltage and 8ms Seal-In Time Delay.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY. I.L. 41577C9E

CAPACITOR | STYLE _ REQh _ REF  _
c2 188AG69HO5 | ITIMFD.
c3 849A437HO4 || .047 MFD.
ca € TABLE 4
| . —
DIODE ! : )
D203 837AG9ZHO3 : 2 | IN645A
RESISTOR , ¥ |
R4-R7-RI0-RI33
B ity 629a53IH56 | 8 | 10K
_\ RERERIZR20R23 R2BABL |629A63IH62 | 7 | 6.8K
R2I-R29,RI6IRA 3 RE2 727K |
RI7-R24 629A531H48 2 a7k |
RIGLRIE 629A53HT8 . 2 | 82K
RIS 762A6T9HOI . 1| 150 0 3w
8
TRANSISTOR
RS 9 @1-02-Q3-05-Q6:Q7-Q8 B848A85IH02 7 2N3417 i
[ 849A44IHOI | I | 2N3645 !
’ ZENER DIODE
z3 862A288HOI | || IN3688A |
73 185A212H06 | | | IN36868
M 25 186A797HO6 | 1 IN9578 '
5 i
& E:] . 6 ;_ftsm” T _IN3I5A |
4 % =ALL RESISTORS TO BE 1/2 W* 2%
U< P 3 UNLESS OTHERWISE SPECIFIED.
a7 08 TABLE A N
S GROUP _|TIMING FOR T; |[CAPACITORC4 | STYLE REQ |
& 20294660l 50/0 6.8 MFD 184A661H2I i
y 202c946602| _ 30/0 3.3MFD__ |862A530H01 |
0.5, LOGIC J [See Taoem, |
Fig. 29 Relay Enabling/Logic Module—Internal Schematic.
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Fig. 30 Relay Enabling Logic Module —Component Location.
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TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY

TABLE | BOARD STYLE TERM.2-11- 12 TERM.5-6
—— —— — [205C364601 , GO3 1100 TO 140 VDC [15 TO 20VDC |
BOARD STYLE | RI-R63-R64 | RZ-RB-RI7 | R3-Ro-RIE (205364502504 38T eovoeTE To s0voe |
205C364G0I_|629A53IH72 (47K)[629A531H48(4.7K)[629A531H51(6.2K) frss v
205C364G02 |629A53IH60(15 K 1|62 9A531H48(4.7 KI629A5 31H51(6.2K) 14 - — " 5
RI R2 R3 R8-R9-RIT-RI8 R63-R64 10
205C364603|629A531H72 (47KI|629A531H48(4.7K)|629A531H51 (6.2 K1|629A53IH32 (1K) |763A921H04(8K3W)] © 8/0 SR AND
205C364604|6294531H60(15K) [629A531H48(4.7K)|629A531H51(6,2K)] 629A531H30t820nT1874643H33( 18 K 1W)] 11 BUFFER P2 —>s
e P
14
f |
I - )] 56— JOR
29 D9 ~ P11k S 9
ke 753} e kd ! 12¢—{BUFFER}——
[ 1883 } B P2 10,
L ° 4
—CAPACITOR STVLE REQ] REF
| C1-C2-Ca-C7 B49A43 THOA 2 [7047MFD.
| c5 763A219H18 L | 1 [.56MFD.
I
| DIGDE
| D1-D2-D7-D9 §37A692H03 7| INGa5A
| RESISTOR _*
| RI-R63-R64 SEE TABLE 1 | 3
| “RE—R17 EETABLE 1 | 3
R3-R9-R18 SEE.TABLE 1 | 3
| R4-R10-R25 539A531H56 3 TI0K
I R6-R12-R27 529A531H52 3 {68K
| R36-R4I=RA2-R53 | 629A531H66 71 2/%
! TRANSISTOR
: 1=Q2-Q5 B4BAB5IHO2 3 12N3a17
) | ZENER.DIODE
| T255-75 T65A212H06 | 3 | IN36868
72-28-27 852A288H07 | 3 | IN52358
! 75 B37A6I3H0G T TIN705
+= ALl RESISTORS TO BE 1/2W = 2%
UNLESS OTHERWISE SPECIFIED

Surge Immunity.

Fig. 31 Breaker Failure Logic Module — with High Threshold InputfVoltage) 8

ms Seal-In Time Delay & High Capacitive
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Fig. 32 Breaker Failure Logic Module — Component Location.
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Fig. 33 Logic Dwg. of SBFU with Thyristor Output.
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Fig. 34 Logic Dwg. of SBFU with Thyristor and Three Input Timer.
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6918031
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Fig. 35 Logic Dwg. of SBFU with Contact Output.
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Figi 36 Logic Dwg. of SBFU with Contact Output and Three Input Timer.
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¥ i
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203C128

¢ Fig. 37 Legic Dwg. of SBFU with Thyristor, Overcurrent Unit and Timer Output, 86, 52A and 62X, 62Y Contact Input
with)Seal-In.
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Fig. 38 Logic Drawing for 2 Timer SBFU.
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Fig. 39 fLogic Drawing of SBFU with 4 Overcurrent Units and Two Timers. High Threshold Input
MFD Input Surge Immunity on 62X, 62Y Input with Seal-In Circuit Connected.
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Fig. 40 Logic drawingof SBFU with 3 Overcurrent Units & 1 Timer. High Threshold Starting and 4 MFD Input Surge
Immunity on 62X, 62Y Input with Seal-In Circuit Connected.
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Fig. 41 External d-c Schematic and Logic Diagram for SBFU.
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Fig. 42. External a-c Schematic for SBFU.
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INSTALLATION

Westinghouse |I. L. 41-776.5A
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE SBF-1 CIRCUIT BREAKER
FAILURE RELAY

CAUTION: It is recommended that the user of
this equipment become acquainted with the infor-
mation in these instructions before energizing the
relay. Failure to do so may result in damage to the
equipment. Before putting the relay into service,
operate the relay to check the electrical connec-
tions.

Printed circuit modules should not be removed or
inserted while the relay is energized. Failure to
observe this precaution may result in an undesired
tripping output or cause component damage.

APPLICATION

The SBF-1 is a solid state breaker failure
detection relay with contact output. It is useéd,in
conjunction with the primary and backup relays.
Other logic inputs (such as the 52a contact)may
be used where the fault current is insufficientito
operate the current detector.

The relay is applicable with™ apyof the
bus/breaker schemes in general use.

Provision is included in the relay for “retrip-
ping”’ the breaker without“time“delay. This may
avoid clearing a bus duping incérrect maintenance
procedure or due to the'failure of a trip contact to
close.

CONSTRUCTION

The SBF-lgRelay consists of a phase and
ground current detéctor, a breaker failure timer, a
control timerjyagseal-in (X) relay and an output
relay (AR) along with 2 indicating contactor
switches (ICS).

Overcurrent Detector

The detector consists of 3 or 4 input
transformers and a plug in module. The primary of
the transformer isitapped and brought out to a tap
block located on, the front of the relay. Each
transformer ‘has three taps which cover the range
of pickup:

The secondary of the transformers are con-
nected toythe input of the plug-in detector module
wheie the phase and ground signals are connected
to separate pickup level adjustments located on the
frent of the module. A comparator circuit consists
of a plug-in operational amplifer whose output is
connected to logic circuitry which controls the AR
output relay.

Also located on the module is a reed relay
(RR) which is controlled by the breaker failure
(BF) timer on the timer module. The normally
open contacts of thereed relay are connected in the
current detector circuit and controls the operation
of the circuit.

BF and Control Timer

These timers are located on the timer plug-in
module.

The BF timer can be continuously varied over
the range by means of an adjusting knob located at
the front of the module. A calibrated scale permits
setting the desired time delay. A test jack is also
located at the front if it is desired to check the set-
ting with an electronic test timer.

At the bottom of the front plate is an access
hole which permits adjusting the control timer

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

SUPERSEDES |. L. 41-776.5, DATED NOVEMBER 1978

EFFECTIVE NOVEMBER 1979

ODENOTES CHANGED SINCE PREVIOUS ISSUE.




trimpot. A test jack is also supplied to change the
control timer delay in conjunction with a tester if
other than the factory setting is desired.

A level detector circuit consisting of zener
diode ZI and resistor R3 is connected to terminal
13 of the module for controlling the dc voltage
supply to the timer circuit.

A second level detector consisting of zener
diode Z2 and resistor R17 is connected to terminal
3 of the module for controlling the turn on voltage
level from the 52a input.

Power Supply

Consists of a zener diode (Zs) mounted on an L
shaped heat sink. The zener is connected to a 2
inch tubular resistor (RS). A small capacitor (C3)
located on the timer module is connected across
the zener diode.

Telephone Relay (X)

This is a clapper type auxiliary relay with two
normally open contacts.

Output Relay (AR)

This is a 4 pole normally open high speed.aux-
iliary output relay used for tripping duty.

The relay coil is connected in series\withja 2
inch tubular resistor (RA).

indicating Contacitor Switch
Unit (ICS)

The dc indicating contactor, switch is a small
clapper type device. A gnagnetic armature, to
which leaf-spring mounted/Contacts are attached,
is attracted to the ndagnetie core upon energization
of the switch. When the switch closes, the moving
contacts bridge tw stdtionary contacts, com-
pleting the trip circuit:*Also, during this operation,
two fingers on the armature deflect a spring
located on the front of the switch, which allows the
operation indicator target to drop.

The front spring, in addition to holding the
targetyprovides restraint for the armature and thus
controls the pickup value of the switch.

OPERATION

The operation of the SBF-1 is somewhat
different than the conventional breaker failure
relay. It may be summarized by saying that the
breaker failure relay timer is started by only the
BFI (62X) input rather than the BF Land the over-
current fault detector. The breaker failure timer
controls the fault detector se, that after it times
out, the overcurrent signal (if present) is connected
to the level detector. This, arrangement keeps the
overcurrent input transformer load at a low level.
This permits fast reset ofithe secondary voltage of
3 ms or less, even at very high multiples of pickup
current. By use of am,additional timer (called the
control timer)/the breaker failure timer as well as
the X seal-in relay is reset after it times out. The
circuit operation can be explained by referring to
the internal schematic drawing 775B813 (Fig. 2)
andidetailed internal schematic 1326D19 (Fig. 3).

During stand-by condition the dc input to the
relay (terminal 9 positive) is zero since the dc con-
trol | voltage is connected through the breaker
failére initiate contact (see the external schematic)
which is normally open.

Upon the closing of the BFI contact and
providing the dc voltage is 80% or greater (of rated
value) a level detector zener diode Z1 (connected
to terminal 9) will permit transistor Q2 and Ql to
turn on. The power supply consisting of a 10 watt
zener Zs and 25 watt resistor Rs is also energized
which supplies a regulated 24Vdc to the modules
and the X relay. When transistor Q2 and Q1 turn
on it connects the regulated power supply to the
control timer which consists of % of IC1, trimpot
P2 and timing capacitor Cl. Resistor R26 and
R27 form a voltage divider which requires ap-
proximately one time constant [( P2+ R22) x Cl)]
before the output terminal 12 goes from 24Vdc to
less than 2.5Vdc. At the same time the control
timer receives power through QI, the 24Vdc out-
put of the control timer (term. 12 of IC1) is used to
turn on transistor Q7 which operates the X relay.
One X contact is brought out to relay terminal 15
to permit seal-in of the initiate contact. This is
desirable where the BFI contact is only picked up
for a short time. The initiate contact must be clos-
ed for 8 ms in order for seal-in to take place. While
the control timer is timing out, the BF timer will
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time out first since it is always set for a shorter
delay. The output of the BF timer is connected to
terminal 9 of the timer module which is wired to
terminal 2 of the overcurrent detector module.
Since operation of the BF timer is indicated by a
voltage drop to less than 2.5V, transistor Q1 turns
off and transistor Q2 turns on to pickup the reed
relay (RR). In addition, the output of the BF timer
also supplies one of the two inputs to transistor Q5
which controls the AR relay switching transistor
(Q6). The other input controlling transistor QS is
either the 52a contact input (if used) connected to
relay terminal 18 or operation of the overcurrent
unit circuit. This is obtained when the reed relay
operates to remove the 100 ohm resistor (R19)
from capacitor C1 and to apply the input current
signal to terminal 4 of the IC1 on the overcurrent
detector module. If this signal voltage is higher
than the reference voltage at terminal 5 of IC1 the
output voltage at terminal 10 (of IC1) will drop
from its high state to less than 2.5 volts. This out-
put change is then applied to the transistor logic
circuit consisting of transistor Q3, Q4 and QS5 (on
the timer module).

CHARACTERISTICS

Overcurrent Detector

The overcurrent detector has @rangesof 0.5 to
13.5 amperes. This is obtainéd byymeans of three
tap settings in conjunction with the tap multiplier
to give a continuous adjustment over- the range.
The pickup point is determined by multiplying the
tap value by the tap mulfiplier setting. The operate
speed varies from 3 ms'to 8 ms. The reset time is 3
ms maximum and would be measured as the time
for the secondagy voltage to decay to 10 volts peak
(with the reed relay RR contacts open). This reset
time appliés whether®the input current is reduced
to zero orapto 99% of pickup current.

Continuous rating is 10 amperes. One second
rating is 250 amperes.

Ihe accuracy of the pickup setting is 5% over
thedfull' range and 10% from -20 to +55°C. Since
the setting is continously adjustable, closer setting
accuracy can be obtained by using a current source
and a precision ammeter.

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

In order to avoid openinggthe current
transformer circuits whengchanging taps under
load, connect the sparg tap seféw in the desired tap
position before removing,the,other tap screw from
the original tap position.

Control Timer

The range of the'gontrol timer is 150 to 250 ms.
The timer as Treceived should be set for ap-

O proximately 20@, ms. A 150 to 600 ms timer is

available and,is shipped set at 600 ms.

Theltimensetting can be changed by means of a
screwdrivergthrough the hole on the front plate of
the timer, module.

The accuracy is 5% over the temperature and
voltage range.

BF Timer

The range of the BF timer is 18 to 175 ms. It
is set by means of a knob and calibrated scale at
the front of the timer module. A 50 to 500 ms
timer is also available.

The accuracy of the pickup setting is 5%. Since
the setting is continuously adjustable, the timer
may be set closer by instrumentation.

The accuracy is 5% over the temperature and
voltage range.

Power Supply

Consists of a 10 watt zener diode (Zs), a
resistor (Rs) and provides a regulated voltage of
24Vdc +10% over the voltage and temperature
range. A capacitor C3 is connected across the
zener diode to decrease the rate of rise and fall of
the output voltage to reduce transient effects.

Both modules and the telephone relay (X) are
energized by the power supply.
Temperature and Voltage

The relay is operative over a range of 80 to
110% of rated voltage and from -20 to +55°C.




It can be energized continuously at 110% of
rated input voltage.
Capacltive Effect

The capacitive surge immunity is as follows
(considering the 52a contact input present):

Relay Rating BF Timer Setting Capacitance
48 Vdc 18 ms or higher 18 MFD
125 Vdc 18 ms or higher 6 MFD
125 Vdc 35 ms or higher 13 MFD
250 Vdc 18 ms or higher 2.5 MFD
250Vdc 35 ms or higher 13 MFD

Any value of capacitance effectively in series
with the input greater than that shown above
might result in an undesired trip operation.

Ordinarily capacitance should not be con-
nected from the lead connecting the 52a contact to
the relay and ground. A value of 0.5 MFD could
cause the 52a input to stay on for 1.5 ms (48V
relay), 4.5 ms (125V relay) and 20 ms (250V relay)
after the 52a contact opened.

X RELAY

Coil resistance is 1500 ohms +5%andysated
for 24Vdc operation. The seal-infcontact will
pickup providing the BFI (62X,%2Y )4nitiate con-
tacts are closed for a minimum_of 8wms, A second
contact is wired to relay terminalgll and 12 to
provide a retrip feature.

AR RELAY

The coil resistdnceds 630 ohms +5% and will
operate in seri€sywith the appropriate resistor
from 80% to 110% ofyrdted voltage.

The operate speed is 3 to S ms at rated voltage.
The dropout time is 30 to 45 ms (diode around the
coil). There, are 4 normally open contacts
available.

INDICATING CONTACTOR SWITCH (ICS)

The coil resistance is approximately 6.5 ohms

on the 0.2 amp tap and 0.15 ohms on the 2.0 amp
tap.

TRIP CIRCUIT

The main contacts will safely close 30 amperes
at 250 Vdc and the seal-in contact§ ofsthe ICS will
safely carry this current long enough to trip a cir-
cuit breaker.

SETTINGS

OVERCURRENT DETECTOR

The pickup of the Overcurrent unit is obtained
by means of a tap serew and tap block in conjunc-
tion with the tap multiplier knob setting located at
the front @fithe overcurrent unit module. This per-
mits a continuous adjustment over the range of 0.5
to 13(Swmamperes. Each tap setting permits ad-
justing, the, pickup over a 3 to | range.

Thereare 2 or 3 phase inputs depending on the
rélay style. Each one has its own tap block. Nor-
mally¥all the phase settings should be in the same
tapsThe operate point for each phase should be
within 5% of each other. There are trimpots for
each input located on the overcurrent module
which are factory adjusted but which may be read-
justed if the 5% accuracy must be improved at any
one pickup point.

The ground unit pickup is obtained similar to
the phase above and is independent of the phase
pickup. This permits the ground setting to be lower
than the phase setting.

The phase units must be set below the
minimum expected fault current and the ground
unit set below the minimum expected residual
(310) current. Settings should be made to assure a
multiple of pickup of at least 2 under minimum
fault conditions.

CONTROL TIMER

The control timer can be set by use of a screw-
driver to adjust the trimpot which is accessible
through the hole in the front plate of the timer
module. Clockwise rotation will increase the on
time. An oscilloscope or electronic timing device
can be connected between the bottom red test jack
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on the timer module front plate and terminal 8 of
the relay (common negative).

The control timer should be set for at least 16
milliseconds longer than the BF timer. This allows
for pickup time of the reed relay (1 to 3 ms), AR
relay pickup (3 to 5 ms) and operate time of the
o/c unit (3 to 8 ms).

The range of adjustment is a minimum of 100
O ms (150 to 250 ms). The control timer is shipped
from the factory set for 200 ms.

Q A 150 to 600 ms timer is available and is ship-
ped with the timer set for 600 ms.

The control timer acts essentially as a pulse
stretcher on the BFI input and then resets. Since
the overcurrent unit never picks up on successful
clearing, it cannot be used as a cutoff for the
breaker failure timer.

BF TIMER

A calibrated scale located on the front ofithe
timer module permits setting the time délay from
18 to 175 milliseconds. The scale is calibrated'in 25
ms increments. If more accurate settings are
desired an oscilloscope or electronic fimerymay be
connected between the upper red test jack on the
timer module and terminal 8 ofthe rélay (Com-
mon Negative). Jumpering testpointTP6 and TP7
on the timer module prevents theycontrol timer
from resetting the BF timer and will help in set-
ting the BF timer. Rememberythat if the control
timer is set shorter than'the BF timer, the BF timer
will not be able to gperatesthe reed relay (RR).

Q A 50 to#500%ms BF timer with 50 ms scale
increments’is also available.

A lockingtab'is provided to hold the BF timer
setting from being accidentally changed.

©  The timer is shipped set at 175 ms. The 50 to
500, ms timer is shipped set at 500 ms.

The breaker failure timer should be set to ex-
ceed the breaker normal clearing time by an ap-
propriate margin. Where the breaker contains a

resistor that is inserted on tripping and the over-
current fault detectors are set belowgthe resistor
current, the additional time for thistinterfuption
must be included. A secure margin for the SBF-1
is 2 cycles. (33 ms)

INDICATING CONTACTOR
SWITCH (ICS)

Connect the lead Jocated in front of the tap
block to the desired settingyby means of the con-
necting screw.

When the selay'energizes a 125 or 250 Vdc type
WL relay switch ogequivalent use the 0.2 amp tap.
For 48 Vdc applications set the unit in the 2 amp
tap add/use a type WL relay with a
S#304C209G01 coil or equivalent.

INSTALLATION

The relays should be mounted on switchboard
pamels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat.
Mount the relay vertically by means of the rear
mounting stud or studs for the type FT projection
case or by means of the four mounting holes on the
flange for the semi-flush type FT case. Either the
stud or the mounting screws may be utilized for
grounding the relay. External toothed washers are
provided for use in the locations shown on the out-
line and drilling plan to facilitate making a good
electrical connection between the relay case, its
mounting screws or studs, and the relay panel.
Ground wires are affixed to the mounting screws
or studs as required for poorly grounded or in-
sulating panels. Other electrical connections may
be made directly to the terminals by means of
screws for steel panel mounting or to the terminal
stud furnished with the relay for thick panel moun-
ting. The terminal stud may be easily removed or
inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

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

ADJUSTMENTS AND
MAINTENANCE

The proper adjustment to insure correct
operation of this relay have been made at the fac-
tory and should not be disturbed.



O Acceptance Test

The following check is recommended to insure
that the relay is in proper working order. Refer to
Fig. 10 for test connections.

Overcurrent Detector

Check for correct scale marking by placing all
the tap settings in the 0.5 Amp. position and rotate
the Phase and Ground tap multiplier knob (on the
overcurrent unit knob) to the X1 calibration mark.

Jumper test point TP 6 and TP7 on the timer
module and apply rated dc voltage. Also apply
phase current to phase A input. The voltage at test
point TP3 on the overcurrent module should drop
from approximately 23.5 volts to less than 2.5 Vdc
when the ac current input is between .48 and .52
amperes. The AR output relay will pickup at the
same time. When TP6 and TP7 is jumpered the
dropout time of the o/c output at TP3 will be
slow. Opening switch to terminal 9 momentarily
will speed up the dropout time.

Use the same test with applying current to
phase C (and also phase B if used). Pickup should
be within 5% of the phase A pickup.

Rotate Tap Multiplier Knob to the X3 setting
and repeat above. The operate current should bg
between 1.44 and 1.56 amperes on phase Asinput
and within 5% of phase A pickup for phase C (and
phase B if used).

For setting Phase A current operate,level, set
the tap screw in the proper range location and set
the phase tap multiplier at the point@t which the
voltage at TP3 changes from high to low at the
desired input current. The phase’C and Phase B (if
used) tap screws should‘be setffor/the same current
range. The AR outpitt relay will also pickup and
can be used for am'indi€ation.

The Ground overcutrent setting is checked and
set exactly like the phase overcurrent circuit.

A locking, feature is provided to hold the tap
multiplier gnob, at the desired setting.
Control, Timer

Use a"low bounce initiate contact in series with
rélay teeminal 9 (positive). Connect an electronic

timer to the relay so that the start input is cons
nected to relay terminal 9 (through a voltage
divider, if necesary). The stop input should beigon-
nected to the bottom test jack on the timer
module. The common should be connected to ter-
minal 8. The test timer start input should be ad-
justed to commence timing on agpositive going
slope and to stop timing on a negative going slope.

The control timer output should go from a high
state to a low state in 190 to’240 milliseconds (or
in 570 to 630 ms for the longer'range timer).

If some other tim€taterval is desired, the timer
setting may be chariged by 'means of a screw driver
adjustment throughytheraccess hole on the timer

module to @multiturn potentiometer. Use the elec-
tronic test timer,inthe manner described to obtain
the desired time interval. Remember that the Con-
trol Timegshould always be set at least 16 milli-
secondsplonger than the BF timer. The adjustment
range is 150 to 250 ms (or 150 to 600 ms in the
longer‘nange timer).

BREAKER FAILURE (BF)
TIMER

This may be checked in the same way as the
Control Timer.

First jumper test points TP6 and TP7 on the
timer module. Connect the test timer stop lead to
the upper test jack on the timer module. Output of
the BF timer takes place when it goes from a high
state to low state (similar to the Control Timer
output). Close switch to terminal 9 and see that the:
timer output switches in 170 to 180 ms (or 485 to
515 ms for the longer range timer).

Set the timer knob at the desired setting and
verify setting by operating the timer several times.
The timer should operate within 5% of the setting.
The setting may be made closer by means of the
electronic test timer.

When the desired setting has been obtained it
may be locked in place by means of the locking
tab.

Overall operation may be checked by connec-
ting rated dc voltage to relay terminal 18 (52A
breaker auxiliary contact input).
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Remove jumper from test point TP6 and TP7
on the timer module.

Now when the test switch to terminal 9 is clos-
ed, the AR outputrelay should pickup momentari-
ly and reset even though the test switch is left clos-
ed. Remember that the BF timer setting should be
16 ms or more longer than the Control Timer.

Reduce voltage to relay terminal 18 to 60% of
rated relay voltage. Close test switch and note that
AR relay does not pickup.

Return voltage to normal and reduce voltage to
terminal 9 to 60% of rated relay voltage. Close test
switch and note that AR relay does not pick up.

Set voltage to terminal 9 and 18 to 80% of
rated relay voltage. Close switch to terminal 18
and then 9. See that AR relay picks up momen-
tarily.

Indicating Contactor
Switch (ICS)

There are two ICS units used. Eachgnay be
checked by placing the ICS tap screwqyiné the
desired tap (0.2 or 2 Amps). Adjust the de current
to the tap value.

Test for seal-in by closing switeleto'terminal 9
and see that each ICS picksup and seals itself in
the closed position.

The contact gap should “be approximately
.0477. Both stationary cemtactsfshould make with
the moving contacts(isimiltaneously. The in-
dicating target shouldydrop#just prior to or at the
same time the, contacts iake.

Routine Maintenance

The rélay should be inspected periodically. The
operation of“thedovercurrent circuits, timers and
indicating contactor switch should be checked
similar to procedure described under SETTINGS.
In additionTnspect the X and AR relay contacts. A
contagct burnisher S#182A836H01 is recommend-
ed\for) cleaning contacts. The use of abrasive
material for cleaning contacts should be avoided
because of the danger of embedding small particles
i the face of the contact material which might im-
pair the contact operation.

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 unlesséit is apparent
that the relay is not in preper working order.

Overcurrent Detector

Refer to Fig. 7 and/(8 0199 when replacing com-
ponents.

If a new_module’ is inserted, it will require
calibration of the, dial plate. Other replacement
parts such asta, transformer or certain components
on thedmodule such as the reference zener,
opérational amplifier, rheostat, etc. might require
new ‘scale markings. In that case a new dial plate
will_be,necessary.

To mark the dial, first jumper test point TP6
and TP7 on the timer board. Energize the relay
with rated dc voltage and apply 0.48 Amps ac
current to phase A. With the tap in the 0.5 position
and the phase multiplier dial knob fully counter-
clockwise, rotate the phase A trimpot slowly CCW
(to lower pickup). Operation of the overcurrent
unit is indicated when the AR output relay picks
up. Verify this adjustment by increasing the ac
current until the relay again picks up. This should
be between 0.47 and 0.49 amps. Now turn the front
panel dial knob fully CW. Check to see that
pickup is 1.55 to 1.80 amps. If it is slightly below
1.55 amps, rotate the phase A trimpot slightly
clockwise to raise the pickup to 1.55 amps. Go
back and check to see that the pickup with the dial
knob fully CCW is no higher than .495 amps. Ad-
just knob on shaft so that the high and low operate
point are equidistant from the knob lock. Apply
0.5,0.7,09, 1.1, 1.3, and 1.5 amps and scribe the
scale at the knob pointer setting at which the out-
put relay just operates.

After scribing the scale, set the dial at 0.5 amp
(X1) pickup and note what value current the out-
put relay operates. Apply current source to phase
C and note at what current value the output relay
operates. If the difference is greater than .025 amp
from phase A, adjust the phase C trimpot to bring
the operate point within .025 amps of phase A.
Repeat for phase B if used.



The same procedure should be followed for the
ground overcurrent circuit as was used for phase A
input.

Remove jumper from TP6 and TP7 on the
timer module.

Control Timer

Refer to Fig. 4 and 5 or 6 when replacing com-
ponents.

If components in the control timer circuit have
been replaced or if it is desired to change the con-
trol timer setting the same procedure should be
used as described under acceptance testing.

Breaker Fallure (BF) Timer

If the scale appears to be off calibration due to
slippage of the knob pointer on the shaft, this can
be corrected by rotating the shaft fully CCW. Now
adjust the knob at the pin prick mark. This should
return the knob to its original position on the shaft
and bring the scale markings back into calibration.

If components in the breaker failure timer cir*
cuit have been replaced it may be necessary to
change the scale plate and recalibrate. Figst
jumper test points TP6 and TP7. Using aflow
bounce initiate switch adjust timer knob until,a 25
ms time delay has been obtained. Use t@st
procedure described under acceptance testingsfor
measuring time delay. Note the knob'positign for
25 ms delay. Also note the knob"pésitien for 175
ms delay. Loosen the set screw_and%position the
knob on the shaft so that the 254and 175 ms
locations are equidistant about ‘thegknob locking
tab. Scribe lines at the 25 ms getting and for each
25 ms increment up to 7S ms.

Indicating Contactor/Switch (ICS)

Adjust the contaet gap for approximately
047" by adjusting the stationary contacts. Both
contacts should make simultaneously.

Check toysee that the contacts close at rated
tap valueCeurrent. The indicating target should
drop at%eg just prior to the contacts closing. The
targer should drop freely.

Ifthetarget does not drop or does not reset it
may benecessary to remove the cover and bend the

tab on the spring that supports the target.
TROUBLE SHOOTING

The components in the SBF-1 relay, are
operated well within their rating and_normally will
give long and trouble free servicef However, if a
relay gives indication of troubleWin service or dur-
ing routine checks the following, infermation will
prove helpful. All measuremgnts are approximate
and may vary as much asi20%.#All voltages are
positive with reference tg common negative (relav
terminal 8) except acgvoltages.

Timer Module
I. Jumper gest points TP6 and TP7.

a. Apply tated, relay voltage. Voltage at lower
test jack=23.5V

b. Remove jumper. Apply rated voltage.
Voltage at lower test jack = 23.5 Vdc.

20 Jumper test points TP6 and TP7

a-#Apply rated relay voltage. Voltage at upper
test jack =less than 2.5 Vdc.

b. Remove jumper. Apply rated voltage.
Voltage at upper test jack=less than 2.5
Vdc.

3. Jumper test points TP6 and TP7.

a. Apply rated voltage. Voltage at terminal 6
of IC1=18.3V.

b. Remove jumper. Apply rated voltage.
Voltage at terminal 6 of ICI1 should be ap-
proximately 0.1 Vdc less than voltage
measured in section a.

4. Jumper test points TP6 and TP7.

a. Apply rated relay voltage. Voltage at ter-
minal 7 of IC1=20.8V with timer knob fully
CW.

b. Voltage at terminal 7 of IC1=23.8V with
timer knob fully CCW.

5. Jumper test points TP6 and TP7.

a. Apply rated relay voltage. Voltage at ter-
minal 2 of IC1=16.5V.

b. Remove jumper and apply voltage. Voltage
at terminal 2 of ICI should be approxi-
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mately 0.1V less than voltage measured in
section a.

. Apply twice tap value ac current.

a. Apply rated relay voltage. Voltage at
TP3=12.7V. Voltage at TP4=less than
0.5V.

b. Interrupt ac current. Voltage at TP3=less
than 0.5V. Voltage at TP4=12.7V.

. Apply rated voltage to relay terminal 18 (52a
input).

a. Apply rated relay voltage to terminal 9.
Voltage at TP4=less than 0.5V.

b. Reduce voltage to terminal 18 to 60% of
rated relay voltage. Voltage at TP4=12.7V.

. Jumper test point TP6 and TP7. Apply twice
tap value ac current.

a. Apply rated relay voltage. Voltage at
TP5=6.2V.

b. Remove jumper. Apply rated voltage.
Voltage at TP5=less than 0.5V.

. Jumper test point TP6 and TP7.

a. Apply rated relay voltage. Voltagetat printed
circuit board terminal 10 or ILszlessythan
0.5V (X and AR relay picked fup).

b. Remove jumper. Apply sated voltage.
Voltage at pc terminal 10=24V (X relay not
picked up). Voltage at potterminal 11 =rated
relay voltage (AR relay notWpicked up).

Overcurrent Module

© 1. Jumper test points TR6 and TP7 (timer module).

Set tap in 0.5 hole"and turn tap multiplier knob
to X1 position.

a. Apply 0.5 amp, ac current to the particular
inplt_in" question. Then apply rated relay
voltageyMeasure 6.6 Vac at the transformer
secondary’ terminals. The same voltage
should be read with the tap in the 1.5 amp
tap and 1.5 amps ac applied. Likewise with
the 4.5 amp tap.

a. With 0.4 amp ac current flowing apply rated
relay voltage. Measure voltaget tecminal 5
of ICI to be 6.4V. Now increase the/current
until the output relay operates. The voltage
should now read approx. 5.4V. At this point
the voltage at terminal 4 sh@uld measure
6.4V. The voltage at"printed circuit board
terminal 3 should measure 23.5Vdc before
the output relay opeérates and less than 2.5V
after it operatés.

3. Jumper test points, TP6 and TP7. Set tap in 0.5

liole and turmgtap multiplier knob fully CW.

a. Apply 0.5%mp ac and apply rated relay
voltage\Measure 4.2 volts at the brush ter-
miinal “of, the tap multiplier rheostat.

4. Jumper test points TP6 and TP7 (timer

module).

aWApply rated relay voltage. Measure 6.2V at
TPI and less than 0.5V at TP2.

b. Remove jumper. Apply rated relay voltage.
Measure less the 0.5V at TPl and 24V at
TP2.

5. Check of Reed relay (RR) contact.

a. Resistance should be greater than 500 ohms
when measured from jumper J1 to common
negative.

b. Jumper test points TP6 and TP7 and apply
rated relay voltage. Resistance should drop
to less than 5 ohms.

6. Check coil resistance of reed relay (RR) (1000

ohms), AR relay (630 ohms) and X telephone
relay (1500 ohms). Attention should be paid to
polarity since each of the coils have a diode con-
nected across it.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, interchangeable parts
can be furnished to the customers who are equip-

2. WJumper test points TP6 and TP7. Set tapin 0.5 ped for doing the repair work. When ordering

Q\ amp. hole and turn tap multiplier to X1 posi- parts, always give the complete nameplate data,
tion. and style numbers from the electrical parts list.



TABLE |

ENERGY REQUIREMENTS

10

60 HZ
TAP 0.5

TAP MULT. 1(0.5A PICKUP) 3 (1.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 0.5A 5.0A 0.5A 5.0A 1.5A 1.5A OA S.0A
VA 15 2.1 04 2.2 53 2.1 33 2.2
OHMS .6 .08 16 .09 23 08 15 09
P.F. Angle** 75 25 15 27 63 25 20 27

TAP .5

TAP MULT. 1(1.5A PICKUP) 3 (4.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 1.5A 5.0A 1.5A 5.0A 4.5A 5.0A 4.5A S.0A
VA 165 .75 06 .60 .63 75 .50 60
OHMS 073 .03 027 024 031 .03 024 024
P.F. Angle** 45 36 15 15 36 36 15 15

TAP 5

TAP MULT. 1 (4.5A PICKUP) 3 (13.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 4.5A S.0A 4.5A S.0A 13.5A 5.0A 13.5A S.0A
VA 23 28 16 .20 1.6 .28 1.5 .20
OHMS 011 011 .008 008 .008 011 008 008
P.F. Angle** 36 18 5 4 9 18 3 4

* = Saturated Burden
** = Current Lagging Voltage

TABLE 2
BATTERY DRAIN
CONDITION 48Vdc 125Vdc 250Vdc
Standby 0 0 0
During Timing 120mA 95mA 90mA
Trip (AR Relay Picked up) 155 130 125
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TABLE 3

CURRENT RATING

CURRENT RANGE (Phase and Ground) 0.5 to 13.5 Amperes
TAP RANGES CONTINUOUS 1 SECOND
0.5to 1.5 Amps 10 Amps 250 Anips
1.5t04.5 10 250
4.5t013.5 15 300

TABLE 4

AR CONTACT RATINGS

INTERRUPTING RATING
CONTACT CIRCUIT TRIP CARRY RATING RESISTIVE INDUCTIVE
RATING RATING CONTINUOUS L/R=.005
48Vdc 30 Amps 3 Amps 3.75 Amps 1.75 Amps
125 30 3 5 .35
250 30 3 25 A5
Q TABLE 5
X RELAY CONTACT RATINGS
CONTACT CIRCUIT, TRIP CARRY RATING
RATING RATING CONTINUOUS
48Vd¢ 30 Amps 3 Amps
125 30 3
250 30 3

1



SEAL-IN RELAY (X)

TRANSFORMER TB = ooy
RESISTOR RA e
TRANSFORMER TA ==
ICS INDICATING
CONTACTOR SWITCH
=

Fig. 1. Photograph of SBF-1 Relay, (withoutcase)with four overcurrentinput. Front view

12
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POTENTIOMETER PA

POTENTIOMETER PC

POTENTIOMETER PG
4 e POTENTIOMETER PB
TRANSFORMER TG

RESISTOR RS

TRANSFORMER TC

(right oblique).
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SIMPLIFIED INTERNAL SCHEMATIC

WHEN
USED
—_—T- > | RED UEAD
(SEE NOTE)
X | (SEE_NOTE)
L LM
AC/DC
CONVERTER @ (R4 | l(SEE TABLE)
=] ﬂ "> AR RELAY
ULPET-EI'R/ L REED RELAY
AND [ TELEPHONE
PHASE @ RELAY
PICKUP a
e BF O} [REGAY
ADIUST TIMER | |DRIVER
GROUND
PICKUP
LEVEL CONTROL
ADJUST TIMER
1 |
» — TRR [ Ceved
LOWER e S S 7= DETECTOR
RIGHT acsoc |[ ac/oc AC/DC UPPER
— - ‘ || RIGHT
LOWER CONVERTER| |CONVERTERNCONVERTER [ N2oB6E
LEFT | l ] l COMMON comMM _+~ 24 vDC
NEG. P05~ | tRH
(SEE TABLE)
Ics ‘ ’ . \ ‘ \
| RED HANDLE
E-N " oN - L TEST swiTCH
T i b ik e TERMINAL
e

FRONT VIEW

CHASSISIOPERATED
SHORTING "SWITCH

CURRENT TEST vACK

OTES:
TO OBTAIN AR CONTACT OUTPUT, MOVE RED
LEAD FROM TERMINAL Il TO TERMINAL I2.

(L),(R),(LC) & (RC) DENOTE LEFT HAND,RIGHT HAND,
LEFT CENTER & RIGHT CENTER POSITIONS .

25W RESISTORS
REF. OWG,_ VOLTSOC] RA | RS
1326019 - ( DETAILED SCHEMATIC 48 9000 | 2000
1326031 - (4 OVERCURRENT UNITS) WIRING 128 31500 | 10000
1326083 -( 3 OVERCURRENT UNITS) WIRING 280 71000 { 25000

Sub. 4
Dwg. 7758813

0 Fig. 2. Simplitied Internal Schematic SBF-1 Relay.

A,
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POS, 14 <&— —>1 NEG,
24 V0C
c3 RELAY
POS, 12 f¢ DRIVER §
24 VDG %o_x_} TO X RELAY
10

LEVEL UINE CONTROL BF. TIMER
RATED VDG (3 <——°CECTORL IDRIVER jsoMER 25175 P £59WT0 TERM. 2 OF OVERCURRENT
182 5 5 V.78 DETECTOR MODULE
JLZA\ REPLACED BY J2 FOR GROUPS 182
L. -
OR OR AND RELAY A DA TO AR RELAY
FROM TERM. 3 OF 4 &—— — ——d DRIVER "
OVERCURRENT 3 4 5 6

DETECTOR MODULE

LEVEL
RATED VDC 3 €<———PETECTOR
(524q)

TIMER AND OUTPUT “MODURE

Pl IS PANEL MOUNTED I
UPPER |
TEST
JACK
2 |
? 9\
= |
WHEN USED |
1"
DX 10t
L 73
bA gl
R24}o— Q7 9'
O ZA
g REPLACED 8Y
ZB I FOR GROUPS (8

Y - ’ 2
1454C8l j

¢ Fig. 4. Internal Sch
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1454G81 GOI (a8 voc) 1454C81 GO2 (125 voc) 1454C816G03 (250 voc)
CAPACITOR DESCRIPTION STYLE NO. CAPACITOR DESCRIPTION STYLE NO. CAPACI TOR DESCRIPTION STYLE N@. .
c3 +270UF 200V 18dA64IHOS ca -270UF 200V 1BBA669KOS c3 «270UF 200V 188A669HOS
ce 3. 300UF 35V  862A530He1 c2 3.300UF 35V 862A530HOI c2 3.300UF 35V AS30HO1
c 6.B00UF 35V  184n661H2] ci 6.800UF 35SV 184A661H21 c1 6.800UF 35 H2)
DIODE DESCRIPTION STYLE NO. DIOUE DESCRIPTION STYLE ~N®. DIODE DESCR 9.
D1-2 IN6AS 184A355013 D1-2 IN64S 184A355H13 D1-2 IN64S 13
93-4-A IN459A 18433551404 D3-4a-A INaS9A 184ABSSHO3 D3-4-A INaS9A SHOB
[23 INS053 18BA342H 12 ox INS0S3 168A342i{12 DX INSOS BBA342H 12
INT CKT DESCRIPTICN STYLE Ne. INT CKT DESCRIPTION STYLE N@. INT CKT DESQRIPTL TYLE N2.
1cl 7470M 1443C52:01 ic1 74701 1443C52HO1 ict 747 1443C52H01
JUMPER DESCRIPTION STYLE NO. JUMPER DESCRIPTIIN STYLE NO. JUMPER STYLE N@.
Ji-2 0 O1M RESISTOR B62A473r0} Ji-2 0 OHM RESISTOR 862A473HO1 J1 862A478HOL
P3T DESCRIPTIZH STYLE N2. PoT DESCRIPTICH STYLE NO. POT STYLE NO.
P2 20.04 .50+ B62A4061402 P2 20.0% .50 862A406H02 P2 B62R406H02
Pl 25.0x  .50w B8BOA687H02 Pl 25,0k 50w BBOA6B7HO2 Pl 880A687H02
TRANSI STOR VESCRIPTIGN STYLE wO. TRANSISTOR DESCRIPTION STYLE N3. STYLE WO.
0l 2829054 1624672H10 Qi 2N2905A 7624672110 Q1 762A672H10
92-3-4-5-7 291711 762A535H03 Q2-3-4-5-7 281711 762A585H08 Q2-3-a- 762A535H08
06 2Na063 878A 432101 06 2N4063 878A432HO1 Q6 878A432HD1
RESISTOR DESCRIPTION STYLE NO. RESISTOR DESCRIPTION STYLE NO. DESCRIPTION STYLE NO.
R4-6-9-12-15  2000.0 .S 627A531H 37 R4-6-9-12-15 2000.0 .50W 2% 629AS31437 20000 +S0W 22 629A531H39
-25 -2s 5600+0 +S0W 22 629AS53IHS0
R2-14 6800.0 . 50: 629A5 31452 R2-14 6800.0 +504 629A531HS2 6800.0 +50W 2% 629A531HS52
RI-16 10,04 .50 629A531:(50 R1-16 10.0K 504 629A531HS6 10.04 .50W 22 629AS31KS6
R7-8-10-11-22 15404 .50u 629A531H5E R7-8-10-11-22 15.0% .50 62925311460 15.0K «50% 22 629A531:460
R3-17 20.04 .« 504 624A531H&3 RS-13-24 27.0k «50% 529A531466 27.0K -50% 22 629AS31H66
RS-13-24 27.04 +50% 629A5311466 R3-17 47.04 +S0w 629A531172 100.0K .50% 2% 629AS531H80
R20 162.04 + 50w BaBA321H62 R20 162.04 .50 BaBAB21IH62 162.04 .50 1% 848A821H62
R26-28 20.0¢ +50% 12 848A320474 R26-28 20.0K -50% 34343201474 20.DK .S0% 12 B843A320H74
R27 40.24 .50% 12 343A321H0a R27 40.24 .50 8ALASZIHO 40.2K .50W 12 84BAB21H04
R21 3320.0 .50« 12 B4BA319i498 R21 3320.0 .s0w B343A319H93 3320.0 .S0W 1T B4BA319H98
R19 10.0X2.00t 52 185A207THSI R19 10.042,00% 185A207d51 60.4K .50W 12 B4BAI21H2])
R29 60.4¢ +SOW 12 B848AS21H21 R29 60.4K .SOW 8a8A321 499.0X 50w 11 848A322HI0
R23 499.0K 50w 1Z 843AB22{i0 R23 499 .0k . 50% 8a8A322H 36.0K2.001 51 18 5A207H64
R18-30 2.2M .50V ST 187A290H26 R18-30 2.24 .50 187A290 R18-30 2.2 .S0W ST 187A290H26
R3) 1.OM .50W 1% B848AB22H39 R3I| LOM 50w 848AB2 R3I |.OM . 50W 1% B848A822H39
ZENER DESCRIPTION STYLE N3. ZENER DESCRIPTION STYL. . ZENER DESCRIPTION STYLE NO.
zA 1R200  200.0V  623A359HO1 zA 1R200  200.0V 629A36 za-B IN305S0B 180.0V 187A936H17
z1-2 IN9TIB  27.0V B862A606H1 1 z1-2 Uz8870  70.0V B37A693H zi-2 IN3049B 160.0V 187A936H13
50-500 MS BF TIMER
1454C81G04 {125 voe ) i55 500 s ConhoL TiMeR )
CAPACITOR DESCRIPTION STYLE NO.
c3 +270UF 200V  138A669HOS
ce 6.800UF 35V 184A66IH2!
ci 6.800UF 35V 184A661121
DIOVE DESCRIPTION STYLE N9,
D1-2 1N64S 184A355H13
D3-4a-A INAS9A 18 4A855H08
X INS053 188A342H12
INT CKT DESCRIPTIEN STYLE N@.
1c1 74701 1443C52H01
JUMPER DESCRIPTION STYLE no. .
Ji-2 O OH> RESISTOR B62ARATIHOL
POT DESCRIPTICN STYLE N3. \
p2 500K .75W 3528A37HO!
Pl 50.0k 50w BBOAGB7HO3
TRANSISTOR DESCRIPTION STYLE N2.
Qi 2N2905A 762A672H10
Q2-3-4-5-7 2N1711 762A585H08
Q6 284063 878A432H01
RESISTOR DESCRIPTION STYLE NO.
R4-6-9-12-15  2000.0 .SO0W 22 629A531439
-25
R2-14 6800.0 .50% 22 629AS31HS2
R1-16 10.04 .50 2% 629A531HS
R7-8-10-11-22 15,04 .S0W 22  629A5316)
RS-13-24 27.0¢ +50w 2% >
R3-17 47.04 .50W 22
R20 255.0K .50 1%
R26-2¢ 20.0¢ «50% 5
R27 :0.2,( $50w Shs
R21 99K .50k
RIS 10.042.001% REF_OWG.
R29 40.2K .50 COMPONENT LOCATION {48/125VDC)-- 35(7A76
2 R23 226. 0« . 504 COMPONENT LOCATION (250 vDC)- - - - 35I7A77
2 R18-30 2.24 .50 SZ
R3I LOM  .50W 1% E:)
ZENER DESCRIPTION
ZA IR200 200-0V 629AJ69KH0)
z1-2 UZ8470  10.0V  337A693414
Sub. 3
1325061
i ule.
3matic d
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Fig. 5. Component Location for Timer Module 48 or 125Vdc rated relay
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Fig. 6. Component Location for Timer Module 250Vdc rated relay.
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POS. 14 &——
4V

24 VDC
€ VOLTAGE AC TO DC o
oA i:! :1 PICKUP 3 TO TERM.4 OF
s LIMITER CONVERTER ADJUST| TIMER 8 OUTPUT
MODULE
ec VOLTAGE AC TO DC
7 LIMITER CONVERTER
VOLTAGE AC TO DC
(WHEN USED) | s<—{ LMITER CONVERTER
2 (GROUND|
:‘ VOLTAGE AC TO DC PICKUP —
GROUND
{” LIMITER lchmvsmza ADJUST
OR RELAY AEED
FROM TERM.9 OF 2 <—] ———{ORIVER RELAY RR
TIMER & OUTPUT | 2 RR
MODULE

I NEG.

OVERCURRENT DETECTOR

PANEL
DI9 MOUNTED

6006S¥1
€ qgns

-
|
|
|

kD24 |
|
|
|

—1

1454C79G0! (4 Weut)

UAPACITOR
“r

DIDE
G23-24
D1-2-388:5-6
-7-8-9= 10
-12-13-34-19
-16-17-18=19
-20-21-22

INTpEsT
1

JUMPER

TIRANSESTOR
2i-2

RESISTOR

R13-14
Ky-18-11-12
CENER

2
21

POT
PA-PB-PC-PG
PU-PL

REED RELAY
MR

VARISTOR
RS-R6-R7-R8

LESCREREL 0N
.2700F )200v

OHSCRIRTION
INaSYA
1N50353

DESCRIPTION
T41C

DESCRIPTION
0 OHM RES1STOR

DESCRIPTION
241711

DESCRIPTION
100.0 50k 2%
20C0+0 +5 2
6800.0 5
10.04 .S@W 23
27.04 .50 23
30.04 .50u 21
10.041.00% 5%
1.0%3.00k 5%
1+541.00% 52
3.942.00% S%
100.042.00% >2

DESCRIPTION
INTS3A 6.2V
INATHS2A 33.0v

DESCRIPTION
500.0 2,00W 10%
10.0K 12.5W 10%
DESCRIPTION
1000 OHM COIL
OESCRIPTION
INR K43

REF., DWG.

STYLE ~J.
156R6691105

STYLE NO.
1534A1355H0Y
183A342r12

STYLE NO.
6677D61HO8

STYLE NO.
£562A4T3HOL

STYILE NG.
T62A33540%

STYLE .
6294531103
629A531H39
62974531152
623A531HS6
623A531466
629A5311167
1573643451
763412THO2
187A64343]
1454207441
1454207175

STYLE No&.
$A2AK06HOL
349A51 51102

STYLE N@.
848AT78HO4
836A635HI4
STYLE N@.
204C556H05
STYLE NO.
3509A31HO3

1454C79G02 (3 vpuT)

CAPACITOR
c

DI@DE
D23-24
D1-2-3-4-5-6
~7-8-13-14-15

-16-17-18-20
-21-22

INT CXT
cy

JLEYPER
Ji

TRANSISTOR
e1-2

RESISTOR

ZEMER
2
21

POT
PA-PC-PG
PU-PL

REED RELAY
MR

VARISTOR
RS-R6-RE

4 INPUT COMPONENT LOCATION - 3517A79
3 INPUT COMPONENT LOCATION- 35{7A78

DESCRIPTION STYLE 9.
-270UF 200V 188A6691105
DESCRIPTION STYLE NO.
1N459A 184A355H08
IN5053 188A342H12
DESCRIPTION STYLE NO.
T41C 6677D61H08
DESCRIPTION STYLE ¥0.
0 OMM RESISTOR 862Aa7SHO)
DESCRIPTION STYLE NG.
2N1711 762A58540%
DESCR1PTION STYLE NO-

100.0 -50W 22 629A531H03

2000.0 .S0W 2I 629AS3IH39
6300.0 .50W 23 6292531152
10.0K .50W 23  629AS53IHS6
27.0K .50W 22  629A531H56
30.0K .50W 21  629AS31H67T
10-0K1.00W ST 13726434451
1.0K3.00W SZ  763A12THO2
1.5€1.00W 52 1837A643d31
3.9K2.00W ST 185A207.441
100.0K2.00% 52 1B5A207H7S
DESCRIPTION STYLE NC.
IN753A 6.2V B62AK06HO)
1347524 33.0V 34945151402
DESCRIPTION STYLE ¢

500.0 2.00W I0% B848A778HO4
10.0K12.5w 10% B83GA635HI4

DESCRIPTION STYLE NO.
1000 OHM COIL 204C556M05
DESCRIPTION STYLE N6.
INR X431 3509A31HO3

VS'9LL-1p 1)
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Fig. 8. Component Location for 3 Current Input Overcurrent Detector Module.
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Fig. 9. Component Location for 4 Current Input Overcurrent Detector Module.
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25 TO TERMS

o :L do
_?iﬁ?

TO O BFT! P MOCT
TEST*’T(:\-@ GROUND)

TIMER 7]
(STOP) CONTROY AR
TIMER
O RAE

o [&Y]
%.o’&
()] -_—
m

-D

|
|
|
|
|
|
|
|
|
Co © o] [0S0 0 ) |
l
|
|
l
|
|
l
|

I
l I8 o5 15 4as 05 415945  I6ND
| TAP RANGE
| 05 0.5 TO 1.5AMPS

1.5 1’5" TO 4.5 AMPS
| Ia as 45 TOI3.5AMPS .
I (O O OWNO O O )
| 05 15 445 05 15 45
| |AMPERE PICKUP= TAP'SETTING X TAP MULTIPLIER
l IcS Ics
' (L) (R)
| TO RH CONTACT: TO RH CONTACT |

OF AR RELAY, OF AR RELAY
b s & '
@ 8
LO BOUNCE
L—'—-—g— —% g—— — E— —I/ SWITCH
TO TESTTIMER RATED
I¢A‘ ey IGN? m% > " START VDC

L . TOTEST TIMER (COMMON)

' ® 120VAC

NOTE:TO TEST FOR OVERCURRENT UNIT PICKUP, JUMPER TIMER BOARDTEST POINT
TP6 AND TP7 BEFORE ENERGIZING RELAY.
TEST BKR FL TIMER IN SIMILAR MANNER.

1479B29

24

Fig. 10. Test Diagram for SBF-1 Relay.
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RING BUS OR BREAKER AND A HALF SCHEME

favay Y L SINGLE BREAKER SCHEME
= i r St —f—
—— - q O "
r.l - —f S & ¥ u_] T
['s} I'e]
fa'al . e A, -
L4 T e
L
622 1 62-2
2 3
18 WHEN

s22 PN go2
16 07

¥ ) >0

62-2 SBF-1 RELAY

L
TRANSMISSION LINE
OR TRANSFORMER

5 FOR BREAKER
52-2
Wﬂ_}
- 1B WHEN
¢ USED)

BACKUP
RELAYS

BACKUP

RELAYS
52-1

‘Aejay L-48S 10} 2)BWOYDIS DY (BUIaIXT L1 Bl

2L0v9bL

Ge

>
% g BUS
T RELAYS
L |
PRIMAR
RELAYS
- Y
A 8 c
t SPP SURGE PROTECTION TRANSMISSION LINE OR TRANSFORMER
CAPACITORS TO BE USED
WHEN SURGE VOLTAGE MAY
EXCEED 2500VOLTS PEAK
| LEGEND

OEV |
52

DESCRIPTION
CIRCUIT BREAKER
SBF-1 BREAKER FAILURE RELAY{775B813, 1326019)

VS'9LL-Ly )
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‘Aejey 1-49S 10} 9nBWAYIS O IBUIBIXT 2L b4

8L0v9riL

RS

+24vDC

DETECTOR

REQUIRED WHERE PROTECTED
BREARER iS0OLAIES A TRANSFORMER

T ¥

LEVEL

dgeT! [
—_—_—— e e — e —— - R J
621 beon = =
15 18 OPTIONALCOMPLEMENT
wEAL IN TO OVERCURRENT UNITS
BF
TIMER
VOLTAGE
A -
N ‘

PHASE
wigh CURRENT
LEVEL
wsED DETECTOR
Ic H
GROUND
. VOLTAGE [ AC/DC CURRENT
° - LIMITER |—{CONVERTER LEVEL
X g2-1
%%
DC NEG
oc P
N _DC POS
621 62
| 10
ics
AR RED )
(RC) LEAD
Lar Lics
X(R) (R) TR
621 §2-l
12 |
TO RETRIP
BREAKER 52-1
(TO OBTAIN AR T BREAKERS
CONTACT OUTPUT OTHER AUX FUNCTIONS
MOVE RED LEAD [ 86BF!
FROM TERMINAL Il
TO TERMINAL 12)
86BFI

“DC NEG

L 4

DESCRIPTION

2 CIRCUIT BREAKER
2 |SBF-IBREAKER FAILURERELAY(7758B813,1326019)
62X62Y | BREAKER FAILURE INITIATE CONTACTS

|86BF | BREAKER FAILURE LOCKOUT RELAY

86TI TRANSFORMER LOCKOUT RELAY

TYPICALB6BF AND/OR RELAY AUX FUNCTIONS

L.TRIP BREAKERS CONNECTED TO SAME BUS SECTION
2.8LOCK ALL AUTOMATIC RECLOSING
3.BLOCK MANUAL CLOSING.

4. KEY TRANSFER TRIP TRANSMITTERS TO TRIP
REMOTE BREAKERS AND BLOCK RECLOSING.

5.STOP" BLOCKING  CARRIER.

+ SPP SURGE PROTECTION CAPACITOR TO BE USED
WHEN SURGE VOLTAGE MAY EXCEED 2500 VOLTS PEAK

¥ WHEN SURGE VOLTAGE MAY EXCEED 2500VOLTS PEAK
USE SHIELDED CONTROL CABLE 8 GROUND BOTHENDS
PER SWITCHYARD RUNS WHERE SURGE VOLTAGE MAY
EXCEED 2500 VOLTS REAR

AC SCHEMATIC 1464C77
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1. L. 415776.5A

»250 pia, 4 HOLES FOR
1,594 6.063 (6:35),)90-32 MTGHSCREW
(40.497‘1 (154.00)'1 2,781 90-32 MTGWSCREWS
{ | 'F_F (70.64
! = | 1 T
(286355?5) B 15125 15:250
' (384.18 ) e (400.05)
A l fiag 23 )
p-
¢ 16.500 7.875
(419.1) {200.03 )
- 3.188 ke 2.938
(60.98) PANEL CUTOUT & A
NEL DRILLING
ngg-’f)* FOR SEMI=FLUSH MTG.

PANEL LOCATION

SEMI-FLUSH MTG.
PROJECTION MTG . 2.0

DIMENSIONS IN INCHES

DIMENSIONS IN MM« N\ L [OC 7 N NE NE
LARGE INTERNN . f*l

0¢ i
TOOTH WASHER Ri lv\%\_/—;)
N375% +— 2588 5

£ === EXTERNAL

594
““““““ 20 HOLES OR
641 CuTouT

& EXTERNAL

563 H
SMALL Q. 13) (68.28) ¢ (330 "A-2 OLES

~—

TOOTHED (136.53)
WASHERS ] Z 50 +.016(.397)
(6.35)=0

190-32 SCREW 4,375 1031»%:0311:03;*:03 375
: . . . 031 R

sPagPRg FOR (I11.13)  K26.19) (26.9) (26.19) 26.19) |  (953)

THIN PANELS L )

5/16-18 SCREW ]
(FOR__THIGK /PANELS ;s
USE 5/l6-18 sTups) 20N N L (25.4)
{NTERNAL-EXTERNAJ t
TOOTHED WASHERS 1,813 2.0
190-32 SCREW (46.04) (50.8)

FOR THICK PANELS
USE .I190-32 STUDS

750 TERMINAL
(19.05) DA NUMBER
(2'&50 |39') (2'8:35) (26.19) (z'e? 19)
TERMINAL AND : : ' :
PANEL DRILLING OR CUTOUT FOR
MOUNTING DETAILS PROJECTION MTG.(FRONT VIEW)
57D7903

Fig. 13. Outline and Drilling Plan for SBF-1 relay in the Type FT-32 Case. Dwg.
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