
INSTA L L ATION 

Westinghouse I .L. 41-776.1A 

• O PER ATION • M A INTENANCE 

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 see that they are clean and close properly, 
and operate the relay to check the settings and elec­
trical connections, 

APPLICATI ON 

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

fault detector which _?perates for all phase and ground 

faults to supervise the tripping of other relays. It i s  

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 

po sition well below full load, Alternatively, where 

the relay is to be used as a fault detector (pickup 

above full load) the 98o/c or betterdropout ratio of the 

phase units is advantageous. 

Breaker-failure relaying offers advantages over 

remote back-up protection. It is faster and more sen­

sitive than remote back-up methods, In addition, it i s  

selective. 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 

generating-station high-voltage bus uses a breaker­

and-a-half arrangement. Lines interconnect the station 
to systems 81, 82, and 8

3 . 

If there is no malfunctioning, fault L will be 

cleared by line relays tripping breakers 5, 6, and 9. 
However, assume that the breaker-6 mechanism stick s 

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 break ers 7 and 8. In addition, the local 

generator feed through breaker 6 must be interrupte d 

by tripping breaker 4, However, if break er-failure 

SUPERSEDES I .L 41-776.1 
*Denotes change from superseded issue. 

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 po ssible 

was left intacL If breakers 4, 7, and 8 must trip, the 

local generator is lost and unn ecessary separation 

of the generating station from power systems 8 1 and 
82 results. Also, the tapped load is interrupted un­

necessarily instead of being left tied to system 8 , 2 

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 e xample, 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 machine s  at the generating station, Thus, it 

may be diffiC1llt or impossible at breakers 7 and 8 to 

detect adj acent 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 break er-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 trip s breaker 3, but 

break er 8 still feeds the fault. Although breaker­

failure protection does not complete the job in these 

e xamples,  it does e xpeditiously trip the local breaker, 

making it easier for the remote relays to detect the 

fault, 
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T Y P E K C - 4  REL A Y ------------------------------ I.L. 41-776.1A 

GENERATING STATION 

ra---l �--�--� I 

I 

LINE BUS PROTECTIOII 
ZOME 

Fig. 2. Samp le System to Show A dvantages of B reaker-Failure Protection. 

CONST R UCTION 

The type K C-4 relays consists of two phase 

instantaneous overcurrent units, (11 and 13 ) , one 

one ground instantaneous unit <Io ) , and an indicating 

contactor switch (ICS). The principal component 

parts of the relay and their location are shown in 

Figures 1 and 3. 

Phase and Ground Instantaneous Overcurrent Units 
(11' 13, 10) 

Each instantaneous overcurrent unit con si sts 

of an induction cylinder unit, capacitor, varistor ,  and 

a transformer. The components are connected such 

that a 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 nuL 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 pair are mounted diametrically opposite 

one another, and a capacitor is connected in series 

with one pair of coils. In addition, there are two 

locating pins. The locating pins are u sed 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 typ e 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. 
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T Y PE K C-4 RELAY ----------------------------------------------------------------------

T ransf orm e r  

The transformer i s  a saturating type consisting 

of a tapped 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" 

I nd i cat i ng C on t a c to r  S w i t c h  U n i t  ( I C S") 

The indicating contactor switch is a small d-e 

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 circuiL Al so during this operation two fin­

g(;'!rs 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" 

OPER ATION 

I ns t a n t a n e o us Ov e r c ur rent  U n i t  

Operation o f  the instantaneous overcurrent unit 

occurs when the primary current of the transformer 

exceeds a value as marked on the tap plate" Upon 

application of current to the transformer, a voltage 

is induced in the secondary winding" This voltage 

is impres sed upon the parallel connected pairs of  

cylinder unit coils" The capacitor connected 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, the air gap 

fluxes of the cylinder unit are out of phase and a 

contact closing torque is produced" 

The primary of the transformer is tapped and 

brought out to a tap connector block for ease in 

changing the pickup current of the relay" The use of 

a tapped transformer provide s  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" 

G e n e r a l  Operati o n  Of S c h em e  

When the proper breaker successfully inter­

rupts the fault current the KC-4 relay quickly disabl es 

the breaker-failure timing circuit In addition , where 

the line relays trip two breakers such as on a ring 

4 

IMSTAIITAIIEOUS 
OVEitCURitENT 

(Ur'fflt C'l:l.UIIIT) 

tiiOICATIIfG 
CONTACTOR --� 
S�ITCH 

IIISTAIITAJIEOUS 
DYER CURRENT 

(MIDDLE CYL.UMIT) 

•IIST.UTAifEOUS 
OYER CURRENT 

(LOWER CYL UNIT) 

CHASSIS OPERATED 
SHotTIIIG SWITCH 

REDHAMDLE 
TEST SWITCH 

CUIIEMT TEST "" 
TEIIMIIN.i 

188A64o
' 

Fig. 3. Internal Schematic ofthe KC-4 Relay in the FT-4 1 
Case. 

bus , the KC-4 s el ects which of  the two breakers has 

failed" When the phase overcurrent units 11 and 13 
are set above load-current level, the KC-4 also func­
tions as a fault detector to prevent undesired tripping 
by test personneL The following paragraphs describe 
KC-4 operation in more detail for different system 

bus connections" 

S i ng l e B us/ S i ng l e  B re ak e r  A rr a ng em e n t  

Unless something fails, current flow i n  the 

breaker should cease shortly after the trip circuit is 

energized" The time interval between these two 

occurrences will be the breaker-interrupting time. If 

this interruption does not occur, breaker-failure re­

laying will initiate the tripping of other breakers" 

Fig" 4 shows how this is accomplished" Unless 

something fails either the primary of  back-up relays 

initiate tripping of the faulted line breaker" Note that 

the primary and back-up relays connect to s eparate 

sets of current transformers and d-e 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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T Y P E  K C-4 R E LA Y----------------------------------------------------------------------

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 S G  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 

540054 2 for the details of this arrangeme nt. ) 

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 break er 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 to 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 6 2  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 not 

drop out,  62 of  breaker 2 operates 86LN of 

br eaker 2. One 86LN contact trip s break e r  3 .  
Another 86LN contact stops the transmission of a 

blocking signal on line B. allowing the remote pilot 

relays to trip the remote line B breaker. if they de­

tect the fault. Thus,  the fault on line A is now 

cleared. Another 86LN contact blocks high-sp eed 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 causes tripping of both 

outside breakers , which is the same approach used 

for ring bus protection, to be described later. 

An essential function, the selection of the faulty 

breaker, is performed by the KC-4 . Relays 6 2X 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 fault. The 50-1 or 50-2 KC-4 performs this 

job. 

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 

6 

detector 50-1 selects the faulty breaker. Note that 

the line A part of the bus L timer circuit in Fig. 5 

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 is accomplished 

.by the 86Z device which is energized through 62ZL. 

50-1 and 6 2L contacts and a six ohm resistor. as 

shown in Fig. 5. One 86Z contact trips breaker 2. 

Other 86Z contacts stop blocking carrier on line A 

and block reclosing of breaker 2. The six ohm re­

sistor and the 86Z coil are both low impedance 

compared to the 62L circuit re sistance.  Therefor e,  

the 86Z coil will not affect the 6 2L timing, and the 

62L timing circuit current will not be enough to pick­

up the 86Z device. The six ohm circuit maintains 

approximately half-voltage on the 62L device after 

the timing is completed. The purpose of this seem­

ingly involved circuitry is to permit a single current 

detector. device 50-1, to supervise 62L timing , 

86BL tripping and 86Z tripping. 

Ri n g  B us A rra n g e ment  

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 us es an auxiliary relay to trip two breakers.  

As before, the 6 2X 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 do no 

harm and simplify the circuitry by permitting the 

86LN relay to trip breakers and stop carrier symmetri­

cally, without regard to whether the fault is on line 

A or line B. 

The purpose of stopping carrier on line A is to 

remove carrier blocking to permit remote carrier relay 

relay tripping. Otherwise ,  line A continue s to feed 

the fault through breaker 2 until a back-up relay 

operates or until the fault burns clear. 
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T Y P E  K C-4 R E L A Y----------------------------------------------------------------------

CHARACTE R I STICS 

Phase & Ground Overcurrent Units are available 

in the following current ranges: 

R a n g e  � 
0.5 - 2 Amps. 0 .5  0. 75 1 . 0  1 . 25 1 . 5 2 

1 - 4 1 . 0 1 .5 2 . 0  2 . 5  3 . 0  4 . 0  
2 - 8 2 3 4 5 6 8 

The tap value is the minimum current required 

to just close the overcurrent relay contacts . For 

pickup settings in between taps refer to the section 

under adjustments . The pickup and dropout time 

curves for the phase overcurrent units is shown in 

Fig. 7. 

T r i p C i rc u i t 

The main contaCts will safely close 3 0  amperes 

at 250 volts d-e 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 screVI" connection. 

T r i p  C irc ui t  C o n stants  

Indicating Contactor Switch -

0.2  amp . tap 6 . 5  ohms d-e resistance 

2 . 0  amp. tap 0. 15  ohms d-e resistance 

E N E R G Y  R E Q U I R E M E N T S  

PHASE & GROUND OVERCURRENT UNIT - 60 CYC LES 

Ampere VA at VA at 

Range Tap Tap Value P.F. Angle 5 Amps . P.F. Angle 

. 5  . 37  39  24  46  

. 75 . 3 8  36  13 3 7  
1 . 3 9  35 8.5 34 

. 5-2 1 . 25 . 4 1  34 6 . 0  3 2  
1 .5 .43 32 4 . 6  3 1  
2 .45  3 0  2 . 9  28 

1 . 4 1  3 6  9 . 0  3 6  
1 . 5 .44 3 2  5 . 0  3 2  
2 . 4 7  30 3 . 0  29 

1-4 2 . 5  . 5 0  28 2 . 1 27 
3 .53  26 1 .5 26 
4 . 5 9  24 0. 93 24 

2 1 . 1  4 9  6 . 5  48  
3 1 . 2  43 3 . 3  42  

2-8 4 1 .3 3 8  2 . 1  3 7  
5 1 . 4 35 1 . 4 35 
6 1.5 33  1 . 1  33 
8 1 . 8  29 0. 7 29 

C urrent  R a t i n g s  

Rating of the Overcurrent Units (Phase & Ground) 

Continuous Rating One Second Rating 

Range (Amperes) (Amperes) 

. 5-2 5 1 00 

1-4 8 140 

2-8 8 140 
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TY P E  K C-4 R E LAY 
--
-------------------------------------------------------------------

SETTINGS 

P h a s e  & G round O v e r c u rr e nt U n i t  

The pickup current setting i s  made b y  means of 
the connector screw located on the tap plate .  BY 
placing the connector screw in the desired tap , the 
relay w ill j ust close its contacts at the tap v alue 
current . 

CAUTIONSince the tap block connector screw carries 
operating CW'rent, be SW'e that the-screw is tumed 
tight. 

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

I nd i ca t i n g  C on tactor  S w i t c h  ( I C S . )  

Connect the lead located i n  front of the tap block 
to the desired setting by means of the connecting 
screw . When the relay energizes a 1 25-or 25 0-volt 
d-e type WL relay switch or equivalent , use the 0. 2 
ampere tap; for 48-volt d-e applications set in 2 tap 
and use WL coil S#304C209G01 . 

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 mounting or by 
means of the rear mounting stud or studs for projec­
tion mounting . Either a mounting stud or the mounting 
screws may be utilized for grounding the relay. The 
electrical connections may be made directly to the 
terminals by means of screws for steel panel mount­
ing or the terminal studs furnished with the relay for 
thic k panel mounting . The terminal studs may be 
easily removed or  inserted by locking two nuts on 
the stud and then turning the proper nut with a wrench .  

For detailed information, refer to I .L .  4 1-076 .  

ADJUST MENTS AND MAINTENANCE 

The proper adj ustments to insure correct opera­
tion of this relay have been made at the factory. Upon 
receipt of the relay, no customer adjustments, other 
than those covered und er "SETTINGS," should be 
required.  

10 

A c c e ptance  C h eck 

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

Phase & Group Overcurrent Unit 

1 .  Contact Gap- The gap between the station­
ary and moving contacts with the relay in the de­
energized position should be approximately .02 0 . "  

2 .  Minimum Trip Current - The pick-up o f  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 CICS) 

Close  the phase or ground relay contacts and 
pass sufficient d-e current through the trip circuit to 
close the contacts of the ICS. T his 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. 

R o ut ine  M a i n te n a n c e  

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

All contacts should be periodically cleaned . "A 
contact burnisher Stt 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 small particles in the face of the 
soft silver and thus impairing the contact. 

C a l i b r a t i o n  

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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T Y P E  K C-4 R E LAY --------------------------------- I.L. 41-776.1A 
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Fig. 7 Maximum Pick-Up and Drop-Out T ime. Curves for 
the Phase Overcurrent Unit 

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 be screwed 
down until there is approximately 1/64" clearance 
between it and the top of shaft bearing. The upper 
pin bearing should then be 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 cont acts 
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 t he 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 spring is adjusted by 
placing a screwdriver of similar tool 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 t he 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 c urrent .  
The pick u p  o f  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 next 
lowest tap setting and adjust the spring as described . 
It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden .  

Indicating Contactor Switch (ICS.) 

Close the main relay contacts and pass sufficient 
d-e current through the trip circuit to close the con­
tacts of the res. This value of current s hould b e  not 
greater than the particular res tap setting being used.  
The operation indicator target should drop freely. 

The contact gap should be approximately .047" 
b etween the bridging moving contact and the adjust­
able stationary contacts . The bridging moving contact 
should touch both stationary c 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. 
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INST A L L ATION 

Westinghouse J.L. 41-766.1B 

• O PER ATION • MAINTENANCE 

INSTRUCTIONS 
TYPES SC. SCI, SV AND SV-1 RELAYS 

CAU TION Before putting protective relays into 
service, remove all blocking which may have been 
inserted for the purpose of securing the p arts during 
shipment, make sure that all moving p arts 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 .  

A P P L I C A T I O N  

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 alibra­
ted scale which indicates the pick-up setting. Both 
contacts can readily be changed from "make" to 
"break " .  The volt-ampere burden is low. 

The typ e SC and SV relays have a high ratio of 
drop-out to pick-up (90 to 98%) and are particularly 
suitable for fault detector relays.  The type SC-1 and 
SV-1 relays have a lower ratio of drop-out to pick-up. 
This low er ratio may be desirable in some applications ,  
and it  makes possible a plunger pull characteristic 
which permits the operation of a latching device. The 
latch is combined with the mechanical operation indi­
cator, and prevents further motion of the moving con­
tacts after the relay has operated. 

C O N S T R U C T I O N  

The types SC , SC- 1 and SV and SV-1 relays oper­
ate on the solenoid principle. A U- shaped iron frame,  
mounted on the moulded base, supports the  coil and 
serves as the external magnetic path for the coil. The 
coil surrounds a core and flux shunt. The upper end 
of the core is threaded and projects through the upper 
side of the frame ,  to which it is fastened by a nut. A 
tube threaded 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 

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

bearing for the plunger shaft, is assembled in the 
lower end of this threaded tube. It is held in place 
by two split spring sleeves ,  one above and one below 
the bearing. The split sleeves must be compressed 
to insert them in the tube and they will remain at any 
position in which they are placed. The bearing for 
the upper end of the plunger shaft is a graphite bush­
ing which is pressed in 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 
w alls of the tube in which it moves. 

A flux shunt which surrounds the core is screwed 
on the tube , and its lower end proj ects below the re­
lay frame .  The position of this shunt determines the 
pick-up setting of the relay. The lower end of the 
shunt is beveled and knurled, so that it can be grasp ed 
by the fingers and turned to change the setting. A 
calibrated scale plate is mounted adj acent to the 
shunt. A groove just above the knurl in the lower end 
of the shunt serves as an index m ark, and the relay 
pick-up setting is indicated by the calibration scale 
marking which i s  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 is necessary 
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 m ay be desirable in some applica­
tions where the latch is not required. The plunger 
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TY P ES SC, SC-1, SV AN D SV-1 R ELAY S _______________________ _ 

TERMINAL 

STATIONARY CoNTACT 

TAP TERMINAL 
I WH[N USED 
I 
I I 

' I 
........ ___________ ........ 

fRONT VIEW 

Fig. 1. Internal Wiring of the Relays In The Small Glass 
Case. 

floats in its operated po sition j u st 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 po sition by pres­
sure from a curved arm m ade of sheet spring steel, 
which is fastened to the bottom of the coil frame at 
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 shunt to prevent any creeping of the shunt 
or  undesired change of setting. The front end of the 
spring arm has a bent-over tab on which thumb-pressure 
may be applied to move the arm out of contact with 
the shunt while the position of the latter is being 
changed. 

The stationary contacts are assembled on slotted 
brackets. The se are held in position on the base by 
filister-head screws which are threaded into the ter­
minal inserts. Lock-washers are assembled inside the 
moulded terminal bushings between the inserts and 
the base, as a safeguard against loosening of the 
screws. By rotating the bracket on its mounting screw 
and moving it along its slot, the contact assembly can 
be made either normally open or normally closed. The 
moving contacts are mounted on a Micarta insulation 
plate which is secured to the threaded end of the plun­
ger shaft by a nut. The front edge of this insulation 
plate  operates the indicator. Th e rear portion of the 
plate is slotted and a post screwed to the frame p asses 
through this slot to prevent the plate from rotating. 

2 

CONTACTS EITriE� 1 MAKE 1 BREAK, Oil 

!s������:E� � 

MOTE! COIL TAPPED 
FOR 1 TO 25 RATIO 
IAIIGE 

OYERCURREU UII I T  

REDiiAMDLE 
TEST SWITCH 

CI.WREMT TEST .IACIC 

TE�IUL 

·-�-CHASSIS Of»UUEO 
ShORT Ill� SWITCn 

Fig. 2. Internal Schematic of the Single Unit Type SC or 
SC-1 Relay in The Type FT21 Case. 

The moving contacts are double-faced so that they 
can be "make" or "break " and are connected to the 
base terminals by flexible leads .  All contacts are 
pure silver. The contacts will carry 5 amperes  con­
tinuously , and will interrupt 5 amp eres at 1 15 volts 
A-C ,  or 1 amper� at 125 volts D-C. 

The mechanical operation indicators used on 
these relays are shockproof, and c an be used to in­
dicate o n  the up strok e or down stroke of the plunger. 
The indicator is r eset by pulling out the knurled stud 
which projects through the cover nut.  The indicator  
should be reset after e ach relay operation because 
otherwise there may be a one or  two p ercent decrease 
in the op erating value of the relay. The operation in­
dicator is assembled at the factory to 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 sam e  time swinging the indicator fl ag 180° 
about its shaft, the indicator can be set to indicate  
on the down stroke of the  plunger. The rivet w eight 
must be removed from the 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 SC and SC-1 relays have been provided with tapp ed 
coils to meet this r equirement. The coil tap s  are brought 
out to a tap block mounted on 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 m arked with the minimum pick-up value of  
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T Y P E S  SC, SC-1, SV AN D SV-1 R ELA Y S  ____________________ ._...!.:.I-.::::L- :...:4:.:.1 -::.l.7.2l66 .=-.l�B 

CONTACTS • EITIIER 
MAKE 011 iiiEAl 
AS R EQUIRED 

TEST SWITCtL 

CUIUIUT TEST JACl 

TEiit4111AL 

'---"'.<.----"�--->"'---->=-t=='�:.__ CHASSIS OPEIA TED FROIIT VIEW 
ARii.AIIJEMEKT !Jf UNITS 
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IIOIE: CO'LS TAPPlO FOI 1 TO U.IUIO 
lAIIiE 

SIIOilTIIIG SWITCH 

l82A855 

Fig. 3. Internal S chemati c of  the Double Unit Type SC or 
SC-1 Relay in the Type FT2 1  Case. 

each tap , and the shunt i s  adjusted in the usual man­
ner to obtain any pick-up setting between taps.  The 
scale plate is not calibrated for the relays with tap­
ped coils, as there i s  not sufficient space for marking 
a scale for each tap. However,  the scale plate is sup­
plied in order that a cu stomer  m ay mark on it the in­
dividual relay setting or settings if desired. 

I N S T A L L A T I O N  

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 mounting or by means of 
the rear mounting stud or studs for proj ection mount­
ing. Either a mounting stud or the mounting screws 
m ay be utilized for grounding the relay. The electri­
c al connections m ay 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. 

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

A D J U S T M E N T S  A N D  M A I N T EN A NCE 

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

CVIITACTS EllNER 
l MAKE 1 ORE.h, OR 
J. foUl([ OR l. d�EU 
ASKE!JUiii.ED 

IMTUIIAL SCHEMATIC 

FROIIT VIEW 

REDH.4KDLE 

TEST SWITC11 

TERM I MAL 

Fig. 4. In ternal Schemati c of the Single Unit Type SV or  
SV-1 Relay in  the Type FT2 1  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  i s  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#l8 2A836H01 is recommended for 
thi s 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. 

Several factors may affect the drop-out ratio of 

the relay. Whatever affects the ratio does do because 
either the drop-out or pick-up or both are affected. 
Obviously , incorrect assembly or  interchange of  parts ,  
such as the use of the SC plunger with the SV core 
tube, will alter the electrical characteristics. However ,  
the  factor most likely to  be encountered in  service is  
friction. This m ay 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 order to remove the plunger and shaft assembly , 
it is necessary to remove the setscrew and nut at the 
top of the shaft. The spool- shaped bushing assembled 
on the upper end of the plunger shaft has a portion of 
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"FY P E S  SC, SC-1, SV AND SV-1 R EL AY S-----------------------

4 

COtHACT$ • EITHEII MAn OR dii:E.U 
AS REQUIRED 

IMTEIIIIAl SCitWTIC 

ARRAiiiiENEI'IT OF U NITS 

TYPE Of UiiiT 

�·:::�· 
SAM£ TYPE 
IWT D.C. & A.C. 

LOCATIO.. OF UCII UNIT :�:;;,:�: .. 1'�:::� IT UJIIT 

o.c. I A.C. 

TESTSIIIITCn 

TERMINAL 

182A857 

Fig. 5. Internal Schematic o f  the Double Unit Type  S V  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 long­
nose pliers while removing the set screw and nut. 
Then by pressing down with the fingers on the upp er 
end of the shaft, the lower split sleeve which retains 
the lower bearing will be forced out of the threaded 
tube ,  the bearing will drop out freely, and the upper 
split sleeve will be forced out far enough to permit 
grasping it for removal. The shaft and plunger as­
sembly then can be removed. 

The shaft and plunger assembly 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, when loosening the nut and setscrew, 
as this would almost certainly damage the bearing 
surface .  The shaft bearing surfaces  should not be 
cleaned or  polished with any abrasive material, as 
the abrasive p articles 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 benzene or some other cleaning solvent if 
necessary. Use no lubricant on the plunger shaft or  
bearings when re- ass embling the  relay, since this 
will eventually become gummy and prevent proper 
operation. It is  recommended that the shaft be clean-

tGii[lCfS • EITIIEI MAI(E OR IlEAl AS IHOUIIfD 

IIOJf: COJLS. UPI'fD 
FDI: l TO 2i IATIO 
..... 

TOP L.h. �·�r 
(fiOIT � Ia!) 

CHASS IS 011£14 JIO ltiOifllli IWilC.. 

TESTSI'JTCIII 

�CUIIEWT niT""" 

183Al93 

Fig. 6. Internal Schematic o f  the Three Unit Type SC or 
SC-1 Rel ay in th e Type F T32 Case. 

ed at 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 that its position can be adjusted. 
For r elays in which the moving contacts 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 i s  
de- energized. The pressure of t h e  screen against the 
indicator may be adj usted 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 entering the screen opening. However, the mini­
mum amount of pressure necessary to obtain this ad­
justment should not be exceeded appreci ably, 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 o ccur 
under certain energized conditions.  

The moving contact l ead s p ass through insulation 
sleeves assembled on the shanks of  the terminal clips 
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TYP E S  SC, SC-1, SV A N D  SV-1 R ELAYS I.L. 41-766 1 B 

* 
* 
* 

.. 
.. 

* • 

• 

CHARACTERISTICS OF TYPES SC AND SC- 1 RELAYS 

Range of  Watts V.A. at 
Adjustment M ax. Amps. 5 Amps.  5 Amp s .  Dropout 

Type Frequency Amps. Continuous 60 Cycles 60 Cycles Ratio-AC 

sc DC, 25 to 60 C.  . 5- 2  1 . 5 99 225 90-98% 
sc DC, 25 to 60 C. 1-4' 3 '1 28 65 90-98% 
sc DC, 25 to 60 C .  2-8 ,, 6 6 . 9  19  90-98% 
sc DC, 25 to 60 C .  4- 16 12 1 . 5  5 90-98% 
sc DC, 25 to 60 C .  10-40 25 . 2 4  . 7  90-98% 
sc DC, 25 to 60 C .  20-80 40 . 07 . 16 90-98% 
sc DC, 25 to 60 C. 40- 160 40 .03 . 05 90-98% 
sc DC, 25 to 60 C .  4- 100* 10- 1 5-20 1.  7-0.6-0. 18 5- 1-0. 2 90-98% 
SC- 1 DC , 25 to 60 C .  . 5- 2  1 . 5  100 210 35-60% 
SC- 1 DC, 25 to 60 C.  1-4 3 24 60 35-60% 
SC- 1 DC, 25 to 60 C.  2-8 6 6 16 35-60% 
SC- 1 DC, 25 to 60 C .  4- 16 1 2  1 . 5  5 35-60% 
SC- 1 DC, 25 to 60 C. 10-40 25 . 25 .65 35-60% 
SC- 1 DC, 25 to 60 C.  20-80 40 . 07 . 16 35-60% 
SC- 1 DC, 25 to 60 C.  40- 160 40 .03 .05 35-60% 
SC- 1 DC, 25 to 60 C.  4- 100* 10- 1 5-20 1 .  7-0. 6-0. 18 5-1- 0. 2 35-60% 

* Coil has taps on which minimum pickup s are 10  and 30 amperes. 

Frequency 
Type (Cycles)  

sv 60 
sv 60 
sv 60 
sv 60 
sv 50 
sv 25 
sv DC 
sv DC 
SV- 1 60 
SV- 1 60 
SV- 1 60 
SV-1 60 
SV- 1 50 
SV- 1 25 
SV-1 DC 
SV- 1 DC 

CHARACTERISTICS OF SV AND SV- 1 RELAYS 

Range of  Watts at 
Adjustment Max. Volts 1 1 5 V. AC 

Volts Continuous ( 1 25 V.  for DC) 

7-16 1 6 
70- 160 160 3 . 4  

1 40- 3 20 320 
280-640 640 

70- 1 60 180 2 .8  
70- 1 60 200 1 . 5  
50- 1 50 150 4.8 

100-300 300 
7- 1 6  1 6  

70- 160 160 4. 1 
1 40-320 320 
280-640 640 

70- 160 180 3 . 5  
70- 160 200 1 .4 
50- 150 150 4.8 

100- 300 300 

V.A.  at 
1 1 5  v. 

7 . 3  

6 . 1 
2 . 5  

8 . 5  

7 . 1  
3 . 2  

Dropout 
Ratio-De 

65-80% 
65-80% 
65-80% 
65-80% 
65-80% 
65-80% 
65-80% 
65-80% 
25-40% 
25-40% 
25-40% 
25-40% 
25-40% 
25-40% 
25-40% 
25-40% 

Dropout 
Ratio 

90-98% 
90-98% 
90-98% 
90-98% 
90-98% 
90-98% 
65-80% 
65-80% 
40-80% 
40-80% 
40-80% 
40-80% 
40-80% 
40-80% 
25-40% 
25-40% 

NOTES:--Standard current relays are calibrated on 60 cycle s. This calibration is  approximately correct 
for 25 cycle and DC applications , but there will be discrepancies of 10% to 1 5% at some points of scale. 

Values of watts and 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. 

For the SC- 1 relay, volt-amperes for pickup at minimum s etting are approximately 3 . 5  and 1 . 3  for 60 
and 25 cycles. Watts at minimum s ettings are 1 . 3 , . 7 and . 57 for 60 cycles,  25 cycles and d-e respectively 
Multiply value s  by 16 for approximate burdens at maximum setting. 

*The V.A.  burdens of the SC and SC- 1 relays at 3, 10 and 20 tim e s  minimum pickup current are approx­
imately 3 1 ,  240 and 770 V.A.  resp ectively. 

Dropout ratio varies somewhat with pickup adj ustment 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 s et for  minimum 
pickup . With the relay set for maximum pickup the continuous voltage can be increased 10 to 20%. 
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TY P E S  SC, SC-1, SV AND SV-1 R E LAYS-----------------------

COIITACTS - EI THER 
NUE OR IRUK AS 
IE�JUIIED 

IOTTQM UMIT 

III TERUL SCHEMATIC 

TOP LEfT KAIIO UIIIT 
( FIIOIIT V I EK) 

TOP IIIIMIT tiAIID U ii i T  
{FROIIT � l EW) 

JE$T SW I TCti 

TEiNIIIAL 

183Al92 

Fig. 7. Internal Schemati c of the Three Uni t  Type SV  o r  
SV- 1 Relay i n  the Type FT32 Case. 

which are attached to the base terminals.  These 
sleeves are notched at their upper ends ,  and the not­
ches are tow ard the center of  the relay .  The lead s  are 
bent at approximately a right angle where they p ass 
out through the notches ,  which aids in preventing them 
from coming into contact with the stationary contact 
brackets. Figure 11 sho w s  properly coiled and assem­
bled moving contact leads.  

Although the movin g contact l eads are very flexi­
ble , if the leads have been pulled out of their original 
shape by handling they may exert sufficient side pres­
sure on the shaft bearing or  twisting force against 
the guide post to cause appreciable friction and wear. 
If this condition continues for a long p eriod of  time ,  
the resulting wear may affect the relay calibration o r  
o r  the dropout ratio noticeably. In extreme cases the 
wear may progress to a degree which may occasionally 
cause failure of the plunger to drop down when the re­
lay is de- energized. 

Correct shaping of the leads is not difficult, and 
they may be checked readily by removing the guide 
post and the nut at the top of the shaft. The plunger 
should be held in the raised po sition, either by ener­
gizing the relay or by pressing lightly against the 

6 

,. T Curve 143285 
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Fig. 8. Typi cal Time Curves fo r  the Types SC one/ SV 
Relays (Using Flux Shunt for Pick -up Adjustm ent. )  

collar under the  insulation plate after rai sing the 
plunger manually. With the plunger raised,  the insul­
ation plate sheuld be o scillated 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 base and with its mounting hole 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 l eads are properly 
shap ed. 

If this check shows that re- shaping is necessary, 
it may be possible to obtain sufficient correction by 
bending the leads sharply where they emerge from the 
insulation sleeves. One or  two pairs of  tweezers are 
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 should be stretch ed o ut j ust enough to avoid side 
pull or twisting force on  the plunger assembly . 

In all relays except the SV- 1 relay for A-C ,  if the 
stationary contacts are assembled so that they clo s e  
when the relay is energized, they should b e  located 
so that they barely touch the moving contacts when 
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TY P E S  SC, SC-1, SV AND SY-1 R E L AYS 

I ' � -- "--5i; MAJt ___ _ 
IiDlA DRILL (Z. IIot.CS) :�tFEFt�o ,' 

77-D- 418 

Fig. 9. Outline & Drilling P lan for Single Unit Relays in 
Small Glass Projection Case. 

the latter are 5/3 2 "  above the de- energized position. 
The moving contact s can be  held in this position 
while the adj ustment is being made by inserting a 
5/3 2 "  spacer between the shaft collar and the top of  
the  core. This dimension should be 3/ 16" on the SV-
1 relay for A-C.  Both contacts should touch at the 
same time when the plunger is raised. When the plun­
is moved upward against its stop , there should be a 
slight deflection of the stationary contact stop springs ,  
but this should not exceed 1 / 3 2 '  ' .  When the stationary 
contacts are reversed so that they are closed when 
the relay is  de-energized, they should be located so 
that they j ust touch the moving contacts when the 
latter are 1/32" above the de-energized position.  On 
some relays it may be found that when the contacts 
are used in this position the relay may operate at 
values a few p ercent below the scale markings.  The 
adjustments specified for the stationary contacts are 
important. Failure to observe them may cause improper 
relay operation, either directly or after a period of 
service. Contact position should not be used as a 

I.L . 41-766 . 1 B 

Fig. 10. View o f  Type SC Relay Showing Correct Shaping 
o f  Movin g Con tact L eads. 

means of altering the ratio of dropout to pickup. 

R E N E W A L  P A R T S  

Repair work can be  done most satisfactorily at the 
factory. However, interchangeable p arts can be fur­
nished to the customers who are equipped for doing 
repair work .  When ordering parts , always give the com­
plete nameplate data. 
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TY P ES SC, SC-1, SV AN D SV-1 R E L AY S  _____________________ _ 
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Fig. 1 1. Outline & Drilling P lan for Single & Double  Unit Rel ay s  in the Typ e FTl l  Case. 
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TY P ES SC, SC-1, SV A N D  SV-1 R ELAY S  ---------------------...!;1 -:..:::L::..... ::..:4 1�-7�66�-..::::l B 
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Fig. 12. Outline & Drilling Plan lor Three Unit Relays in the Type FT32 Can. 
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Westinghouse I.L 4 1 -7768 

I N ST A L L A TI O N  • OPE R A T I O N  • M A I N TEN A N C E  

I N S T R UCT IONS 
TYPE KC-3 CU RRENT DETECTOR RELAY 

C A U T I O N  B efore putting relays i n t o  service, remove 

a ll blocking wh ich may h ave · been inserted for the 

purp o s e  of s ecuring the parts during shipm ent, make 

s ur e  that a ll moving parts operate fre e ly, insp ect the 

contacts /.Q. see that  t h ey are clean and close prop erly, 

and operate t h e  relay to check th e s ettings and e lec­

trical connections. 

A P P L I C A T I O N  

The type KC- 3 i s  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 pres ence 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 w ell below full lo ad. Alternatively, where 
the relay is to be used as a fault detector (pickup 
above full load) the 98% or better dropout ratio of the 
phase units is advantageous. 

These instructions apply for two relay v arieties, 
as shown in the internal schematics of Figs.  3 and 4. 

The two differ only in the terminal 14 connections. 
The relays connected per Fig. 3 will suffice in most 
c ases. Use the relay per Fig. 4 where the IC8- 2 con­
tact is needed for an external seal-in. Note, however , 
that the circuits associated with terminals 10 ,  1 1  and 
14 of Fig. 4 should not be used where more than one 
KC-3 relay connects to a common breaker-failure 
timing circuit. Otherwise all of the KC-3 targets con­
nected t o  thi s timing circuit may operate on a 
breaker-failure operation. 

Bre aker-failure r elaying offers advant ages over 
remote b ack-up protection. It is faster and more sen­
sitive than remote back -up methods. In addition, it is 
selective ,  whereas remote back-up protection is 
frequently non-selective. Fig. 2 show s some fault 
conditions where breaker-failure r elaying could im­
prove the qu;;tlity of b ack-up protection. Note that the 

SU P ERS EDES I .L. 4 1 -776A 
Comp lete Revi sion 

generating-station high-voltage bus uses  a breaker­
and-a-half arrangeme nt .  Lines interconnect the station 
to systems 81 , 82, and 83 . 

If there is no malfunctioning, fault L will be 
cle ared by line relays 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 relay s  must 
trip remote breakers 7 and 8. 1In 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. 1 Note that this p rovided 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 unneces sary separation 
of the generating station from power systems s1 and 
82 results. Also , the t apped load is interrupted un­
necessarily instead of being left tied to system 82. 

Remote b ackup , in addition to not being selective ,  
may not b e  sensitive enough because o f  the relatively 
small proPortion of the total fault current following 
in any one line. For example , in Fig. 2 there may be 
v ery 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 impos sible at breakers 7 and 8 to 
detect adj ace nt 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 bre akers 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 o f  the system m ay b e  unstable. 

Although breaker-failure protection offers many 
advantag es, remote b ackup c annot be completely 
elimi nated . For example, assume that breaker 3 fails 
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Fig. 1 .  Type KC-3 R e lay Without Case. 
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TY PE K C- 3 RE L AY --------------------------------------------------------�� -�L�4�1 -�7�76�B 

GENERATING STATION 

(3---l 
�--�--+4 I 

LINE PROTECTION 7 
ZONE 

BUS PROTECTIOII 
ZONE 

Fig. 2. 5ampl e  System to Show Advantages of Breaker- Fa i lure Protection. 

for bus-fault B in Fig. 2 .  Break er-failure protection 
will promptly trip breaker 2 ,  but the fault is still fed 
by breaker 8. Like wi se , if breaker 2 fails with a line 
fault at M, a remote breaker must trip to clear the 
fault. Breaker-failure p rotection trips breaker 3 ,  but 
bre ak er 8 still feeds the fault. Although breaker­
failure protection does not complete the job in these 
examples , it does e xpeditiously trip the lo cal bre aker, 
making it easier for the remote relays to detect the 
fault. 

C O N S T R U C T I O N 

P h a s e  O v e rc urrent  U n i t  (11 & 13 ) 

The phase overcurrent unit  is an induction­
cylinder unit. The time-phase relationship of the two 
air gap fluxes  necessary for the development of torque 
is achieved by m eans o f  a cap acitor connected in 
series with one pair of po le windings. 

Mechanically , the overcurrent unit is composed 
of four basic components: a die-cast aluminum frame , 
an electromagnet , a moving element assembly , and a 
molded bridge .  

The frame serves as the mounting ·structure for 
the magnetic c ore. The magnetic core which houses 
the lower pin bearing is secured to the fram e by a 
locking nut. The bearing can be replaced,  if neces­
sary, without h aving to remove the magnetic core from 
the frame. 

The electromagnet has two p airs of coils.  The 
coils of each p air .  are mounted diametrically opposite 
one another . In addition,  there are two locating pins. 
The lo cating pins are used to accurately position 
the lower pin be aring, which is threaded into the 
bridge .  The electromagnet is secured to the frame 
by four mo unting screw s. 

The moving element as sembly consist s  of  a spiral 
spring, contact c arrying memb er ,  and an aluminum 
cylinder as sembled to a molded hub which holds the 
shaft. The s haft has removable top and bottom j ewel 
bearings . The shaft rides between the bottom pin 
bearing and the upper pin be aring with the cylinder 
rotating in an air gap formed by the electromagnet 
and the m agnetic 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 clo sed , the electrical connec­
tion is made through the stationary contact housing 
clamp , to the moving contact , through the spiral 
spring out to the spring adj uster clamp. 
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TY P E K C- 3 R E L AY�----------------------------------------------------------
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184A959 ' 

Fig. 3. Internal Schematic of the Type KC-3 Relay in 
FT42 Case .  ( For Sft290B243 A - Series). 

When the current in the overcurrent unit exc eeds 
the pi,ck-up value the contacts close to energize the 
auxiliary relay ( X).  

A transformer and varistor as sembly 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 t apped and 
brought out to a tap connector block for ease in chang­
ing the pick-up current of the relay. The use of a 
tapped transformer provides approximately the same 
ene rgy level at a given multiple of  pick-up current 
for any t ap 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 varis­
tor is to reduce the voltage peaks applied to the over­
current unit and phase shifting capacitor. 

G r o u nd O ve rc u rrent U n i t  ( 1
0 ) 

The ground overcurrent unit is a small a-c oper­
ated clapper "type device. A magnetic armature , to  
which leaf-spring mounted contact s are attached , i s  

4 

IIIICATIH 
-TICTII IWI'fCII ('TW ···'·'·'·, 

,..,..,.,._ "ra•m lilT flMI cn•- ••1 
r•can• ...-KM .. n. (� II.W,f.t.) 
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, .. ,.,.. 

!?-+-+--+--t---t-,�:::=".,, (IIT1'W Lm.F.t.) 
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- -· 
1UT •n01 
- lUT ­
TbiiiM. 

Fig. 4. Internal Schematic of the Type KC-3 Re lay in FT42 
Case with ICS-2 Contact to Separate Terminal. 

attracted to the magnetic core upon energization of 
the switch. When th e swit ch 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.  

A ux i l i a ry U n i t  ( X )  
The auxiliary relay i s  a multicontact telephone 

type of relay having a single coil. Four normally open 
contacts and one norm ally 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. 

I nd ic a t i ng C o n tac to r Swi tc h  U n i t  ( I C S- 1  and I C S- 2) 

The indic ating contactor switch is a small d-e 
operated clapper type device. A magnetic armature , 
to which leaf-spring mounted contacts ar.e 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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TY P E KC-3 R E L AY __________________________________________________________ __ 

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 v alue of the sw itch. 

O P E R A T I O N  

G e n era l  

When any one o f  the  overcurre nt unit s 0 1 . r 3 or 
I0) operates,  it energizes the X unit . When used for 
bre aker-failure relaying ,  one or more of the X-unit 
contacts supervise the breaker-failure timing circuits 
to prevent other breakers from being unneces sarily 
tripped. When the proper bre aker successfully inter­
rupts the fault current the KC-3 relay quickly �isables 
the breaker-failure timing circuit . In addition ,  where 
the line relays trip two bre akers such as on a ring 
bus, the KC-3 selects which of the two breakers has 
failed. When the phas e  overcurrent unit s r 1 and I3 
are set above lo ad-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 op eration in more detail for different system 
bus connections. 

S i n g l e  B u s / S i n g l e  B r e a k e r  Ar r a ng e m e n t  

Unless something fail s ,  current flow i n  the 
bre aker s hould cease shortly after the trip circuit is 
ene rgized. The time int erval between these two 
occurrences will be the breaker-interrupting time. If 
this interruption does not occ ur , breaker-failure re­
laying will initi ate the tripping of other breakers. 
Fig. 5 shows how this is accomplished . Unless 
something fails either the prinary or back-up relays 
initiate tripping of the faulted line breaker. Note that 
the primary and b ack-up relays connect to separate 
sets of current transforme rs and d-e supplies. This 
way a failure in one or the other circuits will not 
dis able all of the protection. 

When the prim ary protection operates it energi<�es 
6 2X;  the back-up protection energizes 6 2Y. Cont acts 
of these two auxiliaries start the breaker-failure 
timer 6 2 ,  through the K C- 3  contact 50X. If the line 
breaker fails to clear the fault ,  contact 50X remains 
closed . The SG contact of timer 6 2 closes ,  energiz­
ing the bu s lock-out relay 86B through 6 2X or 6 2Y 
and 50X contacts. Relay 86B then trips all the 
breakers on the bus.  

6 

The TRB- 1 rectifier in the primary - protection 
circuits of Fig. 5 blocks the flow of red-light super­
vision current through the 6 2X coil. If the KC-3 phase 
overcurrent units, are s et 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 the 6 2X function in Fig. 
5.  Actually an SG will suffice unless a directional­
comparison blocking sy stem provides the primary 
protection. With this system two MG-6 contacts seal 
around the RRG and RRP contacts .  (Refer to drawing 
5400542 for the details of this arrangeme nt. )  

B r e a k e r- a n d - a - H a l f  Arran g e m en t  

Typical trip and control circuits for breaker­
failure back-up protection for the breaker-and-a-half 
bus arrangement are shown in Fig. 6. The trip cir­
cuits are shown for breaker 1 and breaker 2 and the 
line-A protecticn .  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 bre aker  2 for a fault on 
line B, the breaker-failure timer 62 as sociated with 
bre aker 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. rWhen 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 t hey det ect the 

fault . Thus,  the fault on line B is now cleared. An­
other 86LN contact blocks high-speed reclosing of 
bre aker 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.  Relay s  6 2X and 
62Y indi cate 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 qment to the 
fault. The 50- 1 or 50-2 KC- 3 performs this job.  

Now, if break er 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 6 2Y contact. When 62 operates ,  86B i s  
energized t o  dump bus L .  For this sequenc e ,  the cur­
rent detector 50- 1 selects  the faulty breaker. 
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TY P E KC-3 R E L AY __________________________________________________________ _ 

Note that the bu:;; L timer circuit in Fig.  6 is the 
same as t hat used with the single bu:;;/single breaker 
arrangement in Fig.  5 .  tAn identical timer circuit (not 
shown) is associated with bu:;; R in Fig. 6. rrhere are 
also timers for each bay (e .g . , associated with 
breakers 1 and 3). rrhese trip the appropriate outside 
breaker for a middle breaker failure. These timer cir­
cuits are associated with the breaker to be tripped. 
This sam e  approach is used for ring buse s ,  as will 
now be explained. 

R i n g  B u s  Arrang e m e n t  

The circuits for t h s  ring bus are shown i n  Fig. 7 
with trip and control circuits outlined for breaker 2,  
together with line-B primary and back-up protection 
circuits .  As with the break er-and-a-half scheme,  the 
primary protection uses tripping rectifiers, and the 
backup uses an auxiliary relay to trip two breakers. 
As b efore ,  the 62X and 6 2l; relays are operated by 
the primary and back-up relay s ,  respectively. 

Assume a failure of breaker 1 for a fault on line 
D. Line-D relay 6 2X or 6 2Y is op erated and energizes 
breaker- 2 timer. Since KC- 3 50- 1 remains energized 
by the breaker- 1 current , 6 2 operates to trip breaker 
2. The res unit of relay 62 also operates to energize 
relay 86LN during breaker-2  .tripping. Relay 86LN 
blocks b reaker- 2 reclosing and sets up the break er- 2 
trip circuit to provide a trip-free operation if this 
breaker is closed in prematurely. 

Now assume that breaker 3 fails for a fault on 
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 indicates a line-C fault , 
and 50-3X selects breaker 3 as faulty. Relay 62 
times out to trip breaker 2 and also to energize 86LN. 

Relay 86LN cannot determine which carrier 
blocking signal should be interrupted, since a breaker-
2 trip occurs when either breaker 1 or 3 fails. There­
fore, relay 5 is used in conj unction with relay 86LN 
to stop carrier on line A or line B whe n breaker 2 
trips .  Relay 5 is energized 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 relay 86LN is operated in the 
breaker- 2 t'rip circuit , carrier blocking will be removed 
from line A to permit remote  carrier 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. 

8 

C H A R A C T E R !  S T I  C S  

The Phase Overcurrent Units are available in 
the following current ranges: 

R an g e  T ap s  

0 . 5 - 2 Amp s .  0 . 5  0 . 75 1 .0  1 .  25 1 . 5  2 
1 - 4 1 . 0  1. 5 2 .0 2. 5 3 . 0  4 . 0  
2 - 8 2 3 4 5 6 8 

The tap value is the m1mmum current required 
to just close the overcurrent relay contacts.  For 
pickup setting s 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 Fig. 8 .  The Ground Overcurrent 
Unit is available in the 0. 5 - 2 or 1 to 4 ampere 
range. The pickup setting is continuously adj ustable 
over the range .  The pickup and dropout time of the 
ground overcurrent unit and telephone relay is shown 
in Fig. 9. 

T r i p  C i r c u i t  

The m ain contacts will safely close 30 amperes 
at 250 volts d-e 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. 

T r i p  C i r c u i t  C o n s t a n t s  

Indicating Contactor Switch -
0 . 3  amp . tap 6. 5 ohms d-e re sistance 
2.0 amp. tap 0 . 15  ohms d-e resistance 

A u x i l i ar y  R e l a y  ( X) 
With rated voltage applied,  the contact closing 

time upon energization and the contact opening time 
upon de-energization is approximately 5 milliseconds .  

The rectifiers S#508C320H 14 3·20 P silicon recti­
fiers have a peak inverse voltage rating of 700 volts 
d-e .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



..0 

LIIE I Lllf I IICI. 2 TR I PPING TRIP�IMu FOil BKR. 1 OR 3 FAILURE I'II IIWIY I'II OTECTI OII IIACIU� I'IOliCTI. 
POS. �--�----�----------�-----------------------------------------------------------------------.----------------------��----�---9 -,__-r_____,_�---,-----� 9• -'- 9• -'- 86LN1 lOl l 

L!IE� L�NE T _!}__ij 
' I I 
� I 10-1 1 so-J ;o-j L-t QIO Lr· 

I .-----� lcs r----r--�-_J 
ICS 

L_ J 
I 

12Y 
LIIE 

e 
110-1 I PI-IlL I'HT. Llll£ I 

1 ; ·c· •1 � To ' • • au. J 
�--�-� r"'p f':'t----<T*-r - I • "'��... . flf-i!f-l I 1 l 

Til TlB 

YE-l I . . yf--l I �LI � CKRRIER 
... 2 I 

S2 
16 • H II ' ST� 

T l I 
T , , •_r\"o ,,., .  (. ) +1 + • -� 

FIOM LIOE A 
r!LOT RELAYS 

... liO ueL_---D c�;��u �, 
'L._---v--_----'.J ��. 1=----------·-4f-------==::::-------' l !02� 

TO IU.l 
TaiP CH. 

---------, au. 
TI I P'  en. � 1111.2 � L_____,_,. aw.. �m• 

2 

Tltr CO I L  

Ill. 
2 

I..:IU� PilOT • •  
Lllf I 

LIIE I 

Lilli 
I 

>2• 
110.3 

na.----�--------------4----------------------------------------------------------------4----------------------------�--

LINE 
D 

Lllll A 

UIIIE c 

LIME • 

'X a..:• 

�piCE 
TRO 5 

so 
ti:l 

62X 
621 
... .. 

�S_f�� 
STAT 1 C  TR I Pf' l A\1 UIU r 
SU CARK I E.R STOP' R£U. Y 
KC·3 CuaREMT Of.TE.CTO;t 
ffj-3 Bi\E.UER fA i lUIU.: T!Mf.lil: 
*I TiM£� Ad:. 
s� lUt£2 Au.t. 
-.1 -� , .. L. IMIIUT 
TI-l ... Tlll,.,lll tELAY 

itO. ltEQ ' D .  
1 / L i ltE 
!/Lilli 
1/111. 1/KL 
1 / LIIE 
1/L ilE 1/.L 
I Ilii£ 

Fig. 7. Simplified Exte rn al Schematic of the Type KC-3 for Breaker- Fa i l ure Protection of a Ring B us. 

12 y 

-1 
-< 
"tJ 
m 

,.. 
n . 
w 
:::0 
m 
r 
> 
-< 

:-
!"'" 
... 

:::l o­
Ol 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E K C-3 R E L AY ________________________________________________________ __ 

Current  R at i n g s  

10  

Ampere 
Range 

. 5- 2  

1-4 

2-8 

E N E R G Y  R E Q U I R E M E N T S 
PHASE OVERCURRENT UNIT ( 1 1 & I 3) - 60 CYCL ES 

VA at VA at 
Tap Tap Value P . F. Angle 5 Amp s. 

. 5  . 37 39 24 
. 75 . 38 36 1 3  

1 . 39 35 8. 5 
1. 25 . 4 1  34 6 .0 
1. 5 . 43 3 2  4 .6  
2 . 45 30 2 . 9  

1 . '1! 1 36 9 . 0  
1. 5 . 4 4  3 2  5 . 0  
2 . '1! 7  30 3.0 
2 . 5  . 50 28 2. 1 
3 . 53 26 1 . 5  
4 . 59 24 0 . 9 3  

2 1. 1  49 6 . 5  
3 1 . 2 43  3. 3 
4 1 . 3 38 2. 1 
5 1. 4 35 1 . 4  
6 1. 5 33  1. � 
8 1 . 8  29 O . 'il 

GROUND OVERCURRENT UNIT (10) - 60 CYCLES 

Ampere 
Range 

0.5-2 

1-4 

Range 

. 5-2  

1-4 

2-8 

VA at VA at VA at 
Min. Pickup M ax. Pickup 5 Amps. 

4. 5 32  2 15 

4 . 5 32 5 3  

Rating of  Phase Overcurrent Unit 0 1 & I3) 

Continuous Rating 
( Amperes) 

5 

8 

8 

One Second Rating 
( Amperes) 

100 

140 

140 

Rating of Ground Overcurrent Unit 

Ampere Range 

0 . 5 -2 

1-4. 

One Second Rating 
( Amperes) 

18 

36 

P . F. Angle 

46 
37 
34 
32 
3 1  
28 

36 
32 
29 
27 
26 
24 

48 
4 2  
37 
35 
33 
29 
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TYP E KC-3 R EL AY----------------------------------------------------------��-�L�.4�1�-7�7�6B 

S E T T I N G S  

P h a s e  O v e rc u r r e n t  U n i t  ( 1 1 & l3 ) 

The pickup current setting is made by means of 
the connecto r screw lo cated on the tap plate. By 
placing the connector screw in the de sired tap ,  the 
relay will just close  its contacts at the tap value 
current. 

C AU T 10 N Since the tap block connector screw carries 
operat ing current, be sure that the ·screw is turned 
tight. 

In order to avoid opening the current transformer 
circuits when changing tap s under lo ad , connect the 
spare tap screw in the de sired tap position before 
removing the ot her tap screw from the original tap 
position. 

G ro und O v e rc urrent  U n i t  ( I a ) 

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

Au x i l i a ry R e l a y  ( X ) 

With the 1 25/ 250 volt relays the tapped resistor 
in series with the auxiliary relay ( X) is shipped from 
the factory for operation on 1 25 volts d . c .  For 250 
volt operation move the lead connection from th e tap 
position to the full resistanc e  connection. The re­
sistor in the 48 volt relay is not tapped. 

I n d i c a t i n g  C o n t a c to r  S w i t c h  ( I C S - 1 and I C S - 2) 

Connect the lead lo cated in front of the tap block 
to the de sired setting by means of the connecting 
screw. When the relay e nergize s a 1 25-or 250-volt 
d-e type WL relay switch or equivalent, use the 0. 2 
ampere tap ;  fo� 48-volt d-e applications set in 2 tap 
and use WL c oil Stt304C 209GO 1 .  

I N S T A L L A T I O N  

The relays should be mounted o n  switchboard 
panels or t heir 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 flang e for semi-flush mounting or by 
means of the rear mounting stud or studs for projec­
tion mounting. Either a mounting stud or the mounting 
screws may be utilized for grounding the relay. The 
electrical connections may b e  made directly to the 
terminals by means of screws for steel p anel mount­
ing or the terminal studs furnished with the relay for 

thick panel mounting. The t ermin al studs may be  
e asily removed or inserted by locking two nuts on  
the  stud and then  turning the  proper nut with a wrench. 

For detailed information,  refer to I . L .  4 1-076 . 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory. Upon 
receipt of the rel ay ,  no customer adj ustments ,  other 
than those covered under "SETTINGS, " should be 
required. 

A c c e p t a n c e  C h e c k  

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

Phase Overcurrent Unit 0 1 & I3) 

1. Contact Gap - The gap b etween the station­
ary and moving contacts with the relay in the de­
energized po sition should be approximately . 0 20 . " 

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

Ground Overcurrent Unit ( I0 ) 

The core screw which is adj ustable from the top 
of the trip unit determines the pickup value. The trip 
unit has a nominal r atio 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 adj ust­
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 
p ass sufficient d-e current through the trip circuit to 
close the contacts of the ICS. This v alue of current 
should not be greater than the particular res tap set­
ting being used. The i ndicator target should drop 
freely. 

The contact g ap should be approximately . 047" 
between the bridging m oving contact and the adjust­
able stationary contacts. The bridging moving contact 
should touch both stationary contacts simultaneously. 
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TY P E K C-3 R EL AY __________________________________________________________ __ 
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Fig. �- Maximum P ick-Up and Drop-Out Time. Curves for 
the Phase Overcurrent Un it Plus A uxi l iary Unit. 

Auxiliary Relay ( X) 

Block one of the phase overcurrent cylinder unit 
co ntacts clo sed and apply rated d-e voltage to the 
1oroper relay terminals.  Obs erve that all of the nor­
m ally open contacts close and all the normally closed 
contacts open. 

R o u t i ne M a i n t e n a n c e  

All relays should b e  inspected periodic ally and 
the oper ation  should be c hecked at le ast once every 
year or at such other tim e intervals as may be dictated 
by experience to be suitable to the p articular appli­
cation. 

All contacts should be periodically cle aned. A 
contact burnisher Sttl8 2A8 36HO 1 is recommended for 
this purpose. The use  of abrasive material for clean­
ing contacts is not recommended , because of the dan­
ger of emb edding s mall particles in the face of the 
soft silver and thus impairing the cont act .  

C a l i b r a t i on 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
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184A992 

Fig. 9. Maximum Pick-Up and Drop- Out Time. Curves for 
the Ground Overc urrent Unit Plus Au xi I iary Unit. 

the adj ustments have been distrubed. This procedure 
should not be u sed unle ss it is apparent that the re­
lay is not in prop er working order. (See " Accept ance 
Check") .  

Phase Overcurrent Unit 0 1 & !3 ) 

The movi ng c ontact assembly has been factory 
adjusted for low contact bounce p erformance and 
should not be changed. 

The set screw in the st ationary contact has b een 
shop adj u sted for optimum follow and this adj ustment 
should not be disturbed . 

1. The upp er pin be aring s hould be screwed 
down until there is approximately 1/64" clearance 
between it and the top of sh aft bearing. The upper 
pin bearing should then be  securely locked in position 
with the lock nut. The lower bearing position is fixed 
and cannot be adjusted. 

2. The cont act  g ap adj ustment for the overcur­
rent unit is made with the moving contact in the reset 
position , e . e . ,  against the right side of the bridg e .  
Adv ance the stationary c ontact until t h e  contacts 
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TY P E KC-3 R E L AY----------------------------------------------------------�I.L=-�4�1-�7�76�8 

just close. Then back off the stationary contact 2/ 3 
of one turn for a g ap of approximately . 0 20 . "  The 
clamp holding the stationary c ontact housing need 
not be loosened for the adjustment since the cl amp 
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 
notches located on the periphery of the spring adjuster 
and rotating it. The spring adjuster is loc ated 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 aaj ustments. 

Insert the tap screw in the minimum value tap 
setting and adj ust the spring such that the contacts 
will clo se when energized with the required current .  
The pick u p  o f  the overcurrent unit with the tap screw 
in any other tap should be  within ± 5% of tap value. 

If adju stment of pick-up current in bet ween tap 
settings is desired , insert the t ap screw in the next 
lowest tap setting and adjust the spring as de scribed. 
It should be  noted that thi s adj ustment result s in a 
slightly different time characteristic curve and burden.  

Ground Overc urrent Unit 

The core screw which is adj ustable from the top 
of the trip unit determines the pickup value. The trip 
unit has a nominal ratio of adj ustment 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 adj ust­
able stationary contacts. The bridging moving contact 
should touch both stationary contacts simultaneously. 

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

Close the main relay contacts and p ass sufficient 

d-e current through the trip circuit to close the con­
tacts of the ICS. This v alue of current should be not 
greater than the particular ICS tap setting being used. 
The operation indicator target should drop freely. 

To increas e  the pickup current remove the molded 
cover and b e nd the spring s out or away from the cover. 
To decrease  the pickup c urrent bend the springs in 
toward the cover.  

The contact g ap should be  approximately . 047" 
between th8  bridging m oving contact and the adjust­
able stationary contact s. The bridging moving contact 
should touch both stationary contacts simultaneously . 

Auxiliary Relay ( X) 

Block the c ylinder unit contact closed. Apply 
rated voltage and see that all the normally op en con­
tacts close by means of a neon lamp . Also see that 
the normally clo sed co ntacts make a good contact 
with the coil d e-energized by noting some deflection 
of the contacts. With the relay de-energized check 
to see 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 . 0 20 " .  
The armature res t may be adj usted slightly to achieve 
this, but care should be exercised so as not to affect 
the normally closed contacts. 

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

R E N E W A L  P A R T S  

Repair work c an be done most satisfactorily at 
the factory. However,  interchangeable parts can be 
furnished to the customers who are equipped for doing 
repair work. When o rdering parts , always give the com­
plete n ameplate data. 
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TY P E K C- 3 R E LAY __________________________________________________________ __ 
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Fig. 10 . O utline and Dri l l i ng P lan for the Type KC-3 Relay i n  FT-42 Cas e. 
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Westinghouse L L  41 -776. 1 

I N STA L L ATI O N  • O PJ R A T I O N  • M A I N TEN A N C E  

I N STRUC T IO N S  
TYPE KC-4 OVER CURRENT RELAY 

C A U T I O N  Before putting relays into service, remove 
all blocking which may have been inserted for the 
pW'pose of securing the parts during shipment, make 
sure that all moving parts operate freely, inspect the 
contacts to see that they are clean and close properly, 
and operate the relay to check the settings and elec­
trical connections. 

APPLICATION 

The type KC-4 i s  a non-directional current or 

fault detector which _operates for all phase and ground 

faults to supervise the tripping of  other relays. It is 

well suited to break er-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 

po sition well below full load. Alternatively , where 

the relay is to be used as a fault detector (pickup 

above full load) the 98o/c or betterdropout ratio of the 

phase units is advantageous. 

Break er-failure relaying offers advantages over 

remote back-up protection .  It is faster and more sen­

sitive than remote back-up m ethods. In addition, it is 

selective. 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 

generating- station high-voltage bus uses a break er­

and-a-half arrangement. Lines interconnect the station 
to systems 8 1

, 82, and 83. 

If there is 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 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 break er-failure 

NEW I NFORMATION 

protection i s  installed, the fault i s  cl eared 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 
1 

and 

8 2 results.  Also, the tapped load is interrupted un­

nece ssarily instead of being l eft tied to system 8 . 
2 

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 e xample, 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 macbines at the generating station .  Thus, it 

may be diffiC1llt or impossible at breakers 7 and 8 to 

detect adj acent 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 cl earing the fault , 

the remainder of the system may be unstable. 

Although break er-failure protection offers many 

advantages,  remote backup cannot be completely 

eliminated. For example, assume that breaker 3 fail s 

for bus-fault B in Fig. 2. Break er-failure protection 

will promptly trip breaker 2, but the fault is still fed 

by breaker 8. Likewise, if breaker 2 fail s with a line 

fault at M, a remote breaker must trip to cle ar  the 

fault. Breaker-failure protection trip s bre aker 3, but 

breaker 8 still feeds the fault. Although breaker­

failure protection does not complete the job in these 

e xamples, it does expeditiously trip the local breaker, 

making it easier for the remote relays to detect the 

fault. 
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T Y P E  K C-4 R E LAY -----------------------------------------------------------------------
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T Y P E  K C - 4 R E L A Y  --------------------------------- 1 L 4 1 -776. 1 

GENERAT I NG STATION 

r;;-- --l 
' 3 

�--�--� I 

s 
>------' L - -L--�::..=:..=..==-==---4-------*""------l 

PROTECTION 7 LINE 
ZONE 

BUS PROTECTIOI 
ZONE 

Fig. 2. Samp le System to Show Advantages of B reaker-Failure Protection. 

CONSTRUCTION 

The type KC-4 relays consists of two phase 

instantaneous overcurrent units, (\ and I
3

),  one 

one ground instantaneous unit <Ia ) , and an indicating 

contactor switch (ICS). The principal component 

parts of the relay and their location are shown in 

Figures 1 and 3. 

P h a se and G ro und In stantaneous  Ov erc urrent  U n i t s  

(11 , 13, 10) 
Each instantaneous overcurrent unit consists 

of an induction cylinder unit, capacitor, varistor, and 

a transformer. The components are connected such 

that a contact closing torque is produced when the 

current exceeds a specified value. 

I nd uct ion C y l i nd e r  U n i t  

Mechanically , the cylinder unit i s  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 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 pair are mounted diametrically opposite 

one another, and a capacitor is connected in series 

with one pair of coils. In addition , there are two 

locating pins. The locating pins are u sed 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 j ewel 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 po sition by a 

spring typ e 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 ho using 

cl amp, to the moving contact, through the spiral 

spring out to the spring adj uster clamp. 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  K C-4 R E LA Y  -------------------------------------------------------------------------

T ran sform e r  

The transformer i s  a saturating type consisting 
of a tapped 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. 

I n d i c at i n g  C a n t a c t o r  S w i t c h  U n i t  ( I C S . )  

The iJldicating contactor s witch i s  a small d-e 
operated clapper type device. A m agnetic 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, pro vides restraint for the armature and thus con­
trols the pickup valve of the switch. 

OPER ATI ON 

I n stant a n e o u s  O v e r c u r r e n t  U n i t  

Operation o f  the instantaneous overcurrent unit 
occurs when the primary current of the transfo rmer 
exceeds a value as marked on the tap plate,  Upon 
application of current to the transformer, a voltage 
is induced in the secondary winding. This voltage 
is impressed upon the parallel connected p airs o f  
cylinder unit coils. The c ap acitor connected in 
series with one p air of coils shifts the current flowing 
in these coils in reference to the current 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 produced. 

The primary of the transformer i s  tapped and 
brought out to a tap connector block for 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 pick up current for 
any tap setting, resulting in one time curve through­
o ut the range of the relay. 

G e n e r a l  O pe r a t i o n  Of S c h e m e  

When t h e  proper break er successfully inter­
rupts the fault current the KC-4 relay quickly disabl es  

4 

OIDICATIIIG 
CONTACTOII 
$'1j/TCH 

H ISTAIITANEOUS 
OVER CURRENT 

(NID!JLE CYL.UNIT) 

UISTUTANEDUS 
OWt C\JRIIEIIT 

(lOWEll CYL UNIT) 

CHAS S I S  OPEIIATED 
S/iOIT IIIG SWITCH 

IUD HANDLE 

TEST SWITCH 

CUitiiUT TEST 
JACK 

TERNIIhU 

188A64o �---------------------------------------
Fig. 3. Internal Schematic of the KC-4 Relay in the FT-4 7 

Case. 

the breaker-failure timing circuit In addition , where 
the line relays trip two breakers such as on a ring 
bus,  the KC-4 sel ects which of the two breakers has 
failed. When the phase o vercurrent units I and I 
are set above load-current l evel , the KC-4 Jso func� 
tions as a fault detector to prevent undesired tripping 
by test p ersonneL The following p aragraphs describe 
KC-4 operation in more detail for different system 
bus connections. 

S i n g l e  B u s /S i n g l e B re a k e r  A rr a n g e m ent  

Unless something fails,  current flow in the 
breaker should cease shortly after the trip circuit i s  
energized. The time interval between these two 
occurrences will be  the breaker-interrupting time. If 
this interruption does not occur, breaker-failure re­
l aying will initiate the tripping of other breakers. 
Fig. 4 shows how this is accomplished. Unless 
something fails either the  primary of back-up relays 
initiate tripping of the faulted line breaker. Note that 
the primary and back-up relays connect to sep arate 
sets of current transformers and d-e 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 6 2 ,  through the KC-4 contacts .  If the line 
breaker fails to clear the fault , KC-4 contacts remains 
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INTERNAL SCHEMATICS 

L. 
!52 

I 2 3 
L I NE 

DEVICE 
NUMBER 
TRB - 1  
5 0  
62 
62X 
62Y 
86B 
87B 
94 

D EVICE 
TRB-1 BLOCKING VALVE 
KC - 4  RELAY 
T0·5 RELAY 
MG RELAY 
SG RELAY 

I BUS D IFF. LOCI<OL T RE AY 
BUS OI F F. RI'LAY 
TR-1  RELAY 

WING 
BER 

ORA� 
NUM. 

1 8 4 A  
1 8 8  A 
1 8 7 A  
1 8 5 A 
185 A 

4 1 !5  
640 
Z 93 
H..: 
10 8  

1 8 4  A062 

BREAKER TRIPPINR BUS DIF F . 
PO S. 

BREAKER FAILURE LI NE BACKUP 

86 J... IOI B T T 

62X I 

� ,1."62Y 
3 i' 9 

87 
B 

� 

OTHER 
BREAKER 
CIRCUITS I o 

�-----.--��� � 

..; 
a 
"' 
... ..J 0 > 
"' 

62 
9 

T D - 5  
62 
8 

86 B 

� 
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T Y P E  K C-4 R E LAY
--------------------------------------

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 S G  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 
540D54 2  for the details of this arrangement . )  

B rea k e r - a n d - a -H a l f  A r r a n g e m e n t  

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 on 
line B ,  the bre aker-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 i s  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 break er- !  trip current , 86LN is e nergized . 
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 , t he 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-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 1 or breaker 2 is still feeding current to the 
fault . The 50-1 or 50-2 KC-4 performs this job .  

6 

Now , if breaker 1 fails for a fault on line A ,  b us 
L is cleared. This is accomplished by the bus L 
breaker-failure timer which is energized by the line-A 
relay 62X or 62Y cont act .  When 62 operat e s ,  86B is 
energized to dump b us L .  For this sequence , t he cur­
rent detector 50- 1  selects the faulty breaker . 

Note that the bus L timer eire uit in Fig . 5 is the 
same as that used with the single bus/ single breaker 
arrangement in Fig . 4. An identical timer circuit (not 
shown) is associat ed with bus R in Fig.  5 .  There are 
also timers for each bay ( e . g . , associated with 
breakers 1 and 3 ) .  These trip the appropriat e  outside 
breaker for a middle breaker failur e .  These timer cir­
cuit s are associated with the breaker to  be  tripped .  
This same approach i s  used for ring buses , a s  will 
now be  explained . 

R i n g  B u s  A rra n g e m e n t  

The circuits for the ring b u s  are shown in Fig . 6 
with  trip and control circuits outlined for breaker 2 ,  
together with line-B primary and back-up protection 
circuit s .  As with the breaker-and-a-half Scheme , the 
primary protection uses tripping rectifier s ,  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 e nergizes 
breaker-2  time r .  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 o n  lines A and B .  The trip­
ping of breaker 3 and the stopping of carrier of line 
B is unnecessary , since it is assumed that the pro­
tective relays have already accomplished these 
results .  Although unnecessary, these functions do no 
harm and simplify the circuitry by permitting the 
86LN relay to trip breakers and stop c arrier symmetri­
cally , without regard to whether the fault is on line 
A or line B .  

The purpose of stopping carrier o n  line A i s  t o  
remove carrier blocking t o  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 b urns clear .  
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T Y P E  KC-4 R E LAY----------------------------------------------------------------------

CHARACTE R ISTICS 

Phase & Ground overcurrent Units are available 
in the following current ranges:  

R a n g e  � 
0 .5 - 2 Amp s .  0 . 5  0 . 75 1 . 0 1 . 25 1 . 5 2 

1 - 4 1 . 0  1 . 5 2 . 0  2 . 5  3 . 0  4 . 0  
2 - 8 2 3 4 5 6 8 

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

T r i p  C i r c u i t  

The main contacts will safely close 30 amperes 
at 250 volts d-e 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 sere\\" connection . 
T r i p  C i r c u i t  Con s t a n t s  

Indicating Contactor Switch -
0 . 2  amp . tap 6 . 5  ohms d-e resistance 
2. 0 amp . tap 0 . 15 ohms d-e resistance 

E N E R G Y  R E Q U I R E M E N T S 

PHASE & GROUND OVERCURRENT UNIT - 60 CYCLES 

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

. 5  . 3 7  3 9  24 46  

. 75 . 3 8  36  13 37 
1 . 3 9  35  8 . 5  34 

.5-2 1 . 25 .4 1 34 6 . 0  3 2  
1 .5 .43 32 4 . 6  3 1  
2 .45 30 2 . 9  28 

1 . 4 1  3 6  9 . 0  3 6  
1 . 5 . 44 3 2  5 . 0 3 2  
2 . 4 7  3 0  3 . 0  29 

1-4 2 . 5  . 5 0  2 8  2 . 1  27 
3 .53  26 1 .5 26  
4 . 5 9  24 0 . 93 24 

2 1 . 1  4 9  6 . 5  4 8  
3 1 .2 43  3 .3 4 2  

2-8 4 1 . 3 3 8  2 . 1  37 
5 1 .4 35  1 .4 35  
6 1 . 5 33 1 . 1  33 
8 1 . 8  29 0 . 7  29  

C ur r e n t  R at i n!i!s 

Rating of the overcurrent Units (Phase & Ground ) 

Continuous Rating One Second Rating 
Rang e (Amperes) (Amperes) 

. 5-2  5 1 00 

1-4 8 140 

2-8 8 140 

8 

.� 
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T Y P E  K C-4 R E LAY ------------------------------------------------------------------------

SETT I NGS 

P h a s e  & G ro u n d  O v e r c u rr e nt U n i t  

The pickup current setting is made b y  means of 
the connector screw located on the tap plat e .  By 
placing the connector screw in t he desired tap , the 
relay will j ust close its contacts at  the tap value 
current . 

C A U T  I 0 N Since the tap block connector screw carries 
operating cwrent, be swe that the-screw is turned 
tighto 

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

I n d i ca t i n g  C o n t a c t o r  S w i t c h  { I C S . )  

Connect the lead located in front of t he tap block 
to the desired setting by means of the connecting 
screw . When the relay energizes a 1 25-or 25 0-volt 
d-e type WL relay switch or equivalent , use t he 0. 2 
ampere tap; for 48-volt d-e applications set in 2 tap 
and use WL coil Slt304C209G0 1 .  

INSTALLATION 

The relays should be mounted on switc hboard 
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 mounting or by 
means of the rear mounting stud or studs for projec­
tion mounting .  Either a mounting stud or t he mounting 
screws may be utilized for grounding the relay. The 
electrical connections may be made directly to  the 
terminals by means of screws for steel panel mount­
ing or the terminal studs furnished with the relay for 
thick panel mounting . The terminal studs may be  
easily removed or inserted by locking two nut s  on 
t he stud and then turning the proper nut with a wrenc h .  

For detailed information, refer to I . L .  4 1-076.  

ADJ USTMENTS AND MAINTENANCE 

The proper adjustments to  insure correct opera­
tion of t his relay have been made at the factory. Upon 
receipt of t he relay, no customer adjustments ,  other 
than those covered under "SETTINGS, " should be 
required.  

10 

A c c e pt a n c e  C h e c k  

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

Phase & Group Overcurrent Unit 

1 .  C ontact Gap - The gap between the station­
ary and moving contacts with t he relay in the de­
energized position should be approximately . 020 . "  

2 .  Minimum Trip Current - The pick-up of t he 
overcurrent unit can be checked by inserting the tap 
screw in t he 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-e current through t he trip circuit to 
close t he contacts of the res. T his value of current 
should not be greater than the particular res tap set­
ting being used . The indicator target should drop 
freely. 

The contact gap should be  approximately . 04 7 "  
between t h e  bridging moving contact and t h e  adjust­
able stationary contact s .  The bridging moving contact 
should touch both stationary contacts simultaneously. 

R o u t i n e  M a i n t e n a n c e  

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

All cont acts should be  periodically cleaned . A 
contact burnisher Slt1 82A836H01 is recommended for 
this purpose.  The use of abrasive material for clean­
ing contacts is not recommended , because of t he dan­
ger of embedding small particles in t he face of t he 
soft silver and thus impairing t he c ontact .  

C a l i brat i on 

use the following procedure for calibrating t he 
relay if the relay has been taken apart for repairs or 
t he adjustments have been disturbed . This procedure 
should not be used unless it is  apparent t hat the re­
lay is not  in proper working order. (See "Acceptance 
Check" ) .  
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T Y P E  K C-4 R E LAY ------------------------------------------------------------- I . L. 4 1 - 776. 1 

60 

50 

en 0 
z 4 0  
0 u I� V PICKUP 
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IIJ 
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:IE 
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:IE 20 i= 

1 0  

0 0 2 4 6 8 10 12  1 4  16 1 8  2 0  
MULT I P L E S  O F  T A P  VAL U E  CURRENT 

629A576 

Fig. 7 Maximum P ick-Up and Drop-Out Time. Curves for 
the Phase Overcurrent Un it 

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 thi s  adjustment 
s hould 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 then be 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 t he reset 
position , e . e . , against t he right side of the bridge . 
Advance the stationary contact until the cont acts 
just clos e .  Then b ack 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 t he 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 spring is adjusted by 
placing a screwdriver of similar tool 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 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 next 
lowest tap setting and adjust the spring as described . 
It should be noted t hat this adjustment results in a 
slightly different time characteristic curve and burden.  

Indicating Contactor Switch (ICS. ) 

Close the main relay c ontacts and pass sufficie nt 
d-e current through the trip circuit to close the con­
tacts of the res. This v alue of current should be not 
greater than the particular res 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 t he 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.  

R E N EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However , interchangeable parts c an be 
furnished to the customers who are equipped for doing 
repair work . When ordering parts ,  always give the 
complete nameplate data. 
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T Y P E  K C-4 R E LAY
-----------------------------------------------------------------
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Westinghouse I . L. 41 -776.2E 

INSTA L L ATI ON • O P E R ATI ON • M A I NTENANCE 

INSTRUCTION S 
TYPE KC-2 H I GH SP EED 
OVERCU RRENT R ELAY 

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. 

0 APPLI CATION 
The type KC-2 relay i s  a two unit high speed 

overcurrent level detector. As an example, it may 
be used as a fault detector for KD- 1 0 distance 
relays. It may be operated continuously picked 
up, if the application requires, without experi­
encing excessive wear. 

CONSTRUCTION AND OPERATI ON 

The type KC-2 relay consists o f  two high speed 
overcurrent cylinder units and an indicating con­
tactor switch. 

OVERC URRENT U N IT ( I)  

The overcurrent unit is  a product induction 
cylinder type unit. The time phase relationship of 
the two air gap fluxes necessary for the develop­
ment of torque is achieved by means of a capacitor 
connected in series with one pair of pole windings. 

Mechanically, the overcurrent unit is com­
posed of four basic components: a die-cast 
aluminum frame, an electromagnet, a moving ele-

A ll  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 re­
garding his particular installation, operation or 
maintenance of his equipment, the local West­
inghouse Electric Corporation representative 
should be contacted. 

ment 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 replac­
ed, 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 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 
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 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 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. 

SUPERSEDES I .L. 41 -776.2D, dated Jan. 1 977 
�oDtmotes change from superseded Issue 
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TY PE KC-2 H IGH SPEED OVERC URRENT 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. 

INDI CATING CONTACTOR SWITCH UNIT 
( I C S) 

The indicating contactor switch is a small de 
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 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 cover. 

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

2 

C HARACTERISTICS 

The relay is available in the follolwing current 
ranges: 

Range Taps 

0.5 - 2  amps 0 .5  0.75 1 .0 1 .25 1 . 5 2 

1 - 4 1 .0 1 .5 2 .0 2 .5  3 .0 4.0 

2 - 8  2 3 4 5 6 8 

4 - 1 6  4 6 8 9 1 2  1 6  

10 - 40 10 1 5  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 in the over .. 

current unit has been factory adjusted for low con .. 
tact bounce performance and should not be dis .. 
turbed . 

TRIP C IRCUIT 

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

TRIP C I RCUIT CONSTANT 

Indicating contactor Switch (ICS) 

1 ampere rating: 0 . 1  ohms de resistance 
0.2/2.0 ampere rating: 0.2 tap - 6.5 ohms 

2 tap - 0. 1 5  ohms 

S ETTI NGS 

OVERC U RRENT U N IT ( I )  

The only setting required i s  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. 

I NDICATI NG CONTACTOR SWITCH ( I C S )  

No setting i s  required for relays with a 1 .0 
ampere unit . For relays with a 0.2j2.0 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 1 25- or 
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TYPE KC-2 H I GH SPEED OVERCU RRENT RELAY I.L. 41 -776.2E 

250-volt de type WL relay switch, or equivalent, 
use the 0.2 ampere tap; for 48-volt de applications 
set the unit in a tap 2 and use a Type WL relay 
with a S#304C209G01 coil, or equivalent. 

I N STALLATION 

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. 

ADJ U STM ENTS & MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay, no customer ad­
justment, other than those covered under 
"SETTINGS", should be required. 

ACC EPTANCE C H EC K  

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

OVERCU RRENT U NIT ( I)  

Contact Gap - The gap between the 
stationary and 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 hole and applying rated tap value current. The 
contact should close within ± 5% of tap value 
current. 

-----------------------------------------

I N DI CATI N G  CONTACTOR SWITCH ( I C S )  

Close the main relay contacts and pass suf­
ficient de current through the trip circuit 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 greater than the particula1 
ICS tap setting being used for 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 .2/2.0 ampere unit and 0.070" for 
the 1 .0 ampere unit between the bridging moving 
contact and the adjustable stationary contacts. 
The bridging moving contact should touch both 
stationary contacts simultaneously . 

ROUTI N E  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 par­
ticular application. 

All contacts should be periodically cleaned. A 
contact burnisher S#1 82A836H0 1 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. 

CALI B RATION 

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 U NIT ( I )  

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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TYPE KC-2 HIGH SPEED OVERC URRENT R ELAY------------------

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 adjm:t 
the spring until the contacts just close at the 
desired pick-up current. 

INDICATING CONTACTOR SWITC H { ICS)  

Close the main relay contacts and pass suf­
ficient de current through the trip circuit 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 greater than the particular 
ICS tap setting being used for the 0 .2-2 .0 ampen! 
ICS. The operation indicator target should drop 
freely. 

The contact gap should be approximately 
0.047" for the 0.2j2.0 ampere unit and 0.070" fo r 
the 1 .0 ampere unit between the bridging moving 
contact and the adjustable stationary contacts . 
The bridging moving contact should touch both 
stationary contacts simultaneously. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can 
be furnished 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 

Range 
Continuous One Second 

Rating Amps Rating Amps 

.5 - 2  5 100 

5 - 4 8 140 

2 - 8  8 140 

4 - 1 6  1 0  200 

1 0 - 40 1 0  200 
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TYPE KC-2 H IGH SPEED OVERCU RRENT RELAY -----------------' · L_._4_1 -_77_&_.2_E 

I K D -1 0 

r 2
1 

I 3  

5 0  
-3-

I 3  

I K D - 1 0  

r 2 ' 
3 5 0 4 A 8 3 

Fig. 1. External Connection of KC-2 Relay for Supervising the Distance Phase Relay. 

IQTaiT&IlM lftiC •• IT (LMI CTL .IT) 
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IATUIUIII 
Tl&llf-.: 

C�Hm nn ·'" 

11.1 I&IIU 

TUT WITCI 

Sub 3 
8 3 7A 4 5 4  

0 Fig. 2 .  Internal Schematic o f  KC-2 with Tapped ICS. 

IIITAIT...:•t M-IT (IIHD CTL •• IT) 

YUISnll ---t-t---r==�,.,.-1__:::)...._, 

I_,.&IIT&.:OUI M-IT (.- CTL .IT) 
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·· -· 
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S ub  3 
8 6 2A789 

O Fig. 3. Internal Schematic of KC-2 Relay with 1 Amp ICS Unit. 
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TYPE KC-2 H I G H  SPEED OVERC URRENT RELAY __________________ . 

6 

SATURAT I NG 
TRANSFORMER 

INDICATING 
CO NTACTOR 
SWITCH  

INTERNAL SCHEMATIC 

FRONT VrEW 

0 Fig. 4. Internal Schematic of KC-2 Relay with two Tapped 
ICS units. 

I NSTANTANEOUS 
OVERCURREtlT ( LOWER CYL UN IT )  
VAR I STOR 

SATURAT I NG 

TRANS FORMER 

CURRENT TEST 
JACK 

TEST SWI TCH 
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TYPE KC-2 H IGH SPEED OVERC URRENT R EL AY _______________ I .L_. _41_-7_7s_.2_E 

AMPERE RANGE 

.5 - 2  

1 - 4 

2 - 8  

4 - 1 6  

1 0 - 40 

ENERGY REQ U I REM ENTS 
B U R DEN DATA OF OPERATI NG C U RRENT C IRCUIT 

KC-2 50 HZ 

TAP 
VA AT 

PF ANGLE 
VA AT 

TAP VALU E 5 AM PS. 

.5 . 35 36 24 

.75 . 36 33 1 3  

1 .37 32 8 .0 

1 .25 .39 3 1  5 .5  

1 .5 .4 1 29 4 .5  

2 .43 27 2 .8  

1 . 35 35 8 . 8  

1 .5 . 38  3 1  4 .8 

2 .4 1 29 2 .8  

2 . 5  .44 27 2.0 

3 .47 25 1 .4 

4 .53 23 .92 

2 1 .04 45 6 .2 

3 1 . 1  4 1  3 . 2  

4 1 .2 36 2 .0 

5 1 .3 33 1 .2 

6 1 .4 3 1  1 .0 

8 1 .7 27 0.6 

4 1 . 26 43 2 . 1  

6 1 .5 40 0.9 

8 1 .6 37 .5 

9 1 .7 34 .4 

1 2  2.0 3 1  .35 

16 2 .2  28 .20 

10  1 .9 39 .45 

1 5  3 .6 36 .40 

20 5 . 8  34 .35 

24 7 .8  3 1  .30 

30 10 .5  29 .27 

40 17 . 5  27  .25 

Fig. 5 .  Burden Data 

PF ANGLE 

34 

32 

3 1  

30 

28 

26 

34 

30 

28 

27 
- -

25 

23 

45 

4 1  

36 

33 

3 1  

27 

42 

40 

37 

34 

3 1  

28 

39 

36 

34 

3 1  

29 

27 
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TYPE KC-2 H I GH SPEED OVERCURRENT RELAY----------------

RANGE AMPS TAPS 

.5 

. 75  

1 
.5 - 2  

1 .25 

1 .5 

2 

1 

1 .5 

2 
1 - 4 

2 . 5  

3 

4 

2 

3 

4 
2 - 8  

5 

6 

8 

4 

6 

8 
4 - 1 6  

9 

1 2  

1 6  

1 0  

1 5  

20 
1 0 - 40 

24 

30 

40 

8 

ENERGY REQUI REM ENTS 

BU RDEN DATA OF OPERATING C URRENT CIRCUIT 
60 H ERTZ 

VOLT-AM PERES POWER FACTOR �O LT AM PERES 
TAP VALUE C URRENT ANGLE ¢ 0 AT 5 AM PERES 

.37 39 24 

.38 36 1 3  

. 39 35  8 .5  

.4 1 34 6.0 

.43 32 4.6 

.45 30 2 .9 

.4 1 36 9 .0 

.44 32 5 .0 

.47 30 3 .0 

.50 28 2 . 1  

. 53  26 1 . 5 

.59 24 0.93 

1 . 1  49 6 .5  

1 .2 43 3 .3  

1 .3 38 2 . 1 

1 .4 35  1 .4 

1 . 5 33 1 . 1  

1 .8 29 0 .7  

1 .5 5 1  2 .4 

1 .7 45 1 .2 

1 .8 40 0.7 

1 .9 38 0 .6 

2 .2  34  0 .37  

2 . 5  30 0.24 

1 .7 28  .43 

2 .4  2 1  .27 

3 . 1 1 6  .20 

3 . 6  1 5  . 1 5  

4 .2 1 2  . 1 1  

4 .9 1 1  .08 

Fig. 6. Burden Data 
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T Y P E  K C -2 H I G H  S P E E D  OVER C U R R E NT R EL AY _______________ I .L_. _41_-7_7&_.2E 
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� 2 0  
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1 0  

/DROPOUT TO ' !5 %  C F P ICKUP 

� v� 
V P I C K U P  

- - - -I .,;-··� vv 1"0 80% OF PIC KUP 

t\ � 

_/ 
vDROPOU r TO 0 %  OF PI CKUP 
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4 6 8 ! 0  1 2  1 4  1 6  

-

18 2 0  
MU LT I P L E S O F  T A P  VA L U E CU R R E N T  

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

(629A5 76 Sub. 3) 
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TYPE KC-2 H I G H  SPEED OVERCU RRENT RELAY _________________ _ 

1 0  

8 . 250 
( 209. 55)  

� -+---+-1:- -t 1 6 . 500 
( 4 1 9 . 1 ) 

.563 
(14.30) 

�__L l I 

....__-+---3 . 1 88  I I 
6 .375 (80 . 98 )  �\ ( 16 1 , 9 3 )  PA N E L  LOC ATION � 

S E M I - FLUSH M TG ,  

.64 1 
(16.28) 

P ROJECT I O N  MTG , -------" 

. 250 DIA. 4 HOLES FOR (6. 35 l . 190-32 MTG, SCREWS 

PAN E L  C UTO U T  8 D R I L L I N G  
F O R  S E M I - F LU S H  M T G .  

1�0 
(25.4) 

-+-�---+--
2.0 

(50.8) 

5 7 0 7 9 0 2  

0 Fig. B. Outline and Drilling (FT-31 Case). 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
RE LAY-INSTR U M ENT DIVISION NEWARK, N. J. 

Printed in U.S.A. www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



(.9 �  (.g �  
<( ;:: 
� � ..t-.::1���5:.] - � ___. ...... 

' . 
. ,, 

Lfl Q ���-4 
� 

I �  � 
z 
� 
0:: 
< � A I R  GAP 
z TRANSfORMERS 
� ( P R I MARY ) 

l v;  
� 
0 
1-
z ...... 
� ·  � 3, - D I STANCE 

, � UIU T 

J 

i 
' 

' I 

51 
�I  0::: 1 
0 0.. 
0::: 
0 "I R GAP 
U TRANS FORMER 
U ( s·

ECON.OA RY) 0:: t-(.) w _J w 
w 
CJ) 
:::> 
0 
::c 
(!) 
z 
tn � I  

lllft_ fi'f� 1 3 t R 078 !!H 

---� - - ---------------

D ISTA N C E  R E LAY - T Y PE K D - 1 0  ( l A M P  I .C.S . )  
I N  TYP E F T - 4 2  CA S E  
I N TE R N AL SCHE M AT I C  

I1-n0 I3 - I 2  I 1  @ I  

DIMlNSIONa , .. INCHII 

CHASS I S  OPERATED 
SHORT I NG SW I TCH 

1 50  OHMS 

-1 ND I CATOR . 
CONTACTOR SWI TCH 

_, � 
D I STANCE U N i T . 
(UPPER UN I T) 

RED HAKr;�E 

TERM I IAL 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westi nghouse I .L .  41 -776. 1 J  

I N S T A L L A TI O N  • O P E R A T I O N  • M A I N T E N A N CE 

I N S T R U C T I O N S  
TYPE KC-4 OVERC U RR E NT RE LAY 

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. 

APPLI CATION 

The type KC-4 i s  a non-directional current or  
fault detector which operates for a l l  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 the picked 
up position, set well below ful l  load. Alternatively, 
where the relay is to be used as a fault detector 
(pickup above full l9ad) the 98% or better dropout 
ratio of the phase and ground units is advan­
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 
instantaneous overcurrent units, (I A and I c), one 
ground instantaneous unit ( Io), and an indicating 
contactor switch (ICS). The principal component 
parts of the relay and their location are shown in 
Figure I .  

PHASE AND G RO U N D  I NSTANTANEOUS 
OVERCU RRENT U N ITS 

(lA, Ic , Io) 

Each instantaneous overcurrent unit consists 
of an induction cylinder unit, capacitor, varistor, 
and a transformer. The components are connected 
such that a contact closing torque is produced 
when the current exceeds a specified value. 

I N DUCTION CYLIN DER UNIT 

M echanically, 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. I n  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 

A ll 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. 1 H ,  DATED MAY 1 977 
COMPLETE REVISION 
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T Y P E  K C - 4  R E L A Y-----------------------------------· 

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 

FRO N T  VIEW 

holding the upper pin bearings, the bridge is used 
for mounting the adjustable stationary contact 
housing. The stationary contact housing i s  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. 

6 

7 

R E A R  V I E W  

2-I c U:J I T  3 ·I 0 O R  I ll U N I T  4·I i\ D I CATII\G C O N T A C T O R  Sl\' I TC I I  

2 

5-J SXI' U R A T I \ G  T l0\0i S F D RM E R  A 6·J c S A T U RA T I :J G  T RA:JS F O RME R 

7-I 0 O R  I ll S,\TURAT I � G  T RA N S F O R�! E R  

Fig. 1 .  Type KC-4 Relay Without Case. 
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T Y P E  K C-4 R E LA Y ------------------------------------------------------------�I. L�·�4�1 -�77�6�. 1�J 

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 i s  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 de 
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 cover. 

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

OPERATI ON 

I N STANTANEOUS OVERCURRENT U NIT 

Operation of the instantaneous overcurrent 
unit occurs when the primary current of the trans­
former exceeds a value as marked on the tap plate. 
Upon application of current to the transformer, a 
voltage is induced in 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 
current flowing in these coils in reference to the 
current 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 
produced. 

The primary of the transformer is tapped and 
brought out to a tap connector block for 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 range of the relay . 

BREAKER FAI LURE SCHEMES USING THE 
KC-4 RELAY 

The following explanations frequently refer to 
the type TD-5 timing refay, which is usually used 
in conjunction with the KC-4 relay for breaker 
failure protection . For detailed data on the TD-5,  
refer to instruction leaflet 4 1 -579. 1 .  

SINGLE BUS/SI NGLE B REAKER 
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. I f  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 868.  

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 de 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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T Y P E  K C -4 R E LA Y  

_r:--> 
1:__. 
� T R I P  1__. ALL BKRS 

� 
1__. 
� L___. 
r-- BLOCK "' 1:___. 
r--L___. 

BREAKER .. 2 FA I L U R E  

" 
' 

T-R-;21 
t I +--+�+��f===::::::=l==l=:;-r�_j 86BF2 i 

_r-----" L I N E  I 

L__. 
TRANSFER 
TRIP 

C BF TI ... E� '"' 
T R I P CKT C B K R I 

C L I N E  I 
B A C K U P  
T R I P CI(T 

r-- L I N E 2 
L_ TRANSFER 

TRIP 

'"' C B F T I M E R  

C B K R 2 
T R I P CKT 

C L I N E 2 
B A C K U P  
T R I P CKT 

�� � ·  
I 

1459 Cl0 
Sub 2 

Fig. 2. External Connections for the KC-4 Relay - Breaker Failure Protection of a Single Bus/Single Breaker A 
- One Timer per Bus. 

rrangement 

has been initiated. They energize the TD-5 
breaker-failure timer (62) through the KC-4 (50) 
contacts, which have already closed in response 
to the same fault which operated the line relays . 
I f  the breaker interrupts fault current as expected, 
the KC-4 drops out and the TD-5 timer is de­
energized before it times out; no further action 
is taken. But if current flow continues beyond the 
expected time limit, the TD-5 delay expires and 
the output (T R) contact of the TD-5 energizes 
the 62A auxiliary relay for contact multiplication.  
62A contact energizes the 868 lockout auxiliary 
to strip the bus and block reclosing. 

Note that, in figure 2 ,  each breaker has its own 
line protection relays, 8FI 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, 868, is energized regard­
less of which breaker fai ls .  Targeting of the parti­
cular failed breaker is accomplished by the ICS 
in  the associated KC-4 in conjunction with the 62X 
and 62Y BFI  contacts for that line. The zener 
blocking diode inside each KC-4, connected to 

4 

terminal 50-2, isolates the m ultiple 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. H oweve r, 
de 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 868F contact 
is shown in series with the trip circuit, to interrupt 
de current flow. 

After the TD-5 has operated, a sneak path may 
be created through the supervising lamp for the 
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T Y P E  K C -4 R E LA Y----------------------------------------------------------���-L�-�41�-�77�6�-1J 

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-S .  This sneak 
current may prevent the TD-S from dropping out, 
a normally-closed 86BF 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 S2a contacts. 
Otherwise, BFI is lost when the breaker functions 
mechanically, opening S2a, but fails to interrupt 
current flow. The resistor in parallel with the 94T 
auxiliary dissipates 62S Watts in a 1 2S Vdc control 
scheme. It  draws sufficient current to hold an ICS 
in the line backup tripping circuits picked up, and 
may burn if the S2a 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 the bus and 
block reclosing. The blocking valves T RB-2 
prevent the 87B from energizing the 86BF aux­
iliaries. However, in case of breaker failure during 
a bus fault, the BF:I auxiliary 62Z relay is picked 
up by 87B .  The closure of contact 62Z provides 
a signal in the breaker failure scheme to energize 
the TD-S timer, then picks up the corresponding 
86BF auxiliary. 86BF contact initiates the transfer 
trip for isolating the faulted bus. 

Figure 2 also shows how B FI seal-in can be 
provided when one timer is used per bus. The T D-S  
relay containing the TX relay cannot be used here. 
A separate 62S auxiliary relay is provided for each 
breaker, each with a T RB-2 blocking diode to 
isolate the circuits 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-S timer is dedicated 
to each breaker; and (b) in this scheme B F I  seal-in 
is provided by the TX auxiliary in TD-S .  

The telephone relay coil TX in parallel with 

the TD-S timer 62 is optionally used to seal-in 62X 
and 62Y contacts. When the KC-4 contacts 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 may be needed 
when 62X and Y are energized by potential­
polarized distance relays. If a close-in fault occurs 
so that the polarizing potential collapses com­
pletely, the distance relay will reset after stored 
energy in the polarizing circuit damps out 
(usually l S to 30 ms ) .  This will cause dropout 
of 62X or Y ,  even if the breaker has failed and 
the fault remains. The TX contact will keep the 
timer energized for this critical situation, allowing 
the breaker failure scheme to function and strip 
the bus. 

I n  figure 3 ,  the ICS in the TD-S now provides 
the seal-in and target functions, since a separate 
TD-S is dedicated to each breaker. 

With the KC-4 connected adjacent to the de 
positive supply as shown in figure 3, a SOX auxil­
iary relay can be connected between terminal 2 of 
the KC-4 and de negative. SOX then follows the 
KC-4 and provides contact multiplication.  This 
allows the KC-4 to perform other non-breaker­
failure functions. For example, a SOX 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: 

( I )  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) I f  the breakers on the bus have different 
interrupting times, a common timer m ust be 
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T Y P E  K C-4 R E LA Y------------------------------�-��� 

BREAKER L I N E  BUS BREAKER 
STATION BUS PHASE ROTATION A , B , C  ���--�T�RI�PP�ING�------�·�AC�KU�P----�DW�FE=RE�NT�IAC��FA�IL�UR�E----------

r - - - - - , 

r+--+-1 1  
-

:

I 

PRIMARY §I 
r•l I RELAYS I 

.Ll' .._._,_.-----,1 I flfhi>-p-( �__,1 I 

+ ' - - - - - -' 
50 50 r - - - - - ,  5� �A-�4 r\-l----; I � "V"-1>' 

PHASE 
A 

11 
OEV. NO. T Y P E  FUNCTION 

TR8 2 Z E N E R  TRIPPING UNIT 
50 K C - 4  O V E R  CURRENT DETECTOR 
50 X OVERCURRENT AUX.(OPTIN-IALI 
52 POWER CIRCUIT BREAKER 

BREAKER FAILURE TIMER 
62X BKR. fAIL. I N I TIATING AUX. 
62Y BKR FAIL. I N I T IAT

I

N G  AUX 

868 w, · --
�DI FF. LOCKOUTAUX 

878 BUS OIFF. R E LAY 
9< T  ... T R I P P I N G  AUX. 

DWG. NO 
187A696 
IBSA640 

3500A85 

3515A17 
3500A85 
3500A85 

3500A68 

A:HIGH- T H R E S H O L O  TYPE"I4MS PICKUP} 

BLOCKING ZENER BUT NOT BOTH. t :OPTIONAL FOR SEAL-IN Of 62X MO 62Y CONTACTS. 4' • g�v�Wlol
R

:OR CONTACT MULTIPLICATION Of KC-4 OVERCUR R E N T  

� ... 
125¥0 
NEG. 

_r:--+ L___. 
_r:--+ L___. 
_r:--+ L___. 
_r:--+ L___. r---- :��CK 
L___. 
r--L___. 

BACKUP 4 
PROT �92� 

8 6 8 F ( O N F P E R B K N i  

..c-- T R A N S F E R  � TRIP 

C B R E A K E R FAILURE 
T I M E R C K T  

C PRIMARY 
T R I P CKT 

C BACKUP 
T R I P CKT 

OTHER 
BREAKER 
CIRCUITS � ' 

142 7C9 5 
Sub 9 

Fig. 3. External Connections for the KC-4 Relay - Breaker Failure Protection of a Single Bus/Single Breaker Arrangemen t 
with One Timer per Breaker. 

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

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

(4) I f  B F I  seal-in is needed it is easy to obtain 
with separate timers. With a single timer, 
auxiliary relays and blocking 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 basic functioning of the scheme of figure 4 
I S  the same as for the single bus-single breaker 
case. 

First, consider the breaker 1 fai lure detection 

6 

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 
B F I  to breaker-failure schemes for breakers l , 4 ,  
and others on bus L whenever a bus  fault occurs 
and bus differential relay 878-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 b locking of b reaker 2 and transfer tripping 
of breakers at the remote end of line A. The timer 
62 also energizes lockout switch 868-L through a 
T RB-2 blocking diode; this is not detrimental but 
is redundant since 868-L was a lready tripped by 
the bus relay 878-L .  

Now consider a fault on  l ine A and a failure: 
of breaker 1 .  BFI  is provided by 62X and Y.  The 
timer 62 will energize 86Z and 868-L through 
TRB-2 as just described. In this case, breaker 2 
and remote-breaker tripping were already accom-
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TYPE K C-4 R E LAY ---------------------------------�I .. L. 41 -776.1 J  

BKR.2 FAILURE DETECTION 

DEVICE TYPE TRB-2 
•o KC-4 

52 
62 TD-5 
62X AU 
62V ... 
62Z ... 
868 WL 
86BF L 

878 
94T 

86BF2 
_r--TRIP 

LaKR.-1 _r-TRIP 
L aKR.-3 
_r--BLOCK RECL 

LaKR.-1 

r
BLOCK RECL 

LeKR.-2 

r��i"' 
LBKR.-3 

_r--UNE A 

L...
t�f�

S W 
lLINE B 

DESCRIPTION 
ZENER TRIPPING UNIT 
OVE"RCURRENT DETECTOR 

POWER CIRCUIT BREAKER 
BREAKER FAILURE TIMER W/TX 
B. F. INITIATE AUX.-PRI 
B F INITIATE AUX.-BACKUP 
B.F. IN!TIATE AUX.-BUS 

BUS DIFF. LOCKOUT AUX. 
8 F. LOCKOUT AUX 

BUS DIFF. RELAY 
TRIPPING AUX. 

_. :HIGH- T H R E S H O L D  TYPE(4MS PICKUP) 

86BF2 

NO. REQ'O OWG NO 
3 /BAY .. l 187A696 
I I B KR. 188A640 

3/BAY 
1/BKR. 3515AI7 
1/LINE 3500A85 
1/LINE 3500AB5 
liB US 3500A85 

II BUS 
1/BKR 

1/LINE 3500A88 

.... =WITH SUPERVISING LIGHT, USE EITHER 868 CONTACT OR TRB-2 
BLOCKING ZENER BUT NOT BOTH, f :OPTIONAL FOR SEAL-IN OF 62X AND 62Y CONTACTS. 

l428Cl8 
Sub 5 

Fig. 4. External Connections for the KC-4 Relay - Breaker Failure Protection of a Breaker-and-a-Half Bus Arrangement - One Timer 
per Breaker. 

plished by line relays, so these actions are re­
dundant. However, the blocking of reclosing for 
breaker 2, and reclose blocking at the remote 
terminal via the transfer-trip signal, are now 
provided. Also, 86B-L now strips bus L to isolate 
the failed breaker l .  

Now, refer to the breaker 2 failure detection 
circuit. BFI  is provided by 62X and Y contacts for 
lines A and B, since a fault on either initiates 
tripping of breaker 2. I f  breaker 2 fails and the 
timer 62 delay expires, lockout switch 86BF is 
energized. Contacts of 86BF trip breakers 1 and 3 ,  
block reclosing on al l  3 breakers, and transfer-trip 
lines A and B. Some of these actions are redund­
ant-for example, a line A fault does not require 
re-tripping of breaker l .  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 B F I  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, B F I  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 o f  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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T Y P E  K C- 4 R E LA Y----------------------------------------------------------------� 

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 B REAKER 
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 protection is 
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 is a 
better alternative. 

Sometimes, a transformer connected to one 
side of the protected breaker can present a parti­
cular setting problem. Light-current faults may 
occur inside the transformer for which the KC-4 
relay won't pick up. Thus, no breaker-failure pro­
tection is provided when differential or sudden­
pressure relays initiate tripping. To remedy this, 
connect a 52a contact in series with an 86T contact 
from the breaker-failure de positive supply to ter­
minal 9 of the TD-5 timer 62 (86T is a contact of 
the lockout switch associated with the transformer 
differential relay). Repeat this connection for each 
breaker which is adjacent to the transformer . 

The 86T contact supervision insures that 
security is not reduced by the added connection. 
I f  a 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 com­
bination of circumstances for which this connec­
tion doesn't  help is a light transformer fault, and 
a breaker which opens but doesn't interrupt. 
Many utilities consider this unlikely and provide 
no further protection aganist it. The only alter­
native is to replace 52a with a separate low-s.et 
current detector, which can energize the timc!r 
only when 86T closes. 

C H ARACTERISTICS 

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

Range Taps 
0.5-2 Amps 0 .5  0.75 1 .0 1 .25 u 2 

1 -4 1 .0 1 . 5 2.0 2.5 3.0 4.0 
2-8 2 3 4 5 6 8 
4- 1 6  4 6 8 9 1 2  1 6  

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 C I RC U IT 

The main contacts will safely close 30 ampere:s 
at 250 volts de 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 CI RCUIT CONSTANTS 

Indicating Contactor Switch -
0.2 amp. tap 6 . 5  ohms d-e resistanc'e 
2 .0 amp. tap 0 . 1 5  ohms de resistance 
1 .0 amp. tap (when supplied) 0 . 1 ohm de 
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T Y P E  K C -4 R E L A Y ------------------------------------------------------------I. L_._4_1_-7_76_· __ 
1 J  

SETTINGS 

PHASE & GROUND OVERC U RRENT U NIT 

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. 

I NDICATIN G  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 1 25-or 
250-volt de type WL relay switch or equivalent, 
use the 0.2 ampere tap; for 48-volt de applications 
set in 2 tap and use WL coil S#304C209GO 1 .  

I NSTALLATION 

The relays should be  mounted on switch­
board panels 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 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 washers are provided for use in the 
locations shown on the outline 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 and 
affixed to the mounting screws or studs as required 
for poorly grounded or insulating 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 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. 4 1 -076. 

ADJUSTM ENTS AND MAI NTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the 
factory. U pan receipt of the relay, no customer 
adjustments, other than those covered under 
"SETTINGS," should be required. 

ACCEPTANCE C H ECK 

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

Phase & Ground Overcurrent Unit 
I .  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-e 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 
.04 7" between the bridging moving contact and 
the adjustable stationary contacts. The bridging 
moving contact should touch both stationary con­
tacts simultaneously. 

ROUTIN E  MAI NTENANCE 

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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LINE B L I N E  B BREAK E R  2 FAILURE BR EAKER FAILURE LOCKOUT 
125VDC B K R. 2 TRI PPING PRIMARY PROTECTION BACK UP PROTECTION T I M E R  CONTROL C I RCU IT B6BF-2 
POS. 

TRB-2 

·52 

PRIMARY 
PROTECTION 
LINE B. 

TO BKR.3 
TRIP  COIL 

L INE 
B 

TRB-2 

BACK UP 
PROT. 
L I N E  B 

94 
T 

2 1\  

9TR 

x - o g  --t+-0-' I 0 
TRB-2.. B 6  

....._ B F  ....... .. 

lo 

0 
LINE A 

B 6 B F - 2 11 �RIP 

_ 
BKR. I 

L------0 ----O����SFER 

----0 0 1 LINE B 1 TR I P  B G B F - 2  e s s F - 2  T BKR. 3 T oTRANSFER L-----0 
TRIP 

8 6B F - 2  T1 �LOC K 

_ 
BKR. I '-----0 

RECLOSING 

B 6 B F - 2 1 �LOCK RECLOS I NG T B K R .2  
0 

8 6 B F -2 1 �LOCK R ECLOSING 

T BKR 3 
0 

1 2 5V�D�C�-----�t----------�------------��-------�-----------------------------------­
N E G  

DEV. NO TYPE FUNCT I O N  
TRB-2 ZENER TRIPPING U N I T  

50 KC-4 OVERCURRENT DETECTOR 

52 POWER C I R C U I T  BREAKER 
62 T D-5 BREAKER FAI LURE T I M E R  
62X A R A BKR. FAI L. IN I T IATING AUX. 
62Y AR A BKR. FA I L . INITIATING AUX 

86B W L  BKR FAI L LOCKOUT A U X .  

94T lA R A T R I PP I N G  AUX . 

A =  HIGH THRESHOLD TYPE (4MS PICKUP) 
A A = WITH SUPERV ISIN G  LIGHT, USE EITHER B 6 B  CONTACT 

OR TRB-2 BLOCK I N G  ZENER BUT NOT BOTH. f =OPTIONAL FOR SEAL- I N  OF 62X A N D 62Y CONTACTS 

Fig. 5. External Connections for the KC-4 Relay - Breaker Failure Protection of a Ring Bus. 

DWG. NO 
1 8 7A696 
I 88A640 

35 1 5 A I 7  
3500A85 
3500A85 

3500ABB 

NO. R EQ'D 
1 / LI N E  
1 /BKR. 

I/ L INE 
1 / B KR. 
1/ L I N E  
I I  LINE 

1 /BKR. 
1 / L I N E  

(408C554) 
Sub 9 
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TYPE K C -4 R E LA Y --------------------------------------------------�I . L�- �41�-7_7_6 .1_J 

ENERGY REQUIREMENTS - 60 Hz 

PHASE & G ROUND OVERCURRENT U NIT - 60 Hz 

t t  
AMPERE RANGE TAP VA AT TAP VALUE 

.5 .37 

.75 .38 
1 .39 

.5-2 1 .25 .4 1  
1 . 5 .43 
2 .45 

1 .4 1 
1 . 5 .44 
2 .47 

1 -4 2 .5  .50 
3 .53  
4 .59 

2 1 . 1  
3 1 .2 
4 1 . 3 

2-8 5 1 .4 
6 1 . 5 
8 1 .8 

4 1 . 5 
6 1 .7 

4- 16  8 1 .8 
9 1 .9 
1 2  2.2 
1 6  2 .5  

10 1 .7 
1 5  2.4 
20 3 . 1  

1 0-40 24 3 .6 
30 4.2 
40 4 .9 

20 6.6 
30 9 .3  

20-80 40 1 2  
48 1 3 . 5 
60 1 5 .9 
80 1 9 .2 

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

G t t  
P.F. ANGLE VA AT S AMPS. 

39 24 
36 1 3  
35  8 . 5  
34 6.0 
32 4.6 
30 2.9 

36 9 .0 
32 5 .0 
30 3 .0 
28 2 . 1 
26 1 .5 
24 0.93 

49 6 .5  
43 3 .3  
38 2 . 1  
35  1 .4 
33 1 . 1  
29 0.7 

5 1 2 .4 
45 1 .2 
40 0.7 
38 0 .6 
34 0.37 
30 0.24 

28 0.43 
2 1  0.27 
1 6  0.20 
1 .5 0. 1 5  
1 2  0. 1 1  
1 1  0.08 

3 1  0.40 
24 0.25 
20 0. 1 8  
1 8  0 . 1 4  
1 6  0. 1 0  
1 5  0.07 

G 
P.F. ANGLE 

46 
37 
34 
32 
3 1  
28 

36 
32 
29 
27 
26 
24 

48 
42 
37 
35 
33 
29 

5 1  
45 
40 
38 
34 
3 1  

28 
2 1  
1 7  
1 5  
1 3  
1 2  

3 1  
24 
20 
1 8  
1 6  
1 5  
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T Y P E  K C - 4  R E L A Y . 

1 2  

KC-4 50Hz BURDEN DATA 

t t II 
AM PERE RANGE TAP VA AT TAP VALUE P.F. ANGLE 

. 5  . 3 5  

. 7 5  . 3 6  
I . 3 7  

. 5-2 1 . 25 .39 
1 . 5 .4 1 
2 .43 

I . 3 5  
1 . 5 . 3 8  
2 .4 1 

1 -4 2 . 5  .44 
3 .47 
4 . 5 3  

2 1 .04 
3 1 . 1  
4 1 .2 

2-8 5 1 . 3 
6 1 .4 
8 1 . 7 

4 1 .26 
6 1 . 5 

4- 1 6  8 1 .6 
9 1 . 7 
1 2  2 .0 
1 6  2 . 2  

1 0  1 . 9 
1 5  3 .6 
20 5 . 8  

1 0-40 24 7 . 8  
30  10 .5  
40 1 7 . 5  

t t Voltages taken with Rectox type voltmeter. 
fJ Degrees current fags voltage. 

C UR R E NT RATI N G S  (50 & 60 Hz) 

36 
33  
3 2  
3 1  

29 
27 

35  
3 1  
29 
27 
25 
23  

45  
4 1  
36 
3 3  
3 1  
27 

43 
40 
37 
34 
3 1  
28 

39 
36  
34 
3 1  
29 
27 

t t  II 
VA AT S  AMPS. P.F. ANGLE 

24 34 
1 3  32  

8 .0 3 1  
5 . 5  3 0  

4 . 5  2 8  
2 . 8  26 

8 .8 36 
4.8 30 
2 . 8  2 8  
2 . 0  2 7  
1 .4 25 

.92 23  

6 .2  45  
3 .2  4 1  
2 .0 36 
1 .2 3 3  
1 .0 3 1  
0 .6 27 

2 . 1 42 
0.9 40 

.5  37 

.4 34 

. 3 5  3 1  

.20 28 

.45 39 

.40 36 

. 3 5  34 

.30 3 1  

.27 29 

.25  27 

RAT I N G  OF THE OVERCURRENT U N ITS (P HASE & GROU N D) 

Range Continuous Rating (Amperes) One Second Rating (Amperes) t 
0.5-2 5 1 00 

1 -4 8 1 40 
2-8 8 1 40 
4- 1 6  1 0  200 

1 0-40 1 0  200 
20-80 1 0  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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T Y P E  K C-4 R E LA Y --------------------------------------------------------------
I
_.

L_. _41_-_77_6_·
1_J 

All contacts should be periodically cleaned. A 
contact burnisher S# l 82A836H0 1 is recom­
mended for this purpose. The use of abrasive 
material for cleaning contacts is not recommend­
ed, because of the danger of embedding smal l  
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 
adj usted for low contact bounce performance and 
should not be changed. 

The set screw in the stationary contact has 
been shop adjusted for optimum fol low 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 then be securely locked in posi­
tion with the lock nut .  The lower bearing position 
is fixed and cannot be adj usted. 

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 the stationary contact until the 
contacts 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 m 
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 spring is adjusted 
by placing a screwdriver of similar tool 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 n ot have 
to be loosened prior to making the necessary ad­
justments. 

I nsert the tap screw in the minimum value tap 
setting and adjust the spring such that the contacts 
will close when energized with the required cur­
rent. 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 next 
lowest tap setting and adjust the spring as des­
cribed. It should be noted that this adjustment 
results in a slightly different time characteristic 
curve and burden. 

I ndicating Contactor Switch (ICS) 

Close the main relay contacts and pass suffi­
cient de 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 . H owever, interchangeable parts can 
be furnished to the customers who are equipped 
for doing repair work.  When ordering parts, 
always give the complete nameplate data. 
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T Y P E  K C -4 R ELA Y -------------------�------�------���� 

<n 0 z 0 u UJ <n 
..J 
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60 ---

50 

4 0  

3 0  

2 0  

1 0 

,-� -1 t j I 
DROPOUT TO 95 % qF PICKUP 

I ! I 

1 8 2 0  
M U L T I P L E S  O F  T A P  VA L U E  C U R R E N i  

6 2 9 A 5 7 6  
Fig. 6. Maximum Pick-Up and Drop-Out Time Curves tor 

the Phase and Ground Overcurrent Units 

I NSJANTAIIEOUS 
OYI!:R: CURRENT ( UPPER CYL.UKIT ) 

����.A��:����s (M I D:ILE CYL. U N I T) 
OPERATIOij 

ITIOI CATOR 

8 6 2 A 6 1 2  
Fig. 8. Internal Schematic of the KC-4 Relay with Operation 

Indicator and Contacts to separate terminals in 
FT-41  case. 

1 4  

�.��� ... ��!�i��s --( UPPlR CYL.UIII f )  

TWO I ll  S E � I  E S  FOI! 250 w.o.c.- --

I I W I CATINQ 
CONTACTOR - -- ­
SJtlTCN 

- tlB
II 

.---" -- ---L _�-- l -
. A, (:) \.V '----=---==,no::TVi<w ____ -- -

, , �  rA;HArt�ous O'ft l CURRtN ( Lt.. �t.i CYL 1,11., T ,  

188A64o 

Fig. 7. Internal Schematic of the KC-4 Relay in the FT- 4 1  
Case. 

INSTANTANEOOS 
OVER CURRENT 

( UPPER CYL. �IT) 

TWO IN SERIES 
F� 250 V. O . C .  

INDICATING 
CONTACTO>L----r-1 
SWITCH 

INSTANTANEOUS 
OVER CURRENT 

(MIDDLE CYL.. UNIT) 

INSTANTANEOUS 
OVER CURRENT 

( L OWERCYL UNIT) 

CHASSlS OPERATED 
SHCflTING SWITCH 

REO HANDLE 

TEST SWITCH 

ClRRENT TEST 

JACK 

TERMINAL 

S U B . 2 
8 6 2 A9 9 7  

Fig. 9. Internal Schema tic of the KC-4 Relay with Series 
Make Contacts in FT-4 1 Case. 
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I IISUNHNEOUS 
OYE� CURRENT { UPPER C Y L . U II I T ) UBI I 

J II STAIIT,ANEOUS 
OYER CURRENT 

( M I D:llE CYL . U N I T )  

IIISTAIITlNEOUS 
OVER CURRENT ( LOWER CYL UN I T ) 

CkAS S I S  OPEIUT£0 
- SHOUING SWITCH 

- REO !iiiiDL€ 
JEST SWITCW 

CURREIH TEST 
JACK. 

TEift411tAL 

S U B . 2 
8 7 6A4 6 6  

Fig. 1 0. Internal Schematic of the KC-4 Relay with one side of 
Contacts to Separate Terminals in FT-41 Case. 

6�i� ·�������s �-( u PHR CYL . U N I T ) 

TWO IN S E R I E S  
F O R  2SC V . O . C .  

1 11 0 1 C .4T I NG COII TACTOII -· -­
SI'ITCH 

I.L. 41 -776.1 J  

HtSTlNTlNEOUS 
OVER CURR£1H (MI DDLE CYL.UNIT) 

UtSTANT ANEOUS 
OVER CURRENT 

( LOWEll C'tl UN I T )  

CHAS S I S  OPEiiJ.TEO 
SHORT I N G  SWITCH 
RED H.utDLE 
TE4T SWITCH 

CUIIRUT TEST JAC« 
TERN IIIlL 

S U B . 2 
8 37 A 3 39 

Fig. 1 1 .  Internal Schema tic o f  the KC-4 Relay with Normally 
Closed Contacts in FT-4 1 Case. 

5 7 - 0 - 7 9 0 4  
Fig. 12. Outline and Drilling Plan for the KC-4 Relay in FT-4 1 

Case. 
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WESTI NGHO U SE I .L. 41 -776.1 K 

I N ST A L L A TI O N  • O P E R A T I O N  • M A I N TE N A N C E 

I N S T R U C T I O N S  
TYP E  KC-4 OVER C U RRENT R E LAY 

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 i s  a non-directional current or  
fault detector which operates for a l l  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 the picked 
up position, set well below full load. Alternatively, 
where the relay is to be used as a fault detector 
(pickup above full l�ad) the 98% or better dropout 
ratio of the phase and ground units is advan­
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 
instantaneous overcurrent units, (I A and I c), one 
ground instantaneous unit (Io), and an indicating 
contactor switch (ICS). The principal component 
parts of the relay and their location are shown in 
Figure I .  

PHASE AND G RO U N D  I NSTANTANEOUS 
OVERCURRENT U NITS 

(lA, lc, Io) 

Each instantaneous overcurrent unit consists 
of an induction cylinder unit, capacitor, varistor, 
and a transformer. The components are connected 
such that a contact closing torque is produced 
when the current exceeds a specified value. 

I N D UCTION CYLIN DER 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 

A II 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. 

SU PERSEDES I .L. 41 -776.1 J, dated December 1 977 
0 Denotes change since previous Issue. 
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T Y P E  K C - 4 R E L A Y---------------------------------

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 

FRO N T  V IEW 

holding the upper pin bearings, the bridge is used 
for mounting the adjustable stationary contac:t 
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 adjuster is also held in 
place by a spring type clamp. 

R E A R  V I E W 

2·I c UN I T  3-I 0 O R  I 13 U N I T  4-I N D I CAT I N G  CONTACT O R  S W I TCH 

5-I A S AT U RAT I 'JG T RA N S F O RME R 6·I c S A T U RAT I N G  T RA N S F ORM E R  

7·I 0 O R  I g  SAT URAT I N G  T RANSFORM E R  

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 i s  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. 

I NDICATING CONTACTOR SWITCH UNIT 
( ICS) 

The indicating contactor switch is a small de 
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 cover. 

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

OPERATI ON 

INSTANTANEOUS OVERCU R R ENT UNIT 

Operation of the instantaneous overcurrent 
unit occurs when the primary current of the trans­
former exceeds a value as marked on the tap plate. 
Upon application of current to the transformer, a 
voltage is induced in 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 
current flowing in these coils in reference to the 
current 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 
produced. 

The primary of the transformer is tapped and 
brought out to a tap connector block for 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 range of the relay . 

BREAKER FAILURE SCHEMES USING THE 
KC-4 RELAY 

The following explanations frequently refer to 
the type TD-5 timing refay, which is usually used 
in conjunction with the KC-4 relay for breaker 
failure protection.  For detailed data on the TD-5 ,  
refer to  instruction leaflet 4 1 -579. 1 .  

SINGLE BUS/SI NGLE B REAKER 
ARRANGE MENT 

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 de 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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SUB . 4 

�--------------------------------------------------------���� 
Fig. 2. External Connections for the KC-4 Relay - Breaker Failure Protection of a Single Bus/Single Breaker Arrangement 

- One Timer per Bus. 

has been initiated. They energize the TD-5  
breaker-failure timer (62) through the KC-4 (50) 
contacts, which have already closed in response 
to the same fault which operated the line relays. 
If the breaker interrupts fault current as expected, 
the KC-4 drops out and the TD-5 timer is de­
energized before it times out; no further action 
is taken . But if current flow continues beyond the 
expected time limit, the TD-5 delay expires and 
the output (T R) contact of the TD-5 energizes 
the 62A auxiliary relay for contact multiplication .  
62A contact energizes the 868 lockout auxiliary 
to strip the bus and block reclosing. 

Note that, in figure 2, each breaker has its own 
line protection relays, 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 device1 868, is energized regard­
less of which breaker fails .  Targeting of the parti­
cular failed breaker is accomplished by the ICS 
in the associated KC-4 in conjunction with the 62X 
and 62Y BFI contacts for that line. The zener 
blocking diode inside each KC-4, connected to 

4 

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 break(:r 
tripping circuit. If a fault occurs and the break(:r 
operating mechanism is stuck (the most frequent 
type of breaker failure), line relays energize th e 
trip coil with no  effect. The breaker failure scheme 
will operate the initiate backup tripping, elimin­
ating threats to power system integrity. H owever, 
de 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 interven(:. 
For this reason, a normally-closed 86BF contact 
is shown in series with the trip circuit, to interrupt 
de current flow. 

After the TD-5 has operated, a sneak JJdth may 
be created through the supervising lamp for the 
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T Y P E K C-4 R E LAY ___________________________________________________________ I._L._4_1_-7_7_8. __ 1 K  

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-S. This sneak 
current may prevent the TD-S from dropping out, 
a normally-closed 86BF 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 S2a contacts. 
Otherwise, BFI is lost when the breaker functions 
mechanically, opening S2a, but fails to interrupt 
current flow. The resistor in parallel with the 94T 
auxiliary dissipates 62S Watts in a 1 2S Vdc control 
scheme. It draws sufficient current to hold an ICS 
in the line backup tripping circuits picked up, and 
may burn if the S2a 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 the bus and 
block reclosing. The blocking valves TRB-2 
prevent the 87B from energizing the 86BF aux­
iliaries. However, in case of breaker failure during 
a bus fault, the BI:I auxiliary 62Z relay is picked 
up by 87B.  The closure of contact 62Z provides 
a signal in the breaker failure scheme to energize 
the TD-S timer, then picks up the corresponding 
86BF auxiliary. 86BF contact initiates the transfer 
trip for isolating the faulted bus. 

Figure 2 also shows how B FI seal-in can be 
provided when one timer is used per bus. The TD-S 
relay containing the TX relay cannot be used here. 
A separate 62r auxiliary relay is provided for each 
breaker, each with a TRB-2 blocking diode to 
isolate the circuits 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-S timer is dedicated 
to each breaker; and (b) in this scheme BFI seal-in 
is provided by the TX auxiliary in TD-S .  

The telephone relay coil TX in parallel with 

the TD-S timer 62 is optionally used to seal-in 62X 
and 62Y contacts. When the KC-4 contacts 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 may be needed 
when 62X and Y are energized by potential­
polarized distance relays. If a close-in fault occurs 
so that the polarizing potential collapses com­
pletely, the distance relay will reset after stored 
energy in the polarizing circuit damps out 
(usually I S  to 30 ms). This will cause dropout 
of 62X or Y, even if the breaker has failed and 
the fault remains. The TX contact will keep the 
timer energized for this critical situation, allowing 
the breaker failure scheme to function and strip 
the bus. 

In  figure 3 , the ICS in the TD-S now provides 
the seal-in and target functions, since a separate 
TD-S is dedicated to each breaker. 

With the KC-4 connected adjacent to the de 
positive supply as shown in figure 3 , a SOX auxil­
iary relay can be connected between terminal 2 of 
the KC-4 and de negative. SOX then follows the 
KC-4 and provides contact multiplication . This 
allows the KC-4 to perform other non-breaker­
failure functions. For example, a SOX 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: 

( l )  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 
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T Y P E  K C-4 R E LAY----------------------------------�. 
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Fig. 3. External Connections for the KC-4 Relay - Breaker Failure Protection o f  a Single Bus/Single Breaker Arrangement 
with One Timer per Breaker. 

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

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

(4) If 8 FI seal-in is needed it is easy to obtain 
with separate timers. With a single timer, 
auxiliary relays and blocking diodes must be 
added whose cost mitigates the timer savings. 

BREAKER-AN D-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 basic functioning of the scheme of figure 4 
I S  the same as for · the single bus-single breaker 
case. 

First, consider the breaker 1 failure detection 

6 

circuit as an example for a breaker adjacent to a 
bus. 8r'eaker-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 
8 F I  to breaker-failure schemes for breakers 1 ,  4 ,  
and others on  bus L whenever a bus fault occurs 
and bus differential relay 878-L operates. 

For a bus fault on L and a failure of breaker 1 ,  
the timer 62 will energize lockout switch 868F 
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 868-L through a 
TR8-2 blocking diode; this is not detrimental but 
is redundant since 868- L was already tripped by 
the bus relay 8 7 8- L .  

Now consider a fault on line A and a failure 
of breaker I .  8FI is provided by 62X and Y. The 
timer 62 wi l l  energize 86Z and 868-L through 
TR 8-2 as just described. In this case, breaker 2 
and remote-breaker tripping were already accom-
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BUS L 

� TRIP 

ey_s � BKR 4 
868 � =�gc�SING L � BKR I 
868 � ����SING 

L � BKR 4 

868FI 

ICE TYPE 
TRB-2 
KC-4 

" 
62 TD-:5 
62X AU 

... 

878 
04T 

8KR.2 FAILURE DETECTION 

� '50-2. 
10 

868F2 

DESCRIPTION NO. REO'D OWG. NO 
ZENER TRIPPING UNIT 3/BAY+I 187A696 
OVE"RCURRENT DETECTOR 1 /BKR. 188A640 

POWER CIRCUI T  BREAKER 3/BAY 
BREAKER FAILURE TIMER W/TX 1/BKR. 3515AI7 
B.F. INITIA.TE AUX.-PRI II LINE 3500A85 
B F. INITIATE AUX.-BACKUP 1 /LINE 3500A85 
B.F. INjTIATE AUX.-BUS II BUS 3500A85 

US DIFF. LOCKOUT AUX. I/ BUS 
B F. LOCKOUT AUX. 1/BII:R 

BUS OIFF. RELAY 1/BUS 
TRIPPING AUX. J/LINE 3S00A88 

4 "HIGH-THRESHOLD TYPE(4MS PICKUP) 
•• =WITH SUPERVISING LIGHT, USE EITHER 868 CONTACT OR TRB-2 
t .. ������N

A<t zf
�Nl�E�����OJF ���HAND 62Y CONTACTS. 

1428Cl8 
Sub 5 

Fig. 4. External Connections for the KC-4 Relay - Breaker Failure Protection of a Breaker-and-a-Half Bus Arrangement - One Timer 

per Breaker. 

plished by line relays, so these actions are re­
dundant. However, the blocking of reclosing for 
breaker 2, and reclose blocking at the remote 
terminal via the transfer-trip signal, are now 
provided. Also, 86B-L now strips bus L to isolate 
the failed breaker l .  

Now, refer to the breaker 2 failure detection 
circuit. BFI is provided by 62X and Y contacts for 
lines A and B, since a fault on either initiates 
tripping of breaker 2 .  If breaker 2 fails and the 
timer 62 delay expires, lockout switch 86BF is 
energized. Contacts of 86BF trip breakers l and 3 ,  
block reclosing on  all 3 breakers, and transfer-trip 
lines A and B. Some of these actions are redund­
ant-for example, 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 
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 
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T Y P E K C-4 R E LA Y-------------------------------------------------------------------

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 protection is 
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 is a 
better alternative. 

Sometimes, a transformer connected to one 
side of the protected breaker can present a parti­
cular setting problem. Light-current faults may 
occur inside the transformer for which the KC-4 
relay won't pick up. Thus, no breaker-failure pro­
tection is provided when differential or sudden­
pressure relays initiate tripping. To remedy this, 
connect a 52a contact in series with an 86T contact 
from the breaker-failure de positive supply to ter­
minal 9 of the TD-5 timer 62 (86T is a contact of  
the lockout switch associated with the transformer 
differential relay). Repeat this connection for each 
breaker which is adjacent to the transformer. 

The 86T contact supervision insures that 
security is not reduced by the added connection. 
If a 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 com­
bination of circumstances for which this connec:­
tion doesn't help is a light transformer fault, and 
a breaker which opens but doesn't interrupt. 
Many utilities consider this unlikely and provide 
no further protection aganist it. The only alter­
native is to replace 52a with a separate low-se:t 
current detector, which can energize the timer 
only when 86T closes. 

CHARACTERISTICS 

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

Range Taps 
0.5-2 Amps 0 .5  0.75 1 .0 1 .25 1 . 5 2 

1 -4 1 .0 1 . 5 2.0 2 .5  3 .0  4.0 
2-8 2 3 4 5 6 8 
4- 1 6  4 6 8 9 1 2  1 6  

1 0-40 1 0  1 5  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 C I RC U IT 

The main contacts will safely close 30 amperes 
at 250 volts de 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 .  

T R I P  C I RCUIT CONSTANTS 

Indicating Contactor Switch -
0.2 amp. tap 6 .5  ohms d-e resistanc(: 
2 .0 amp. tap 0. 1 5  ohms de resistance 
1 .0 amp. tap (when supplied) 0 . 1 ohm de 
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SETTINGS 

PHASE & GROUND OVERCU RRENT U N IT 

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 . 

I NDICATING CONTACTOR SWITC H (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 1 25-or 
250-volt de type WL relay switch or equivalent, 
use the 0.2 ampere tap; for 48-volt de applications 
set in 2 tap and use WL coil S#304C209G0 1 .  

I N STALLATION 

The relays should be mounted on switch­
board panels 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 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 washers are provided for use in the 
locations shown on the outline 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 and 
affixed to the mounting screws or studs as required 
for poorly grounded or insulating panels. Other 
electrical connections may be made directly to the 
terminals by means of screws for steel panel 
mounting or tg 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 .  4 1 -076. 

ADJ U STMENTS AND MAI NTENANC E  

The proper adjustments to  insure correct 
operation of this relay have been made at the 
factory. Upon receipt of the relay, no customer 
adjustments, other than those covered under 
"SETTINGS," should be required. 

ACC EPTANCE CHECK 

The following check is  recommended to insure 
that the relay 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-e 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. 

ROUTIN E  MAI NTENANCE 

All relays should be inspected periodically and 
the operation should be checked at least once 
every year or at such other time intervals as may 
be dictated by experience to be suitable to the 
particular application. 
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I.L. 41 -776.1 K 
T Y P E K C -4 R E L A Y--------------------------------------------------------

ENERGY REQUIREMENTS - 60 Hz 

P HASE & G ROUND OVERCURRENT U NIT - 60 Hz 

t t  
AMPERE RANGE TAP VA AT TAP VALUE 

. 5  . 37 

.75 . 38  
1 .39 

.5-2 1 .25 .4 1 
1 . 5 .43 
2 .45 

1 .4 1 
1 . 5 .44 
2 .47 

1 -4 2 .5  .50 
3 .53 
4 .59 

2 1 . 1  
3 1 .2 
4 1 . 3 

2-8 5 1 .4 
6 1 . 5 
8 1 .8 

4 1 .5 
6 1 .7 

4- 16  8 1 .8 
9 1 .9 
1 2  2 .2 
1 6  2 .5  

10 1 .7 
1 5  2.4 
20 3 . 1  

10-40 24 3 .6 
30 4.2 
40 4.9 

20 6.6 
30 9 .3  

20-80 40 1 2  
48 1 3 . 5  
60 1 5 .9 
80 19 .2 

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

I t t  
P.F. ANGLE VA AT S AMPS. 

39 24 
36 1 3  
35  8 .5 
34 6.0 
32 4.6 
30 2 .9 

36 9 .0 
32 5 .0 
30 3 .0 
28 2 . 1  
26 1 .5 
24 0.93 

49 6 .5  
43 3 .3  
38 2 . 1  
35  1 .4 
33  1 . 1  
29 0.7 

5 1  2 .4 
45 1 .2 
40 0.7 
38 0 .6 
34 0 .37 
30 0.24 

28 0 .43 
2 1  0.27 
1 6  0 .20 
1 .5 0. 1 5  
1 2  0 . 1 1 
1 1  0 .08 

3 1  0 .40 
24 0.25 
20 0 . 1 8  
1 8  0 . 1 4  
1 6  0. 10  
1 5  0.07 

I 
P.F. ANGLE 

46 
37 
34 
32 
3 1  
28 

36 
32 
29 
27 
26 
24 

48 
42 
37 
35  
33  
29 

5 1  
45 
40 
38 
34 
3 1  

28 
2 1  
1 7  
1 5  
1 3  
1 2  

3 1  
24 
20 
1 8  
1 6  
1 5  
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T Y P E  K C - 4  R E L A Y-������----------------------------

1 2  

KC-4 50Hz BURDEN DATA 

t t I 
AMPERE RANGE TAP VA AT TAP VALUE P. F. ANGLE 

.5 .35 

.75 .36 
I .37 

. 5-2 1 . 25 .39 
1 . 5 . 4 1  
2 .43 

I .35  
1 . 5  . 3 8  
2 .4 1 

1 -4 2 . 5  .44 
3 .47 
4 .53  

2 1 .04 
3 1 . 1  
4 1 .2 

2-8 5 1 .3 
6 1 .4 
8 1 .7 

4 1 .26 
6 1 . 5 

4- 1 6  8 1 .6 
9 1 .7 
1 2  2 .0 
1 6  2 . 2  

1 0  1 .9 
1 5  3 .6 
20 5 .8 

1 0-40 24 7 .8 
30 1 0.5 
40 1 7 . 5 

t t Voltages taken with Rectox type voltmeter. 
f1 Degrees current lags voltage. 

C URRENT RATINGS (50 & 60 Hz) 

36 
3 3  
3 2  
3 1  

29 
27 

35 
3 1  
29 
27 
25 
23 

45 
4 1  
36 
33 
3 1  
27 

43 
40 
37 
34 
3 1  
28 

39 
36 
34 
3 1  
29 
27 

t t  I 
VA AT S AM PS. P.F. ANGLE 

24 34 
1 3  3 2  

8 .0 3 1  
5 .5  30 

4 .5  28 
2 . 8  26 

8 . 8  36 
4 . 8  3 0  
2 . 8  28  
2 .0 27 
1 .4 25  

.92 2 3  

6 .2  45  
3 . 2  4 1  
2 .0 36 
1 .2 33 
1 .0 3 1  
0.6 27 

2 . 1  42 
0.9 40 

.5 37 

.4 34 

.35 3 1  

.20 28 

.45 39 

.40 36 

.35 34 

.30 3 1  

.27 29 

.25 27 

RATI NG OF THE OVER CURRENT U N ITS (PHASE & GROU ND) 

Range Continuous Rating (Amperes) One Second Rating (Amperes) t 
0.5-2 5 ! 00 

1 -4 8 1 40 
2-8 8 1 40 
4- 1 6  1 0  200 

1 0-40 1 0  200 
20-80 1 0  200 

t Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the 
square of the current. 
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I.L. 41 -778.1 K 
T Y P E  K C-4 R E LA Y-------------------------------------------------------------------

All contacts should be periodically cleaned. A 
contact burnisher S#l 82A836H0 l 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. 

l .  The upper pin bearing should be screwed 
down until there is approximately l /64" clearance 
between it and the top of shaft bearing. The upper 
pin bearing should then be securely locked in 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 the stationary contact until the 
contacts 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 is 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 of similar tool 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 to 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 when energized with the required cur­
rent. 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 next 
lowest tap setting and adjust the spring as des­
cribed. It should be noted that this adjustment 
results in a slightly different time characteristic 
curve and burden. 

Indicating Contactor Switch (ICS) 

Close the main relay contacts and pass suffi­
cient de 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 
.04 7" 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. 
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T Y P E  K C-4 R ELAY------------------------------------=� · 
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Fig. 6. Maximum Pick-Up and Drop-Out Time Curves for 
the Phase and Ground Overcurrent Units 

IMSJAHTAIIEOUS 
OYI!:R CURRENT (UPPER CYL.UMIT ) 

OPERATIOJI 

IIIDI CATOR 

8 6 2 A 6 1 2  

Fig. 8. Internal Schematic of the KC-4 Relay with Operation 
Indicator and Contacts to separate terminals in 

FT-41  case. 

1 4  

IMSUIIUNEOUS _ 
flYER CURRENT (UPPlR CVl.UMI r )  

INDICATING 
COMTACTOR -- -- -
SifiTCN 

l88A64o 

Fig. 7. Internal Schematic of the KC-4 Relay in the FT-4 "1 
Case. 

INSTANTANEOUS 
OVER CURRENT 

(UPPER CYL.I..NIT) 

INDICATING 
CONTACTOoo<----r-\ 
SWITCH 

INSTANTANEOUS OVER CURRENT 
(MIDDLE CYL. UNIT) 

INSTANTANEOUS 
OVER C!..mf:NT 

( LOWERCYL UNIT) 

CHASSIS OPERATED 
SHCfiTING SWTTCH 

REO HANDLE 

TEST SWITCH 

CLRRENT TEST 
JACK 

TERMINAL 

S UB . �� 
8 6 2 A9 9 7  

Fig. 9. Internal Schematic of the KC-4 Relay with Serie-s 
Make Contacts in FT-4 1 Case. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



� N STANTAifEOUS 
OYER CURRENT 

(UPPER CYL.UN I T )  

lA 1" I ���--
lo 

I I ! 
I N STANTANEOUS 

- OYE� CURRENT 
( � ! DOLE CYL.UNtT) 

�NSUIHAHEOUS 
OVER CURRENT 

{ LOWER CY'l UNIT)  

CHAS S I S  OPUATED 
SHORTING S_,ITCH 

- RED ltlNDlf 
JEST SWI TC11! 

CllRREM-T TEST 
JACK. 

TEII'WIMAL 

S U B . 2 
8 7 6 A4 6 6  

Fig. 1 0. Internal Schematic of the KC-4 Relay with one side of 
Contacts to Separate Terminals in FT-41  Case. 

NO I M  SE� I ES 
FOR 25C V.D.C. 

U ID I CATING 
COHTACTOiil -· --· SWITCH 

I.L. 41 -778.1 K 

�MSTAIITAHEOUS 
OVER CURIIEU 

(�I DDLE cn.uaiT) 

HIST.UTAHEOUS 
OYER CURRENT 

(LOIIIER CYL UII I T) 

CHASSIS OPERATED 
SHDn iHG SWHCH 
RED HJJII)LE 
fEU SWITCH 

CUIIIEif TEST 
JACI 
lEbliiUL 

S U B . 2 
8 37A3 39 

Fig. 1 1 .  Internal Schematic o f  the KC-4 Relay with Normally 
Closed Contacts in FT-4 1 Case. 

5 7 - D - 7 9 0 4  
Fig. 12. Outline and Drilling Plan for the KC-4 Relay in FT-41  

Case. 
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Westinghouse I . L. 41 -776.2E 

INSTA L L ATI ON • OPERATION • M A I NTENANCE 

I N S T R U C T I O N S  
TYPE KC-2 H I GH SP EED 
OVERC U RRENT R ELAY 

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. 

0 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- 1 0  distance 
relays. It may be operated continuously picked 
up, if the application requires, without experi­
encing excessive wear. 

CONSTRUCTION AND OPERATI O N  

The type KC-2 relay consists o f  two high speed 
overcurrent cylinder units and an indicating con­
tactor switch. 

OVERCU RRENT UNIT ( I)  

The overcurrent unit is  a product induction 
cylinder type unit. The time phase relationship of 
the two air gap fluxes necessary for the develop­
ment of torque is achieved by means of a capacitor 
connected in series with one pair of pole windings. 

Mechanically, the overcurrent unit is com­
posed of four basic components: a die-cast 
aluminum frame, an electromagnet, a moving ele-

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 re­
garding his particular installation, operation or 
maintenance of his equipment, the local West­
inghouse Electric Corporation representative 
should be contacted. 

ment 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 replac­
ed, 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 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 
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 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 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. 

SUPERSEDES I.L. 41 -776.2D, dated Jan. 1 977 
oDenotes change from superseded Issue 

EFFECTIVE M AY 1 978 
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TYPE KC-2 HIGH S PEED OVERC URRENT R ELAY------------------

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. 

INDICATI NG CONTACTOR SWITCH UNIT 
( ICS) 

The indicating contactor switch is a small de 
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 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 cover. 

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

2 

CHARACTERISTICS 

The relay is available in the follolwing current 
ranges: 

Range Taps 

0.5 - 2  amps 0 .5  0.75 1 .0 1 .25 1 .5 2 

1 - 4 1 .0 1 .5 2 .0 2 . 5  3 .0 4.0 

2 - 8  2 3 4 5 6 8 

4 - 1 6  4 6 8 9 1 2  1 6  

10 - 40 10  1 5  20 24 30 40 

The tap value is the minimum current requir,ed 
to just close the overcurrent relay contacts. For 
pick-up settings in between taps refer to the se:c­
tion under adjustments. 

CONTACTS 

The moving contact assembly in the ove:r­
current unit has been factory adjusted for low con­
tact bounce performance and should not be dis­
turbed. 

TRIP CIRCUIT 

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

TRIP C I RCUIT CONSTANT 

Indicating contactor Switch (I CS) 

1 ampere rating: 0. 1 ohms de resistance 
0 .2j2.0 ampere rating: 0 .2 tap - 6.5 ohms 

2 tap - 0. 1 5  ohms 

SETTINGS 

OVERCU RRENT U N IT ( I )  

The only setting required i s  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 und(:r 
load, connect the spare tap screw in the desired 
tap position before removing the other tap screw 
from the original tap position. 

I NDICATING CONTACTOR SWITCH ( I C S) 

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 1 25- or 
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TYPE KC-2 HIGH SPEED OVERCU RRENT RELAY I.L. 41 -776.2E 
------------------------------����� 

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

I NSTALLATION 

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. 

ADJ U STM ENTS & MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay, no customer ad­
justment, other than those covered under 
"SETTINGS", should be required. 

ACCEPTANCE C HECK 

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

OVERC UR RENT U N IT {I) 

Contact Gap - The gap between the 
stationary and 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 hole and applying rated tap value current .  The 
contact should close within ± 5% of tap value 
current. 

I N D ICATI NG CONTACTOR SWITCH { ICS) 

Close the main relay contacts and pass suf­
ficient de current through the trip circuit 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 greater than the particulat 
ICS tap setting being used for the 0.2-2 .0 ampere 
ICS. The operation indicator target should drop 
freely .  

The contact gap should be approximately 
0 .047" for the 0.2j2.0 ampere unit and 0.070" for 
the 1 .0 ampere unit between the bridging moving 
contact and the adjustable stationary contacts. 
The bridging moving contact should touch both 
stationary contacts simultaneously. 

ROUTI NE 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 par­
ticular application .  

All contacts should be  periodically cleaned. A 
contact burnisher S#1 82A836H0 1 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 U NIT {I) 

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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TYPE KC-2 HIGH S PEED 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 at the 
desired pick-up current. 

INDICATIN G  CONTACTOR SWITCH ( ICS)  

Close the main relay contacts and pass suf­
ficient de current through the trip circuit 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 greater than the particular 
ICS tap setting being used for the 0.2-2 .0 ampere 
ICS. The operation indicator target should drop 
freely. 

The contact gap should be approximately 
0.047" for the 0.2/2.0 ampere unit and 0.070" for 
the 1 .0 ampere unit between the bridging moving 
contact and the adjustable stationary contacts .  
The bridging moving contact should touch both 
stationary contacts simultaneously. 

RENEWAL PARTS 

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

RATINGS OF OVERCURRENT U NIT 
50 & 60 Hz 

Range 
Continuous One Second 

Rating Amps Rating Amps 

. 5 - 2  5 100 

5 - 4 8 140 

2 - 8  8 140 

4 - 1 6  1 0  200 

10 - 40 10 200 
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TYPE KC-2 HIGH SPEED OVERCURRENT RELAY ________________ 
I_. L_. _41_-7_7_& ._2E 

I K D -1 0  

r 2
1 

5 0  
-3-

I 3  

I K D - 1 0  

l2 1 
3 5 0 4 A 8 3  

Fig. 1 .  External Connection of KC-2 Relay for Supervising the Distance Phase Relay. 

IIITUTAIIM MIICIIIIIT (LMI C"fL .IT) 

tAlliTH 
IA�ATI .. TIAII, .... 
- TilT 

-

III UIIU 

TilT .ITCI 

Sub 3 
8 3 7A4 5 4  

0 Fig. 2. Internal Schematic of KC-2 with Tapped ICS. 

IIITAIT .. M 
-IT 
(LMI CTL .IT) 

fAIIITtl 

·· -· 

S ub  3 
86 2A789 

0' Fig. 3. Internal Schematic of KC-2 Relay with 1 Amp ICS Unit. 
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TYPE KC-2 H IGH SPEED OVERCU RRENT RELAY ________________ _ 

6 

SATURATI NG 
TRANSFORMER 

INDICATING 
CO N TACTOR 
SWITCH 

INTERNAL SCHEMAnC 

FRONT VIEW 

0 Fig. 4. Internal Schematic of KC-2 Relay with two Tapped 
ICS units. 

I NSTANTANEOUS 
OVERCURREt1T ( LOWER CYL UN I T) 
VAR I STOR 

SATURAT I NG 

TRANSFORMER 

CURREtlT TEST 
JACK 

TEST SW I TCH 

Sub 2 
3 5 1 2 A l 9 
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TYPE KC-2 H IGH SPEED OVERC URRENT RELAY ______________ I .L_. _41_-7_76_.2_E 

AMPERE RANGE 

.5 - 2 

1 - 4 

2 - 8  

4 - 1 6 

1 0 - 40 

E NERGY REQUI REM E NTS 
BURDEN DATA OF OPERATIN G  C U RRENT C I RCUIT 

KC-2 50 HZ 

TAP 
VA AT 

PF ANGLE 
VA AT 

TAP VALUE S AM PS. 

. 5  .35 36 24 

.75 .36 33 1 3  

1 .37 32 8 .0 

1 .25 .39 3 1  5 . 5  

1 .5 .4 1 29 4 .5 

2 .43 27 2 . 8  

1 . 3 5  35  8 . 8  

1 . 5  . 38  3 1  4 .8  

2 .4 1 29 2 .8  

2 . 5  .44 27 2.0 

3 .47 25 1 .4 

4 . 53  23  .92 

2 1 .04 45 6 .2 

3 1 . 1  4 1  3 . 2  

4 1 .2 36 2 .0 

5 1 .3 33  1 .2 

6 1 .4 3 1  1 .0 

8 1 .7 27 0.6 

4 1 .26 43 2 . 1  

6 1 . 5 40 0.9 

8 1 .6 37 .5 

9 1 .7 34 .4 

1 2  2 .0 3 1  .35 

16 2 .2 28 .20 

10  1 .9 39 .45 

1 5  3 . 6  36  .40 

20 5 . 8  34 .35 

24 7 . 8  3 1  .30 

30 10 .5  29 .27 

40 1 7 . 5  27 .25 

Fig. 5. Burden Data 

PF ANGLE 

34 

32 

3 1  

30 

28 

26 

34 

30 

28 

27 

25 

23 

45 

4 1  

36 

33  

3 1  

27 

42 

40 

37 

34 

3 1  

28 

39 

36 

34 

3 1  

29 

27 
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TYPE KC-2 H IGH SPEED OVERC URRENT RELAY-----------------

RANGE AMPS TAPS 

.5 

.75 

1 
.5 - 2  

1 .25 

1 .5 

2 

1 

1 .5 

2 
1 - 4 

2 . 5  

3 

4 

2 

3 

4 
2 - 8  

5 

6 

8 

4 

6 

8 
4 - 1 6  

9 

1 2  

1 6  

10  

1 5  

20 
1 0 - 40 

24 

30 

40 

8 

E NE RGY REQU IREM ENTS 

BURDEN D ATA OF OPERATING C U RRENT C I RCUIT 
60 HERTZ 

VOLT-AM PERES POWER FACTOR I\IOLT A M PERES 
TAP VALUE CURRENT ANGLE ¢ 0 AT S AM PERES 

.37 39 24 

.38 36 1 3  

.39 35  8 . 5  

.4 1  34 6.0 

.43 32 4 .6 

.45 30 2.9 

.4 1 36 9.0 

.44 32 5 .0 

.47 30 3 .0 

. 50 28 2 . 1 

.53 26 1 .5 

.59 24 0.93 

1 . 1  49 6.5 

1 .2 43 3 . 3  

1 .3 38 2 . 1 

1 .4 35  1 .4 

1 . 5 33  1 . 1  

1 .8 29 0.7 

1 .5 5 1  2.4 

1 .7 45 1 .2 

1 .8 40 0.7 

1 .9 38  0.6 

2.2 34 0.37 

2 . 5  30 0.24 

1 .7 28 .43 

2.4 2 1  .27 

3 . 1  1 6  .20 

3 .6 1 5  . 1 5  

4.2 1 2  . 1 1  

4.9 1 1  .08 

Fig. 6. Burden Data 

POWER FACTOIFI 
ANGLE ¢ o 

46 

37 

34 

32 

3 1  

28 

36 

32 

29 

27 

26 

24 

48 

42 

37 

35  

33 

29 

5 1  

45 

40 

38 

34 

3 1  

28 

2 1  

1 7  

1 5  

1 3  

1 2  
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TYPE KC-2 H IGH SPEE D OVERCU RRENT R ELAY ______________ I.L_. _41_-7_76_. 2E 

60 

50 

en 
0 4 0  z 
0 
0 L&J 
en -
..J 
..J 3 0  
:1 
z 

L&J 
:1 2 0  
._ 

1 0  

I
DROPOO-r TO s 5 %  c F p ICKUP 

� v� 
v PICKUP  .. TO 80% OF PIC r� ·vv KUP 

t\ � 

/' 
/DROPOUT TO 0 %  OF PI CKUP 

2 

� 
' ........__ ........ 

4 6 8 ! 0  1 2  1 4  1 6  18 2 0  
M U LT I P L E S  O F  TAP VA L UE CU R R E N T  

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

(629A576 Sub. 3) 
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TYPE KC-2 HIGH SPEED OVERCURRENT RELAY __________________ , 

1 0  

8. 250 
( 209. 55) 

� -+--+--++-t 1 6 .5 00 
( 4 1 9 . 1 )  

.'----+------'_j_ i. I 

�--+- 3 . 1
8 8  

1 1  

6 .375 
(8

0 . A9
8 )  

OCA 0 �\ 
(
l 6 1 . 9 3

) 
P N E L  L Tl N � SEM I - FLUSH M TG ,  

P R O J ECT I O N  MTG , -------l 

. 250 OIA. 4 HOLES FOR (6, 35) , 190·32 MTG, SCREWS 

PAN E L  C UTO U T  8 DRI LLING 
FOR S E M I - FLUSH M T G .  

1�0 
(25.4) 

-+---+--t-
2.0 

(50.8) 

5 7 0 7 9 0 ?  

0 Fig. 8. Outline and Drilling (FT-31 Case). 
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I N S T A L L A TI O N  • 

Westinghouse I .L  41 -776.4E 

O P E R A T I O N  • M A I N T E N A N C E 

I N S T R U C T I O N S  
TYPE SBFU STATIC CIRCUIT BREAKER FAILURE RELAY 

CAUTION : It is recommended that the user of this 
equipment becom e acquainted with the information 
in these instructions before energizing the relay. 
F ailure to do so may result in damage to the e quip­
ment. Before putting the rel ay i nto service operate 
the relay to check the electrical connections .  

Printed Circuit Modules s hould not be removed or 
inserted while t he relay is energized . 

A P P L I C A T I O N 

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 prim ary and b ack­
up relays .. Other logic inputs m ay be used where the 
fault current is insufficient to operate the current 
fault detector. The external schematic shows the 
connections for the required inputs. 

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

C O N S T R U C T I O N  

The type SBFU relay i s  a solid-st ate 19 " wide 
rack--mounted p ack age containing a phase and ground 
overcurrent unit fault detector similar to the West­
inghouse Type S I U. In addition, there is an input 
logic module as well as an adjustabl e timer bo ard. 
The conn ection of the modules as well as the typ e 
of output trip device ( which may be a thyristor or 
rel ay) is shown in the particul ar logic drawing. The 
various circuit boards and their slot l oc ation is 
also shown. The logic drawing number is printed on 
the relay nameplat e .  

The inputs from the control voltage a s  well as 
the 6 2X and 62Y or other input lo gic is connected 
to the SBFU by means of a Varicon connector plug. 
The fault detector currents and the trip circuit 
connections are made to a terminal strip . 

The modul es are printed circuit boards with 

plug-in type of connectors. This  permits removal of 
the mo dule for replacement purposes or for u se in 

conjunction with an extender bo ard (S#3494A90GO 1 )  
which permits access t o  the module test points for 
making m e asurements while the relay is energized. 
The plug in feature is  keyed to prevent the boards 
from being re-inserted in the wrong location. 

The overcurrent unit and timer modules have a 
scale  plate and setting potentiometer mounted at 
the front of the modul e. Thi s  p ermits changes in the 
operating levels while the relay is in service .  A 
knob locking device prevents accidental chan ges 
of the fault detector or  timer setting s. 

The internal sch ematic and component location 
drawing for the variou s  modul es depicts the circuitry 
and description of the component value s as well 
as location of the components and test points. 

Overcurrent U n i t  
Consists of three input transformers, two for phase 

0 and one for ground. Some SBFU relays have four overcur­
rent units (Fig.  38).  The transformer h'as a non-tapped 
primary winding and a center tapped secondary winding. 
A resistor and Zener diode ( Z  A and Rcl 
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 cui cuits 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 modul e 
in conjunction with a di al plate. The dial pl ate i s  
calibrated in amperes required t o  produce a logi c 

. 1 1/ {Jii.lsihle con tingencies which may arise during 
ins tallat io n ,  operation ,  or main tenance, and all 
details and \'(/riat ions of' this eq uipment do not  
p u rport to he co l'ered b _r these instructions. If 
further infor11 1at ion is desired by purchaser re­
garding h is part icular ins tallatio n ,  operation or 
1 1 1a intenance of his equipmen t ,  the local West­
ingh ouse Flectric Corporat ion representative 
s hould he contacted. 

SU PERSEDES I .L. 41 -776.4D, dated August 1 974 
0 Denotes change from superseded Issue. EFFECTIVE APRIL 1 977 www . 
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T Y P E  S B F U  STAT I C  CI RCUI T B R EAK E R  FAI L U R E  R E LAY ______________ _ 

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

Jt/ . 

. r, s,,,t, 

• • 
• 

Fig. 2. Photograph (rear v iew with top cover off and rear door open). 
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T Y P E  S B F U  STAT I C  CI RCU I T  B R E A K E R F AI L U R E  R E LAY -------------...:..:1·.=L·_4...:..:1 "...:..:7.:...:76:..:....·4:.=E 

" 1" output ( 1 5 to 20 volts).  A knob on the rheostat 
shaft i s  used to obtain the desired operate p oint . 
A locking feature prevents the knob from being 
accidentally changed. 

Beside the setting circuit the overcurrent unit 
modul e consists of a d-e rectifier, input sensing 

circuit , a feedback circuit and a switching amplifi er. 
The phase spl itting adj ustment 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 
j ack s mounted on the front of the modul e. The actual 
electrical connections can be seen by referring to 
the internal schematic drawin g  of the modul e .  

B reaker F a i l u re Log i c  Modu l e  

This module receives the output o f  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 

0 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 shows 
breaker failure logic module with high capacitive surge 
immunity.  

Adj u stab l e  Timer Module  

The timer adj ust potentiometer is mounted at 
the front of the module along with a dial plate. A knob 
is mounted on the potentiometer shaft and can be held at 

0 the desired setting by means of a locking 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 switch. It contains the circuitry 
for isolating the thyristor trip supply voltage from 
the SB FU control voltage as well as the thyristor 
gate driving circuit. 

Power Suppl y  

The power supply i s  a transistor and Zener 
regulated d-e supply which is located on the power 
supply m odule .  The module is used in conjunction 
with two ext ernal resi stors (RA and RB) ,  whose 
value depend on whether a 48-volt or  1 25-volt d-e 
control voltage is available . The output voltage is 
approximately 2 0VDC. 

Output R el ay 

The output relay, when used, is the Westinghouse 

0 high speed Type AR with 4 normally open contacts. At 
least one normally open contact is connected to a terminal 
strip for tripping duty. �he relay driver circuit is 
located on the power supply module or breaker failure 
module. 

O P E R A T I O N 

The overall operation can best be explained by 
referring to the d-e schematic and logic diagram 
20 1C845.  The 62X and 6 2Y input from the primary 
or backup rel ays are introduced in a lo gic "AND " 
with the overcurre nt unit fault detector. The output 
of the breaker failure logic module then operates 
the adju stable timer module .  The timer output then 
drives either a relay driver or thyristor dep ending 
on the type of output. An i nductor Ll is used in 
conjunction with the thyristor to provide immunity 
to line transients .  

A supplementary instruction leaflet is provided 
for some SBFU relays not co nt ained in this booklet . 
Refer to nameplate for this number. 

Overc u rrent U n i t  

The line CT current flo ws through the SBFU 
input transformer producing a secondary voltage 
proportional to the current. The secondary voltage 
value is affec ted by the setting rheostat. The sec­
ondary voltage is  connected to a p hase splitter 
consisting of a capacitor and fixed resi stor and a 
potentiom eter which produce a three-phase voltage. 
This voltage is fed into a three-phase full wav e  
rectifier. The output of the rectifier goes to a Zen er 
comparer. When thi s voltage is high enough , the 
Zener conduct s and allows current to flow into the 
b ase  of the Q 1 transistor. When transistor Q 1 turns 
on ,  transistor Q 2 also turns on c ausing the voltage 
at the output terminal of the module to rise from 
appro ximatel y 0 ( logic 0) to approximately 20 volts 
(logic 1) . At the same tim e ,  a current feeds back to 
the input. The amount of feedback current is  ad­
justed by a potentiometer in the feedback p ath which 
is factory calibrated for a dropout of approximately 
95% of p ickup .  

Breaker Fai l u re Logic Mo d u l e  

The 62X and 62Y inputs are connected to two 
buffer circuits which consist of two Zener diodes ,  
three resistors, o ne capacitor and one diode. This 
circuitry provides immunity to transients that may 
be p icked up by the leads l e ading to t he input of 
the SBFU.  The buffers are connected to a NOR 
circuit consisting of a transistor and resi stor. The 
output of the NOR circuit connects to a NAND 
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T Y P E  S B F U  STAT I C  CI RCU I T  BREAK E R  FAI LU R E  R E L AY _______________ _ 

circuit in conj unction with the output of the ov er­

current unit. The N A N D  c i rc u it con si st s  of t wo 

input re s i sto r s ,  a tran si sto r ,  a base and a c o l l e ct or 

r es i stor. The output of th e N AND c ircuit is con­

nected to t h e  output terminal of the modul e an d should 

produce appro ximat ely 15 volts d-e input to the timer 

modul e .  

S o m e  modules contain an 8 MS timer for d e l aying 

the s e al-in signal . The time d e l ay may vary from 5 

to 1 1  M S .  

Ad j u stab le  T i mer Mod u l e  

The timer modul e i nput i s  a trans i stor OR circ uit 

consi sting of a NPN an d P NP transi stor. The output 

of the OR c ircuit drives a time d e l ay  circuit c on­

taining a bri dge circuit . O n e  l eg of t h e  bridge c i r­

cuit i s  the timing pote ntiomet er w hich i s  set  for the 

d e sired time d e l aY .  The other l e g  has a t iming c ap­

acitor in it . The oppo site two l egs have a bias 

potent i om e t er which e stab l i s h e s  the timing c ap acitor 

voltage required to fire the thyristor. 

The thyri stor is conne cted across two corners 

of the bridge c ircuit . Whe n  the timing cap acitor 

vol tag e e xceeds the b i as v o l t ag e ,  current flows i nt o  

t h e  g at e  o f  t h e  thyristor turning i t  o n .  Th e voltage 

at the brush o f  th e bias potentiometer quick ]y r i s es 

to app roximatel y 1 8 vol ts.  Thi s  is about 5 volts 

greater than t h e  bloc k i n g  Zener and th erefore al l o w s  

transi stor Q5 t o  t u r n  on.  It al so turn s on tran s i stor  

Q3 which d i scharge s the timing c apacitor. At t h e  

s am e  t i m e  Q5 turns on,  t r ansistor Q6 turns o n  and a 
logic " 1 "  ( 2 0  volts ) app e ars at t e rm inal 2 of t h ·  

modul e .  

T r i p  Mod u l e  

T h e  output o f  t h e  adj ustab l e  timer board fe eds 

the trip m odul e or output rel ay driver which e ver 

the case may be . Wh ere a thyristor output is used , 

a trip mo dul e i s  requi red. T h e  trip module provi d e s  

a pulse for triggeri ng t h e  gat e  o f  th e thyristo r as 

w el l  as pro vi di ng i so l ation betwe e n  the input p o w e r  

supply by m e ans of a p ul s e  transformer. 

When the o utput is a rei ay , a trip modul e i s  not 

required. In that case the o utput of t he timer fe e d s  

a relay driver circu it located o n  the breaker fai l ur e  

logic module o r  power s upply modul e .  The r e l ay 

driver c onsi sts of a transistor , base res istor,  i nput 

resi stor and a zener d i o d e  c onnected fr om emitter to 

col lector to protect the transi stor from transient s .  

T h e  output of the relay driver circuit i s  connec ted to 

a r elay c oi l  whi c h  operates four s ets of c ontact s .  

4 

C H A R A C T E R I S T I C S  

Thr: overcurrent fault detector i s  available i n  

0 . 5 ·2 , 1 -4 ,  2 · 8 ,  and 4 - 1 6  amp . rang e .  Figure 3 shows 

th e operating time of the o vercurrent unit vs.  mul­

tipl es o f  pi ck up v al u e .  The reset time of th e o v er· 

c urrent unit  is shown in F i g .  4 .  The dropout ratio i s  

factory adj usted f o r  approximately 95% o f  pic kup . 

The adj ustabl e  timer c an be supplied with . 0 5  

to . 4 ,  . 1  to 1 . 0 ;  and . 4  to 4 . 0  sec ond t i m e  delay 

rang e s .  The timer has e s s e nti ally no " over-trav el " ,  

( tendency for a timer t o  operate after the input i s  

remov ed ) .  The recycling time o f  t he t i m e r  i s  l e s s  

than . 0 1  seconds after t h e  timer h a s  timed out . 

The timer accuracy is rated at 5o/c or bett er from 

1 8  to 2 1  V .  d . c .  and - 2 0  to + 60° C .  

Thc> th�-ristor trip output  opc>rates i n  approx. 1 
m i l l isc>eond. When a relay ou tput is u sed thc> ope '­

ating t ime is approx. !i-� ms. for a 2 watt AR and 2 m 3. 

0 for a 1 0  watt A R .  A d iode is ronneeted around the coi l  

to dc>lay d ropo u t  by approxi m ately 40 ms.  

Som e i nput buffers are equip ped w it h  a t3 .2 K  

sh unting resi stor across the buffer c apacito r .  I n  thi.s 

case the "must not oper ate " i nput volt age is 5 0% 

of r ated . The " m us t  ope r ate" input voltage is 8 0% 

of r at e d .  

For all other buffe r s  the "must operat e "  volta�;e 

is 38 VDC . 

A l l  o utput b uffer s ignals are rated for 1 0  M A  

maximum at a nominal 20 V D C  and 1 5  V D C  mini mum . 

The tripping thyristo r ,  when used,  is rated for 

5 amperes continuous and 40 amperes for 5 cycl e s .  

Battery Dra i n  

T h e  battery drain i n  t h e  non-operate m ode i s  

appr o x .  6 0  MA for 48 V .  d . c .  supply a n d  3 0  M A  for 

125 V. d . c .  supply .  This does not include the r e l ay 

drain if one is u s e d .  The 2 w att 1 25 V .  d . c .  r e l ay 

drain is approx .  1 5  MA and the 1 0  watt 1 25 V . d . c .  

relay i s  8 0  MA.  The 1 0  watt 4 8 V DC r e l ay dra w s  

200 MA . 

The A-C cur rent burden is shown in T able I 

The A-C current r ating is shown in Table II 
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AMP E R E  
R A N G E  SETTING 

0 . 50 

0 .  75  

1 . 00 

. 5-2 1 .  25 

1 .  50 

1 .  75 

2. 00 

1 .0  

1 . 5  

2 .0  

1-4 2 . 5  

3 . 0  

3 . 5  

4 . 0  

2 

3 

4 

2-8 5 

6 

7 

8 

4 

6 

8 

4- 16  10 

1 2  

1 4  

16  

6 Current L agging Voltage 

..,L Current L eading Voltage 

T A B L E  I 
E N E R G Y  R E Q U I R E M E N T S  

VOLT AMP E R E S  P. F .  D 
AT S E TT I NG AN G L E  

0 .06  1 1 . 5  

0 .09  2 

0 . 1 3  4 

0 . 17 8 

0 . 21 1 2  

0 . 26 14 

0 . 3 1  1 5  

0 . 0 6  1 0 . 5-l 

0 . 10 0 . 5  

0 . 1 5  5 . 5  

0 . 19 9 . 0  

0 . 25 1 1 . 0  

0 . 3 2  1 4 . 5 

0 . 37 16 . 5 

0 .07  8-l 

0 . 1 2  1 . 5  

0 . 18 5 . 5  

0 . 25 8 . 5  

0 .  35 10. 5 

0 . 45 1 3  

0 . 50 1 4  

0. 10 6-,L 

0 . 15 3 

0 . 25 5 . 5  

0 . 3 5  7 . 5  

0 . 50 9 

0 . 65 9 . 5  

0 . 8  10 

VOLT AMP E R E S  P . F .  
A T  5 AMP E R E S  ANGLE 

2 . 8  17 . 5  

2. 7 15 . 8  

2. 6 1 4 . 5  

2 . 5  14 . 5 

2. 3 1 5 . 5  

2 . 1 16 . 5 

2 . 0  18 .0  

1 . 3  4 

1 . 1 4 

0 . 9  5 . 8  

0 . 8  8 

0 . 7  1 1  

0 . 6  1 4  

0 . 6  16 

0 . 44 6-,L 

0 . 3 3  1 . 5  

0 . 28 5 . 5  

0 . 25 8 . 5  

0 . 23 10 . 5  

0 .  2 2  1 3  

0 . 2  13 . 5  

0 . 14 5 . 4-l 

0 . 10 3 

0 . 10 6 

0 . 09 8 

0 . 08 9 . 5  

0 . 08 10 . 5  

0 . 08 1 1 . 5  

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  SB F U  STATI C CI R C U I T  B R EA K E R  FAILU R E  R E LA Y  _______________ _ 

Range 

. 5-2 

1-4 

2-8 

4- 16 

T A B L E I I  
C U R R E N T  R A T I N G S  

Continuou s O ne Second 

8 Amp s .  350  Amps . 

1 0  Amps .  400 Amps .  

1 2  Amps. 400 Amp s. 

15  Amp s. 400 Amps .  

S E TT I N G  
The only setting required is the overcurrent 

unit and t imer 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 o f  the front 
knob on t he timer module . 

I N S T A L L A T I O N 

0 The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture,  excessive vibration and heat. The maxim u m  

ambient temperature around the chassis m u st not 

exceed 55" C. Mount the rela�· by means of the fou r  

slotted holes on the front  of t h e  case. Additional support 

should be provided toward the rear of the relay in addition 

to the front panel moun ti ng. This will protect against 

warping of the front panel due to the extended weight 

within the relay case. Ground relay chassis with No. 12 

A W G  copper wire to grounding post. 

6 

A D J U S T M E N T S A N D  M A I N T E N A N C E  

The proper adjustments to insure correct op eration 
of thi s  relay have been made at the factory and 
should not be disturbed. 

Acceptan ce Test 

Th e follo wing check is recommended to  insure 
that the relay is in proper working order. R efer to 
the logic drawing pertaining to the p articul ar relay 
( Dwg. No. is located on the relay namepl ate) for 
correct terminal connection s .  The test drawing shown 
in Fig. 43 may be used. 

Overcu rrent U n i t  

Check for correct scale marking b y  applying 
current with the knob set at either end of the scal e .  
A voltage o f  approximately 2 0  V. d .  c .  should appear 
at the test terminals (lo cated at the front of the 
overcurrent unit module) when applied a-c current 
i s  within ± lOo/c of the seal e setting. 

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

T i mer U n i t  

A timing check at  the  minimum and m aximum 
settings i s  recommended to insure that the timer 
module i s  in proper working order . Thi s can be done 
at the same time an overall test o f  the relay i s  
made. 

Overa l l  Test 

Refer to the logic drawing and test drawing. 
Connect an 86 device between strip terminal 4 and 
ne gative .  Connect 125  volts d-e positive to terminal 
3 of the terminal strip. Connect rated voltage to 
to terminal J6 and JS of the Varicon connector 
through normally open switches . For some logic 
drawings also connect rated voltage to J 1 5 ,  J 1 6  and 
J 1 7 .  Connect negative of supply to J3 . Also connect 
positive control voltage to terminal J4 and negative 
control volt age to terminal J3 . 

Using a module extender ( S#849A534GO 1 ,  or 
3494A90GO 1)  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 modul e 
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 serie s 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 modul e 
extender is not required. 

With overcurrent unit set at minimum , apply 
twic e 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 ± . 0 1  seconds 
after the switch to terminal J6 i s  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 
IA and then lc 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 J 1 5  and J 16 
check to see that an output is obtained when either 
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TY P E  S B F U  STAT I C  C I R CU I T  B R E A K E R  F A I L U R E  R E LAY ______________ I._L._4_1_-7_7s_.4_E 

switch is c l osed .  A lso check all other outputs as 

s hown on the l ogic drawing. 

C A L I B R A T I O N 

Overcu rrent U n i t  

The overcurrent unit may b e  recal i brated i f  the 

phase splitter or feedback potentiom eter adjustm e nt s  

have be en disturbed o r  if co mponents have b e e n  

repl aced . A s  a re sul t,  the sc al e mark i n g s  may not 

track wit h the knob so that it may be n e c e s s ary to 

readj u st the knob or r epl ace the sc al e plate with a 

new dial . 

The ph ase splitter is adj usted with minimum set­

ting curr ent applie d ,  and minimum dial s et t i n g .  

Adj ust t h e  phase spli t t e r  potentiometer  R 1 3  s o  that 

f' qual a-c voltages are measured at the input to the 

thre e-phase recti fie r .  ( T P 1 ,  PC t e rmin al 9 and 1 0 ) .  

The dial rheost at i s  calibrate d with rated d-e 

voltage appl ied . Apply de sired a-c current until a 

voltage o f  approximately 20 V. d . c .  app ears at the 

modul e outputs test points.  

The dropout ( fe edback) p otentiometer i s  adj usted 

by applying p ic k up a-c c urrent after th e feedback 

pote ntiometer has been rotated about h al f- way . No w 

l ower the a- c current to 95o/c of pickup (or lower i f  

desired) .  I ncreas e  the fe edback resi stance by ro­

tating the fe edbac k  pote ntiom eter clockwise until 

the 20 volts d-e at the o utput dro p s  to zero . 

Ad j u stab l e  T i mer U n i t  

The c ircuit should b e  first c h e ck e d  t o  s e e  that 

th ere is no compon ent fail ure . Repl ac e ment of a 

d efective compon ent m ay or m ay not d i sturb the dial 

calibr ation . If it do e s ,  repositioning of the dial 

knob may get the knob to track. I f  not , a n e w  b lank 

s c al e  p l at e  is re quired. Energize rel ay an d use a 

card extender and hookup as in the o verall acc eptan c e  

test .  Rotate the timing potentiomet er fully clock­

wi s e  for m axim um tim e d e l ay .  Adjust the trimm ing 

potentiometer,  ( RBU) , so that m aximum d el ay is 

approximately 1 0 5% of th e m aximum tim e .  Tighte n 

k no b  so that the m ark er on the knob m ak e s  an angle 

of approximately 20 d egree s with a vertical l in e .  

With t h e  k no b  rotated ful l y  counter- c l o ck w i se , the 

timing shoul d  b e  l e ss than 90o/c o f  th e minimum tim e .  

The k nob can b e  readj u st ed i n  order t o  balance the 

scale mechanically w it h  respe ct to t he stops .  With 

an awl or similar tool , s cri be l i n e s  e very . 0 5 ,  0 . 1 or 

0 . 4  seco n d s ,  depending on the relay range .  

There are no adj u stments required on t h e  Power 

supp l y ,  breaker logi c ,  or trip modul e .  

R E N E W A L  P A R T S 

R ep air work can be don e m o st satisfactorily 

at the factory. Ho w ever,  interchange abl e p arts c an 

be furni shed to those c u stom ers who are e quipp e d  

for doing repair work . When ordering p art s ,  al w ays 

give the compl ete namepl at e  data. 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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Fig. 3 Operating Time of Overcurrent Unit Module. 
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L 
- ---, 

T RANSI STOR STYLE REQ. RE F.  

r Q l  83 7A61 7HO I I 2N358 9 I � Z ENER DIODE 

Z l  1 87A936HI6 I IN3050A 
Z 2  849A487HOI I IN4747A I 

I r-- D I O D E I ./ 1 2  � 0 1 3  8 37A6 92 H03 I I N 64 5  A 
....__ 

L_l 3  �.....- - . ---... l l  , ..... CAPACITOR 
0 1 3  

--

� C 6 ! 84A6 6 1 H I O I 6 . SMFO . L._2 � TC6 

� 
�;2 r: l 1 Z l  

..1._!!99c37&Gol- · J ---... 
POW ER SUPPLY 

- - - -

6 7 1B 5 0 8  

Fig. 5 Power Supply Module Internal Schemati c Dwg. 

8 9 9 C6 2 0  

Fig. 6 Power Supply Module Component Location. 
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Fig. 7 Phase Overcurrent Module Internal Schematic Dwg. 
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Fig. 8 Ph ase Overcurrent Module Component Location. 
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Fig. 9 Ground Overcurrent Module Internal Schematic Dwg. 
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Fig. 10 Ground Overcurrent Module Component Lo cation. 
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TY P E  S B F U  STAT I C  CI RCU I T  B R EAK E R  FAI LU R E  R E LAY ________________ , 

1 2  

1 2 - ���-
r--1 -� - �:13- -� 7 

H -- - -j s u�·� �- � -
- I 

�-,� ­
�---1 

L 

5
� --� OR ' l,_  _____ _ _ I 

9 � ---l___:-__"_j . 

B R E A K E R  F A I L U R E  L O G  l C  
I 

[·I 1 2-� I C_904 G� I  j 

I C A P � C 1 T O R  S T '!' L E  R ECT- R E F  j C l - �  -----+-8��4���� +-- 2 l 0 4 7 M F O  I 1 I - I I I 0 1 0-0E - ! I 

1 * -" ��:;" �::��::��:3�i:1c ".'::·�1 - R3--=Ri8 629A s31 H 78 2 -e2 K-_j 
R I 9 - R 22-=-Rz5 s29A 5 3 1 H 5 6  3 - - I O K- I 

-Rz"D"=Rz 3 -R26 629As 3 t  H 5 2 3 6 a K-
R 2 1 -R6�R 6 1 - R64 6-29A 5 3 1 H6 6  4 _ _ 2f K 

___!!_!�16 629A53 1 H 72 2_ - - �� - _ 

T R A N S ISTO R  - - - -
Q 5 -_C�:__97. 

Z E N E R  D I O D E  
_ �(l--=- z 4  ____:_--

I 
I 

*• RESISTORS TO BE 1 / 2  WATT- ± z •to UNLESS OTHERWISE SPEC I F I E D. 

6 9 1B 0 0 4  

Fig. 1 1  Breaker Failure Logi c Module. 
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Fig. 12 Breaker Fai lure Logic Module Component Location. 

I 
w 
f-0 2 

6 9 1B 0 0 5  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  S B F U  STA T I C  C I RC U I T  B R E A K E R  FAI LU R E  R E L AY 

TA 8 l E I 

B O A R D  S T Y L E  C 9  
2 0 2 C767G O I  N O N E  
2 0 2 C 7 6 7 G 02 .0 47 MFD. 

r,;-- - - - -- - - - - - - - - - - - - - - - - 1 
�--------------------------------------------.--, I 

L - - - - - -

I 
I 
I 

I 

II I 

_ _ _ _ I � E..JA�Lf. lj 

CAPACITOR STYLE 
Cl C3 C4 849A437H04 
C 9  1 8 B A 6 6 9 H I 6  

D I O D E  
01  0 4  0 9  837A692H03 

RESiSTOR 
R2 RIB R26 629A53IH48 
R 3  Rl9 R27 629A531H78 
R l  R l 7  R25 629A53 1H72 

R6-R35-R36-R42-R69 629A53IH66 
R4 R7 R28 629A531H56 
R5 RB R29 629A531H52 

TRANSISTOR 
Q l  Q 2  Q 7  B48A851H02 

ZENER DIODE .. >5 H I85A212H06 
l2 •• •• 185A797H08 

Fig. 13 B reaker Failure Logi c  with P rovision for 52a Contact Input and Seal-ln. 

( 
N '& 
l 

� u 

L() i o  0:: 
I w 

Fig. 14 B reaker Failure Logi c Module Component Location. 
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I.L. 41 -776.4E 

REO. 
3 
I 

3 

3 
3 
3 
5 
3 
3 

3 

3 
3 

REF. 
.047 MFD. 
,047 M F O .  

IN645A 

4.71("' 
82 K 
47 K 
27K 
I O K  
6.81< 

IN3417 

IN36868 I N95 78 

7 15 B 5 4 2  

. I I 

7 15 B 5 4 3  
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T Y P E  S B F U  ST ATIC CI RCU I T  B R EA K E R  F AI L U R E  R E LAY _______________ _ 

1 4  

S INGLE TIMER BOARD FOR RACI< MOUNT E D  RELAY 

TA B L E  I 

1_!_0A
_
R� _!S5Y S T Y '  
5 3 1 2 00fiGO I  

T I M E  RANGE 

05- . 4  S E C . 
53 1 2 0 0 6 G02 . 1 - 1 . 0  S E C . 
53 tiOOISG03 , 5 , 9' . 4-4 .0 S E C. 

--;>3 

· - SEE TABLE I FOR --- -···- BOARD A S S'I'. .>, r'f;_f 

Fig. 15 Timer Module Internal Schematic. 
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I 

I
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I I----' 

I'­
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r-Tr--1 - _j 
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I 

I - ,  
I 
I 
I 

Fig. 16 Timer Module Component Location. 
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T Y P E  SB F U  ST AT I C  CI RCU I T  B R EAK E R  FAI L U R E  R E LAY ______________ I .L_. _4 1_-_n_s._4E 

"'" (L 
1-

.--- 1'0 
0 

+ I  (\j a. a. 
0:: 1-1-

a.. 1-
w 

/ '  C\J iii aJ 
0 

1'0 a.. 1-

RELAY TYPE SRU 
- - - - - - - - - 21 

CAPACITOR 
Ct·C2 C3 c• 

� 0100£ 
�- .. -

• STYLE 
l81'A624HC5 
\8�A61.39H05 

--
�37A692t!03 

REQ REF. 
2 2 MFO. 27r.FO. 

-
· -

4 IN645A 
��E��� la7i643HI!f f-c-�=-iWt5-Y;t---

Ro-- 629A531HI9 
�--+-':";"":��:=:� R 9  629A531 H 5  1 

RIO- R8 629A 531H� 2 

ltll TO Rl3 629A531H66 

300.{\ 
!5K 

4-.7K � 10' 
27K 

f---- · 1--t�T·�·�·SF�OP.�--�··ct� _' _ 
TRI 629A37_?HOI I �"'5"'0�5'---+-----1 

--

*'ALL RESISTORS TO BE I / �  WATT ± 2 %  .UNLESS 
OTHERWISE SPECIFIED 

6 7 1B 9 0 3  

Fig. 1 7  Trip Module for Thyristor Output In ternal Schematic. 

t t * 0 0 I * 00 oo l  C\J <IJ � ) cnO:: 1'0 ' Lf) <IJ 1'-a:: I 0 , 0 "'" 0 0 0 1'0 I C\J 1'0 I w <T> w a:: 0 a:: a:: a:: a:: 1'0 1'- "'" 
0 a:: / Lf) r w 

--<4-- 2 0  1'-1'0 Lf) --14 .  9 2  

0 
2 :::1 - ----- - 2 CJ  00 

-- v<J - - + m ----.f- 2 2  Q -r - <; 2 -
- - 10 �-

C\J <IJ � v 'l: - -- I CJ � "'" I �  + ---1.+- 1 2  1'0 --if- U -
- £ � -

-- <; !:j - � 

I 
6 7 1B 9  5 3  

Fig. 18 Trip Module Component Location Drawing. 
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TY P E  S B F U  STATI C CI RCU I T  B R E A K E R  FAI L U R E  R E LAY----------------

1 6  

' ' �� B u;rE• c--d�3-- 6 
H-� o u;� L I 
-�-�--=1------J 9�-� 

I I  � -��----�� -------------�--��----_.�� I 
I 
1 5  � 
� ��� TP 7 

I • 

��·64�-.:t.� 
7 

�. _J_ I B R E A K E R  FAILURE 

L A�� �El� - - -

CAPAC ITOR S TYLE REO 
Cl C 3  849A437H04 2 

D IODE 
03 04 837A692 H 03 

* R E S I STOR 
.,  r. 629A 53 I H48 
R 3 - RIB 629A 5 3 l H 78 

Rl9- R22 R25 R2B 6 2 9 A 5 3 1 H 5 6 4 

R20 R23-R26 R67 6 2 9 A 5 3 1  H 5 2  4 
R 2 1  R60 R61 R64 6 2 9 A 5 3 1 H 6 6  

Rl R68 629A531H72 

T RAN S I STOR 
0 5 0 6  0 7  84 8AB5 1 H 0 2 3 

08 8 3 7A617HOI 

Z E H E R  D I O D E  
Z l  z •  1 6 5A2 1 2  H06 
Z 2  Z 5  1 86A1'97 H06  

Z 6  187A936 H 1 7  

* •  RESISTORS TO BE 1 /2 WATT- ±.2 '% 
UNLESS OTHERWISE SPECIFIED. 

R E F.  

. 0 4 7  M F O. 

I N 6 4 5 A 

4.7  K 
02 K 
I 0 K 

6.8 K 
27 K 
47K 

I N  3417  
2N3589 

t N 3 �  
I N 9 5 7 1  

IN3 5 8 

6 9 1B 4 19 

Fig. 19 Breaker Failure Logi c and Relay Driver Module Internal Schematic. 

(!) N 

l 

o N  l l  

lfl '  
ry �-� _:] V) �I I �  

Q: �I 

UJ 
t­o 7 

/ �I 'f'f�==:::J I 

I 
6 9 1B 4 2 0  

Fig. 20 . Breaker Failure Logi c  and Relay Driver Module Component Location Drawing. 
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T Y P E  S B F U  STATIC C I R C U I T  B R EAK E R  FAI L U R E  R E LAY 

.. ' 
1� - -!l�i[ � --R£�-·- _;.__.J 
I [(j 016 
I 
r .  '" t, � � 1�-"l!_ __ _ 
L _ _  

[ - MOUNTED OH FROHT 
PAHEL OF !o40DUL E 
' 

Tf ----1 " 

i � D! --t---Q.-����<: , - j' [ ;·J -
I �� r D.:. I ..-- / ,.. 

� QJ [! :. CTU � Cl�f � R\, 1 �' ;; • " 
� i T r?u � � ;::" 1  .·;- I -- • 1 .._ - - � ---+-------- ---·- __._ _ _______ __.__ �___c 

T I I�ER 

l 

Fig. 2 1  Three Input Timer Module Internal Schematic. 

0 �0 0 �  

�OH(!) N 
I() 0 oO � 0� 
�0 a 

a:: 

Fig. 22 Three Input Timer Module Component Location Drawing. 

I.L. 41 -776.4E 
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TY P E  S B F U  STAT I C  CI RCU I T  B R E A K E R  F AI L U R E  R E LAY----------------

1 8  

>­...J 
a.. 
a.. 
:::> 
C/) 
0:: 
w 
� 

__Q;. 

I --

1 14 

L 9 LD2 

r I"" 

� 
1 1 2 
r 
l 1 3  
r 

L �I 
·1 2 I� 

RELAY TYPE SRU 
-- --- --- -- � 

I 
4 J 
s .I ,I � ' I 

YTPI J � 7 

�
2 1 � �6: I o;r-:: 

'>: 'j' C 9  

�"J" l 
I i I 

CAPAC ITOR STY L E  REo- REF. I 
C l  184A6 6 1 H IO I 6.8MFD. 
C9 I88A669HO 3 I .1 M F D  

D I O D E  
D 2  8 3 7A 6 9 2 H 0 3  I IN 645A 

R E S I S T O R  * 
R I - R2 - R 3  6 2 9 A 5 3 1 H :'I9 3 2 K  R4 6 2 9A 5 3 1 H 5 6  I 10 K 

TRANSISTOR 
0 1 - 0 2  8 3 7A 61 7 HO I  2 2 N3589 

ZENER DIODE 
t' l  - Z 3  1 8 7A !l 3 6 H I 7  2 I N 30 5 0 B  

;!' 2  8 4 9 A 4 8 7 H OI i IN474 7A 

L_ __ POWER SUPPL_Y __ I 8 9 9 C 6 4 2 GQ 
I 

* = REIS ISTORS TO B E  I / 2 W ± 2 % UNLESS OTHERWISE 
SPECIFIFD. 

Fig. 23 Power Supply and Relay Driver. 

0.. 
I-

6 9 1B 2 1 5  

- ----

<D ----
r-- ----
eo ---­

CTl ----

0 ----

- ----��[a� �� 
! ----

8 9 9 C6 6 3 

Fig. 24 Power Supply and Relay Driver Module Component Lo cation. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  S B F U  STAT I C  CI RCUI T B R EA K E R  FAI L U R E  R E LAY __________
__

_ I._L._4_1 _-7_76-'-.4=E 

POS NEG. 
I �  -E--- � I  

CAPACITOR 
Cl-CZ 
C3 
" 
CTU 
CTu 

01 DE 
0 1 - 02-D�-05-06 
03-08 
07 
R E S I STOR * 

Fig. 25 Timer with High Input T��reshold Voltage. 

Fig. 26 Timer with High Input Threshold Voltage Module - Component Location. 
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T Y P E  SB F U  STAT I C  CI RCU I T  B R E AK E R  FAILU R E  R E LAY ________________ , 

20 

1 4 � POS. N E G . ---------:;. 1 

,------- --------------------------------� 1 0  

114
- -- - - - - -

I� <E-·- - --------- --------------11� :<E-' ------��:-.:--;::::=t-----------4 I I I  

I I 

I 
L _ _  _ 

Z I O  

- -,  
I 

I 
I 
I 

8 I 
9 I 

� =- ALL RESISTORS TO BE 1/2 W t 2 %  
UNLESS OTHERWISE SPECIFIED. 

80. STYLE R I - R63- R64 TERM. Z - 1 1 - 12 TERM .5 -6  
205C268GOI 629A531H72 (4710 100  TO 140 V 15  TO 20 V 
205C268G02 629A531H60 (15 K )  38 TO 60 V 15 TO 20 V 

TABLE I 

7 1 8 B 6 4 4  

Fig. 27 Breaker Fai lure Logic with High Input Threshold Voltage and BMS Seal-In Time Delay. 

7 1 8 B 6  4 :i 

Fig. 28 Breaker Fai lure Module - Component Location - High Input Threshold Voltage and Bms Seal-In  Time Delay. 
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TY P E  S B F U  STAT I C  C I R CU I T  B R E A K E R  F A I L U R E  R E LAY, ______________ I_.L_. _41_-7_7=6=.4E 

14 <0--�P"'OSec.. __ NEG 

-l 
I 

�-------+------------------d I 

------
CAPAC I T O R  _ __ � ST_Y��--�'--t_ __ _B_� 

C 2  I88A669H05 I .27 MFO f----C"-'3,_ ____ ____<>84"'9
""'

A437H04 I ' .047 MFD. i-------'c""•'-------____.,-- �EETABLE -.--- -
-

1---------- ­f----------cc DIODE 
02 03 

RESISTOR * 
R4

- R7-RIO·RI3-
RI9-R22-R27-R30 

837A692H03 

629A53 1H56 

R5·R8· RI2·R20·R23-R28· R31 629A531 H 52 ��9�R36·R43·R62 629A531H66 
RI7-R24 629A531H48 
R\4-RIB 

Rl5 

TRANSISTOR ���-Q6-�7-Q8 

ZENER DIODE 

629A531H78 
762A679HOI 

848A851H02 
849A441HOI 

_ ____j 
IN645A ---1 

I O K  I 
6.8 1< 
27 K 
4.7K _J 
82 K 
rso n 3W 

-----1 
2N3417 

I j 2N3645 

1! 3  862A288HOI IN3688A _ _j 

k---��=---t::=j�---!:� Z4 l85A212H06 IN3686B - . I 
r-----�5 186A797H06 I IN957B 

-�---·-----��:::____��-:::�-� 
* = ALL RESiSTORS TO BE 1 1 2  W :!  2 %  

UNLESS OTHERWISE SPECIFIED. 

TABLE A 

..., 
(.) Ci 
g 
uj 0 I 

I 
� I  
<T ;') "' u 
I I + I  

I 

L[) I 0::: 

I 
r0 
N t 

I I �  r- er:: 
- I  
Cr:: l I 

I � I 
' st  't o:: I I 

--- JsEE TABLE Ad G R O U P  TIMING FOR Tr 
202C946GOI 5 0 / 0  

20 2C946G02 3 0 / 0  

Fi g. 29 Relay Enabling Logi c Modul e-Internal Schemat ic. 

t }  
en o N I I J 

' 
l 

� 
�· C\.J 
J C\. Cr:: 

( )  (\.. II 

--

-

Cr:: 

!>P !  
f::: l 

I "' u 
I 

� I I u 
Cr:: l 

� I  

Fig. 30 Relay Enabling Logic Module - Component Location. 

CAPACITOR C4 S T Y L E  

6 . 8  M F D  I 184A66 1 H 2 1  

3 . 3  M F O  862A530H01 

R E Q  

7 15 B 9 0 0  

! 
I N 
I 

0'> 
Q ,  

I 

s!: c::l ===::::> 

7 15 B 9 0 1  
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TY P E  S B F U  STAT I C  CI RCUIT B R E A K E R  FAI LUR E R E LAY----------------· 

TABLE I 
BOARD STYLE R I - R63- R64 R2- RB- RI7 R3-R9-RI8 

205C364GOI 629A531H72 147'KI 629A531H48(4.7K) 629A531H51(6.2KI 

205C364G02 629A531H60( 1 5 K )  629A531H48(4. 7 K  629A531H51(6,2K) 

Rl R2 R3 R8-R9-RI7-RI8 R63-R64 

205C364G03 629A531H72 {4i'K) 629A531H48(4.7Kl 629A531H51 (6.2 K )  629A531H32 ( 1 K) 763A921H04(8K 3 W )  

205C364G04 629A531H60(151C)  629A531H48(4.7Kl 629A531H51 (6,2Kl 629A531 H 3018200 187A643H33( 1.8 K I W) 

G� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l  
I 
� � � �r�:--------��---------.---�--�-------------. 

Z4 

10 

I I �-_.____� ��g0g;2 � 
I 
I 
I 

�5 

C 7  

I 
L - - - - - - - - -· - - - - - - - - - - - - - - - - - - lj;g _!_A�Ls_ !..._ - _j 

BOARD STYLE 
205C364 GOI , G03 

205C364G02 , G 0 4  

TERM. 2 - I I - 12 TERM . 5 - 6  

100 TO 140 VDC 1 5  TO 2 0  VDC 

38 TO 60 -VOC 15 TO 20 VDC 

14 POS. NEG 

1 1  

12 

CAPAC ITOR S YLE REO 
Cl C2 C4 C7 849A437H04 4 
C5 763A219H 18 1 

DIODE 
Dl 02 07 09 837A692H03 4 

RESISTOR . 
R l  R63 R64 SEE ABLE 1 3 

8 7 SEE TABL I 3 
R3 R9 18 SEE TABLE I 3 
R 4  R IO R25 6 9A 31H56 3 
H 6  R l2 R 2 7  629A53 1H52 3 
R36 R 4 1  �42 R53 629A53 1H66 4 

TRANSISTOR 
01 02 05 848A85 H02 3 

ZENER DIODE 
Q: 165A212H06 3 

Z2 Z4 Z7 862A 288H07 3 
Z9 837A693HQ_b 1 

* = ALL RESISTORS TO B E  l/2W ± 2% 
U N LESS OTHERWISE SPECIFIED. 

REF 
.047MFD. 
.56MFD 

1N645A 

!OK 
6.8K 
27K 

2N3417 

1N3686B 
1N:>235B 
IN 05 

7 1 8 B 7 5 9  

Fig. 3 1  Breaker Fai lure Logic Module - with High Threshold Input Voltage, 8 ms Seal-In Time Delay & High Capacitive 
Surge Immunity. 

----�---� ---, '-------, 

J -=-� I 

__ _j 
7 1 8 B 7 6 3 

Fig. 32 Breaker Fai lure Logic Module - Component Location. 
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VOLTAGE 

��m { 
PHASE c 

PHASE A 
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Fig. 33 Logic Dw.g. of SBFU with Thyristor Output. 
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* 152 X 

* 152 y 

D.C. CONTROL YOLUQE 

) 

{ 

ll�----
TERNIMAL 

SLOCK 

t!J, TO TERM. n 

+20 ALL CKT.�BOS. 

� TO TERM. t �s. 
_ c::_� 

- - <�;� �i�·��� -<� � r 1 1 <�� o,'"p---- --j � 
I I -

TABLE I 

��-� _ I o__ _ _  
IA/Ic 

I TO 4 A M P  5 3 1 3 0 1 1 G 0 1  

- __j 

.5 TO 1 A M P_ � 5309033

-

CI6 

1 To a AM P--
-- · -

s m o 1 1 Goi-- -I - ---- - - t-- i - - ' 

Fig. 34 Logi c Dwg. of SBFU with Thyristor ond Three Input Timer. 
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N VI 

62X 

62 Y 

r POS 
oc CONT�L VOLTAGE [ 

; NEG 

PHASE c 

PHASE 
A 

w-- - � TO TERM 14 r::� •2ov'l>tc:L:'c.r. lios. 
NEG.I j.._ TO TERM. I 

�3 ----,...-AiL CKT BDS 

r� 

----, �- - - _f_:_ --
T� )I -81�11;1> 
TP I 

SENSING � 
�

IRCUIT 

0 BLACK 
. I 

- - - .. l • j 

1 61 T I TLES I 
-

SCHEMATIC 
��- NO. 

POWER SUPPLY _ _ _  _ 899C378G02 I 899C_6_i0 I 
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Westi nghouse 1. L. 41 -77&.5A 

I N S T A L L A TI O N  • O P E R A T I O N  • M A I N T E N A N C E 

TYP E  S B F-1 C I RC U IT B REAKER 
FAI L U RE RE LAY 

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 i s  a solid state breaker failure 
detection relay with contact output. It is used in 
conjunction with the primary and backup relays. 
Other logic inputs (such as the 52a contact) may 
be used where the fault current is insufficient to 
operate the current detector. 

The relay is applicable with any of 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 during incorrect maintenance 
procedure or due to the failure of a trip contact to 
close. 

CONSTRUCTION 

The SBF- 1  Relay consists of a phase and 
ground current detector, a breaker failure timer, a 
control timer, a seal-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 is tapped 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 to the input of the plug-in detector module 
where the phase and ground signals are connected 
to separate pickup level adjustments located on the 
front 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 the reed 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 

A II possible con tingencies 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 

inj(mnation is desired by purchaser regarding his particular installation, operation or maintenance of 

his equipment ,  the local Westinghouse Electric Corporation representative should be contacted. 
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trim pot. 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. 

0 A level detector circuit consisting of zener 
diode Z I and resistor R3 is connected to terminal 
13 of the module for controlling the de voltage 
supply to the tim(:r circuit. 

0 A second leve:l detector cons1stmg of zener 
diode Z2 and resistor R 1 7  is connected to terminal 
3 of the module for controlling the turn on voltage 
level from the 52a input. 

Power Supply 

Consists of a z(:ner 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 clapp1:!r type auxiliary relay with two 

normally open contacts. 

Output Relay (AB) 

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

The relay coil is connected in series with a 2 
inch tubular resistor (RA) . 
Indicating Contac:tor Switch 
Unit ( ICS) 

The de indicating contactor switch is a small 
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, 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 
target, provides restraint for the armature and thus 
controls the pickup value of the switch. 

2 

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 BFI and the ove:r­
current fault detector. The breaker failure timer 
controls the fault detector so that after it times 
out, the overcurrent signal (if present) is connect1:!d 
to the level detector. This arrangement keeps the 
overcurrent input transformer load at a low level. 
This permits f�st reset of the secondary voltage of 
3 ms or less, even at very high multiples of pickup 
current. By use of an 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 775B8 1 3  (Fig. 2) 
and detailed internal schematic 1 3260 19  (Fig. 3) .  

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

Upon the closing of the BFI contact and 
providing the de voltage is 80% or greater (of rate:d 
value) a level detector zener diode Z l  (connecte:d 
to terminal 9) will permit transistor Q2 and Q I to 
turn on. The power supply consisting of a 1 0  watt 
zener Zs and 25 watt resistor Rs is also energize:d 
which supplies a regulated 24Vdc to the modules 
and the X relay. When transistor Q2 and Q l  turn 
on it connects the regulated power supply to the 
control timer which consists of 1/z of IC l ,  trimpot 
P2 and timing capacitor C l .  Resistor R26 and 
R27 form a voltage divider which requires ap­
proximately one time constant [( P2 + R22) x C I )] 
before the output terminal 1 2  goes from 24Vdc to 
less than 2 .5Vdc. At the same time the control 
timer receives power through Q l ,  the 24Vdc out­
put of the control timer (term. 1 2  of iC 1 )  is used to 
turn on transistor Q7 which operates the X relay. 
One X contact is brought out to relay terminal 1 5  
to permit seal-in of the initiate contact. This i[s 
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 Q 1 turns 
off and transistor Q2 turns on to pickup the reed 
relay ( RR).  I n  addition, the output of the B F  timer 
also supplies one of the two inputs to transistor Q5 
which controls the A R  relay switching transistor 
(Q6). The other input controlling transistor Q5 is 
either the 52a contact input (if used) connected to 
relay terminal 1 8  or operation of the overcurrent 
unit circuit. This is obtained when the reed relay 
operates to remove the 1 00 ohm resistor ( R 1 9) 
from capacitor C 1 and to apply the input current 

0 signal to terminal 4 of the IC 1 on the overcurrent 
detector module. If this signal voltage is higher 
than the reference voltage at terminal 5 of IC 1 the 
output voltage at terminal 1 0  (of IC 1 )  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 Q5 (on 
the timer module). 

C HARACTERISTICS 

Overcurrent Detector 

The overcurrent detector has a range of 0. 5 to 
1 3 . 5  amperes. This is obtained by means 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 multiplier 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 secondary voltage to decay to 10 volts peak 
(with the reed relay R R  contacts open). This reset 
time applies whether the input current is reduced 
to zero or up to 95% of pickup current. 

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

The accuracy of  the pickup setting is 5% over 
the full range and 1 0% 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. 

I. L. 41 -776.5A 

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

I n  order to avoid opening the cu rrent 
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.  

Control Timer 

The range of the control timer is 1 50 to 250 ms.  
The timer as received should be set for ap-

0 proximately 200 ms. A 1 50 to 600 ms timer is 
available and is shipped set at 600 ms. 

The timer setting can be changed by means of a 
screwdriver through the hole on the front plate of 
the timer module. 

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

BF Timer 

0 The range of the BF timer is 1 8  to 1 75 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 

res1stor ( Rs) and provides a regulated voltage of 
24Vdc ± 1 0% over the voltage and temperature 
range. A capaci�or 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 
1 1 0% of rated voltage and from -20 to +55°C .  
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It can be energized continuously at 1 1 0% of 
rated input voltag1�. 

Capacitive Effec1t 

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

Relay Rating BF Timer Setting Capacitance 

48 Vdc 1 8  ms or higher 1 8  M FD 

1 25 Vdc 1 8  ms or higher 6 MFD 

1 25 Vdc 35 ms or higher 1 3  M FD 

250 Vdc 1 8  ms or higher 2.5 MFD 

250 Vdc 35 ms or higher 1 3  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 M F D  could 
cause the 52a input to stay on for 1 .5 ms (48V 
relay), 4 .5 ms ( 1 25 V  relay) and 20 ms (250V relay) 
after the 52a contact opened. 

X RELAY 

Coil resistance is 1 500 ohms ±5% and rated 
for 24Vdc operation . The seal-in contact will 
pickup providing the B F I  (62X, 62Y) initiate con­
tacts are closed for a minimum of 8 ms. A second 

0 contact is wired to relay terminal 1 1  and 1 2  to 
provide a retrip feature . 

AR RELAY 

The coil resistance is 630 ohms ±5% and will 
operate in series with the appropriate resistor 
from 80% to I I  0% of rated voltage. 

The operate spe{�d is 3 to 5 ms at rated voltage. 
The dropout time is 30 to 45  ms (diode around the 
coi l ) .  There are 4 normal ly open contacts 
available. 

I NDICATIN G  CONTACTOR SWITCH ( ICS) 

The coil resistance is approximately 6 . 5  ohms 

4 

on the 0.2 amp tap and 0. 1 5  ohms on the 2 .0  amp 
tap. 

TRIP C I RCUIT 

The main contacts will safely close 30 amperes 
at 250 V de and the seal-in contacts of the I CS will 
safely carry this current long enough to trip a cir­
cuit breaker. 

SETTINGS 

OVERC URRENT DETECTOR 

The pickup of the overcurrent unit is obtained 
by means of a tap screw and tap block in conjunc­
tion with the tap multiplier knob setting located at 
the front of the overcurrent unit module. This per­
mits a continuous adjustment over the range o f 0.5  
to  1 3 . 5  amperes. Each tap setting permits ad­
justing the pickup over a 3 to 1 range. 

There are 2 or 3 phase inputs depending on the 
relay style. Each one has its own tap block . N or­
mally all the phase settings should be in the same 
tap. The 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 un it 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 residua l  
(3 10) 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 accessibk 
through the hole in the front plate of the timer 
module. Clockwise rotation will increase the on 
time. An oscilloscope or electronic timing devic(� 
can be connected between the bottom red test jack www . 
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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 1 6  
milliseconds longer than the B F  timer. This allows 
for pickup time of the reed relay ( 1  to 3 ms), A R  
relay pickup (3 to 5 ms) and operate time of the 
ojc unit (3 to 8 ms) .  

The range o f  adjustment i s  a minimum o f  1 00 
0 ms ( ! 50 to 250 ms ) .  The control timer is shipped 

from the factory set for 200 ms. 

0 A 1 50 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 of the 
timer module permits setting the time delay from 
18 to 1 75 milliseconds. The scale is calibrated in 25 
ms increments. I f  more accurate settings are 
desired an oscilloscope or electronic timer may be 
connected between the upper red test jack on the 
timer module and terminal 8 of the relay (Com­
mon Negative) . Jumpering test point TP6 and TP7 
on the timer module prevents the control timer 
from resetting the BF timer and will help in set­
ting the BF timer. Remember that if the control 
timer is set shorter than the BF timer, the BF timer 
will not be able to operate the reed relay ( R R) .  

0 A 50 to 500 ms B F  timer with 50 ms scale 
increments is also available. 

A locking tab is provided to hold the BF timer 
setting from being accidentally changed . 

0 The timer is shipped set at 1 75 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 

I. L. 41 -776.5A 

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

I NDI CATI NG CONTACTOR 
SWITCH ( I CS) 

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 1 25 or 250 Vdc type 
WL relay switch or equivalent use the 0.2 amp tap. 
For 48 Vdc applications set the unit in  the 2 amp 
t a p  a n d  u s e  a t y p e  W L  r e l a y  w i t h  a 
S#304C209GO 1 coil or equivalent. 

I NSTALLATION 

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 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 <;tuds 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. 4 1 -076. 

ADJUSTM ENTS AND 
MAINTENANCE 

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

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 X I  calibration mark. 

Jumper test point TP 6 and TP7 on the timer 
module and apply rated de 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 

0 same time. When TP6 and TP7 is jumpered the 
dropout time of th1:! ojc output at TP3 will be 
slow. Opening switch to terminal 9 momentarily 
will speed up the dropout time. 

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

Rotate Tap M ultiplier Knob to the X3 setting 
and repeat above. The operate current should be 
between 1 .44 and 1 . 56 amperes on phase A input 
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 at 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 set for the same current 

0 range. The AR output relay will also pickup and 
can be used for an indication .  

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

A locking feature: is provided to hold the tap 
multiplier knob at the desired setting. 

Control Timer 

U se a low bounce initiate contact in series with 
relay terminal 9 (positive). Connect an electronic 

6 

timer to the relay so that the start input is con­
nected to relay terminal 9 (through a voltage 
divider, if necesary). The stop input should be con­
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 a positive 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 1 90 to 2 10 milliseconds (or 

0 in 570 to 630 ms for the longer range timer). 

I f  some other time interval is desired, the timer 
setting may be changed by means of a screw driver 
adjustment through the access hole on the timer 

module to a multiturn potentiometer. Use the elec­
tronic test timer in the manner described to obtain 
the desired time interval .  Remember that the Con­
trol Timer should always be set at least 1 6  milli­
seconds longer than the BF timer. The adjustment 

0 range is 1 50 to 250 ms (or 1 50 to 600 ms in the 
longer range timer). 

BREAKER FAI LURE (BF) 
T IMER 

This may b e  checked i n  the same way a s  tht: 
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 B F  timer takes place when it goes from a high 
state to low state (similar to the Control Timer 

0 output) . Close switch to terminal 9 and see that tht: 
timer output switches in 1 70 to 1 80 ms (or 485 to 
5 1 5  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 de voltage to relay terminal 1 8  (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 A R  output relay 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 1 8  to 60% of 
rated relay voltage. Close test switch and note that 
A R  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 A R  relay does not pick up. 

0 Set voltage to terminal 9 and 1 8  to 80% of 
rated relay voltage. Close switch to terminal 1 8  
and then 9 .  See that A R  relay picks up momen­
tarily. 

Indicating Contactor 
Switch ( ICS)  

There are two ICS units used. Each may be 
checked by placing the ICS tap screw in the 
desired tap (0. 2 or 2 Amps). Adjust the de current 
to the tap value. 

Test for seal-in by closing switch to terminal 9 
and see that each ICS picks up and seals itself i n  
the closed position. 

The contact gap should be approximately 
.04 7 " .  Both station ary contacts should make with 
the moving contacts simultaneously. The in­
dicating target should drop just prior to or at the 
same time the contacts make. 

Routine Maintenance 

The relay should be inspected periodically. The 
operation of the overcurrent circuits, timers and 
indicating contactor switch should be checked 
similar to procedure described under SETTINGS. 
In addition inspect the X and AR relay contacts. A 
contact burnisher S#l 82A836H 0 1  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 
in the face of the contact material which might im­
pair the contact operation. 

I. L. 41 -776.5A 

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 relay is not in proper working order. 

Overcurrent Detector 

Refer to Fig. 7 and 8 or 9 when replacing com­
ponents. 

If a new module is inserted, it will require 
calibration of the dial plate. Other replacement 
parts such as a transformer or certain components 
on the module such as the reference zener, 
operational amplifier, rheostat, etc . might require 
new scale markings. I n  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 de 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 A R  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 . N ow 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 .5 5  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 ,  0.9, 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 
(X 1)  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 8 i f  used. 
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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 Failure (B:F) 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 . 

I f  components in the breaker failure timer cir­
cuit have been replaced it may be necessary to 
change the scale plate and recalibrate. First 
jumper test points TP6 and TP7.  Using a low 
bounce initiate switch adjust timer knob until a 25 
ms time delay has been obtained. Use test 
procedure described under acceptance testing for 
measu ring time delay. Note the knob position for 
25 ms delay . Also note the knob position for 1 75 
ms delay . Loosen the set screw and position the 
knob on the shaft so that the 25 and 1 75 ms 
locations are equidistant about the knob locking 
tab. Scribe lines at the 25 ms setting and for each 
25 ms increment up to 1 75 ms .  

Indicating Contactor Switch ( ICS) 

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

Check to see that the contacts close at rated 
tap value current .  The indicating target should 
drop at or just prior to the contacts closing. The 
targer should drop freely.  

I f  the target does not drop or does not reset it  
may be necessary to remove the cover and bend the 

8 

0 

tab on the spring that supports the target. 

TROU BLE SH OOTI NG 

The components in the SBF- 1 relay an! 
operated well  within their rating and normally wil l  
give long and trouble free service. H owever, i f  a 
relay gives indication of trouble in service or dur­
ing routine checks the following information will 
prove helpfu l .  All measurements are approximate 
and may vary as much as 20% . Al l  voltages are 
positive with reference to common negative (relay 
terminal 8) except ac voltages. 

Timer Module 

I .  Jumper test points TP6 and TP7 .  

a .  Apply rated relay voltage. Voltage at  lower 
test jack = 23 . 5 V  

b .  Remove jumper. Apply rated voltage 
Voltage at l ower test jack = 23 . 5  Vdc. 

2. Jumper test points TP6 and TP7 

a.  Apply rated relay voltage. Voltage at upper 
test jack = less than 2 . 5  V de. 

b .  Remove ju mper.  Apply rated voltage. 
Voltage at upper test jack = less than 2 . 5  
Vdc . 

3 .  Jumper test points TP6 and TP7.  

a .  A p p l y  rated voltage. Voltage at terminal 6 
of I C 1  = 1 8 .3V .  

b .  Remove jumper .  Apply rated voltage . 
Voltage at terminal 6 of I C  I 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 IC I = 20 .8V with timer knob fully 
CW . 

b. Voltage at terminal 7 of IC I = 23 . 8 V  with 
timer knob fully CCW. 

5.  Jumper test points TP6 and TP7 . 

a. Apply rated relay voltage. Voltage at ter­
minal 2 of I C I = l 6 . 5V .  

b.  Remove jumper and apply voltage . Voltage 
at terminal 2 of IC 1 should be approxi-
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mately 0 . 1 V less than voltage measured in 
section a. 

6. Apply twice tap value ac cu rrent . 

a. A pply rated relay voltage. V o ltage at 
TP3 = 1 2 .7V .  Voltage at TP4 = less than 
0 . 5V .  

b. Interrupt ac  current. Voltage a t  TP3 = less 
than 0 . 5V .  Voltage at TP4 = 1 2 .7 V .  

7 .  Apply rated voltage t o  relay terminal 1 8  (52a 
input) . 

a .  Apply rated relay voltage to terminal 9 .  
Voltage at  TP4 = less than 0 . 5V .  

b .  Reduce voltage to terminal 1 8  to 60% of  
0 rated relay voltage. Voltage a t  TP4 = 1 2 . 7V .  

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

a. A pply rated relay voltage.  Vol tage at 
TP5 = 6 .2V .  

b .  Remove j umper .  A pply rated vo ltage. 
Voltage at TP5 = less than 0 . 5V .  

9 .  Jumper test point TP6 and TP7 .  

a .  A pply rated relay voltage. Voltage a t  printed 
circuit board terminal I 0 or I I =  less than 
0 .5V (X and A R  relay picked up). 

b. Remove jumper . A pply rated voltage .  
Voltage a t  p c  terminal 1 0 = 24V (X relay not 
picked up). Voltage at pc terminal I I =  rated 
relay voltage ( A R  relay not picked up) .  

Overcurrent Module 

0 I .  Jumper test points TP6 and TP7 (timer module). 
Set tap in 0 . 5  hole and turn tap multiplier knob 
to X I position.  

a .  Apply 0 .5  amp ac current to the particular 
input in question.  Then apply rated relay 
voltage. Measure 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. 

2. Jumper test points TP6 and TP7.  Set tap in 0 . 5  
0 amp. hole and turn tap multiplier to X I post­

tion. 

I. L .  41 -776.5A 

a. With 0.4 amp ac current flowing apply rated 
relay voltage. Measure voltage at terminal 5 
of I C I  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 should measure 
6 .4V.  The voltage at printed circuit board 
terminal 3 should measure 23 . 5Vdc before 
the output relay operates and less than 2 . 5V  
after i t  operates.  

3 .  Jumper test points TP6 and TP7.  Set tap in 0 . 5  
hole and turn tap multiplier knob ful ly CW.  

a .  A pply 0 . 5  amp ac  and apply rated relay 
voltage. Measure 4.2 volts at the brush ter­
minal of the tap multiplier rheostat. 

4. J umper test points TP6 and TP7 (timer 
module). 

a. Apply rated relay voltage. M easure 6 .2V at 
TP I and less than 0 . 5V at TP2 .  

b. Remove jumper. Apply rated relay voltage. 
M easure less the 0 . 5V at TP l and 24V at 
TP2 .  

5 .  Check of  Reed relay ( R R) contact. 

a. Resistance should be greater than 500 ohms 
when measured from jumper J I 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 coi l  resistance of reed relay ( RR) ( 1 000 
ohms), A R  relay (630 ohms) and X telephone 
relay ( 1 500 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 .  H owever, interchangeable parts 
can be furnished to the customers who are equip­
ped for doing the repair work. When ordering 
parts, always give the complete nameplate data, 
and style numbers from the electrical parts l ist .  
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TAP 

TABLE I 
ENERGY REQ U I R EM ENTS 

60 HZ 

0.5 
TAP M U LT. 1 (0.5A PICKUP) 3 (1 .5A PICKUP) 
REED (RR) 
CONTACT OPEN* CLOSED 

Current 0 .5A 5 .0A 0 .5A 5 .0A 
VA . 1 5  2 . 1 .04 2 .2  
O H M S  .6 .08 . 1 6 .09 
P . F . Angle** 75 25 1 5  27 

TAP 
TAP M U LT. 1 ( 1 .5A PICKUP) 
REED (RR) 
CONTACT OPEN* CLOSED 

Current 1 . 5A 5 .0A 1 .5 A  5 .0A 
VA . 1 65 . 75  .06 .60 
OH M S  .073 .03 .027 .024 
P . F . Angle** 45 36 1 5  1 5  

TAP 
TAP M U LT. 1 (4.5A PICKUP) 
REED (RR) 
CONTACT OPEN* 

Current 4 .5A 5 .0A 
VA .23 .28  
O H M S  .0 1 1 .0 1 1  
P . F .  Angle** 36 1 8  

* 
* *  

Saturated Burden 
Current Lagging Voltage 

CLOSED 

4.5A 5 .0A 
. 1 6 . 20 
.008 .008 

5 4 

OPEN* CLOSED 

1 . 5A 1 . 5A 0 .5A 5 .0A 
.53 2 . 1 .33  2 . 2  
.23 .08 . 1 5  .09 

63 25 20 27 

1 .5 
3 (4.5A PICKUP) 

OPEN* C LOSED 

4.5A 5 .0A 4 .5A 5 .0A 
.63 .75 . 50 .60 
.03 1 .03 .024 .024 

36 36 1 5  1 5  

4.5 
3 ( 1 3.5A PICKUP) 

OPEN* CLOSED 

1 3 . 5A 5 .0A 1 3 . 5A 5 .0A -

1 .6 . 28 1 .5 .20 
.008 .0 1 1  .008 

= -
.008 

-

9 1 8  3 4 

TABLE 2 
BATTERY DRAIN 

CONDITION 48Vdc 1 25Vdc 250Vdc 

Standby 0 0 0 
During Timing 1 20mA 95mA 90mA 
Trip (A R Relay Picked up) 1 5 5  1 30 1 25 
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TABLE 3 
C URRENT RATI NG 

CU RRENT RANGE (Phase and Ground) 0.5 to 1 3.5 Amperes 
TAP RANGES CONTINUOUS 1 SECOND 

0 .5  to 1 . 5 Amps lO Amps 250 Amps 
1 .5 to 4 . 5  1 0  250 

4 .. 5 to 1 3 . 5  1 5  300 

TABLE 4 
AR CONTACT RATINGS 

I .  L .  41 -776.5A 

I NTERRUPTING RATIN G  

CONTACT CI RCUIT TRIP CARRY RATI NG RESISTIVE I NDUCTIVE 
RATING RATIN G  CONTINUOUS L/R = .005 

48Vdc 30 Amps 3 Amps 3 .75 Amps 1 .7 5  Amps 
1 25 30 3 . 5  . 3 5  
250 30 3 .25 . 1 5  

0 TABLE 5 
X RELAY CONTACT RATINGS 

CONTACT C I RC UIT TRIP CARRY RATING 
RATING RATI NG CONTINUOUS 

48Vdc 30 Amps 3 Amps 

1 25 30 3 

250 30 3 
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T RAN S FO RM E R  TB 

T RANSFO RM E R  TA 

Fig. 1 .  Photograph of SBF- 1 Relay, (without case) with four overcurrent input. Front view 

1 2  

SEAL- I N  RELAY (X) 

I CS I N D I CAT I N G 

CONTACTOR SW I T CH 
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(right oblique). 

I. L. 41 -776.5A 

P OTENTI OME T E R  PA 

POT E N T I OMETE R P C  

P OT E N T I OME T E R  P G  

-- POT E NT I OMETE R  P B  

T RAN S FO RMER TG 

RES I STO R RS 
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14 

UPPER/ 
LEFT 

SIMPLIFIED INTERNAL SCHEMATIC 

WHEN 
USED 

....-A-----;-. 

'----1_,- AR R ELAY 

REED RELAY 
TELEPHONE 

RELAY 

REO HANDLE 

TERMINAL 

CHA,SSIS OPERATED 
SHORTING SWITCH 

CURRENT TEST JACK 
NOTE S :  

TO OBTAIN A R  CONTACT OUTPUT, MOVE REO 
LEAD FROM TERMINAL I I  TO TERMINAL 1 2 .  

( L ) , ( R ) , ( LC) a (RC) DENOTE LEFT HAN D , RIGHT HAND, 
LEFT CENTER a RIGHT CENTER POSITIONS , 

REF. DWG, 
2�W RESISTORS 

1326DI9 • DETAILED SCHEMATIC 
1 326D31 · ( 4 OVERCURRENT UNITS ) WIRING 
1 326083 - (  3 OVERCURRENT UNITS ) WIRING 

VOLTS OC 
4 8  

1 2 5  
250 

RA 
900!1. 

31 50..0. 
7100!1. 

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

RS 
200!1. 
IOOO.n. 
2500!1. Sub. 4 

Owg. 775881 3  
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I. L. 41 -776.5A 

1 7  

POS. 14 � 
24 VDC 

C3 
POS. 12 �It-------" 

24 VDC 

FROM TERM. 3 OF 4 
OVERCURRENT 
DETECTOR MODULE 

RATED VDC 
(52 a) 

[i4 - - - ­
l 
I 
I 
I 
I 
1 1 3 

I 
I 
I 
I 

TIMER AND OUTPUT MODULE 

P I  IS PAN E L  MOUNTED 

7 }  TO X RE LAY 
10 

REPLACED BY J 
FOR GROUPS I 6 

0 FiQ. 4. Internal Sch1 
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2 
2 

1454C8 1 GOI ( 4 8  V D C )  

CAPrl.Cl T O R  

C J  

C2 
Cl 

D I O DE 

0 1 - 2  
03- 4-A 
OX 

I N T  CKT 
I C I  

JU"lPER 
J l - 2  

P2 P I  
PJT 

TRA.".., S J  S H l R  

Q l  
Q2- 3 - 4 - 5 - 7  
0 6  

R E S I STOR 

R 4 - 6 - 9 - l 2- J 5  
- 2 5  
R2- 1 4  
R I - 1 6  
R ? - 8 - 1 0 - I I - 22 
RJ- 1 7  
RS- 1 J - 2 4  
R20 
R26-28 
R27 
R21 
R l 9  
R29 
R23 
R I B - 30 
R31 

Z E N E R  
ZA 
z 1 - 2  

CAPAC! T O R  
C J  

C2 
C l  

D l 0UE 

D l - 2  
03- 4 - A  ox 

t N T  CKT 

I C I  

JUMPER 

J l - 2  

P0T 

P2 P I  
TRAo'ol S I  ST0R 

QJ 
Q 2 - 3 - 4 - 5 - 7  
0 6  

R E S !  S T IJ R  
R 4 - 6 - 9 - 1 2- 1 5  
- 2 5  
R2- 1 4  
H l - 1 6  
R 7 - B - 1 0 - I ! - 2 2 
R S - 1 3- 2 4  
R3- 1 7  
R2v 

R26- �0 
R27 

R2 J 

R l 9  
R29 
R23 
R I B - JO 

R31 
Z E N E R  

Z A  

z 1 - 2  

DESC H I P T J 0 \1  
• 27 0Uf: 200 V 

J, JOOUF 3 5 V 
6 o 8 0 0 t J F  J :. V  

DESCI-o! I P T I (:·.'-1 

I N 6 11 5  
I N 4 :. 9 A  
I N SO S J  

D E S C R I P T I O 'i  

7 4 7 l.l.'1 

DESCR I P T I O,\/ 

0 �rl.VJ R E S !  S T O R  

DESCRI  PT I ;J'l 
2 o . o..: . so ·�· 25.0K . S O W  
U E S C R I  P T  I <),'J 

2 ;,i 2 7 0 5 A  
2·'1 1 7 1 1  
2N<'I06J 

S T Y L F.. N J .  
1 8 0 A 6 69 H 0 5  

8 6 2 1'\ 5 J O HO I 
1 f'} IJ I'\ 6 6 ] H 2 1  

S T i L E  ."1 0 .  
l d 4A :I 5 5d 1 3  

l 8 41\3 5 5 d 0 0  

J 8 8 A 3 4 2H 1 2  

STYLE Ne.  
l 4 4 3 C 5 2rl0 I 

S H L E  .'<0 .  
8 62 A 4 7 3 rl 0 1 

ST'l' L E  ,\I J ,  
3 6 2 P, 4 0 6 H 0 2  

880A687t-102 
S T Y L E  .� J . 

7 6 2 A 6 7 2 H  I 0 

7 6 2 A 5 3 ':l H O �  

8 7 8 A 4 J2 >1 0 \  

D E SC R I P T I 0•\1 S T Y L E  :-J O .  20QQ . Q  , ')Q • .  2 ;1.;  62'iA -., 3 1 H J) 

6800 · 0  , 5 0 '··' 2� 629 A5 J J H :. 2  I O o O.< . �Q ',i 2 ; :  6 2 9 A S 3 1 - 1 � G  
J ';> . O -< . S O l .  2� 6 2 9 A 5 J Ph O  
2 Q . Or\ . S0\1  2 �  6 2 ! A S J ! H 6 3  

2 1 . 0.< . so;.. 27. 629 A ':> J l rl 6 6  
1 62 - 0.< . SO b  \ 1.  � <1 8 A3 2 \ H 62 

20. 0.< . so .. · ! Z  S <1 8 A 3 2 0 .-i 7 <1  

40o 2.< . 50 "'' \ l  3 <13 A ? 2 ! H 0 4  

3320 · 0  . SQ �o' 1 %  6 -<S A -3 1 91"\98 

I O · O K 2 · 0 0 L' 5 2  t 8 5A 2 0 7 H 5 J  
6 0 . 4"\ · 50\.J ! Z  8 4 8 AS 2 1 H 2 \  

499 . 0K . SO\o.' J ':l;  8 43AS22ri \ O  
2 . 2M o SO \ �  5 %  1 8 7 A 2 9 0 H 2 6  
l.OM . 5 Q W  l '"le 848A822H39 

OESCRI PTl  C.-I S T Y L E  "1 3  • I R20 0 200 - 0 V  629 AJ 6 9H O I 

I N9 7 1 B  2 7 - 0 V  6 62A606H l l  

O � S C ! U  PT I ON 
• 270Uf 200V 

6 .800UF 3 5 V 
-6 · 800Uf 3 5 V  

O E S C tH PT l ON I N 6 4 5  
I N 4 5 9 A  
I N S0 5 3  

D E S C R I  P T l  0 o\l  
7 4 7 011 

O E S C R !  P T 1 :J N  
0 >J H � I  R E S 1  S T :J R  

D E S C R I  P T I  C,'ol 
5 Q O K  .75W 
50.0K .50W 

D E S C R l P T l iJ,'ol 

2.\1 2 9 0 S A  
2.\1 \ 7 1 1  
2N4063 

STYLE NO. 
1 8 8 A 6 6 9 H 0 5  
1 8 4AGGIH21 
1 8 4A 6 6 J r1 2 1  

::. T Y L E  ,..,1) .  
I B 4 A O S S H  1 3  
1 8 -41\dSSHOB 
l <S O A J-42H 1 2  

S T Y L E  N @ .  
l 443C52HO 1 

S T Y L E  N 0 .  

STYLE .�:3 .  
3528A37HOI 
8BOA687H03 

STY L �  � a .  
7 62A672H l 0  
7 6 2 A 565H08 
6 7 8A 4 32H0 I 

O E S C R I PTHW S TY L E  N 0 . 

2 o o o . o  . s o ·.,• 24 629 A S 3 1 riJ9 

68 0 0 · 0  . so w  2 �  629A53 J H 52 
J Q . Qr\ • SOU 2 "  6 2 'i A S J I H 5 6  
I S . Q;< . so w  2 �  6"2 9 ."\ 5 3 l rl 6 0  
2 7 . 0r< • ';.Q\or 2 �  6 2 9 A 5 3 \ H 6 6  
4 7 . 0r< · SO lo.  2 4  629 M 5 J l rl 7 2  

2 5 5 . 0 K  . �Q '  .. ' 1 1.  848A82 1 H 21 

2 0 - 0r< . SO ':; I �  0 <1 '5 ,:. o 2 J rl 7 4  
4 0 - 2-< . s o · .. 1 :  S -4 :.S H � 2 J rl0 4  

4.99 K • S O l-.  I 4 848A820HI6 
J o . o.< 2 . oo ·  .. , s �  J d 5A2J J M J J  
40.2K • S O ,.;  1 1:  848A821 H04 

226. Or< • 5 0 '•1 I 1: 848A82 1 H76 
2 . 2:� . SO \ �  57. 1 8 7 A 2 9 0 ' 1 2 6  

I,OM • 50W 1 °/o 8o48 A822H39 
OESCI< I P T J O �  STY L E  'II:J .  

J R200 200 - 0 'o/ 6 2 9 A 3 6 9 H 0 \  
UZ8<.i 7 0  7 0 o O V  0 3 7 A 69 3rl l 4  

�matic of Timer Module. 
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1454C 8 1  G02 ( 125 V D C )  

CAPAC! T O R  

C J  

C 2  
C l  

D l {J U!:.. 

D l - 2  
03- <'1 - A  ox 

t N T  Cr< T 
I C J  

JUMPER 
J i - 2  

P 0 T  

P 2  P I 
TRANS I S T 0 R  

Q l  
Q2- 3 - 4 - S - 7  
•• 

R E S I STOR 
R 4 - 6 - 9 - J 2- 1 5  
- 2 5  
R2- 1 4  
R 1 - 1 6  
R 7 - B - I 0 - 1 1 - 2 2  
RS- 1 3- 2 4  
RJ- 1 1  
R20 
R26-2ci 
R27 
R21 
R l 9  
R29 

R23 
R \ 8 - 30 
"" 

Z E N E R  

Z A  
z 1 - 2  

DESCRI P T I O N  S T Y L E  .'11\1 .  
. 2 70UF 2 0 0 V  I B 8 A 6 6 9 H 0 5  

J o JOOUf JSV 8 6 2 A S 3 0 H O J  
-6 . 800UF 3 S V  1 8 4 A 6 6 J H 2 1  

D E SC � l P T l OC-J ::i TY L E .'ol Q .  
I N 6 4 S  1 B 4A8 S SH J 3  
I N 4 S 9 A  I B 41\ 8 5 5 H 0 3  
I N 50 5 J  l � <S A 3 42rl 1 2  

D E SC R I P T I O N  STYLE NO.  
7 4 7 Df� 1 443C52HO 1 

D E SC R I P T J J,'\1 STYLE N O .  
0 O H•'1 R E S !  S T J R  8 6 2 A 4 7 0 H O  I 

DESCR I P T J 0:.: ,'\1 STYLE ,'I,JJ .  
2 0 o O K  • S O � .'  862A406H02 2!5,01< , !SOW 8BOA687H02 
DESC R I P T I J 'II S H L 2. 7"-l J .  

2N2905A 7 6 2 A 6 72rl l 0 
2.'11 1 7 1 1  762A585rl08 
2.'11 4 0 6 3  8 7 8A 4 3 2 H O I  

D E SC R I P T I J,\J STYLE N O .  
2 o o o . o  . so ·., 21 629 A 5 3 1 rl 3 '.l  

68 0 0 · 0  . SO ',/ 2 4  629 A S J I H 5 2  
J Q . Or'\ · 50 '.1 24 629ASJ I H S6 
1 5 · 0'-< . SO '•-' 2!(: 6 2 9 ."\ S J l r-! 6 0  
2 1 · 0� • :::oQ',. ::,: ;;:  & 29 A S J J H 6 6  

47 . 0r< . SQ \o.  2 4  629 A S J ! tl 7 2  
1 62 . 0.{ . SO '.-: 1 7.  846Ad 2 l H62  

2 o . oK . so ,; 1 .:  s 4o A a 2 J r- ! 7 4  

4 0 . 2-< . 5 0 '.; 1 :  B 4 W t. .; 2 J H 0 4  
332 0 · 0  . 50 \o.  I !  0 4 d A O J 9 H 9 3  

I O . O r'\ 2 . Q O ;., 5 4  l d S A 2 0 7 rl S I  

6 0 - 4r< . so .. · 1 1  S48A-3 2 J i-f 2 J  
49 9 . Qt{ . SO�! \ ':1;  8 4 3 A '3 2 2 H I O  

2 . 2�� . SO \·.' SZ J 8 7A290 '1 ? 6  
lOM , 50W 1 %  848A B22H39 

OESC R I P T I O 'l S T Y U .:  :-J J .  
t R200 200 . Q 'J 6 29 A J69 H O \ 

UZ81HO ? Q . Q IJ 8 3 7 A 6 9 J H \ 4  

R E F.  DWG . 

1454C 8 1  G03 (250 VOC ) 

CAPAC I T0R 
CJ 
C2 

C l  

D I O D E  

D l - 2  

03- 4 - A  ox 
I N T  CKT 

I C I  

JUMPER 

J l  

P 2  P I  
POT 

TRANS I STO� 

Q J 

Q 2 - J - 4 - 5 - 7  
Q 6  

R E S  I ST0R 
Rb- 1 2 - 1 5- 2 5  
R4-9 
R2- 1 4  

R i - 1 6  
R 7 - 8 - 1 0 - l t - 22 
RS- 1 3- 2 4  
RJ- 1 7  
R20 

R26-28 
R27 
R21 

R29 

R23 
Rl9 

R I B - 30 
R31 

ZENER 
ZA-B 
Z l - 2  

OESCRI P T  1 0 ."'11 

. 2 ? 0 U F  20,0V 
3• 300UF 35V 
6 · 800UF JSV 

DESCR I P T I ON 
I N 6 4 S  
I N 4 5 9 A  IN 5 0  5 3  

DESCRJ PT I ON  747DM 
D E S C K 1 P T 1 0 o'll 

0 0KM RESt STO� 

O E S C R I  PT I 0.'11 
2 0 · 0 �  • 50\� 
2!5.0K . !50W 
D E SCR l P Tl C 'II 

2N290SA 
2N I 7 1 1 
-2N406J 

DESCRI PT I 0!11 
2000 · 0  · SOl� 2 1  
5600 · 0  · SO W  2 Z  
6800 · 0  · 501-1 2 4  

t O . Q,( • 5 0 \o.'  2% 
J S . OK . SOlo. 2 l  
2 7 · 0K • so �;; 2 :.1;  

I O O . OK • SOt;i 24 
1 62 . 0� . sm. 1 1  

2o . oK . so�o: 1 1  
40 · 2K . SO 'tl I Z  

3320 · 0  . so w  1 %  
60 . 4K . sor,.,• 1 4  

4 9 9 . 0 ,(  . so -... 1 :  
J 6 . 0 K 2 . 00�! Sl 

2 . 2:� . so w  51 
I .OM . SOW 1% 

OE SCRl P T l " Co.i  

I N 3 0 S 0 8  1 8 D · O V  
1 N 3 0 4 9 8  1 60 . 0 V 

STYLE HIIJ. 
I S:8 A669H05 
862AS30HO I 
I B 4A 6 6 1 H 2 1  

STYLE N0 • 
l 8 4A8 SSH 1 3  
1 8 4ABSSH08 

1 88A342H 12 

STYLE N0. 
l 4•JC52HOI 

STYLE N0 • 
8 6 2 A 4 7 8 H O I  

STYLE N O .  
8 6 2 A 4 Q 6 H 0 2  880A687H02 

S T Y L E  iHJ • 
7 6 2 A 6 7 2 H l  0 
762AS35HOB 

8 7 8 A432H O I 

STYLE .'11 1::1 • 
629 A S J I H39 
629 A S J I H SO 
629ASJ I H 5 2  
629 A 5 3 1  H S 6  
629A5J I t160 
629AS3 1 H 6 6  
6 2 9 A S J 1 H B O  

8 43H.82 1 H 6 2  
8 4 8 Ai 3 2 0 H 7 4  
8 4 8 A8 2 l ri 0 4  
8 48Ad ! 9 H 9 6  
8 4 8 M 2 1 H 2 1  
848A322H I 0 
18 5A207H64 
1 8 7A290H26 
848A822H39 

STYLE o'ol'O .  

1 8 7 A9 36H I 7  
1 8 7A 9 3 6 H 1 3  

COMPONENT LOCATION ( 4 8 / 125 V D C )  - - 3517A76 
COMPONENT LOCATION 1 250 VDC ) - - - - 35 17A77 

Sub. 3 
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Fig. 5_ Component Location for Timer Module 48 or 125Vdc rated relay 

I. L. 41 -776.5A 

351 7A 76 
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Fig. 6. Com 
. 

ponent Locatton for Timer Mod I u e 250Vdc rated relay. 

WHEN USED 

35 1 7A 77 
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1\) ..... 

0 
:!' <C:l 
:-.J 
::; 
CD 
3 
<:!'.. 
(/) () :;)" <I> 3 Ill 
g. 
g_ 
0 (§ ;:; <::: .., .., <I> 
::; 
0 <I> 
CD () 
0 .., 
s:: 0 
Q. <::: !b 

POS. 
24 VDC 

0 A  

0 B 
{ I 

I WHEN USED) 9 

GROUND 

FROM TERM. 9 OF 
TIMER !I OUTPUT 
MODULE 

G4 
I 6 

R5 

5 

I �  8 

RG 

7 
I (Q 

R7 

9 
I � 12 

RB 

I I  
1' 2 
• : I 

c..__ 

{ 12 
I I  

NEG. 

OVERCURRENT DETECTOR 

3 TO T E R M . 4  OF 

TIMER !I OUTPUT 

MODULE 

:ll 
3 I 

024 

1454C79G01 I 4 INPUT l 1454C79G02 ( 3 1NPUT) 
I;AI'At.:l T U I{ 

C >  

D 2 J - 2 4  

:J J - 2 - 3 - 4  

- 7 - tJ - 9 - J 0- 1 1  

- 1 2 - J J - 1 4- I 5 

- 1 6 - 1 7 - 1 8 - 1 9  

- 20 - 2 1 - 2 2  

l i\I T  C r< T  

I C J  

J U M P E R  

[I{ A,� :0 I S  f J K  
1] ] - 2  

Hc: S l  STOR 

r<2 1 - 2 3  

R22 
t� I .3- 2 4 

K20 
R > 7  

R l - 2 - 3 - 4 
" "  
� 1 3 - \ 4  

Ki - 1 0 - I 1 - 1 2  

L E I\I E R  

" 
PH 

PA - PB-PC·PG 
PU-PL 

REED RELAY 

MR 

VARIST0R 

R !S - R6·R7-R8 

Ur..SCt�l PTI ,J.'l S T Y L E  

. 2 7 U UF 2 0 0 V  l ci c A 6 6 9 r l 0 �  

u r:sCRJ P T I 0,\1 s r r u :  'l O .  
J N 4 ':> 9 A  l ci "Atl��t-IOH 

I K '3 A J 4 � H  J 2 

D E S C R I P T I O:-. S T'l' L E  :-.1 0 .  

7 4 1 C  6677061H08 

D E S C IH P T I  ON S T Y L E  'l rJ .  
0 O H M  R E S !  S H l R  ! ) 6 2 A 4 7 -.; H 0 1  

LH:sC,\ I P T I O.'l STYI.E I\I G .  
2.< 1 -1 1 1  7 6 2 1\ '> d '::>'-1 0 '1  

ll E S C K I P T I 0 \/  S lY L E  I\ I J .  

1 0 0 - 0  • ':>0 1·. 2 4  6 %;1 A ';> 3 1  rlO� 

· 50 ' ;:.; 62':1 A ':d J H 39 

. :,Q •• 2;; 6 2':U\ ':J 3 l d '> 2  

1 0 - 0.-< • so .. 2 ;;; 6 2 9 M '::> J I H '::> 6 

2 7 . 0.{ • SO\-. 2;; 6 2 ::1 A ':> 3 H 6 6  

J Q . Q.{ • 50'.: 2 t  6 2 9 A ::O J \  r l 6 7  

1 o .  o- o .  o o ;  ::, ;;  J .n .i 6 4 J rl 5 1  

\ . 0'< ) , Q Q I,., 5 ':.:  7 f, l ,; 1  ? 7 H Cl 2  
] ,  5-< ] , QQ '., :, 7.  ! d 7 A 6 4 J d 3 l  

3 · 9 -< z . o o �-. s ;;  I o 5 A 2 J  1 ,� 4 \  

I 0 0 . 0..-: 2 . 00 1-.  :. z  1 d 5 M � 0 7 r l 7 5  

O E S C I< I P r i J '<  S T Y L E  'l,: . 

J 'l 7 5 J A  6 o 2 V  !1 h 2 o\ f,Qf,rl() ] 
] C. < 1 7 :, 2 A  J J , CJ v  6 4 9 1< 5 1  ::OrlJ2 

DESCRIPTif)N STYLE NQI, 

soo.o 2.oow 10,.. S48A778H04 

IO.OK 1 2 . 5W 10.,.. 836A635H14 

DESCRIPT10N STYLE NQI. 

1000 OHM COIL 204C 556H05 

OESCRIPTI0N STYLE N0. 

ZNR 1<431 3509A31H03 

�· 

CAPAC! T�R 
C> 

DIODE 
023-24 
o 1 - 2- 3 - 4 - s- 6 

-1-8-13-14-15 

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

l N T  CI<T 
I C I  

Jlr.'IPER 
J J  

TRANS I STO� 
Q l - 2  

RESl ST�R 
R l 9  
R2 1 - 23 

R22 
R l 8 - 24 

R > 7  
R > S  

R l - 2- 4  

R > 6  

R. l 3- t 4  

IN - I 0- 12 

ZE:-.!E� 
Z 2  
Z >  

P�T 
PA- PC- PG 
PU-PL 

REED RELAY 

MR 

VARIST0R 

R5-R6-R8 

4 INPUT COMPONENT LOCATION - 351 7A79 

3 I N PUT COMPONENT LOCATION- 3517A78 

DLSCn:l r'TI O;.I STYLE ;M;;t. 
• 270UF 200\1 1Di3A66�Jt05 

l)ESCRIPTIB� 
1N4::0'1A 
lNSOS3 

DESCR l PT I 0:-. 
741C 

STYLE iNO. 
l84MSSH08 

188A3•2•H2 

STYLE :'o1FJ-
6677D61H08 

DESCRIPTI9N STYLE .. () . 

0 CIH/1 RESISTOR 862A47SH01 

DESCiUPTIO:'ol STYLe: "'"· 
2NI 7 1 1  762AS85'i01:S 

DESCH I PTI0-'1 STYLE :.Ia. 
1 0 0 . 0  - SOW 2 l  62'1A53HW3: 

2000 . 0  . SOW' 21 62�AS31HJ9 6800 · 0  . sow 2:; 62'}.'\':J31H.':l2 

1 0 · 01<  • SOV 2:0: 629AS31H';.6 

21·01< . -:,oW 2� 629A":J31ri�6 

3 Q . QK  . SOW 2%. 629A5 3 1 H 6 7  
H l - OK J . OOV -:,:;. 1 3 71'\643,j51 

I • Of< 3 · 00V 5'%. 763AI 27HO?. 
I • SK I ·OOW ':JZ 1 d 7A643ri31 

3 . 9 K 2 . 00V S� H I SA21)7<141 
I O O · OK 2 . 00W 54 18SA207H7S 

DESCRI PT i il �  STYLE .�c .  
1N753A 6 - 2V K62At.06H01 

IIII47';.2A 3 3 · 0 V  d49A:'io1 Sri02 

DESCRIPTIIIN STYLE r 
500.0 2.00W 10� 848A778H04 

IO.OK IZ.5W 10� 836A635HI4 

DESCRIPTIIIN 

1000 OHM COIL 

DESCRIPTIIIN 

ZNR K431 

STYLE Na. 

Z04C55Qt05 

STYLE Ne. 

3509A31H03 
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!"" 
"' ... ' .... .... en i.n ,. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



35 1 7A 78 .�. 

Fig. B. Component Location tor 3 Current Input Overcurrent Detector Module. 
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I. L. 41 -776.5A 

351 7A 79 

Fig. 9. Component Location for 4 Current Input Overcurrent Detector Module. 
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2 4  

TO 
T E S T  

T I M E R  
( STOP )  

Is ,.--o"-':.5-�1.5=-----=4-::::.5
----, ( 0 0 0 

IA 
( 0 

0.5 

TAP 
0.5 
1 .5  

4 5  

0 
1.5 

0 
4.5 

0.5 1 . 5  4.5 l G N D  

1..--=-o.:.:..-�o----'-::o:::----) 
RANGE 

0.5 TO 1 .5 AMPS 
1 .5 TO 4.5 AMPS 

4.5 TO 13.5 AMPS 

L---1 0::::::,___:=0__;:0::....__..) 
0.5 1.5 4.5 

Ic 

AMPERE PICKUP= TAP SETTING X TAP MULT I PLI E R  

l:l � 
I TO RH CON TACT 

OF AR RELAY 
I J.. (-) 
L _QJ_ 2 �-4

-
� s � a 

lGND 
' 

� � 
TO RH CONTACT I 
OF AR R E LAY I t+) i 

9 Qg) _j LO BOUNCE - -- S W I TCH 

TO TEST TIMER RATED 
START VDC 

TO TEST TIMER (COMMON) 

NOT E :  TO TEST FOR OV ERCU RRENT UN I T  PICKUP, JUMPER TIMER BOARD TEST POI N T  
TP6 AND TP7 BEFORE ENERGIZING RELAY. 
TEST BKR FL T I M E R  IN SI MILAR MAN N E R .  

Fig. 1 0. Test Diagram for SBF-1 Relay. 
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':'< 

R I NG BUS OR BREAKER AND A HALF SCHEME 

· :��Nl , � P�s--��� :: 

-.... 0) .... () ..... ..... 

A 8 
TRANSMISSION L\NE 
OR TRANSFOR MER 

� IA 62-2 

)� 
62-2 ( !8 WHEN 
lG USED) liZ:Z ........ A -... \7 �2 Ic 

�.
62

s
-2 

4 """" ' �-z Io 
T� �f-1 

� SPP t 

62-2 
-. ?""""" 

SBF-1 RELAY 
FOR BREAKER 
52-2 

I l iB WHEN 62-1 I 1----' 
I I I �- ·t=;� �

_ ,

"
R�L

K
A�� 

H p-·� 62-1 Io .§£.L §_ ,,. A +y· 7 p 
-=- SPP t 

--· l w EU 
t S P P  SURGE PROTECTION 

CAPAC I TORS TO BE USED 
W H E N  SURGE VOLTAG E  MAY 
EXCEED 2500 VOLTS PEAK 

SINGLE B R E A K E R  S C H E M E  

TRANSMISSION L I N E  OR TRANSFORMER 

LEGEN D 
DEY ) D E S C R I P T I O N  

52 I C I R C U I T  BREAKER 
62 j SBF-1 BREAKER FA ILURE RELAY ( 7758813, 1326019) 
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0) 

� -"-' 
� 
<b 
3 
e:. 
0 () 
(/) C) ;:,­CD 
3 Ill 
� 
0 .., 
(/) 
Ill 
7' -
::0 CD iil ':" 

t SPP 

--!'>. 
� () 
� 

) 

REQUIRED WHERE PROTECTED 5r;EAr\ER !SOLA! t.:::, A TRANSFORMER -- [J(��-- - � 
+ �X/62Y � 

_ _ _ _ _ _ _ _ _ _ _ _  _I86T I  
'- = =�52 a 

I �;;:; - - -
62� - - - - - - - -

1
6

�-l OP�ONAL COMP=E M E N T  
= ¥ S9 --�EAL IN TO OVERCU R R E NT UNITS 

62-1 8 

r

S P P t 

DC N E G  

rA i l � ��r�1 1 � . ... . . � . .  

lc 

!a 

DC POS 

62-1 
I I  

A R  _L l R E D  
I R CIT .;---LEAD 

!- X ( R )  

62-l 
1 2  

T O  R E T R I P  
B R E A K E R  52- I 

( TO OBTAIN AR 
CONTACT O U T P U T  
M O V E  RED LEAD 
FROM TERMI NAL I I  
TO TER M I N A L  1 2 )  

62-1 
I 

86BFI 

I86BFI 

D C  NEG 

I C S  
I R I  

-7 

13 !62-1 

�!'i_� ���� 
62·1 14 � 

FOR HIGH SPEED TRI p 
ADJACENT B R E AKERS 

ffi OTHER AUX FUNCTIONS 

\ I 

RA 

ZA 

L E G E N D  
DEV DESCRIPTION 

52 CIRCUIT BREAKER 
62 SBF-1 BREAKER FA I LU R E  RELAY( 7758813. 1326019 ) 

62X,62Y BREAKER FAI L U R E  I N I T I ATE CONTACTS 
86BF BREAKER FAILURE LOCKOUT RELAY 
86TI TRANSFO R M E R  LOCKOUT R E LAY 

TYPICAL86BF AND/OR R E L AY AUX F U N C T I O N S  
I. TRIP BREAKERS CONNECTED T O  SAME BUS SECTION 
2.8LOCK ALL AUTOMATIC RECLOSING 
3.BL0CK MANUAL CLOSING. 
4.KEY TRANSFER TRIP TRANSMITTERS TO TRIP 

REMOTE BREAKERS AND BLOCK RECLOSING. 
5.  STOP" BLOCKING" CARRIER. 

t SPP SURGE PROTECT ION CAPACITOR TO B E  USED 
W H E N  SURGE V O LTAGE MAY E X CEED 2500 VOLTS PEAK 

1= WHEN SURGE VOLTAGE MAY EXCE E D  25 0 0  VOLTS PEAK 
USE SHIELDED CONTROL CAB LE S GROUND BOTH E N D S 
P E R  SW I TC H YARD RUNS W H E R E  SURGE VOLTAGE MAY 
E X C E E D  2500 VOLTS R E A R  

AC SCHEMAT I C  1 4 64C77 
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1 6 . 500 
( 4 1 9 . 1 )  

'----+-----'_1_ t I 
J.----t- 3 . 1 8 8 1 1  

( 80. 9 8 )  A 6.375 I 
( 1 6 1 . 9 3 )  

PAN E L  L O C A T I ON 

S E M I - FL U SH MTG. 
I . S I 3  P R O J E C T I ON MTG 

(4 6.05 ) 
D I M E N S I O N S  IN I N C H E S

'-.... D I M E N S I O N S  I N  M M  "- -L-------1'-t--
LARGE INTERN� ( I 5

56� ) a E XT E RN A L  · __!__H-------I-
TOOTH WASH E R  lr 

S M A L L  
- - - EXTERNAL 

TOOTHED 
WASHERS 

4 . 37 5  
( 1 1 1 . 1 3) 

. 1 90 - 32 SCREW 

SPACERS FOR 
THIN PANELS 

.516 
(13. 1 1 )  

.64 1  
(16.2 8 ) 

1.031 +. 1.03 1 
C U TOUT (26 . 1 9 )  (26. 19 ) (26 . 1 9 ) (26. 19 ) 

PANEL DRILLING OR CUTOUT FOR 
PROJECTION MTG. ( FRONT VIEW ) 

Fig. 13. Outline and Drilling Plan for SBF- 1 relay in the Type FT-32 Case. Dwg. 

I. L. 41 -776.5A 

5 70 7903 
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