
'! ® �) 
INSTALLATION • OPERATION 

I.L. 41-923A 

• MAINTENANCE 

INSTRUCTIONS 
;:-li)w\{G !f Oc: 

\7- � 
lf- *  Jjl./----------------------------------

....-

TYPE KA CARRIER AUXILIARY R ELAY 

C A U T I O N  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 proper­

ly, and operate the relay to check the settings and 

electrical connections. 

APPLICATION 

The type KA relay is an auxiliary relay used in 

the distance carrier relaying scheme to block or 

prevent instantaneous tripping for faults external to 

the line section to which it is applied, and to permit 

instantaneous simultaneous tripping for internal 

faults. The relay is arranged to respond to indica­

tions of fault power and direction provided by the 

phase and ground relays, thereby controlling the trans­

mission of the carrier signals. 

CONSTRUCTION AND OPERATION 

The type KA relay consists of directional auxili­

ary units, receiver and alarm units, and a phase fault 

carrier operation indicator. In addition, the type KA 

relay contains a hi�h speed overcurrent unit used to 

start carrier transmission for ground faults. The con­

struction and operation of the relay units are de­

scribed below. Complete details of the operation of 

this relay in the distance carrier relaying scheme is 

described in I.L. 41-911. 

Overcurrent Unit 

The overcurrent unit is a product induction cyl­

inder type unit. The time phase relationship of the 

two air gap fluxes necessary for the development of 

torque is achieved by means of a capacitor connected 

in series with one pair of pole windings. 

Mechanically, the overcurrent unit is composed of 

fom 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 core. The magnetic core which houses 

SUPERSEDES I.L. 41-923 
*Denotes change from superseded issue. 

the lower pin bearing is secured to the frame by a 

locking nut. The bearing can be replaced, if neces­

sary, 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. In addition, there are two locating pins. 

The locating pins are used to accurately 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 se­

cured 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 electro­

magnet 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 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 contacts 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. 

When the current in the overcurrent unit exceeds 

the pick-up value the contacts open, allowing positive 

potential to be applied to the carrier transmitter. 

A transformer and varistor assembly is used in 

conjunction with the overcurrent unit. The trans­

former is of the saturating type which limits the 

energy to the overcurrent unit and reduces the burden 
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TYPE KA CARRI ER AUXI LI ARY R E LAY ___________________ _ 

2 

CARRIER PHASE FAULT 
OPERATION INDICA TOR (01) 

OVERCURRENT UNIT 
TAP BLOCK 

--

ALARM RELAY (AL) ---:l 

RRP CONTACT ---t 

RRG CONTACT ---..iiiiiiiii 

CSG AUXILIARY SWITCH 

--=..__
CARRIER START 
OVERCURRENT UNIT (los) 

SPARE TAP SCREW 

POLAR UNIT 
RECEIVER RELAY 

CSP AUXILIARY SWITCH 

FIG. 1 TYPE KA RELAY WITHOUT CASE. (FRONT VIEW) 
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T YP E  KA CARR I ER AUXI LIARY R E LAY ___________________ �_1 -_L ._4_1 _· 9_23_A 

AliXILIA.l.Y SWITCHES 
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TER141MAL 

l83A435 
Fig. 2. Internal Schematic of the Type KA Relay in Type 

FT 32 Case. 

on the operating cr. 

The primary of the transformer is tapped and 

brought out to 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. 

Directional Auxiliary Units 

These are two solenoid-type contactor switches 

designated as CSP and CSG. The plunger of the 

contactor switch has a circular conducting disc 

mounted on its lower end and as the plunger travels 

upward, the disc bridges three silver stationary con­

tacts. The CSP switch is energized by the operation 

of the second zone unit of the KD distance relay, 

and the CSG switch, by the operation of the direction­

al and overcurrent units of the ground relay. The 

contacts of the two switches are connected in parallel 

as shown in the internal schematic. The operation of 
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Curve 471061 

* Fig. 3. Typical Time Characteristics of carrier start over­

current unit of the type KA Relay. 

either of these switches connects the carrier control 

circuit to negative to stop carrier, and energizes the 
RRT operating coil of the receiver relay unit. 

R eceiver Unit 

The polarized relay consists of an armature and 

contacts mounted on a leaf spring supported sym­

metrically within a magnet frame. The armature rides 

in the front air gap of the frame with the contacts 

projecting outside. The poles of a permanent magnet 

clamp directly to each side of the frame. Two ad­

justable shunts are located across the rear air gaps. 

These change the reluctance of the magnetic path as 

shown in Fig. 4 so as to force some of the flux thru 

the moving armature which is fastened to the frame 

midway between the two rear air gaps. Flux in the 

armature polarizes it and creates a magnetic bias, 

causing it to move towards either the left or right, 

depending upon the adjustment. 

Two stationary contact screws are mounted to the 

left (front view) of the moving contact assembly and 

adjusted for normally open contacts. These con­

tacts are designated, RRP and RRG, and are connected 

in the phase and ground trip circuits respectively. 

These contacts are operated by two concentric coils, 

RRT and RRH, which are placed around the armature 
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TYP E  KA CARR I ER AUXI LIARY RELAY _______________________ _ 

SHUNT 

r---;.1--__.;;.--t �-- ADD I Tl ONAL 
FLUX PATH 

BALANCED AIK �APS UNBALANCED AIR GAPS 

POLAR UNIT PERMAHEHT MAGNET FLUX PATHS 

Fig. 4. Polar Unit Permanent Magnet Flux Paths. 

and within the magnetic frame. RRT is the operating 

coil and receives its energy from the local battery 

when either CSP or CSG is closed. RRH is the hold­

ing coil and receives its energy from the carrier 

transmitted either from the local transmitter or the 

one at the other end of the line section. These two 

coils are connected to oppose each other with the 

operating coil, RRT operating to close the RRP and 

RRG contacts and trip; and the holding coil, RRH to 

hold the RRP and RRG contacts open and block trip­

ping. The restraining torque of the RRH coil is suf­

ficient to overcome the operating torque of the RRT 

coil. Consequently, RRP and RRG contacts cannot 

close as long as RRH is energized. 

A larm U nit 

The alarm unit is an auxiliary single coil and a 

single set of contacts. The coil is energized by the 

received carrier to close the contacts and give an 

alarm. This unit has a higher pick-up than that of 

the receiver unit in order to obtain a direct check on 

the sensitivity of the car rier transmitter-receiver. 

The failure of the alarm relay to pickup when carrier 

is started indicates insufficient output from the 

transmitter-receivers. 

4 

O peration Indicator 

The operation indicator gives a visual indication 

of a carrier tripping operation for phase faults by the 

distance relay through the RRP contacts. For a 

ground fault carrier relaying operation, the indicating 

contactor switch (ICS) located in the ground relay 

will drop a target. 

CHARACTERISTICS 

The characteristics of the various elements of the 

relays are as follows: 

48V 125V 250V 

Avg. Avg. Avg. 

Ohms Ohms Ohm s  

CSP or CSG Coil 27 27 27 
CSP & CSG Tapped Resistor 200 600 1250 

._ Carrier Resistor 2000 3750 19000 
RRT Operating Coil 1 100 1 100 1 100 
RRT Coil Resistor 1320 5000 1 1200 
RRH Holding Coil 1700 1700 1700 
AL Alarm Coil 650 650 650 
Operation Indicator ( 1  amp.) 0. 1 0 . 1  0. 1 
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T YP E  KA CARRIER AUXI LIARY RE LAY _____________________ l.L_ . _4_1-_92_3_A 

The pick-up and operating values of these units 
are given under "Adjustments and Maintenance " .  

The time characteristic of the overcurrent unit is 
shown in Fig . 3 .  The overcurrent unit is generally 
available in the following current ranges: 

Range 

0.5 - 2 amps 
1 - 4 

T a p s  

0 .5  0 .75 1 .0  1 .25 1 .5 2 .0  
1 .0  1 .5 2 .0 2 .5  3 .0  4 .0  

The tap value is the minimum current required to 
just open the relay contacts. For pick-up settings in 
between taps, refer to the section under Adjustments . 

SETTINGS 

The only setting required is for the overcurrent 
unit which is made by inserting the tap screw in the 
tap to give the required pick-up. 

C aution 

Since the tap block connector screw carries opera­
ting current, be sure that the screw is turned tight . 
In order to avoid opening the current transformer cir­
cuits when changing taps under load. connect the 
spare tap screw in the desired tap position before 
removing the other tap screw from the original tap 
position. 

The carrier-start overcurrent unit at each line 
terminal is set on a lower tap than the tripping ele-

* ment at the opposite end of the line. This arrange­
ment insures proper blocking for remote external 
faults which may not pick up both overcurrent ele­
ments at each line terminal. 

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 mpunting holes 
on the flange for semi-flush mounting or by means of 
the rear mounting stud or studs for projection mount­
ing, 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 . 

The carrier relaying schematic (supplied with the 
carrier order) should be consulted for details of the 

external connections of these relays. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory. Upon 
receipt of the relay, n o  customer adjustments, other 
than those covered under "SETTINGS". should be 
required. 

A C C E P T A N C E  CH E C K  

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

Overcurrent Unit 

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

* The contact should pick up within ±5% of tap value. 

Dire ctional  Auxiliary Units ( C S P  and C S G). 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 

:If: when rated control voltage is applied across the coil 
and its section of the resistor. 

The pick-up of the coil and its resistor is 14- 17 
volts for the 48-volt relay, 45-60 volts for the 125-
volt relay ,  and 90- 120 volts for 250-volt relay. These 
units have an intermittent rating, and should not be 
energized for more than a few seconds. 

P o l a r  U nit ( R eceiver R el ay) 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP switch. 
The CSG switch is located on the left-hand pedestal 
and CSP is located on the right-hand pedestal on the 
relay (front view). Apply rated voltage across the 
RRT coil and the RRT coil resistor, observing polar­
ity as shown in the internal schematic. The armature 
should move to the left. 

To the holding coil (RRH) relay terminals, apply 
direct current observing correct polarity . Increase 
the current until the armature moves to the right. The 
armature should move to the right at approximately 
6 rna. Now reduce the current and the armature should 
move to the left at approximately 4 rna. 

A l arm Unit (AL) 

Connect direct current to the alarm unit relay 
terminals. Increase the current until the contacts 
pick up . The contacts should pick up at approximate­
ly 8 rna. Now reduce the current and the contacts 
should open at 4 to 6 rna. 
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TYPE KA CAR R I E R  AUXILIARY R ELAY ______________________ _ 

O peration Indic ator (01) 

With the polar unit contacts closed, apply direct 
current to the operation indicator relay terminals . 
The operation indicator should pick up and drop the 
indicator target between 1 ampere and 1.2 amperes 
d-e. 

R O U T I N E  M A I NT E 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 otha- time intervals as may be dic­
tated by experience to be suitable to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher S#l82A836H01 is recommended 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 contact. 

C ALIBR 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 
relay is not in proper working order. (See "Accept­
ance Check"). 

Overcurrent Unit 

The upper bearing screw should be screwed down 
until there is approximately 1/64" clearance between 
it and the top of the shaft bearing. Securely lock in 
position with the lock nut. The lower bearing posi­
tion is fixed and cannot be adjusted. 

With the moving contact in the normally closed 
position, i .e. ,  against the right side of the bridge, 
screw in the stationary contact until both contacts 

* just close. Then screw in the stationary contact 
approximately one-half turn farther to provide the 
correct amount of follow. 

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

With the tap screw in the desired tap hole, pass 
rated a-c through the relay terminals . 

The sensitivity adjustment is made by varying 
the tension of the spiral s rring attached to the moving 
element assembly. The spring is adjusted by placing 

6 

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 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 just open. 
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 open at the desired 
pick-up current. 

Directional Auxi liary U nits ( C S P  an d C S G) 

The two contactor switches, CSP and CSG, have 
adjustable plunger travel . Adjust the stationary core 
of the switch for a clearance between the stationary 
core and the moving core of 1/64" when the switch 
is picked up . This can be done by tU"ning the relay 
up-side-down and screwing up the core screw of the 
switch until the contacts just separate. Then back 
off the core screw approximately one turn and lock 
in place. This prevents the moving core from strik­
ing and sticking to the stationary core because of 
residual magnetism. Adjust the contact clearance 
for 5/64" ± 1/64 " by means of the two small nuts 
on either side of the Micarta disc. 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 
when rated trip circuit voltage is applied across the 
coil and its section of the resistor . 

The pick-up of the coil and its resistor is 14-17 
volts for the 48-volt relay, 35-45 volts for the 125-
volt relay and 70-90 volts for 25Q-volt relay. These 
units have an intermittent rating, and should not be 
energized for more than a few seconds. 

Pol or Receiver Unit 

Back off contact screws so that they do not make 
contact . Screw magnetic shunts into the all-out posi­
tion (5 or 6 screw threads showing.) The armature 
should remain against whichever side it is pushed 
with this adjustment. 

Adjust the stationary contacts for a contact gap 
of approximately .050" .  This perhaps can best be 
done by inserting a . 025 " steel thickness gage be­
tween the large rivet head on the moving armature 
and the right hand pole face (a . 025" travel of the 
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TYPE KA CAR RI E R  AUXI LIARY R ELAY _____________________ I ._L _. 4_1-_ 9_2 3_A 

rivet head is equal to .050" travel of the moving con­
tacts) . Using an indicating light in each contact 
circuit , adjust the upper and lower stationary con­
tacts to touch the moving contact at the same time . 
With the feeler gauge removed the contact gap is 
. 050" and the moving contacts close simultaneously. 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP switch. 
The CSG switch is located on the left-hand pedestal 
and CSP is located on the right hand pedestal of the 
relay (front view). Apply rated voltage across the 
RRT coil and the RRT coil resistor observing polar­
ity as shown in the interval schematic 5liagram. The 
armature should move to the left. 

To the holding coil, RRH, apply 10 to 20 milli­
amperes d,c, current observing correct polarity . The 
armature should now move to the right. De-energize 
both coils and see that the armature stays up against 
the right hand side . 

Run both shunt screws all the way in, and then 
back out the left hand shunt screw approximately 6 
turns . Back out the right hand shunt screw approxi­
mately 9 turns . 

Re-energize the operating coil with rated voltage 
and the holding coil with 4 milliamperes d.c. Adjust 
the right hand contact shunt screw until the armature 
moves to the left . If the armature moves to the left, 
at a value of holding coil current greater than 4 milli­
amperes, the right hand shunt screw should be turned 
out to lower this value to the correct 4 milliampere 
point . 

Increase the holding coil current to 6 milliamperes 
and adjust the left hand shunt screw until the arma­
ture resets, or moves to the right . If the armature 
resets at a value of current less than 6 milliamperes, 
the left hand shunt screw should be turned out. This 
will increase the reset value of the armature and pro­
vide for the correct 6 milliampere reset value . 

Minor adjustments of both shunt screws must be 
made several times until the desired operating points 
are obtained, since the adjustments of one shunt screw 
affect the adjustment on the other s hunt screw. 

A l arm Unit 

The contacts should close with 8 milliamperes 
d-e ± 5% applied to the alarm coil. The armature 
rest may be adjusted slightly to obtain this pick-up. 
However, the contact gap should not be less than 
.015" .  

Reduce the current and the contact should drop 
out between 4 and 6 milliamperes. If the armature 
drops out below 4 rna the armature gap may be in­
creased by means of the nut and screw on the armature 
plate. The armature gap should be between .004" 
and .007" with the armature picked up. 

Check to be sure that a good contact is made by 
means of a light circuit and observing some deflec­
tion of the contacts in closing. 

Operation Indicator 

The operation indicator should pick up and drop 
the indicator target when the current is between 1 and 
1 . 2  amperes d-e .  To increase the pick-up current, 
remove the molded cover and bend the springs out or 
away from the cover. To decrease the pick-up current, 
bend the springs in toward the cover. 

Make sure that the target drops freely when the 
unit operates. 

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 YP E  KA CAR R I ER AUXI LIARY R E LAY _____________________ _ 

ENERGY REQUIREMENTS 

BURDEN DATA OP ERATING CUR RENT CI RCUIT - 60 CYCL ES 

Range V olt-Amperes Power Factor Volt Amperes Power Factor 

Amps Taps Tap Value Current Angle ¢ at 5 amperes Angle ¢ 
.5 .37 39° 24 4� 
.75 .38 36 13 37 

. 5-2 1 .39 35 8.5 34 
1 .25 .41  34 6.0 32 

1 .5 .43 32 4. 6  3 1  

2 .45 30 2.9 28 

1 .41 36° 9. 0 36° 

1 .5  .44 32 5 . 0  32  

1-4 2 .47 30 3 . 0  29 

2.5 .50 28 2 . 1  27 

3 .53 26 1 .5  26 

4 .59 24 .93 24 

RATINGS OF OVERCURRENT UNIT 

Continuous Rating One Second Rating 

Range Amps Amps 

.5-2 5 100 

1-4 5 140 
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II 
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I PA�EL LOCATION 

SEMI- F=LUSH MTG, 
PROJECTION MTG. 

.190-32 5 C. R E W  

SPACER FOR 
THIN PANELS 
5 16-IS SCREW 

(FOR THICK 
PANEL USE.. 
.2" -18 STUD) 
16 

190-32.5CREW (FOR THIC.K PANEL USt;.. 
.190·22 STUD) 

TERMINAL .,_ND 1\/\0UNTING DETAILS 

NOTe:: A.\..\.. DII"<\EWSIO"'S 
IH INCI-IE� 

TERMII-IA.\.. 

t DIA. -J.HOLEc.S i=GR 
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PANEL CUTOUT � DRILLIN� 
FOR SEMI- FLUSH MT(j. 

P)io...NE.\... DRI\.\...\NC. OR 
C.\JTOUT ,.-�PROJI::CT\� MTC.. (FRONT VIEW) 

-,!DIA.Z0\-\0\.E.<:. ORC.UI O U T  

1 

57-D-7903 

Fig. 5. Outline and Drilling Plan for the type KA Relay in the type FT 32 Case. 
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TYPE K.A CARRIER .AUXILIARY R ELAY 

C A U T I ON 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 proper­

ly, and operate the relay to check the settings and 

electrical connections. 

APPLICATION 

The type KA relay is an auxiliary relay used in 

the distance carrier relaying scheme to block or 

prevent instantaneous tripping for faults external to 

the line section to which it is applied, and to permit 

instantaneous simultaneous tripping for internal 

faults. The relay is arranged to respond to indica­

tions of fault power and direction provided by the 

phase and ground relays, thereby controlling the trans­

mission of the carrier signals. 

CONSTRUCTION AND OPERATION 

The type KA relay consists of directional auxili­

ary units, receiver and alarm units, and a phase fault 

carrier operation indicator. In addition, the type KA 
relay contains a hi�h speed overcurrent unit used to 

start carrier transmission for ground faults. The con­

struction and operation of the relay units are de­

scribed below. Complete details of the operation of 

this relay in the distance carrier relaying scheme is 

described in I.L. 41-911 .  

Overcurrent Unit 

The overcurrent unit is a product induction cyl­

inder type unit. The time phase relationship of the 

two air gap fluxes necessary for the development of 

torque is achieved by means of a capacitor connected 

in series with one pair of pole windings. 

Mechanically, the overcurrent unit is composed of 

fotr 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 core. The magnetic core which houses 

NEW INFORMATION 

the lower pin bearing is secured to the frame by a 

locking nut. The bearing can be replaced, if neces­

sary, 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. In addition, there are two locating pins. 

The locating pins are used to accurately 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 se­

cured 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 electro­

magnet 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 adjuster is located on 

the underside of the bridge and is attached to the 

moving contact arm by a spir� spring. The spring 

adjuster is also held in place by a spring type clamp. 

With the contacts 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. 

When the current in the overcurrent unit exceeds 

the pick-up value the contacts open, allowing positive 

potential to be applied to the carrier transmitter. 

A transformer and varistor assembly is used in 

conjunction with the overcurrent unit. The trans­

former is of the saturating type which limits the 

energy to the overcmrent unit and reduces the burden 
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TYPE KA CARRI ER AUXI LIARY RE LAY _____________________ _ 

CARRIER PHASE FAULT 
OPERATION INDICATOR (01) 

OVERCURRENT UNIT -­

TAP BLOCK 

RRP CONTACT----! 

RRG CONTACT 

POLAR UNIT 
ALARM RELAY (AL) 

CARRIER START 
CONTACT (los) 

CARRIER START 
OVERCURRENT UNIT ( los) 

SPARE TAP SCREW 

POLAR UNIT 
RECEIVER RELAY 

CSP AUXILIARY SWITCH 

FIG. 1 TYPE KA RELAY WITHOUT CASE. (FRONT VIEW) 
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TYP E  KA CARRI ER AUXI LIARY RELAY _____________________ 1 . L_._4_1 ._92_3_·2 

UIIST. 

183A435 
Fig. 2. Internal Schematic ol the Type KA Relay in Type 

FT 32 Case. 

on the operating cr. 

The primary of the transformer is tapped and 
brought out to 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. 

Directional Auxiliary Units 

These are two solenoid-type contactor switches 
designated as CSP and CSG. The plqnger of the 
contactor switch has a circular conducting disc 
mounted on its lower end and as the plunger travels 
upward, the disc bridges three silver stationary con­
tacts. The CSP switch is energized by the operation 
of the second zone unit of the KD distance relay, 
and the CSG switch , by the operation of the direction­
al and overcurrent units of the ground relay. The 
contacts of the two switches are connected in parallel 
as shown in the internal schematic . The operation of 

40 

36 

... 32 = � 
28 ... ::; 

_. 
ii 

24 
!! 
... 

20 -;:: 
.... 
-

18 � 
I 12 ... u 

c § • 

4 

0 
0 4 10 12 14 II II 20 

MULTIPLES OF PICKUP CURREIT 

OF CARRIER - START OYERCURREIT um 

Curve 47lo61 

Fig. 3. Typical Time Character/sties ol carrier start over­

current unit ol the type KA Relay. 

either of these switches connects the carrier control 
circuit to negative to stop carrier, and energizes the 
RRT operating coil of the receiver relay unit. 

Receiver Unit 

The polarized relay consists of an armature and 
contacts mounted on a leaf spring supported sym­
metrically within a magnet frame. The armature rides 
in the front air gap of the frame with the contacts 
projecting outside. The poles of a permanent magnet 
clamp directly to each side of the frame. Two ad­
justable shunts are located across the rear air gaps. 
These change the reluctance of the magnetic path as 
shown in Fig. 4 so as to force some of the flux thru 
the moving armature which is fastened to the frame 
midway between the two rear air gaps. Flux in the 
armature polarizes it and creates a magnetic bias, 
causing it to move towards either the left or right, 
depending UPOn the adjustment. 

Two stationary contact screws are mounted to the 
left (front view) of the moving contact assembly and 
adjusted for normally open contacts. These con­
tacts are designated, RRP and RRG, and are connected 
in the phase and ground trip circuits respectively. 
These contacts are operated by two concentric coils, 
RRT and RRH, which are placed around the armature 
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TYP E KA CAR R I ER AUXI LIARY RE LAY ________________________ _ 

SHUNT 

SALAHCED A I� �APS UHBALAHCED AIR GAPS 

POLAR uNIT PERMANENT MAGNET F LUX PATHS 

183A062 
Fig. 4. Polar Unit Permanent Magnet Flux Paths. 

and within the magnetic frame. RRT is the operating 

coil and receives its energy from the local battery 

when either CSP or CSG is closed. RRH is the hold­

ing coil and receives its energy from the carrier 

transmitted either from the local transmitter or the 

one at the other end of the line section. These two 

coils are connected to oppose each other with the 

operating coil, RRT operating to close the RRP and 

RRG contacts and trip; and the holding coil, RRH to 

hold the RRP and RRG contacts open and block trip­

ping. The restraining torque of the RRH coil is suf­

ficient to overcome the operating torque of the RRT 

coil. Consequently, RRP and RRG contacts cannot 

close as long as RRH is energized. 

Alarm Unit 

The alarm element is similar in construction to 

the receiver element except that it is energized by a 

single coil and operates a single set of contacts. 

The coil is energized by the received carrier to close 

the contacts and give an alarm. This element has a 

higher-pick-up than that of the receiver element in 

order to obtain a direct check on the sensitivity of 

the tubes in the carrier transmitter-receiver. The 

failure of the alarm relay to pick-up when carrier is 

4 

started indicates insufficient output from the trans­

mitter-receivers. 

Operation Indicator 

The operation indicator gives a visual indication 

of a carrier tripping operation for phase faults by the 

distance relay through the RRP contacts. For a 

ground fault carrier relaying operation, the indicating 

contactor switch (ICS) located in the ground relay 

will drop a target. 

CHARACTERISTICS 

The characteristics of the various elements of the 

relays are as follows: 

48V 125V 250V 

Avg. Avg. Avg. 

Ohms Ohms Ohms 

CSP or CSG Coil 27 27 27 
CSP & CSG Tapped Resistor 200 600 1250 
Carrier Resistor 2000 3750 19000 
RRT Operating Coil 1 100 1 100 1 100 
RRT Coil Resistor 1320 5000 1 1200 
RRH Holding Coil 1700 1700 1700 
AL Alarm Coil 500 500 500 
Operation Indicator (1 amp.) 0 . 1  0 . 1  0 . 1  
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TYP E  KA CARRI ER AUXI LIARY RE LAY _____________________ •• L_._4_1-_92_3._2 

The pick-up and operating values of these units 

are given under "Adjustments and Maintenance". 

The time characteristic of the overcurrent unit is 
shown in Fig. 3. The overcurrent unit is generally 

available in the following current ranges: 

Range 

0.5-2 amps 

1-4 

Tops 

0.5 0.75 1.0 1. 25 1.5 2.0 

1.0 1.5 2.0 2.5 3.0 4.0 

The tap value is the minimum current required to 

just open the relay contacts. For pick-up settings in 

between taps, refer to the ::.ection under Adjustments. 

SETTINGS 

The only setting required is for the overc urrent 

unit which is made by inserting the tap screw in the 

tap to give the required pick-up. 

Caution 

Since the tap block connector screw carries opera­

ting current, be sure that the screw is turned tight. 

In order to avoid opening the current transformer cir­

cuits when changing taps under load, connect the 

spare tap screw in the desired tap position before 

removing the other tap screw from the original tap 

position. 

The carrier-start overcurrent unit at each line 

terminal is set on a lower tap than the tripping ele­

ment at the opposite end of the line. This arrange­

ment insures proper blocking for remote external 

faults which may not pick up both overcurrent ele­

ments at each line terminal. 

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 projection mount­

ing. 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. 

The carrier relaying schematic (supplied with the 

carrier order) should be consulted for details of the 

external connections of these relays. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. Upon 

receipt of the relay, n o  customer adjustments, other 

than those covered under "SETTINGS", should be 

required. 

ACCE PTANCE CHECK 

The following check is recommended to insure that 

the relay is in proper working order: 

Overcurrent Unit 

With the tap screw in the desired tap hole, pass 

rated alternating current through the relay terminals. 

The contact should pick up within ±5% of tap value. 

Directional Auxiliary Units {CSP and CSG). 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 

when rated control voltage is applied across the coil 

and its section of the resistor. 

These units should operate at 24 volts for the 

48-volt relay, 60 volts for the 125-volt relay, and 

120 volts for 250-volt relay. These units have an 

intermittent rating, and should not be energized for 

more than a few seconds. 

Polar Unit ( Receiver Relay) 

Connect a jumper between the middle and left 

hand contact connection of the CSG or CSP switch. 

The CSG switch is located on the left-hand pedestal 

and CSP is located on the right-hand pedestal on the 

relay (front view). Apply rated voltage across the 
RRT coil and the RRT coil resistor, observing polar­

ity as shown in the internal schematic. The armature 

should move to the left. 

To the holding coil (RRH) relay terminals, apply 

direct current observing correct polarity. Increase 
the current until the armature moves to the right. The 

armature should move to the right at approximately 

6 rna. Now reduce the current and the armature should 

move to the left at approximately 4 rna. 

Alarm Unit (AL) 

Connect direct current to the alarm unit relay 

terminals. Increase the current until the contacts 

pick up. The contacts should pick up at approximate­

ly 8 rna. Now reduce the current and the contacts 

should open at 4 to 6 rna. 
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TYPE KA CARRIER AUXI LIARY RELA'----------------------

Operation Ind icator (01) 

With the polar unit contacts closed, apply direct 
current to the operation indicator relay terminals . 
The operation indicator should pick up and drop the 
indicator target between 1 ampere and 1 .2 amperes 
d-e. 

RO UT INE MAINTENANCE 

All relays should be inspected periodically and 
the operation should be checked at least once every 
year or at such otha- time intervals as may be dic­
tated by experience to be suitable to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher Stt182A836H01 is recommended 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 contact. 

CALIBRATION 

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

Overcurrent Unit 

The upper bearing screw should be screwed down 
until there is approximately 1/64" clearancP. between 
it and the top of the shaft bearing. Securely lock in 
position with the lock nut. The lower bearing posi­
tion is fixed and cannot be adjusted. 

With the moving contact in the normally closed 
position, i .e . ,  against the right side of the bridge, 
screw in the stationary contact until both contacts 
just close. Then screw in the stationary contact 
approximately one-half turn farther to provide the 
correct amount of follow. 

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

With the tap screw in the desired tap hole ,  pass 
rated a-c through the relay terminals .  

The sensitivity adjustment i s  made by varying 
the tension of the spiral s P"ing attached to the moving 
element assembly. The spring is adjusted by placing 

6 

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 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 just open. 
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 open at the desired 
pick-up current. 

Directional Auxiliary Units (CSP and CSG) 

The two contactor switches, CSP and CSG, have 
adjustable plunger travel. Adjust the stationary core 
and the moving core of 1/64" when the switch is 
pick�d up. This can be done by turning the relay up­
side-down and screwing up the core screw of the 
switch until the contacts just separate. Then back 
off the core screw approximately one turn and lock 
in place. This prevents the moving core from strik­
ing and sticking to the stationary core because of 
residual magnetism. Adjust the contact clearance 
for approximately 1/32" by means of the two small 
nuts on either side of the Micarta disc. 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 
when rated trip circuit voltage is applied across the 
coil and its section of the resistor. 

The unit.s should operate at 24 volts for the 48-
volt relay, 60 v dts for the 125-volt relay and 120 
volts for 25D-volt relay. These units have an inter­
mittent rating, and should not be energized for more 
than a few seconds. 

Polar Receiver Unit 

Back off contact screws so that they do not make 
contact . Screw magnetic shunts into the all-out posi­
tion (5 or 6 screw threads showing.) The armature 
should remain against whichever side it is pushed 
with this adjustment. 

Adjust the stationary contacts for a contact gap 
of approximately .020". This perhaps can best be 
done by inserting a .010" steel thickness gage be­
tween the large rivet head on the moving armature and 
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the right hand pole face (a .010" travel of the rivet 

head is equal to .020 " travel of the moving contacts). 

Using an indicating light in each contact circuit, 

adjust the uP Per and lower stationary contacts to 

touch the moving contact at the same time. With the 

feeler gauge removed the contact gap is . 020" and the 

moving contacts close simultaneously. 

Connect a jumper between the middle and left 

hand contact connection of the CSG or CSP switch. 

The CSG switch is located on the left-hand pedestal 

and CSP is located on the right hand pedestal of the 

relay (front view). Apply rated voltage across the 

RRT coil and the RRT coil resistor observing polar­

ity as shown in the interval schematic �iagram. The 

armature should move to the left. 

To the holding coil, RRH, apply 10 to 20 milli­

amperes d. c. current observing correct polarity. The 

armature should now move to the right. De-energize 

both coils and see that the armature stays up against 

the right hand side. 

Run both shunt screws all the way in, and then 

back out the left hand shunt screw approximately 6 
turns. Back out the right hand shunt screw approxi­

mately 9 turns. 

Re-energize the operating coil with rated voltage 

and the holding coil with 4 milliamperes d.c. Adjust 

the right hand contact shunt screw until the armature 

moves to the left. If the armature moves to the left, 

at a value of holding coil current greater than 4 milli­

amperes, the right hand shunt screw should be turned 

out to lower this value to the correct 4 milliampere 

point. 

Increase the holding coil current to 6 milliamperes 

and adjust the left hand shunt screw until the arma­

ture resets, or moves to the right. If the armature 

resets at a value of current less than 6 milliamperes, 

the left hand shun t screw should be turned out. This 

will increase the reset value of the armature and pro­

vide for the correct 6 milliampere reset value. 

Minor adjustments of both shunt screws must be 

made several times until the desired operating points 

are obtained, since the adjustments of one shunt screw 

affect the adjustment on the other shunt screw. 

Polar Alarm Unit 

The contacts should elose with 8 milliamperes d-e 

± 5% applied to the alarm coil. Adjust the contact 

screws to obtain an .050" contact gap such that 

the armature motion between the left and right hand 

contacts is in the central part of the air gap between 

the pole faces. Tighten the contact locking nuts. 

Approximate adjustments of the two magnetic shunt 

screws are as follows: 

Tum both shunt screws all the way in. Then back 

out both shunt screws approximately seven turns. 

Apply 8 milliamperes d.c. to the coil observing cor­

rect polarity, and then screw in the left hand shunt 

screw until the armature moves to the right at a value 

of current less than 8 milliamperes, screw the left 

hand shunt out until the armature moves to the right 

at 8 milliamperes. Check the dropout point by re­

ducing the d.c. current. The armature should move to 
the left between the limits of 4 and 6 milliamperes. If 

it fails to do so, adjust the right hand shunt screw 

until it does. It will then be necessarY to recheck the 

pickup and dropout points again and make any minor 

adjustments to the shunt screws that may be necessary 

until correct calibration is obtained. 

In general, screwing in the left hand shunt screw 

reduces the pickup current of the relay. Screwing in 

the right hand shunt screw increases the dropout cur­

rent. This will in tum cause a change in the pickup 

current, making necessary several slight readjust­

ments of both shunt screws to obtain the desired cali­

bration. The armature as finally cali�rated should 

pickup and dropout with a snappy action. 

Operation Indicator 

The operation indicator should pick up and drop 

the indicator target when the current is between 1 and 

1 .2  amperes d-e. To increase the pick-up current, 
remove the molded cover and bend the springs out or 

away from the cover. To decrease the pick-up current, 

bend the springs in toward the cover. 

Ma ke sure that the target drops freely when the 

unit operates. 

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 YP E  KA CAR RI ER AUXI LIARY R E LAY ____________ _ _________ _ 

ENERGY REQUIRE�ENTS 

BURDEN DATA OP ERATING CUR RENT CI RCUIT- 60 CYCL ES 

Range V olt-Amperes Power Factor V olt Amperes Power Factor 

Amps Taps Tap Value Current Angle ¢ at 5 amperes Angle ¢ 
.5 .37 39° 24 4ff 

.75 .38 36 13 37 

.5-2 1 .39 35 8.5 34 

1.25 .41 34 6.0 32 

1.5 .43 32 4.6 31 

2 .45 30 2.9 28 

1 .41 36° 9.t1 36° 

1.5 .44 32 5.0 32 

1-4 2 .47 30 3.0 29 

2.5 .50 28 2.1 27 

3 .53 26 1.5 26 

4 .59 24 .93 24 

RATINGS OF OVERCURRENT UNIT 

Continuous Rating One Second Rating 

Range Amps Amps 

.5-2 5 100 

1-4 5 140 
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1 �.� r-��� 1 r-3Z. 

r � -I+ 3-1 
't. 

-I"" 
� -� ir LLl,1 I 

- 3 f4- II II 
"'- II II ��� �: 3 I . . 

�-�-� \J 1 PA�EL LOCATION 
SEMI- F'LUSH MTG,. 
PROJECTION MTG. 

,190-32 5 C. R E W 

SPACER FOR THIN PANELS 
5 16-IS SCREW 

(FoR THICK 
PANEL USE. �-18 STUD) 

190-325CREW (FOR THICK PANEL USJ:i.. 
.190-32. STUD) 

TERMINAL �ND MOUNTING DETAILS 

NOTE: ALL DIMEW"=>ION� 
I� INCHE<:. 

i DIA. --}HOL�.S ;:GR 
.1£: -:� :v-.T.:,.::oc "-t'-"::, 

PANEL CUTOUT � DRILLINCj 
FOR SEMI- FLUSH Mlrq. 

F'A.NE.L DRILL I N G.  OR 
CUTOUT �PROJE::CTI� MICir. (FRONT VII:W) 

�DIA.'2.0HOLE'3 
ORC.UT Ol..lT 

l 

57-D-7903 

Fig. 5. Outline and Drilling Plan lor the type KA Relay in the type FT 32 Case. 
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I . L. 41-923. 2A 

INSTALLATION • OPERATION • MAINTENANCE 

��� INSTRUCT IONS 
Jif. * · �--------------------------------

r--

TYPE KA CARRIER AUXILIARY RELAY 

C A U T I ON 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 proper­

ly, and operate the relay to check the settings and 

electrical connections. 

A P P L I C A T I O N 

The type KA relay is an auxiliary relay u sed in 

the distance carrier relaying scheme to block or 

prevent instantaneous tripping for faults external to 

the line section to which it is applied, and to permit 

instantaneous simultaneous tripping for internal 

faults. The relay is arranged to respond to indica­

tions of fault power and direction provided by the 

phase and ground relays, thereby controlling the trans­

mission of the carrier signals. 

C O N S T R U CT I O N A N D  O P E R A T I O N  

The type KA relay consists of directional auxili­

ary units, receiver and alarm units, and a phase fault 

carrier operation indicator. In addition, the type KA 
relay contains a hi�h speed overcurrent unit used to 

start carrier transmission for ground faults. The con­

struction and operation of the relay units are de­

scribed below . Complete details of the operation of 

this relay in the distance carrier relaying scheme is 

described in I.L.  41-911. 

Overcurrent Unit 

The overcurrent unit is a product induction cyl­

inder type unit. The time phase relationship of the 

two air gap fluxes necessary for the development of 

torque is achieved by means of a capacitor connected 

in series with one pair of pole 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 core. The magnetic core which houses 

SUPERSEDES I . L. 41 -923.2 

* Denotes change from superseded issue.  

the lower pin bearing is secured t o  the frame b y  a 

locking nut . The bearing can be replaced, if neces­

sary, 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. In addition, there are two locating pins. 

The locating pins are used to accurately 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 se­

cured 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 electro­

magnet 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 adjuster is located on 

the underside of the bridge and is attached to the 

moving contact arm by a spirl!l spring. The spring 

adjuster is also held in place by a spring type clamp. 

With the contacts 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 . 

When the current in the overcurrent unit exceeds 

the pick-up value the contacts open, allowing positive 

potential to be applied to the carrier transmitter. 

A transformer and varistor assembly is used in 

conjunction with the overcurrent unit. The trans­

former is of the saturating type which limits the 

energy to the overc....-ent unit and reduces the burden 
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T YPE KA CARRI E R  AUXI LI ARY R E LAY _____________________ _ 

CARRIER PHASE FAULT 
OPERATION INDICA TOR (01) 

OVERCURRENT UNIT -­
TAP BLOCK 

RRP CONTACT 

RRG CONTACT 

POLAR UNIT 
ALARM RELAY (AL) 

CARRIER START 
CONTACT ( los) 

CARRIER START 
OVERCURRENT UNIT ( los) 

SPARE TAP SCREW 

POLAR UNIT 
RECEIVER RELAY 

CSP AUXILIARY SWITCH 

FIG.  1 TY PE KA RELAY WITHOUT CASE. (FRONT VIEW) 
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CURIIEIIT TEST JACK� 

CriASSIS OPERATEO 
SltORTUioi SWI TCil 

OVERCURREIIT UIIIT-.....__ 

fiiiiiT V IEW 

184A558 

• Fig. 2. Internal Schematic of the Type KA Relay in Type 

FT 32 Case. 

on the operating cr. 

The primary of the transformer is tapped and 
brought out to 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 tnultiple 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. 

Directional Auxiliary Units 

These are two solenoid-type contactor switches 
designated as CSP and CSG. The plqnger of the 
contactor switch has a circular conducting disc 
mounted on its lower end and as the plunger travels 
upward, the disc bridges three silver stationary con­
tacts. The CSP switch is energized by the operation 
of the second zone unit of the KD distance relay, 
and the CSG switch, by the operation of the direction­
al and overcurrent units of the ground relay. The 
contacts of the two switches are connected in parallel 
as shown in the internal schematic . The operation of 

40 

36 

:g 32 
-� 28 

:: 
ii 

24 
!!!! 
... 

20 -
;::: 
.. 
., 

16 iii � 
0 

::. 12 

... .... 
., 8 

0 
0 10 12 14 18 18 20 

MULTIPLES OF PICKUP CURIEIT 

OF CARRIER - START OVERCURREIT UIIT 

Curve 471061 

Fig. 3. Typical Time Characteristics of carrier start over­

current unit of the type KA Relay. 

either of these switches connects the carrier control 
circuit to negative to stop carrier, and energizes the 
RRT operating coil of the receiver relay unit. 

Receiver Unit 

The polarized relay consists of an armature and 
contacts mounted on a leaf spring supported sym­
metrically within a magnet frame. The armature rides 
in the front air gap of the frame with the contacts 
projecting outside . The poles of a permanent magnet 

clamp directly to each side of the frame. Two ad­
justable shunts are located across the rear air gaps. 
These change the reluctance of the magnetic path as 
shown in Fig. 4 so as to force some of the flux thru 
the moving armature which is fastened to the frame 
midway between the two rear air gaps. Flux in the 
armature polarizes it and creates a magnetic bias, 
causing it to move towards either the left or right, 
depending upon the adjustment. 

Two stationary contact screws are mounted to the 
left (front view) of the moving contact assembly and 
adjusted for normally open contacts. These con­
tacts are designated, RRP and RRG, and are connected 
in the phase and ground trip circuits respectively. 
These contacts are operated by two concentric coils, 
RRT and RRH, which are placed around the armature 
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TYPE KA CAR R I ER AUXI LIARY RE LAY _____ ______ _ _ _ _ _ ____ ___ _ 

SHUNT 

BAlANCED A I K  �APS UNSALANCED A I R  GAPS 

POLAR uMIT PERMAHEMT MA�HET FLUX PATH S 

183A062 
Fig. 4. Polar Unit Permanent Magnet Flux Paths. 

and within the magnetic frame. RRT is the operating 
coil and receives its energy from the local battery 
when either CSP or CSG is closed. RRH is the hold­
ing coil and receives its energy from the carrier 
transmitted either from the local transmitter or the 
one at the other end of the line section. These two 
coils are connected to oppose each other with the 
operating coil, RRT operating to close the RRP and 
RRG contacts and trip; and the holding coil, RRH to 
hold the RRP and RRG contacts open and block trip­
ping. The restraining torque of the RRH coil is suf­
ficient to overcome the operating torque of the RRT 
coiL Consequently, RRP and RRG contacts cannot 
close as long as RRH is energized. 

Alarm Unit 

The alarm element is similar in construction to 
the receiver element except that it is energized by a 
single coil and operates a single set of contacts. 
The coil is energized by the received carrier to close 
the contacts and give an alarm. This element has a 
higher-pick-up than that of the receiver element in 
order to obtain a direct check on the sensitivity of 
the tubes in the carrier transmitter-receiver. The 
failure of the alarm relay to pick-up when carrier is 

4 

started indicates insufficient output from the trans­
mitter-receivers. 
Operation lnd icator 

The operation indicator gives a visual indication 
of a carrier tripping operation for phase faults by the 
distance relay through the RRP contacts. For a 
ground fault carrier relaying operation, the indicating 
contactor switch (ICS) located in the ground relay 
will drop a target. 

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

The characteristics of the various elements of the 
relays are as follows: 

48V 1 25V 250V 

Avg. Avg. Avg. 

O h ms O h ms O h m s 

CSP or CSG Coil 27 27 435 * 
CSP & CSG Tapped Resistor 200 600 6000 * 
Carrier Resistor 2000 3750 19000 
RRT Operating Coil 1 100 1 100 1 100 
RRT Coil Resistor 1320 5000 1 1200 
RRH Holding Coil 1700 1700 1700 
AL Alarm Coil 500 500 500 
Operation Indicator ( 1 amp. ) 0. 1 0 . 1  0. 1 
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TYP E  KA CARRI ER AUXI LIARY RE LAY ____________________ I._L_. 4_1_-92_3_.2_A 

The pick-up and operating values of these units 
are given under "Adjustments and Maintenance " .  

The time characteristic of the overcurrent unit is 
shown in Fig . 3 .  The overcurrent unit is generally 
available in the following current ranges: 

Range 

0.5 - 2 amps 
1 - 4 

0.5 0 .75 
1 . 0  1 .5  

Tops 

1 .0  1 .25 1 .5  2. 0 
2 .0 2 .5 3 .0  4 .0  

The tap value is the minimum current required to 
just open the relay contacts . For pick-up settings in 
between taps , refer to the section under Adjustments . 

SETT I NGS 

The only setting required is for the overcurrent 
unit which is made by inserting the tap screw in the 
tap to give the required pick-up. 

Cau tion 

Since the tap block connector screw carries opera­
ting current , be sure that the screw is turned tight. 
In order to avoid opening the current transformer cir­
cuits when changing taps under load , connect the 
spare tap screw in the desired tap position before 
removing the other tap screw from the original tap 
position. 

The carrier-start overcurrent unit at each line 
terminal is set on a lower tap than the tripping ele­
ment at the opposite end of the line. This arrange­
ment insures proper blocking for remote external 
faults which may not pick up both overcurrent ele­
ments at each line terminal. 

I NSTALLAT I ON 

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 projection mount­
ing. 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. 

The carrier relaying schematic (supplied with the 
carrier order) should be consulted for details of the 

external connections of these relays. 

ADJU STMENTS AND MAI NTENANCE 

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory. Upon 
receipt of the relay, n o  customer adjustments , other 
than those covered under "SETTINGS" ,  should be 
required. 

ACCE PTA NCE CHECK 

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

Overcurrent Unit 

With the tap screw in the desired tap hole, pass 
rated alternating current through the relay terminals. 
The contact should pick up within ±5% of tap value. 

Directio n al Au xiliary Units (CSP and CSG). 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 
when rated control voltage is applied across the coil 
and its section of the resistor. 

These units should operate at 24 volts for the 
48-volt relay, 60 volts for the 125-volt relay, and 
120 volts for 250-volt relay. These units have an 
intermittent rating, and should not be energized for 
more than a few seconds.  

Polar Unit ( Receiver Rei oy) 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP switch. 
The CSG switch is located on the left-hand pedestal 
and CSP is located on the right-hand pedestal on the 
relay (front view) .  Apply rated voltage across the 
RRT coil and the RRT coil resistor, observing polar­
ity as shown in the internal schematic .  The armature 
should move to the left. 

To the holding coil (RRH) relay terminals , apply 
direct current observing correct polarity . Increase 
the current until the armature moves to the right. The 
armature should move to the right at approximately 
6 rna. Now reduce the current and the armature should 
move to the left at approximately 4 rna. 

Al arm Unit (AL) 

Connect direct current to the alarm unit relay 
terminals . Increase the current until the contacts 
pick up . The contacts should pick up at approximate­
ly 8 rna. Now reduce the current and the contacts 
should open at 4 to 6 rna. 
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TYPE KA CARRIER AUXI LIARY R E LA'------------------------

Operation Indicator ( 0 1 )  

With the polar unit contacts closed, apply direct 
current to the operation indicator relay terminals . 
The operation indicator should pick up and drop the 
indicator target between 1 ampere and 1 .2 amperes 
d-e. 

R O UTI N E  MAI N T E 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 dic­
tated by experience to be suitable to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher Stt182A836H01 is recommended 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 contact. 

CALIBRATION 

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

O vercurrent Unit 

The upper bearing screw should be screwed down 
until there is approximately 1/64 " clearancP. between 
it and the top of the shaft bearing. Securely lock in 
position with the lock nut. The lower bearing posi­
tion is fixed and cannot be adjusted. 

With the moving contact in the normally closed 
position, i. e . ,  against the right side of the bridge, 
screw in the stationary contact until both contacts 
just close. Then screw in the stationary contact 

* approximately one-quarter turn farther to provide the 
correct amount of follow. 

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

With the tap screw in the desired tap hole, pass 
rated a-c through the relay terminals. 

The sensitivity adjustment is made by varying 
the tension of the spiral s .ll"ing attached to the moving 
element assembly. The spring is adjusted by placing 

6 

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 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 just open. 
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 open at the desired 
pick-up current. 

Directional Auxiliary Units (CSP an d CSG) 

The two contactor switches, CSP and CSG, have 
adjustable plunger travel . Adjust the stationary core 
and the moving core of 1/64" when the switch is 
pick�d up. This can be done by turning the relay up­
side-down and screwing up the core screw of the 
switch until the contacts just separate. Then back 
off the core screw approximately one turn and lock 
in place. This prevents the moving core from strik­
ing and sticking to the stationary core because of 
residual magnetism. Adjust the contact clearance 
for approximately 1/32" by means of the two small 
nuts on either side of the Micarta disc. 

Each contactor switch has a section of a tapped 
resistor in series with it , and will pick up positively 
when rated trip circuit voltage is applied across the 
coil and its section of the resistor. 

The units should operate at 24 volts for the 48-
volt relay, 60 v dts for the 125-volt relay and 120 
volts for 25Q-volt relay. These units have an inter­
mittent rating, and should not be energized for more 
than a few seconds. 

Polar R eceiver Unit 

Back off contact screws so that they do not make 
contact . Screw magnetic shunts into the all-out posi­
tion (5 or 6 screw threads showing.)  The armature 
should remain against whichever side it is pushed 
with this adjustment. 

Adjust the stationary contacts for a contact gap 
of approximately . 020" . This perhaps can best be 
done by inserting a .010" steel thickness gage be­
tween the large rivet head on the moving armature and 
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the right hand pole face (a . 010 " travel of the rivet 
head is equal to .020" travel o( the moving contacts). 
Using an indicating light in each contact circuit, 
adjust the uPPer and lower stationary contacts to 
touch the moving contact at the same time. With the 
feeler gauge removed the contact gap is . 020" and the 
moving contacts close simultaneously. 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP switch. 
The CSG switch is located on the left-hand pedestal 
and CSP is located on the right hand pedestal of the 
relay (front view). Apply rated voltage across the 
RRT coil and the RRT coil resistor observing polar­
ity as shown in the interval schematic �iagram. The 
armature should move to the left. 

To the holding coil , RRH, apply 10 to 20 milli­
amperes d.c. current observing correct polarity . The 
armature should now move to the right. De-energize 
both coils and see that the armature stays up against 
the right hand side. 

Run both shunt screws all the way in, and then 
back out the left hand shunt screw approximately 6 
turns. Back out the right hand shunt screw approxi­
mately 9 turns . 

Re-energize the operating coil with rated voltage 
and the holding coil with 4 milliamperes d.c. Adjust 
the right hand contact shunt screw until the armature 
moves to the left . If the armature moves to the left, 
at a value of holding coil current greater than 4 milli­
amperes , the right hand shunt screw should be turned 
out to lower this value to the correct 4 milliampere 
point. 

Increase the holding coil current to 6 milliamperes 
and adjust the left hand shunt screw until the arma­
ture resets, or moves to the right . If the armature 
resets at a value of current less than 6 milliamperes, 
the left hand shunt screw should be turned out. This 
will increase the reset value of the armature and pro­
vide for the correct 6 milliampere reset value .  

Minor adjustments of both shunt screws must be 
made several times until the desired operating points 
are obtained, since the adjustments of one shunt screw 
affect the adjustment on the other s hunt screw. 

Polar Alarm U nit 

The contacts should close with 8 milliamperes d-e 
± 5% applied to the alarm coil. Adjust the contact 

screws to obtain an .050" contact gap such that 
the armature motion between the left and right hand 
contacts is in the central part of the air gap between 
the pole faces. Tighten the contact locking nuts. 
Approximate adjustments of the two magnetic shunt 
screws are as follows: 

Turn both shunt screws all the way in. Then back 
out both shunt screws approximately seven turns. 
Apply 8 milliamperes d.c. to the coil observing cor­
rect polarity, and then screw in the left hand shunt 
screw until the armature moves to the right at a value 
of current less than 8 milliamperes, screw the left 
hand shunt out until the armature moves to the right 
at 8 milliamperes. Check the dropout point by re­
ducing the d.c. current. The armature should move to 
the left between the limits of 4 and 6 milliamperes. If 
it fails to do so, adjust the right hand shunt screw 
until it does. It will then be necessarY to recheck the 
pickup and dropout points again and make any minor 
adjustments to the shunt screws that may be necessary 
until correct calibration is obtained. 

In general, screwing in the left hand shunt screw 
reduces the pickup current of the relay. Screwing in 
the right hand shunt screw increases the dropout cur­
rent. This will in tum cause a change in the pickup 
current, making necessary several slight readjust­
ments of both shunt screws to obtain the desired cali­
bration. The armature as finally cali'Jrated should 
pickup and dropout with a snappy action. 

Operation Indicator 

The operation indicator should pick up and drop 
the indicator target when the current is between 1 and 
1 .2  amperes d-e .  To increase the pick-up current, 
remove the molded cover and bend the springs out or 
away from the cover. To decrease the pick-up current , 
bend the springs in toward the cover. 

Make sure that the target drops freely when the 
unit operates. 

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

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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TYP E  KA CAR R I ER AUXI LIARY R E LAY ______________________ _ 

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

BURDEN DATA OP ERATING CUR RENT CIRCUIT - 60 CYCL ES 

R a n g e  Volt-Amperes P ower F actor Volt  A mp eres Power F a ctor 

A m p s  T a p s  T a p  Value  Current A n g l e ¢ at 5 amperes A n g l e ¢ 
.5  .37 39° 24 4ff 

.75 . 38 36 13 37 

.5-2 1 .39 35 8 .5  34 

1 . 25 .41  34 6 .0 32 

1 .5  .43 32 4 .6 3 1  

2 .45 30 2.9 28 

1 .41  36° 9. 0 36° 

1 . 5  .44 32 5 . 0  32  

1-4 2 .47 30 3 .0  29 

2.5 .50 28 2 . 1  27 

3 .53 26 1 .5  26 

4 .59 24 .93 24 

R A T I N G S  O F  O V E R C U R R E N T  U N I T  

Cont i n uo u s  Rat ing  One Second R a t i n g  
R an g e  A m p s  A m p s  

.5-2 5 100 

1-4 5 140 

8 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE KA CARRI ER AUXI LIARY R E LAY ___ __________ ______ 
...;.:.L..::..L·.....:"..::..1 ·..:..:92=3.=2 A  

. 190-32 5 C. R E W  

SPACER FOR 
TH IN PANELS 
5 j6 -IB SCREW 

(FOR TH I CK 
PAN E. L  USE. 
2 - 18 STUD) 
16 

190-32SCREW (FOR T H I C K  PANEL US� 
.190-2 2. STUD) 

TERM I NAL "-NO t\.1\ 0UNTIN<; DETAILS 

NOTE": A.L\... DIME N SION$ 
IH INCHE� 

� DIA. -+ H O L b_ S  i= G R  
. I S :  -� i.. '\A.T q . ':> C  "i<.:. E '-" � 

PANEL CUTOUT � DRILLiNC:, 
FOR S E M I - FLUSH MT(j 

PANEL DRILL I N G.  OR 
CUTOUT 'f'"� PROJ E:CTI� MTC.. (FRONT VIEW) 

,fDIA-'2.01-\0LE.C:. ORCUI O U T  

1 

57-D -7903 

Fig. 5. Outline and Drllll119 Plan for the type KA Relay in the type FT 32 Case. 
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INSTALLATION 
Westinghouse J . L. 4 1 - 923. 4B 

• OPERATION • MAINTENANCE 

I N S T R UCT IO N S 
TYPE KA-4 CARRIER AUXILIARY RELAY 

C A U T I O N  B efore putting relays into service,  remove 
all blocking which may have been ins erted for the 
purpose of s ecuring the parts during shipment, mak e  
sure that all moving parts op erate freely, inspect the 
contacts to see that they are clean and close proper­
ly, and operate the relay to check the settings and 
electrical connections.  

A P P L I C A T I O N  

The type KA-4 relay is an auxiliary relay used 
in the distance carrier relaying scheme to block or 
prevent instantaneous tripping for faults external to 
the line s ection to which it is  applied, and to p ermit 
instantaneous simultaneous tripping for i nternal 
faults.  The rel ay i s  arranged to respond to indica­
tions of fault power and direction provided by the 
p hase and ground relays, thereby controlling the 
transmis sion of  the carrier signals.  

C O N S T R U C T I O N  A N D  O P E R A T I O N  

The Type KA-4 relay consists of directional 
auxiliary units, receiver and alarm units,  p hase 
fault carrier op eration indicator and carrier squelch 
relay. In addition, the typ e KA-4 rel ay contains a 
high sp eed overcurrent unit used to start carrier 
transmission for ground faults. The construction and 
op eration of the relay units are described below. 
Complete details of the operation of t his relay i n  the 
distance carrier relaying scheme is described in 
I . L .  4 1-9 1 1. 

Overcurrent Un i t  

The overcurrent unit is  a product induction cyl­
inder type unit. The time phase rel ationship of the 
two air gap fluxes necessary fo r the development of 
torque is achieved by mean s  of  a capacitor connected 
in seri es with one pair of pole windings. 

Mechanically, the overcurrent unit is  compo sed 
of three basic components: a die-cast alumium frame 
and el ectromagnet, a moving elem ent assembly, and 
a molded bridge. 

SUP ERSEDES I . L. 4 1 - 923. 4 B  
*Denotes changes from superseded i ssue. 

The frame s erves as the mounting structure for 
the m agnetic core. The m agnetic core which houses 
the lower pin bearing is secured to the frame by a 
spring and snap ring. The bearing can b e  r eplaced,  
if necessary, without having to remove the m agnetic 
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 locating pins are used to accurately position the 
lower pin bearing, which i s  mounted o n  the frame, 
with respect to the upper pin bearing, which is 
threaded into the bridge. The electrom agnet is  
perm anently secured to  the frame and cannot be 
sep arated from the frame.  

The moving element assembly consists of  a 
spiral spring, contact c arrying member, and an 
alumium 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 b earing and the upper pin bearing with the 
cylinder rotating in an air gap formed by the electro­
magnet and the m agnetic core. 

The bri dg e  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 typ e clamp. The spring adjuster is located on 
t he underside of  the bridge and i s  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 contacts clo sed, the electrical connec­
tion i s  m ade through the stationary contact housing 
clamp, to the moving contact, through the spiral 
spring out to the spring adjuster clamp. 

When the current in the overcurrent unit exceeds 
t he pick-up value the contacts op e n ,  allowing posi­
tive potential to be app li ed to the carrier transmitter.  

E F FECTI VE NOVEMB E R  1 965 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE KA-4 CARRI E R  AUXILI ARY RE LAY _____________________ _ 

CARRI E R  P HASE FAUL T ___ ___ 

OP E RAT ION INDICATOR (01) 

POLAR UNI T 
R E C E I V E R  R E L AY 

CSG AUX I L IARY 
SWI TCH 

POLAR UNIT  
ARM R ELAY 

(AL) 

� �� .,.. SQUE LCH U N I T  1 

CAR R I E R  START 
;...----- CONTACT ( l os) 

R I E R  START 
O V E RC U R R E N T  UNIT ( los) 

Fig. 1 Type KA-4 R elay Without Case. (Front View) 
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TY P E  K A-4 CARRI E R AUXI L I ARY RE LAY --------------------I ._L_. 4_1_-9_23_.4_8 

CURREn 
fiST JACK-

CHASSIS OPERATED __ 
SHORTIIG SWITCH 

D'i'ERCURREHT 
UNIT 

2000·118 Y.O.C. 
6000-125 Y.D.C. 
6000D-250 v.o.c. 

DD-118 Y.D.C. 
8500(H25 Y.D.C. 
150000-250 v.o.c. 

RHAY-TYI'E IU-� CARR I E R  AUX I L I ARY F O R  KR CARRIER 
I H  TYPE FT-32 CASE 

INTERNAL SCHEMATIC 

UPPER 

- POUR UNIT 
(ALARM RELAY) 

LOWER 

POLAR UN I T  
{RECEIVER RELAY) 

TWO I ll  SER IES  
� � FOR 250 Y.  D.C.  

13200·1&8 Y . O . C .  
50001H25 Y.O.C. 
11200 o-250 Y.D.C. 

20000-118 v.o.c.  
37500-125 v.o.c. 
19000D-2SO Y.D.C. 

RED HAIDLE 

TEST SWITCH 

TEIMIIIAL 

629A389 
Fig. 2 Internal Schematic of the Typ e KA-4 Relay for KR 

corri er set. 

A transformer and current limiting reactor is  
used in conjunction with the overcurrent unit. The 
transformer and reactor are of the saturating type 
and limit energy to the overcurrent unit and reduce 
the burden on the operating CT. This transformer 
supplies one set of coils on the electromagnet with 
voltage shifted by appro ximatly 90 a from the resi­
dual current supplied directly to another set of  
coils. 

Directi onal Auxi l iary Units 

These are two solenoid-type contactor switches 
designated as CSP and CSG. The plunger of  the 
contactor switch has a circular conducting disc 
mounted on its lower end and as the plunger travels 
upward, the disc bri dges three silver stationary con­
tacts. The CSP switch is  en ergized by the operation 

* of the second zone unit of  the KD-4 distance rel ay, 
and the CSG switch, by the operation of  the direction­
al and overcurrent units of the ground rela,y. The 
contacts of  the two switches are connected in  paral­
lel as shown in the internal schematic .  The operation 
of either of these switches co nnects the carrier 
control circuit to n egative to stop carrier, and ener­
gizes the RRT operating coil of the receiver relay 
unit. 

CURREIT 
TEST JACK 

AUXIL IARY 
SWITCttES 

INTERNAL SCHEMATIC 

1320i-48 y .•• c. 
SOOOD--125 Y.D.C. 

11-1450 v.o.c. 

1000D-'8 Y.D.C. 
37soo-12s v.a.c. 
__ ,.. v.o.c. 
lED HAIItU 
TEST SWITCH 
TEitUUL 

629A476 
Fig. 3 Internal Schemati c of the Type KA-4 R elay for TC 

carrier set. 

Recei ver Un i t  

T h e  polariz ed relay consists of  a n  armature and 
contacts mounted on a leaf spring supported sym­
metrically within a magnet frame. The armature rides 
in the front air gap of  the frame with the contacts 
proj ecting outside.  The poles of a p ermanent magnet 
cl amp directly to e ach side of  the fram e. Two ad­
justable shunts are lo cated across the rear air gaps. 
These change the reluctance of the m agnetic p ath as 
shown in Fig. 5 so as to force some of the flux thru 
the moving armature which is  fastened to the frame 
midway between the two rear air gap s .  Flux in the 
armature polarizes it and creates a magnet{c bias , 
causing it to move towards either the left or right, 
depending upon the adj ustment. 

Two statio nary contact screws are mounted to 
the l eft (front view) of the moving contact assembly 
and adjusted for normally op en contacts. These con­
tacts are designated, RRP and RRG, and are connect­
ed in the p hase and ground trip circuit r espectively. 
These contacts are op erated by two concentric coils, 
RRT and RRH, which are placed around the armature 
and within the m agnetic fram e .  RRT is the op erating 
coil and receives its energy from the local battery 
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4 

TYPICAL TIME CURVE OF THE CARRIER - START OVERCURRENT UNIT 

OF THE TYPE KA- 4 RELAY 

20 

rn 1 8  0 z 0 '"' 16 UJ rn 
:::; 
.J 1 4  i 
'!" 
UJ 1 2  
2 
i= 
C) 10 z � 8 'i' 
.... '"' 6 � � 4 '"' 

2 

0 
0 2 4 6 8 10 12 14 16 18 20 

MULTIPLES OF PICKUP CURRENT 

OF CARRIER- START OVERCURRENT UNIT 

Fig. 4 Typi cal Time Characteristi cs of carrier start o ver­

current uni t of the type KA-4 Relay. 

when either CSP or CSG is closed. RRH is the hold­
ing coil and receives its energy from the carrier 
transmitted either fro m the local transmitter or the 
one at  the end of  the line s ection. These two 
coils are connected to oppo s e  each other with the 
operating coil,  RRT op eratin g  to close the RRP and 
RRG contacts and trip ; and the holding coil , RRH to 
hold the RRP and RRG contacts open and block trip­
ping. The restraining torque of  the RRH coil is suf­
ficient to overcome the op erating torque of the RRT 
coil. Consequently, RRP and RRG contact s cannot 
close as long as RRH is energized. 

Alarm Un i t  

T h e  alarm elem ent is similar in construction to 
the rec eiver elem ent except that it is energized by a 
single coil and operates a single s et of contacts. 
The coil is energized by the received carrier to clo s e  
t h e  contacts and give an alarm. This element has a 
higher-pick-up t han that of the receiver element in 
order to obtain a direct c heck on the sensitivity of 
t he carrier transmitter-receiver. The failure of the 
alarm relay to pick-up when carrier is started in­
dicates insufficient output from the transmitter re­
ceivers . 

Sque lch  Unit  

The function of t h e  squelch unit i s  t o  hold o ff 
the carrier for a p eriod of 1 50 millisecond s after 
the Break er "a" contact opens. This is to insure 
that all other terminal s  of the line are tripped before 
allowing carrier to be transmitted for any functions.  

The squelch unit is a telep hone typ e unit  of  
slow release type. 

In these relays, an electromagnet attracts a 
>I< right angle iron brack et which in turn op erates one 

normally op en contact. The slow release is ob­
tained by a copper slug located at the end opposite 
from the armature.  When the coil becomes de-ener­
gized, the change in flux t hrough the slug re sults 
in an electromotive forc e and associated current in 
it. Thi s current produces a flux which aids the m ain 
flux and delays t he release of  the armature when the 
coil is energized, the op eration of the relay is not 
appreciably delayed b ecause th e  armature is operated 
by flux not linking the slug. 

Operati on Ind i cator 

The operation indicator gives a visual indica­
tion of a carrier tripping operation for p hase faults  
by the distance relay through the RRP contacts. 
For a ground fault carrier relaying operation,  the 
indicating contactor switch (ICS) located in the 
ground relay will drop a target. 

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

The characteristics of the various el ements of  
the relays are as follow s :  

F o r  Use W i th K R -Set 

CSP or CSG Coil 

CSP & CSG Tapped Resistor 
carrier Resistor 

RRT Operating Coil 

RRT Coil Resistor 

RRH Holding Coil 

AL Alarm Coil 

Operation Indic ator (1 amp . )  

Squelch Unit Coil 

* Squelch Unit Adj . Resi stor 

4 8 V  1 25 
A vg. Avg.  

O h m s  O h m s  

2 7  

200 

2000 

1 100 

1320 

1 700 

500 

0 . 1 

3300 

27 

200 

3750 

1 100 

5000 

1700 

500 

0. 1 

3300 

8500 

2 5 0  
A v g .  
O h m s  

4 3 5  

6000 

1 9000 

1 100 

1 1 200 

1700 

500 

0. 1 

3300 

1 5000 
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TY P E  KA-4 CARRI E R  AU XI LIARY R E LAY I. L. 41 -923.48 -----------------------------------------------

SHUN T 
/ 

I 

l _ N  

SALANC�D A I K  �APS UN BALANCED A I R  GAPS 

POLAR uN I T  PERMANENT MAGN ET F LUX PATHS 

183A062 

Fig. 5 Polar Unit P ermanent M agnet Flux P aths. 

F o r  U s e  W i th T C - S e t  

CSP or CSG Coil 27 27 4 3 5  
CSP & CSG Tapped Resisto r 200 600 6000 
Carrier Resi stor 1 000 3 750 
RRT Operating Coil 1 100 1 100 1 100 
RRT Coil Resistor 1 3 20 5000 1 1 200 
RRH Holding Coil 20 20 20 
AL-Alarm Coil 4 4 4 

Operation Indicator ( 1 amp . )  0 . 1 0 . 1 0 . 1 
Squ elch Unit Coil 3 3 00 3300 3 3 00 

* Squelch Unit Adj . Resistor 8500 1 5000 

The pick-up and op erating values of these units 
are given under ' ' Adju stments and Maintenanc e ' ' .  

The tim e characteristic o f  the overcurrent unit 
is shown in Fig. 4 .  

The pick-up value of  the over-current unit can 
be changed from the factory adj u sted value of  0 . 5  
amperes t o  any value u p  t o  1 amp . b y  increasing 
spring restraint. 

S E T T I N G S 

There are no settings to be made. 

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

The relays should b e  mounted o n  switchboard 
pan els or their equivalent in a location free from dirt, 
moisture, exc essive vibratio n ,  and heat. Mount the 
relay verti cally by m ean s of the four mounting hol es 
on the flange for semi-flush mounting or by means of 
the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
m ay be utilized for grounding the relay. The electri cal 
connections may be m ade directly to the terminals by 
means of screws for steel panel mounting or to the 
terminal studs furni shed with the relay for thick 
pan el 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. 

The carrier relaying schematic ( supplied with 
the carri er order) should be co nsulted for detail s of 
the external co nnections of t he se relays. 
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TYP E  KA-4 CARRI E R  AU XI LIARY R ELAY ______________________ _ 

A D J U S T M E N T S A N D  M A l  N T E N A NC E  

The prop er adjustments to insure correct op era­
tion of thi s rel ay have been made at the factory, 
Upon rec eipt of the relay,  no customer adj ustments, 
other than those co vered under ' 'SETTINGS' ' ,  should 
be required. 

Acceptance Check 

The followi ng check is recommended to insure 
that the r elay i s  i n  proper wo rking order: 

Overcurrent Unit  

P a s s  0 . 5  amperes o f  alternated current through 
relay terminals the contact should pick-up within 
. 4 7 5  and . 5 25 amp . 

Di rectional Auxi l iary Un its  (CSP and CSG). 

Each c ontactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 
when rated control voltage is applied aero ss the coil 
and its section of th e resistor. 

These units should op erate at 24 volts for the 
4 8-volt relay,  60 volts for the 1 25-volt relay, and 
1 20 volts fo r 250-volt relay.  These units have an 
int ermittent ratin g ,  and should not be energized for 
more than a few s econds . 

Operation I ndi cator (01 ) 
With the polar unit contacts cl osed, apply direct 

current to the op eration indicator relay termi nal s .  
The op eration indi c ator should pick-up and drop the 
indi c ator target between 1 amp ere and 1 .  2 amp eres 
d-e . 

Squelch Unit  ( SQ) 

Apply rated D . C .  voltage to relay terminals that 
will en ergize the squelch unit and note contact opera­
tion .  

Blocking Zener Diode 

Apply rated D . C .  voltage in seri es with 1 0 , 000 
ohms resi stors acro ss terminal s  8 and 9 with po si­
ti ve on 9, the current l e akage flow should not exceed 
. 25 rna. Reverse polarity of the appli ed voltage; 
the current flow should be equal to the appli ed 
voltage divided by the series resi stan c e. 

6 

FO R RELAYS TO B E  USED WI TH 
TC-TYP E CAR RI E R  

Polar  Unit  ( Recei ver Rel ay) 

Connect a jumper between the middl e and l eft 
hand contact connection of the CSG or CSP switch. 
The CSG switch is located on the left-hand pedestal 
and CSP is located on the right-hand pedestal on the 
relay ( front view).  Apply rated voltage acro ss the 
RRT coil and the RRT coil resistor ,  observin g  polar­
ity as shown in the i nternal schematic .  The armature 
should move to the l eft . 

To the holding coil ( RRH) relay terminal s ,  apply 
direct current observing correct polarity. I n crease 
the current until the armature moves to the right . 

The armature should move to the right at approx­
imately 60 rn a. Now reduce the current and the 
armature should move to the l eft at approximately 
40 rn a. 

Alarm Un i t  (AL) 

Connect direct current to the alarm unit relay 
terminal s .  Increase the current until the contacts 
pick -up . The contacts should pick up at appro ximate­
ly 80 rna. Now reduce the current and the contacts 
should op en at 40 to 60 rna. 

FO R R ELAYS TO BE USED WITH 
TY P E  KR CARRI ERS 

Polar  Unit ( Receiver Rel ay) 

connect a jump er between the middle and l eft 
hand contact connection of  the CSG or CSP switch .  
T h e  CSG switch i s  located on t h e  l eft-hand pedestal 
and CSP is located on th e right-hand pedestal on th e 
relay ( front vi ew). Apply rated voltage acro ss th e 
RRT coil and the RRT coil resistor, observing polar­
ity as shown in the i nt ernal schematic. The armature 
should move to the l eft. 

To the holding coil ( RRH) relay t ermi nal s, apply 
direct current observing correct polarity. Increas e  
the current until the armature moves t o  the right. The 
armature should mo ve to the right at  approximately 
6 rna. Now r educe the current and th e arm atu re 
should move to the l eft at approximat ely 4 rna.  

Al arm Un i t  (AL) 

Connect direct current to the alarm unit relay 
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TYP E KA-4 CAR RI E R  AUX I L I ARY R ELAY ---------------------1 ·_L ._4_1 _- 9_2 3_.4_B 

terminals.  Increase the current until the contacts 
pi ck up . The contacts should pi ck up at approxi­
mately 8 rn a. Now redu ce the current and the con­
tacts should open at 4 to 6 rna. 

ROU TI N E  MAINTENANCE 

All relays should be insp ected periodically and 
the op eration should be check ed at least once every 
year or at such other time intervals as m ay be dic­
tated by exp eri ence to be suitable to the parti cular 
application. 

All contacts should be p eriodically cl eaned. A 
contact burni sher S# 1 8 2A83 6H0 1 is recommended fo r 
this purpose.  The use of  abrasive m ateri al fo r 
cleaning contacts is not recommended, because o f  
the danger of  embedding small parti cl es in the face 
of the soft silver and thus imp ai ring the contact. 

CALI B RATION 

use the follo wing procedure for calibrating the 
relay if  the rel ay has been taken apart for repairs or 
the adjustments have been disturbed. Thi s pro cedure 
should not be used unl ess it  is apparent that the 
relay is not in proper working o rder. ( See " Accept­
ance Check " ) .  

Overcurrent Un i t  

The upper bearing screw should b e  screwed 
down until there is approximately 1 / 6 4 "  cl e arance 
between i t  and the top of  the shaft bearing. Securely 
lock in po sition with the lock nut. The lower b ear­
ing position is fixed and cannot be adj usted. 

With the moving contact in the normally clo sed 
po sition, i . e . ,  against the right side of the bridge, 
screw in the stationary contact until both contacts 
just c10 se. Then screw in the station ary contact 
approxim ately one-quarter turn farther to provide the 
correct amount of follo w. 

The clamp holding the stationary contact housing 
need not be loosened for the adj ustment since the 
cl amp utilizes a spring-typ e action in  holding the 
stationary contact in position.  

P ass 0 .5  amp . of a. c. through rel ay terminals.  

The sensitivity adjustment i s  m ade by varying 
the tension of the spiral spring attached to the mov­
ing elem ent assembly. The spring is adj u sted by 

placing a screwdriver or similar tool into one of the 
notches located on the p eriphery of the spring adjust­
er and rotating it. The spring adju ster is located 
on the underside of the bridge and is held in place 
by a spring typ e clamp that does not have to be 
loo sened prior to m aking the necessary adjustments. 

Adj ust the spring until the contact j u st open. 
In a simil ar m anner the pi ck-up value can be adjust­
ed for any value between . 5 - 1 . 0  amp . 

Directional Auxi l i ary Units (CSP and CSG) 

The two contactor switches,  CSP and CSG, have 
adjust abl e plunger travel . Adj ust the station ary core 
and the moving core of 1 /6 4 "  when the switch i s  
picked u p .  This can b e  don e  b y  turning the relay 
upside-down and screwing up the core screw o f  the· 
switch until the contacts j ust separate. Then back 
off the core screw . approximately one turn and l o ck 
in place. This prevents the moving core from strik­
ing and sticking to the stationary core because of  
residual m agnetism . Adj ust the contact clearance 
for app roxim ately 1/3 2 ' ' by m eans of the two small 
nuts on either side of  the Micarta di sc.  

Each contactor switch has a section o f  a tapped 
resi stor in series with it,  and will pick up po sitively 
when rated trip circuit voltage is applied acro ss the 
coil and its s ection of  the resi stor. 

The units should op erate at 24 volts for the 48-
volt relay, 60 volts for the 1 25-volt relay and 1 20 
volts for 250-volt relay. These units h ave an inter­
mittent rating, and should not be energized for more 
than a few s econds. 

Squel ch Un i t  

Check operation with tim er. Adjust seri es 
resi stor to measure app roximately 5000 ohm s  for 
1 25 v . d. c .  relays and for 1 3000 ohms for 250 v . d . c .  
relay. With armature clo sed adjust the residual air 
g ap to be . 00 2 "  - . 003 " .  Contact g ap should meas­
ure from . 02 0 "  to . 0 3 5 " .  Check for dropout time 
between . 140-. 1 6 0  second s .  If  neces sary dropout 
time can be adjusted by changing the residual air 
gap. After final adjustment the. g ap should be at 
l east . 00 2 " . The pick up tim e  should be below 
16 milliseconds at - 20% rated D . C .  voltage. If 

neces sary readjust series resistor. 

Operation Ind i cator 

The op eration indi cator should pick up and drop 
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TYP E  KA-4 CAR RI E R  AUXIL IARY R ELAY ------------------------------------------------------------

the indi cator target when the current is between 1 and 
1 .  2 amperes d-e. 

Mak e  sure that the target drops freely when the 
unit op erates. 

Z EN E R  DIODE T EST 

Forward Characteri sti c s  

P ass 200 milliamperes o f  d .  c .  current through 
terminals 8 and 9 with positive on t erminal 8 .  
M e asure voltage drop acro ss terminals 8 and 9 .  The 
voltage drop should not exceed 3 . 5  volts. 

Reverse Characteri sti cs  - Breakdown Voltage 

The breakdown voltage is determined by in­
creasing voltage acro ss terminals 8 and 9 with 
po sitive on 9. Place 1 0 , 000 ohm resistor in series 
with amp . m eter. Increase voltage until current 
reads . 25 milli amp eres.  M e asure d . c .  voltage 
across terminals 8 and 9. The voltage should b e  
between 1 60 and 2 4 0  volts for 48 and 1 25 v . d. c. 

* r at ed rel ays; and 3 20 to 480 volts for 250 v . d . c .  
rated r elays. 
the circuit .  

Do not exc e ed 3 . 0  rna. current in 

FOR R ELAY TO BE USED WI TH 
TC- TY P E  CAR RI E R  

Polar  Recei ver Unit  

Back off contact screws s o  that they d o  not 
m ak e  contact. Screw magnetic shunts i nto the all­
out position ( 5 or 6 screw threads showing. ) The 
armature should remain against whichever side it is 
pushed with this adj ustment. 

Adj u st the stationary contacts fo r a contact gap 
of approximately . 0 20 " .  This perhaps can b est be 
done by inserting a . 0 1 0 "  steel thickness gage be­
tween the l arge rivet head o n  the moving armature 
and the right hand pole face (a . 0 1 0 "  travel of  
the rivet head is equal to  . 0 20 "  travel of  the 
moving contacts).  U sing an indic atin g  light in e ach 
contact circuit, adjust the upper and lower stationary 
contacts to touch the moving contact at the s am e  
time. With t h e  feeler gauge r emoved t h e  contact 
gap is . 0 20 ' '  and the moving contacts clo s e  simult­
aneou sly. 

Connect a j ump er between the mi ddle and left 
hand contact connection of the CSG or CSP switch. 
The CSG switch is located on the left-hand pedestal 

8 

and CSP is located on the right hand pedestal of the 
relay ( front vi ew). Apply rated voltage across the 
RRT coil and the RRT coil resistor observing polar­
ity as shown in the internal schematic diagram. The 
armature should move to the left. 

To the holding coil, RRH , apply 1 00 to 200 
milliamp eres d.c. current observing correct polarity. 
The armature should now mo ve to the right. D e-ener­
gize both coils and see that the armature stays up 
against the right hand side. 

Run both shunt screws all the w ay in, and then 
back out the left hand shunt screw approximately 6 
turns.  B ack out the right hand shunt screw approxi­
m ately 9 turns. 

Re-energize the op erating coil with rated voltage 
and the holding coil with 40 milliamp eres d. c .  Adj ust 
the right hand shunt screw until the armature 
moves to the left. If the armature m oves to th e l eft, 
at a value of  holding coil current greater than 4 0 
milliamperes, the right hand shunt screw should be 
turned out  to  lower this value to  the correct 40 milli­
amp ere point. 

Increase the holding coil current to 60 milli­
amp eres and adjust the l eft hand shunt screw until 
the armature resets,  or moves to the right. If the 
arm ature resets at a value of current l ess than 60 
milliamperes, the l eft hand shunt screw should b e  
turned out. This will increase the reset value of  th e 
armature and provide for the correct 60 milli amp ere 
reset value. 

Minor adju stments of both shunt screw must be 
m ade several tim es until the desired operating points 
are obtained, since the adju stments of  one shunt 
screw affect the adjustment on the o ther shunt screw. 

Polar  Al arm Un i t  

The contacts should clos e  with 8 0  milliamp eres 
d-e ± 5% applied to the alarm coil. Adjust the con­
tact screws to obtain an . 05 0 "  contact g ap such 
that the armature motion between the l eft and right 
hand contacts is in the c entral p art of the air gap 
between the pole faces. Tighten the contact locking 
nuts. Approximate adjustments of the two magnetic 
shunt screws are as follows: 

Turn both shunt screws all the way in. Then 
back out both shunt screws approximately sev en ""'' . 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  KA-4 CARRI ER AUXI LIA RY R E LAY ___________________ ...:.':.::·L:.:... . ..:..:41_::-9.::;23::.:.;.4:.=-B 

turns. Apply 80 milliamperes d. c. to the coil observ­
ing correct polarity, and then screw in the l eft hand 
shunt screw until the armature moves to the right at 
a value of current less than 8 0  milliamp eres, screw 
the l eft h(lnd shunt out until the armature moves to 
the right at 80 milli amp eres. Check the dropout point 
by reducing the d .  c.  current. The armature should 
move to the l eft between th e limits of 40 and 60 milli­
amp eres. If  it fails to do so, adjust the right hand 
shunt screw until it  do es . It  will then be necessary 
to recheck the pickup and dropout points again and 
mak e any minor adjustments to the shunt screws that 
may be necessary until correct calibration is obtained. 

In general, screwing in  the l eft hand shunt screw 
reduces the pickup current of  the relay. Screwing in 
the right hand shunt screw increases the dropout cur­
rent. Thi s will in turn cause a chang e  in the pi ckup 
current, m aking necessary several slight readjust­
ments of both shunt screws to o btain the desired 
calibration. The armature as finally calibrated 
should pickup and dropout with a snappy action. 

FOR R ELAYS TO BE USE D  WITH 
K R-TY P E  CARRI E R  

Polar Receiver Un i t  

Calibrate as outlined above except apply 1 5 rn a. 
d-e current for pol arity check. The pickup value 
should be 4 milliamperes d. c. ( armature moves to 
l eft) instead of 40 rna. Th e reset calibration ( arma­
tures moves to the right) should be do ne at 6 milli­
amp eres instead of  60 rna. 

Al arm Un i t  

Calibrate a s  outlined abo ve. Except check 
pi ck-up at 8 milliamperes ±5% inst ead of 80 rna. 
Dropout should be between 4 and 6 rna. instead of  
40 and 60 rna.  

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

Repair work can be done mo st s atisfactorily at 
the factory. However, interchangeable p arts can be 
furnished to the customers who are equipped fo r 
doing repair work . When ordering p arts,  always give 
the complete nameplate data. 

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

Current Burden at 60 Cycles.  

CURRENT VOL T-
AMPERES AMPERES 

0 . 5  2 . 2  

5 4 3  

20 394 

40 1 240 

60 2760 

t Current l agging voltage 
t t Current l eading voltage 

Rating of Overcurrent Unit  

-

Continuous rating 5 amp eres. 
rating 100 amp s. 

P OWER 
F ACTOR 
ANGLE 

3 3 ° t 

70o  t 

4 9 o  t t 

39 . 2° t t  
3 2 . 5 ° t t  

One s econd 
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INSTALLATION 
Westinghouse I .L. 41 -923.9 8  

• OPERATION • MAINTENANCE 

INSTRUCT IONS 
TYPE SKAU-3 CHANNEL AUXILIARY 

BLOCKING RELAY 
CAUTION: It is recommended that the user of this 

equipment become acquainted with the 
information in  these instructions and 
the systems Instruction L e aflet 40-20 3 . 2  
before energizing thi s relay . Failure to 
observe this precaution may result in 
dam age to the equipment. B efore putting 
the relay into servi c e ,  operate the relay 
to check the electrical connections.  

Do not remove or ins ert printed circuit 
boards while the SKAU-3 relay i s  ener­
gized. This m ay re sult in breaker ·trip­
ping or component damag e. 

A P P L I C A T I O N 

Th e typ e SKAU-3 relay is a solid state direction­
al comparison blocking auxili ary relay for use with 
on-off type TC carrier or a tone channel. This relay 
will prevent tripping for faults external to the pro­
tected line section to which it is applied, and permit 
high sp eed simultaneous tripping for intern al faults .  
Th e SKAU-3 relay will re spond to input s indicative 
of fault direction, distance and power thereby con­
trolling the transmission o f  a blocking signal fo r 
an external fault or high speed tripping for an internal 
fault.  

Th e SKAU-3 may be applied to t wo or multi­
terminal lines. A weak feed option permits the 
SKAU-3 to be used at terminals that fail to delive r 
a meaningful amount of fault current. Another option, 
checkback, permits a single station check of all 
SKAU-3 terminal s and channels .  

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

Th e SKAU-3 relay is mounted on a 1 9  inch wide 
panel 5 t inches high (3 rack units)  with edge slots 
for mounting on a standard relay rack or panel .  For 
the outline dimensions o f  the relay refer to Fig. 2 9 .  

A hinged and remova ble door on th e  front o f  the 
chassis covers the printed circuit boards .  The photo­
graph in Fig. 1 sho ws the front view o f  the relay with 
the door open. A sealing post at the top center in 
front may be used to lock and seal the relay when 
in servic e .  

The rear panel consists o f  a hinged door which 
may be opened to expose the relay harn ess wiring 
and the four ( 4) power supply resistors. 

All of the circuitry suitab le for mounting on 
printed circuit boards are contained in an enclosure 
behind the front door. The printed circuit boards 
slide into position in slotted guide s  at the top and 
bottom of the enclosure, and engage a terminal block 
at the rear of the compartment.  Each board and 
terminal block are k eyed so that they cannot b e  
ac cidentally inserted into the wrong slot location. 
A handle mounted on the front end of the board is 
used for id entification and for removing and inserting 
the circuit. In addition the handles also serve as a 
bumper with the front door to prevent the bo ard from 
becoming disconnected from its terminal bloc k .  The 
boards may be removed for replacement purposes 
or for use in conjunction with printed circuit board 
exten der (Style No. 849A534G0 1) which p ermit s 
access to the boards test points and terminals for 
making measurements while the relay is energized. 

The SKAU-3 rel ay contains eight (8) printed 
circuit boards for the basic system, two ( 2) more 
with the checkback option, and two ( 2 )  more with th e 
weak feed option . The location and title of the printed 
circuit boards are sho wn on the relay component 
location drawin g, Fig. 2 .  

P ri nted C i rcu i t  Boards 

Following i s  a description o f  all the printed 
circuit boards used in the SKAU-3 relay. Refer to the 
function al relay logic shown in Fig. 3 and 4 .  The 
internal schematics associated with the printed cir­
cuit boards contain a detailed NOR l ogic di agram to 
simplifY understanding o f  the transistor circuits. 

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. 

S U PERSEDES I.L. 41 -923.9A, dated April 1 974 
O oenotes change from superseded issue .  EFFECTIVE JUNE 1 977 www . 
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TY PE S KAU-3 C HANN E L  AU X I L IARY B LOC KING RE LAY---------------�-------

For those us ers not generally acquainted with 
logic circuit notation or with device symbols of those 
components used in the SKAU-3 drawin gs, it i s  
recommended that a copy o f  Westinghouse instruction 
leaflet I .L .  4 1-000 . 1 entitled "Symbols for Solid 
State P rotective Relaying" be consulted. 

A. Power Supp l y  Board 

The Po wer Supply ( P WR SUP PLY) board located 
in slot A contains two 20 volt tran sistor regula­
tors: These voltage regulators will operate from 
a nominal b attery supply of 48 to 1 25 V. D . C .  
b y  v aring resistors RA , RB,  R C  and R D  mounted 
in the rear of the chassis.  

Location of  components on this board i s  shown 
in Fig. 5 and the internal schem atic in Fig. 6.  

B. P rotect ive Rel ay I nterface Board 

The Protective Relay Interface (P .R. Intr) board 
located in slot B cont ain s the buffered interface 
logic for the phase, ground, and overcurrent 
sup ervising tripping protective relays.  

Two front mounted adjustable timers,  2-20/0 
milliseconds, are used for independently delaying 
the output of the phase or ground relays in order 
to provide coordination with the remote line 
termin al. The AND ' s  block an output at T1 and 
T2,  the two red front mounted termin al s ,  for a 
non trip condition .  

Location of  components on this board i s  shown 
in Fig. 7 ,  and the internal schematic in Fig. 8. 

C. Loss  of ac Potent ia l  Board 

The loss of ac Potential ( L o s s  of P ot . )  board 
located in slot C contains a 5 00/500 mi Hi se cond 
time delay and a buffered input and output .  If an 
input to this timer i s  obtained , as for an ac po­
tential fuse failure, then 500 milliseconds later 
a voltage output will be Pres ent. 

A link on this board m ay be removed to prevent 
block of trip due to an output from this timer. 

Location of components on this board is shown 
in Fig. 9,  and the intern al schematic in F'ig.  10.  

D. Weak Feed Logi c 1 Board 

2 

Th e weak feed logic 1 ( W . F .  L ogic 1 )  board 
located in slot D contains logic and timing, and 
i s  used only for those SKAU-3 relays with the 
we ak feed option. The primary purpo se of the 
logic here i s  to determine if a weak feed trip is 
required, or if it i s  to be block ed. 

Three buffered inputs for the voltage relays and 
2 1 S  are included on this bo ard. This is accom­
plished with the three input AND who se output 
is at TP4 of  The Weak F e ed board. A 1 0/ 0  milli­
second timer is associated with a 2 1S m emory 
circuit for external bolted three phase faults .  

Location of components on this board i s  shown 
in Fig. 1 1 , and the intern al schematic in Fig. 1 2 .  

E .  Weak Feed L ogi c 2 Board 

The Weak Feed L ogic 2 ( W . F .  L ogic 2) board 
located in slot E contain s logic and timing, and 
is used only for those SKAU-3 relays with the 
weak feed option. 

One buffered input for 5 2b ,  two timers, and logic 
are included on this board. The primary purpose 
of this board is to block a trip output at the weak 
feed termin al when bus potentials are used and 
the supply break er is open and 27 is operated,  
and to block tripping at  remote termin als when 
energi zing a faulted bus. Th e 0/50 millisecond 
timer allows sufficient tim e for the 27 to reset 
and the 6/ 1 5 0  millisecond timers provide the 
necessary carrier tran smis sion delay s .  

Lo cation of components o n  this bo ard i s  shown 
in Fig. 1 3 ,  and the internal schematic in Fig. 1 4 .  

F. Recei ver Interface Board 

The Receiver Interface ( RCVR I NTR) board 
located in slot F contains the buffered channel 
interface input s,  buffered channel output,  and 
appropriate AND and OR logic fo r initiation of 
transient blocking. 

Location of components on thjs board i s  shown 
in Fig. 1 5 ,  and the internal schematic in Fig. 1 6 .  

G. Tran sm itter Stop Control Board 

Th e Tran smitter Stop Control ( XMTR STOP )  board 
located in slot G contains buffered inputs and 
an output, logic, and timing to stop transmitter 
k eying. 

Buffered inputs for a high set overcurrent unit, 
a spar e  input and a ground relay.  and a buffered 
output for transmitter stop are included on this 
board. A 1 . 5 / 1 5 0  m illisecond timer is used to 
squelch transmitter start for 1 5 0  milliseconds 
after a 50 ( IH ) unit reset or a pilot trip signal 
is removed. 
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TYPE SKAU-3 CHAN N E L  AU X I L IARY B LOC K I N G  R E LAY --------�------------
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Location of compon ents on this board is shown 
in Fig. 17, and the int ernal schematic in Fig. 1 8. 

H. T ran sm itter Start Control Board 

The Tran smitter Start Control ( XMTR START) 
board located in slot H cont ains buffered inputs 
and an output ,  logic , and timing to start trans­
mitter keying. 

Buffered inputs for an ove rcurrent unit 50 (los),  
carrier start unit 2 1 S  and a test switch for check­
back,  and a buffered output for transmitter start 
are included on this board. A 10/ 1 0  millisecond 
timer is used to continue tran smitter keying for 
10 milliseconds to provide blocking while relays 
reset at the cl earin g of an ext ernal fault . 

Location of components on this board is shown 
in Fig. 1 7 ,  and the intern al schematic in Fig. 1 8 .  

I .  Checkback - Board 

Th e checkback- 1 board located in slot I contain s 
logic and timin g,  and is used only for those 
SKAU-3 relays with the checkback option.  

One buffered input for a test s witch, a flip flop 
for locking out a station after it check sback,  and 
various control logic are included on this board. 
The 2000/ 10 millis econd timer i s  used to delay 
committmen t to a checkback fo r tran smissions 
up to 2 second s. After compl etion of check back , 
the 1 5  sec. / 25 timer will res et the flip flop. 

Location of components on this board is sho wn 
in Fig. 1 9 ,  and the internal sch ematic in Fig. 20. 

J .  Checkback 2 Board 

Th e Checkback 2 (CK BK- 2)  board located in 
slot J contains a front adj ustable 5 to 10  second 
timer which is the check-in time of the check back 
scheme. Output of this timer starts tran smitter 
keying. The tran smitter will remain k eyed for 
approximately 2. 5 seconds aft er an input to the 
timer i s  lost.  

Location of compon ents on this bo ard is shown 
in Fig. 2 1 ,  and the int ernal schematic in Fig . 22 .  

K.  Bl ock/Unblock Control Board 

The Block/ Unblock Control ( BLK/ UNBLK) board 
cont ains logic and timers for the control of the 
tran sient block ing and unbl ocking 1 8/ 1 8  timer 

on the TRIP OUTPUT board. In addition , an 
input buffer ,  AND, and OR are included on this 
board as part of the check back scheme. 

The transient block and unblock control logic 
has two timers : a 0/2 millisec ond timer to con­
tinue tran si ent block t iming for a momentary 
loss of input,  and a 0/ 1000 millisecond timer to 
hold transient blocking in effect during adj acent 
line high speed reclosing. 

Lo cation of components on this bo ard is shown 
in Fig. 2 3 ,  and the intern al schematic in Fig. 2 4 .  

L. Trip Output Board 

The TRIP OUTP UT board l ocated in slot L c on­
t ains the final tripping l ogi c and timing of the 
rel ay .  Thi s board utilizes the intelligence sup­
plied by the P .R .  INTR . board for trippin g or th e 
BLK/UNBLK board for either transient blocking 
or unblocking. A buffered pilot t rip output is 
included on this board. 

Two timers are used on this board : a 4/0 milli­
second timer for delaying the pilot trip output , 
an d a 1 8 / 1 8  m illi second t imer for tr ansient 
blocking/ unblocking. 

Location of components on this board i s  shown 
in Fig. 25, and the internal schematic in Fig. 2 6. 

O P E R A T I O N 

Th e type SKAU-3 relay is used in a directional 
comparison blocking relay system for power line 
prote ction. H igh speed tripping is obtained for  t wo 
or multiterminal applications for faults anywhere on 
the protected line.  

System Operation 

In a directional comparison block ing system, 
tripping occurs when the local phase or ground 
distance relays operate and no blocking signal is 
rec eived from the remote end. Normally the com­
munication equipmen t  i s  off and is only transmitted 
as a bl ocking signal for an extern al fault. 

Optional SKAU-3 logic is available for a func­
tional test channel check back scheme and for weak 
feed terminal relaying. 

Refer to system I. L .  40-20 3 . 2  on the directional 
comparison syst em for further system operation. 
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T Y P E  SKAU-3 CHAN N E L  AU X I L IARY BLOC K ING R E LAY-----------------------

Relay Operation 

Refer to the logic diagrams shown in Fig.  3 and 
4 to understand the operation of the SKAU-3 relay. 

1. Normal Condition 

The logic voltage "0" and " 1 "  states shown in 
Fig. 3 or Fig. 4 for the weak feed system refer 
to the norm al operating condition of the SKAU-3 
relay .  

2 .  I nternal Fault  

For an internal fault either the ground protective 
relay ( 2 1NP or 67N) or the phase Protective 
relay ( 2 1P )  and the 5 0(Ia/Ic)  overcurrent unit 
will operate and start timing either one or both 
of the 2-20/0 m s  timers on the Prot ective Relay 
Inte rface Board. After a time delay as s et on 
the 2-20/0 timers,  a logic " 1 "  signal will be 
obtained at  T1  o r  T2.  This logic " 1 "  will start 
timing the 4/0 ms timer on the Trip Output board 
and in four (4) milliseconds a logic " 1 " pilot 
trip signal will be obtained. With a pilot trip 
signal ,  the 1 8/ 1 8 ms transient blocking timer i s  
stopped, and an input is applied to t h e  XMTR 
STOP CONTROL board to insure that there i s  
no k eying. 

3. External Fault  - Reverse 

4 

For a reverse external fault,  the reverse reaching 
relays 2 1S or the overcurrent relay 50(Ios) will 
operate to start k eying the local transmitter. 
Thi s  k eyed signal will be rec eived at the remote 
end causing it to block. 

At the local terminal , the tran smitter start out­
put will s atisfy the lower two ( 2 )  input AND on 
the RECEIVER INTERFACE board, thereby 
causing a l ogic " 1 ' '  at T P 8 .  This signal will 
satisfy the three ( 3 )  input OR on the block/ 
unblock control board causing a logic " 1 " at 
TP 1 2 ,  which,  in turn , will pickup the 1 8/ 1 8  m s  
tran si ent blocking timer on t h e  TRIP OUTP UT 
board. This c auses TP7 to become a logic " 1 "  
to both block the pilot trip output, and to pickup 
the 0 / 1 000 ms timer on the block/unblock control 
board. Transient blocking is established to in­
sure against any mi soperation due to fault power 
flow reversals caused by une qual breaker re­
closing times on parallel lines.  

The 1000 millisecond reset  time of the 0/ 1000 ms 
timer holds transi ent blocking intact to prevent 

misoperation during adj acent line h igh speed 
sequ ential reclosing. 

The 0/2 timer on the b lock/unblock control bo ard 
prevents loss of transi ent block timing if the 
signal at TP8 ( Rec eiver Interface Board) is 
momentarily ( less than 2 milliseconds) lost.  

4. External F ault · Forward 

For a forward external fault , the overreachin g 
tripping relays which saw the intern al fault m ay 
see the extern al fault. I f  they do see the fault 
then the remote rever se reaching relays 2 1S or 
50(Ios) will see the fault since they reach farther 
than the tripping relays.  This causes the remot e 
transmitter to k ey, which is locally rece ived as 
a logic " 1 "  signal at the CH. BLOCK input. 
This signal causes a " 1 "  at TP4 of the RE­
CEIVER INTERFACE board, which will block 
both AND ' s  on the P ROTECTIVE RELAY INTER­
FACE BOARD. Therefor e no output will occur 
at T 1 or T2, and t hus no pilot trip output will 
app ear. 

If the forward re ach tripping relay sees the 
extern al fault, then a tran smitter stop signal 
together with the CH. BLOCK signal will satisfy 
the upper AND on the RECEIVER INTERFAC E  
board to initiate tran sient blocking a s  for t h e  
reverse external fault. 

5. Sequenti a l  Fault  

Occasionally a n  external fault will be followed 
by an internal fault before the former is cleared. 
In order to prevent a long delay in cl earing a 
s e qu ential fault, 18 millisecond tran sient un­
blocking time is provided. Although transient 
blocking has been initiated by the extern al 
fault , the presence of an internal fault will stop 
signal tran smission at the remote end to remove 
the CH. BLOCK input at the local terminals. 
This will stop blocking the two ( 2 )  AND ' s  o n  
t h e  PROTECTIVE RELAY I NTERFACE board 
allowing an output at T 1  or T2 for an internal 
fault. This output will pickup the 4/0 m s  timer 
on the TRIP OUTPUT board but will not cause 
tripping as it i s  block ed by tran sient blocking. 
However, the output from T1 and T 2  i s  also con­
nected to the negative input of the two ( 2 )  input 
AND following the 0/ 1000 ms timer on the 

BLOCK/UNBLOCK OUTPUT BOARD. This 
block s output from t he AND, even t hough the 
1000 milliseconds timer i s  still droppin g out. 
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TY PE S KAU-3 C HANN E L  AUXI LIARY B LOC KING R E LAY I.L. 41-923.9B 
------------------------��� 

The three ( 3 )  input OR will no longer be satis­
fied since tran sient blocking initiation fro m the 
RECEIVER INTERFACE board has stopped for 
an int ern al fault, thereby allowing the 1 8 / 1 8  m s  
timer t o  dropout, removing blocking and allowing 
pilot tripping.  

6. Channel Tran sm itter Control 

Two s eparat e transmitter control buffered outputs 
are provi ded: one for tran smitter start, the other 
for transmitter stop, Within the tran smitter, stop 
must have priority over start. 

Transmitter st art i s  controlled by the reverse 
reaching relays 2 1 S  o r  50(Ios) ,  in order to send 
a signal to the remot e terminal indicating an 
external fault.  The 1 0/ 1 0 ms timer on the XMTR 
START CONTROL board is used to continue 
block ing for relay reset coordination to take 
care of any condition where tran si ent blocking 
had not had a chanc e  to set up. Tran smitter 
start will initiat e  tran sient block timing through 
the lower AND on the RECEIVER INTERFACE 
board, provided there i s  no tran smitter stop sig­
nal .  There i s also pro vision on the XMTR START 
CONTROL board for starting the transmitter 
with either a test switch test ( CBI ) or with the 
output of the checkback circuit. The tran smitter 
is stopped for an internal fault condition. Opera­
tion of a ph ase ( 2 1P ) ,  ground ( 2 1NP or 67N 
(Z x los)) or high set overcurrent 50(IH) unit will 
stop k eying.  The 2 1NP/ 67N unit is supervised 
exte rnally by los to stop k eying and prevent Ios 
block of trip fo r a low current intern al fault. 
When a pilot trip occurs, its output will hold 
keying stopped, and after both the pilot trip and 
50(IH ) signal s are removed, k eying will remain 
squelched for another 1 50 milliseconds. This 
squelched signal is provided by the dropout o f  
t h e  1 . 5 / 1 50 m s  timer o n  t h e  XMTR STOP CON­
TROL board in order to prevent a block of trip­
ping being set up. A SPARE input is provided 
and OR ' e d  with the 50 (I H) input. 

In addition to stopping tran smission , a XMTR 
stop signal will prevent XMTR start from ini­
tating tran si ent block timin g,  but permits tran­
sient block timing, for an ext ernal fault where 
a CH. BLOCK signal would be rec eived. This is 
accomplished by the upp er and lowe r AND 's 
respectively on the RECEIVER INTERFACE 
board. 

7. Loss  of ac Potential  

Since tripping o f  circuit breakers is undesirable 
for loss of ac pot ential as for fuse failure, the 
SKAU-3 relay provides a voltage output and 
optional block of tripping for this situation. This 
i s  accomplished by the 500/500 ms timer on 
the LOSS OF ac P OTENTIAL board. In 500 milli­
seconds after a loss of pot ential input , a logic 
" 1 " signal will be produc ed at TP4 on this 
board. A buffered " 1 "  output will be obtained at 
the J 1 conn ector. A LINK in the LOSS OF ac 
POTENTIAL board, when in ,  allows this logic 
" 1 "  sign al to block the two AND 'S on the P RO­
TECTIVE REL AY INTERFAC E board through 
a two ( 2 )  input OR on the RECEIVER INTER­
FACE bo ard,  thereby blocking trip. When the 
loss of potential con dition has cleared the 
500/500 ms timer will reset in 500 millisedonds 
to remove the block of trip . 

8. Channel Checkback Scheme 
(Information in this s ection pertain s only to 
those SKAU-3 relays having the CHECKBACK 
option , and cov€rs only that portion of the check­
back test concerning the SKAU-3 relay. ) 

At the local terminal, the test (CBI) switch will 
be closed causing the local tran smitter to b e  
started through the 3 input O R  o f  t h e  XMTR 
START CONTROL board . The transmitted signal 
will be received at all termin als (local and 
remote) as a logic " 1 " at the C H .  BLOCK input . 
This logic " 1 " will c ause terminal 1 2  of the 
CHECKBACK- 1 board of all the remote terminal s  
t o  become a logic " 1 "  satisfying t h e  2 input 
AND , exc ept at the local terminal where the 
closing o f  TEST (CBI) s witch caused TP 9 ,  of 
the CHECKBACK- 1 bo ard, to chan ge from 1 to 0 
blocking the AND . Therefor e ,  at the remot e 
terminals only, the 200 0 / 1 0  ms timer will pickup 
in approximately 2 seconds s atisfying the 2 input 
OR and one input of the AND following it, there­
by committing the SKAU-3 to a checkback 
tran sm i s sion. 

Now, the test (CBI) switch i s  opened stopping 
sign al transmi s sion, and causing the CH BLOCK 
signal to change from " 1 " to "0 "  at all termi­
n als.  This removes the logic " 1 "  from terminal 
1 2  of CHECKBACK- 1 board sati sfying the n e­
gated input of the 2 input AND following the OR, 
and at the remote terminals only, the other input 
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TY PE S KAU-3 CHANN E L  A U X I L IARY B LOC KI N G  R E LAY ______________________ _ 
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of this AND is satisfied while the 2000/ 1 0  m s  
timer i s  dropping out, thereby causing a logic 
" 1 " at TP5, which is fed back to the 2 input 
OR to hold this logic " 1 "  until the negated input 
of the AND is changed to a logic " 1  ".  When 
TP5 becomes a logic " 1 " ,  the 5- 1 0  sec. adj ust­
able timer in CHECKBACK- 2 board starts timing, 
and after the set time will cause that remote 
transmitter to key to all terminal s ,  and also set 
its flip flop to lock out this st ation. The trans­
mitted signal at the remote terminal will a lso be 
rec eived at the same terminal , and causing CH. 
BLOCK "0" to " 1  " ,  and the negated input of 
the 2 input AND on CHECKBACK- 1 board to 
become a " 1 " , disabling the AND and causing 
TP5 to become a logic "0 ".  This will dropout 
the 5- 10 sec. / 2 . 5  sec.  timer c au sing the signal 
to be tran s mitted for only 2 . 5  seconds. 

For systems with more than one remote terminal ,  
each terminal is set for a different check i n  tim e 
so that an operator at the local terminal can 
distinguish which terminal is operating. Operation 
for a multiterminal system is as follows. When 
the first remote terminal (the one with the lowest 
5 to 1 0  sec. setting) started k eying its check back 
signal to the local terminal , this sign al would 
also be received at the remainder of the remote 
terminals causing TP5 on CHECKBACK- 1 board 
to change from " 1 " to " 0 " .  This will prevent 
the 5- 1 0  sec. timer on CHECKBACK- 2 board from 
timing any further. When th e chec k  in sign al 
stops, after approx.  2. 5 seconds as m entioned 
earlier,  then the remote terminal s  not check ed 
in will again be committed to checkback , and 
that remote terminal with the next lowest time 
will check in. (note that the output of the flip 
flop of the first remote terminal becomes zero , 
and remove s  logic " 1 "  from the two input AND 
on the CHECKBACK - 1  board, in which this 
terminal will not operate when the other remote 
terminals are tran smitting a signal ) .  This proc ess 
will continue until all remote termin als have 
checked in, after which time the 15 sec.  timer 
on CHECKBACK- 1 board resets the flip flop. 

To check that the relay is blocking properly with 
the blocking signal tran smitted from the remot e 
terminal ,  the TEST ( For) switch on the functional 
test unit, where supp lied, is clos ed. Thi s will 
ci rculate test current in the tripping relays, 
simulate a 5 0(IH ) input to the SKAU-3 and s atisfy 
one input of the 2 input AND connected to the 
buffer on the BLOCK/ UNBLOCK CONTROL 
board. With the blocking signal being received, 

tripping will be block ed.  The SKAU-3 will go 
into transient blocking and be held there by the 
TEST ( FOR) switch and AND ckt. on the BLK/ 
UNBLK board, preventing tripping following loss 
of the CH BLOCK signal after the 2.5 s econds 
of check-in stops. 

9.  Weak Feed Operation 
(Information in this section applies only for 
those SKAU-3 relays having the Weak Feed 
option).  

For those SKAU-3 relays for use at a weak feed 
terminal where fault current may not be ade quat e  
t o  operate the phase and ground distance relays, 
the logic in Fig. 4 applies. 

Either the under or overvoltage, 2 7  or 59N, relay 
would operate for an intern al fault causing a logic 
" 1 "  at TP4 of Weak Feed Logic 1 board. This 
signal causes a logic " 1 " to appear at terminal 
6 of the PROTECTIVE REL AY INTERFACE 
board, and after a time delay ,  causes a logic " 1 "  
at T2 to set up pilot trip . 

For an external fault , the reverse re aching 2 1 S  
relay will operate t o  st art k eying to  the remote 
terminals to block . If  either of the voltage relays 
27 or  59N also operate for  this  fault, then no 
trip signal will be initiated as for an internal 
fault,  since op eration of 2 1S block s the 3 input 
AND whose output is TP4 on WEAK FEED L OGIC 
1 board. 

A 2 1 S  memory circuit consisting of a three ( 3 )  
input AND 1 0 / 0  ms timer, and OR i s  included 
on WEAK FEED LOGIC- 1 board. When 2 1S 
op erates,  TP 7 on WEAK FEED LOGIC- 1 board 
becomes a logic " 1 " ,  which is fed back to 
satisfy one input of the three ( 3 )  input , AND 
prec eding the 10/0 ms timer. If  2 7  also operates , 
then the three ( 3 )  input AND will be satisfi ed 
and the 1 0/0 ms timer will pickup in 10 milli­
seconds, thereby holding TP 7 as l ogic " 1 " ,  
even i f  2 1S resets. This circuit is required to 
hold a sustained tran smitter blocking signal 
for the remot e terminal for an e xtern al bolted 
close in three phase fault, a condition where 
2 1 S  may reset. Th e blocking signal will remain 
transmitted until either 27 resets ,  or the weak 
feed terminal breaker opens .  

WEAK FEED LOGIC 2 board contains lo gic an d 
timing for 5 2b control. When the weak feed 
breaker opens, 5 2b closes and Pick s up the 0/50 
ms timer on WEAK FEED LOGIC 2 board causing 
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a logic " 1 " at terminals 10 an d 1 1. This logic 
�· 1" caus es any 2 1S memory to reset, and also 
blocks the three ( 3 )  input voltage trip AND and 
TP4 on WEAK FEED LOGIC 1 board blocking 
an output on potential circuit deenergization. 

The 0/50 ms and 6 / 1 50 ms timers provide co­
ordination where bus potential s are used to 
supply the 2 7  and 59 relays. They block trip 
locally when closing into a sound bus and block 
trip remotely when closing into a bus fault. Aft er 
closing in, the 5 2b input will drop from " 1 "  to 
"0 " and the 0/50 ms timer will start to drop 
out. If a fault exists, 27 will stay operated, and 
the AND on WEAK FEED LOGIC 2 board will be 

satisfied, then , in 6 milliseconds and for 1 5 0 
milliseconds after the 50 millis econd dropout 
time, TP9 will chang e from " 0 "  to " 1 "  to key 
a blocking signal to the remote terminal to block 
trip. After 50 milliseconds the weak feed" ter­
minal will trip when closing into a 3 phas e bus 
fault because the 2 1  S SDU- 1 will not operate 

with no voltage applied to it prior to the fault 
and will therefore be unable to block the under­
voltage trip. 

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

Control Voltag e :  

Current Drain:  

48VDC (42 to 56 volts) or i 

1 25VDC ( 1 0 5  to 1 40 volt s) 

without weak feed or check-
back option s 
nominal = 70mA 
m aximum = 1 30mA 

either the weakfeed o r  check­
back option adds 20 rnA drain 

Temp erature Range:  -20°C to +55 °C around chas si s  

Inputs :  

5 2 b  contact 

All other 
inputs 

Outputs :  

Time Delay s :  

Protective Relay 
lntr Bd. 

4 8/ 1 25 VDC control voltage 
buffered 
48V - 1 . 5 mA max. current 

1 25 V - 2 . 5mA max. current 

1 5  to 20 VDC buffered 
2mA max. current 

15 to 20VDC buffered 
l OrnA max. current 

2 - 20/0 timers 
pickup ± 1 0% 
dropout - l e ss th an 1 m s  

L o s s  of AC 
Potential Bd. 

XMTR Stop 
Control Bd. 

XMTR Start 
Control Bd. 

BLK/ UNBLK 
Control Bd. 

Trip Output Bd. 

Checkback 1 Bd. 

Checkback 2 Bd. 

Weak Feed 
Logic 1 Bd. 

Weak Feed 
Logic 2 Bd. 

DIMENSIONS: 

WEIGHT : 

5 0 0/500 timer 
pickup 400 to 600 ms 
dropout 400 to 600 ms 

1 . 5 / 1 5 0  timer 
pickup - 0 to 2 ms 
dropout - 1 20 to 1 80 ms 

1 0/ 1 0 timer 
pickup - 9 to 1 1  ms 
dropout - 10 to 16 ms 

0/2 time r 
pickup - less than 1 ms 
dropout - 1 .  7 to 2 . 3  ms 
0 / 1 000 timer 
pickup - l es s  than 2 ms 
dropout - 1 000 to 1 6 5 0  ms 

4/0 timer 
pickup - 3 . 6  to 4 . 4  m s  
dropout - less than 1 m s  

1 8 / 1 8  timer 
pickup - 1 6 . 2  to 1 9 . 8  m s  
dropout - 1 6 . 2 to 1 9 . 8  ms 

2000/ 1 0  timer 
pickup - 1500 to 2 2 5 0  ms 
dropout - 5 to 1 5  m s  
1 5 sec/ 25 timer 
pickup • 15 to 24 sec.  
dropout - 10 to 5 0  m s  

5- 1 0 s ec/ 2 . 5 sec. timer 
pickup - ± 10% 
dropout - 2 . 5  to 4 sec.  

1 0/ 0  timer 
pickup - 8 to 1 2  ms 
dropout - l e s s  than 1 ms 

0/50 timer 
pickup - less than 1 ms 
dropout - 50 to 80 m s  
6/ 1 5 0  timer 
pickup 3 . 9  to 6 ms 
dropout - 150 to 240 ms 

height - 5 . 25 in. ( 3  rack units) 
width - 1 9  in. 
depth - 1 4  in . 

approximately 1 7  lbs. 

S E T T I N G S  

Th e t wo 2-20/0 millisecond adjustable timers on 
the P ROTECTIVE RELAY INTERFACE board must 
be set for the proper system coordinating time. Refer 
to IL 40-203 . 2 . 
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TY P E  SKAU-3 CHAN N E L  AU X I L IARY BLOC K ING R E LAY----------------------

When the checkback option is used, the 5· 1 0 / 2 . 5  
s econd adj ustable timer on t h e  CHECKBACK 2 board 
must be set for the prop er check in time. 

A link on the LOSS OF AC POTENTIAL board 
can be removed if blocking of trip due to loss of ac 
pot ential is not desired. 

Refer to the system instruction leaflet 40· 203 . 2  
for information pertaining to the proper timer s ettings. 
After m ak ing the timer settin g ,  lock the knob by 
tightening the screw on the knob lock assembly. 

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 maximum ambient temperature around 

the chassis must not exceed 55°C. Mount the relay be means 

of the four slotted holes on the front of the case. Additional 

support should be provided toward the rear of the relay in 

addition to the front panel mounting. This will protect against 

warping of the front panel due to the extended weight within 

the relay case. Ground relay chassis with No. 1 2  AWG copper 

wire to grounding post. 

The outline of the SKAU-3 relay is sho wn in 
Fig. 29.  

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  

Acceptance Check 

It  is recommended that an acceptance check be 
applied to the SKAU-3 relay to verify that the circuits 
are functioning Properly. The followin g procedure 
can be used for this purpose. 

Connect the SKAU-3 relay to the test circuit of 
Fig.  28.  Apply rated de to J1 terminals 3 and 4 as 
shown , and use an auxili ary 20 volt regulator or the 
int ernal 20 volts of the SKAU-3 relay for the inputs 
to the s witch es.  

Wh en reference is made to TP , this refers to the 
test points toward the front of the printed circuit 
board and slot location mentioned. T 1 and T 2  refer 
to the red terminal s  at the front of the P rotective 
Relay Interface board. 

All voltag es are to be me asured with r espect to 
negative, TP3 ( P wr.  supply Bd.-A),  and m ay vary 
by ± 1 0%. Time delays shown may vary by ±20% e x­
cept as otherwi s e  described under "Characteristics " .  
Fig. 2 7  shows location of the t est points as well as 
voltage values for the " 0 "  an d " 1 "  logic states.  

8 

A. I nternal Faul t · 

Pilot trip op eration - 4/0 timer trip output Bd.  

Xmtr - stop control - 1 .  5 / 1 50 timer XMTR Stop Bd.  

2-20/0 T 1  and T2 timer - P . R .  INTR. B d .  

1 .  C l o s e  2 1 NP(I0) Switch 
T 1 :  Voltage rise from 0 to 1 3  volts aft er a 

time delay ( 2-20MS) depending on the 
T 1 timer setting. 

TP 1 0  (Trip Output Bd.-L ) :  Voltage rise from 
0 to 20 volts 4 milliseconds af ter the 
voltage at T 1 rises.  

TP4 ( XMTR STOP Bd.-G):  Voltage rise 
from 0 to 20 volts the same time TP 10 
c hanges.  

2 .  Open 2 1NP(I0) Switch 
T 1 :  Voltage drop from 13 to zero volt s .  

TP 10 ( Trip Output B d . - L ) :  Voltage drop from 
20 to zero volts. 

TP4 ( XMTR STOP Bd.-G): Voltage drop 
from 20 to 0 in 1 5 0  milli seconds. 

3. Close 2 1P Switch 
T2: Voltage must remain zero. 

TP4 (XMTR STOP Bd.-G):  Voltage ris e  
from 0 t o  2 0  volts. 

4;  Open 2 1P Switch, then close 50 ( Ial lc ) Switch 
T 2 :  Voltage must remain z ero. 

TP4 ( XMTR STOP Bd.-G): Voltage drop 
from 20 to zero volt s .  

5 .  C l o s e  2 1P Switch 
T2: Voltage rise from 0 to 1 3  volts after a 

time delay ( 2- 20MS) depending on the 
T 2  timer setting. 

TP 1 0  (Trip Output Bd.-L) :  Voltage rise from 
0 to 20 volts 4 milliseconds after the 
voltage at T2 ri ses.  

TP4 ( XMTR STOP Bd.-G ) :  Voltage rise 
from 0 to 20 volts the same time TP 10 
changes. 

6.  Open 5 0 (IA/Ic ) Switch 
TP lO (Trip Output Bd.-L):  Voltage drop 

from 20 to 0 volts. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  SKAU-3 C HANN E L  A U X I L IARY B LOCK ING R E LAY ___________________ 
I.L

_
._4

_
1 -
_

9
_
2
_
3.�9_B 

TP4 ( XMTR STOP Bd.-G):  Voltage must 
remain 20 volt s.  

7. Open 2 1 P Switch 
TP4 ( XMTR STOP Bd.-G):  Voltage drop 

from 20 to zero volts.  

B. Reverse External Fault  -

Xmtr st art control- 1 0/ 1 0 timer XMTR START BD . .  

O 0/ 1 000 and 0/2 timer - Blk. Unblk. Bd. 

1 8 / 1 8  Transient Blk/ Unblk time r-Trip Output B d .  

L Close 5 0  ( I o sl or 67NS Switch 
TP2 ( XMTR Start Bd. -H) : Voltage rise fro m 

0 to 20 volts. 
TP4 (XMTR Start Bd.-H):  Voltage rise from 

0 to 20 volts.  

TP8 ( RCVR Intr.  Bd.-F):  Voltage rise from 
0 to 13 volt s.  

TP7 ( Trip Output Bd. -L ) :  Voltage ri se from 
0 to 1 1  volts in 1 8  milliseconds. 

2 . Open 50 ( 10 sl or 67NS Switch 
TP 1 2 ( Blk/ Unblk Bd.-K ) :  Voltage drop from 

1 6  to 0 volts in 1350 milli seconds. 

TP4 (XMTR Start Bd.-H) :  Voltage drop from 
20 to 0 volts in 10 millis econds. 

TP7 (Bd-L) :  Voltage drop from 1 1  to 0 volt s 
in 1 . 3  sec ond. 

3. Close 2 1 S  Switch 
TP7 ( TriP Output Bd. -L) :  Voltage rise from 

0 to 1 1  volts in 1 8  milli seconds. 

4 .  Close 2 1 NP (I0 sl Switch 
TP7 ( Trip Output Bd.-L) :  Voltage drop from 

· 1 1  to 0 volts in 1350 mi llisecond s .  

5 .  Open 2 1 NP Oo sl Switch 
TP7 (Trip Output Bd.-L ) :  Voltage rise fro m 

0 to 1 1  volts in 1 8  milli seconds. 

6 .  Cl ose 2 1 NP (10 ) Switch 
TP 1 0 ( Trip Output Bd .-L) :  Voltage .must re­

main zero. 

7 .  Open 2 1 S Switch 
TP 1 2  ( BLK UNLBK Bd.-K) : Voltage drop 

from 16 to 0 volts in 2 millis econds.  

TP7 ( TRI P OUTP UT Bd.-K):  Voltage drop 
from 1 1  to 0 volts  in 22 milli seconds. 

T P 1 0  ( TRIP OUTPUT Bd.-K): Voltage rise 
from 0 to 20 volts in 22 millis econds. 

8 .  Close 5 0  Oo sl o r  6 7NS Switch 
TP7 ( TRIP OUTP UT B d . L ) :  Voltage re­

main zero. 

9 .  Open 5 0 ( 1 0 sl o r  6 7 NS and 2 1 NP ( 10)  Switches 
TP 1 0  ( TRIP OUTPUT Bd.-L):  Voltage drop 

from 20 to 0 volt s. 

C. Forward External Fault -

Channel Rcvr. Control transient blk/unblk 1 8 / 1 8  
timer - trip output Bd. 

Remove checkback 1 and 2 boards ( slots I and J) 

for the following tests if used. 

1.  Close NOISE Switch 
TP2 ( RCVR INTR B D . -F) : Voltage ri se from 

0 to 20 volts.  

TP4 ( RCVR I NTR. BD. -F): Voltage ris e  
from 0 t o  1 3  volts.  

2.  Close 2 1 NP (10 ) Switch 
TP 1 :  Voltage must remain z ero . 

3 .  Op en 2 1 NP ( 10 )  Switch, then close 2 1 P Switch 
TP8 ( RCVR INTR. B D .-F):  Voltage rise 

from 0 to 13 volt s.  

TP7 ( TRIP OUTPUT BD.-L):  Voltage rise 
from 0 to 1 1  volts in 18 millis econds. 

4 .  Clo se 5 0  ( IA/ Ic ) Switch 
T2 : Voltage must remain zero. 

5. Open NOISE Switch 
T2: Voltage ri se from 0 to 13 volts.  

TP7 ( Trip Output Bd.-L ) :  Voltage drop from 
1 1  to 0 volt s in 22 milli second s .  

TP 1 0  (Trip Output Bd.-L ) :  Voltage rise from 
0 to 22 milliseconds. 

6.  Open 2 1 P  and 50 Oa/I ) Switches 
TP 10 ( Trip Output Bd.�L ) :  Voltage drop from 

20 to 0 volts .  

7 . Close CH block Switch 
T P 2  ( RCVR lntr. Bd.-F) : Voltage rise from 

0 to 20 volt s.  

8 .  Close 2 1 NP ( 10 s l Switch 
TP4 ( XMTR Stop Bd.-G):  Voltage rise from 

0 to 20 volts.  

TP7 ( Trip Output Bd.-L) :  Voltage rise from 
0 to 1 1  volts in 1 8  milli seconds . 
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9. Op en Ch Block Switch 
TP7 (Trip Output Bd.-L):  Voltage drop from 

1 1  to 0 volts in 1 3 5 0  milliseconds. 

10. Op en 2 1 NP (10 s) Switch 
TP4 ( XMTR Stop Bd.-G) : Voltage drop from 

20 to 0 volts. 

1 1 .  Close either 50 ( Ih) or  sp are switch 
TP 2 ( XMTR Stop Bd.-G):  Volt age rise from 

0 to 20 volts. 

TP4 ( XMTR Stop Bd. -G) : Voltage ri s e  from 
0 to 20 volts. 

1 2. Op en 5 0  ( Ih ) or SPARE Switch, whichever 
was closed. 
TP2 ( XMTR Stop Bd.-G): Voltage drop from 

20 to 0 volts. 

TP4 ( XMTR Stop Bd. -G) : Voltage drop from 
20 to 0 volts in 150 milli seconds. 

Reins ert checkback 1 and 2 boards into board 
slots I and J resp ectiv ely . 

D. Los s  of AC Potential  Control 

1 0  

Loss of Potential 500/500 timer - Loss of Pot 
Bd.-C. 

P ilot Trip Operation 

(Note: L ink on Loss of Pot.  Board to be "in" 
for  test) 

1 .  Close 2 1 NP (Io )  Switch 
T 1 :  Voltage rise from 0 to 13 volts. 

TP 10 (Trip Output Bd.-L):  Voltage rise from 
0 to 20 volts, in 4 MS. 

2 .  Close L OSS O F  POTENTIAL Switch 
TP4 ( Loss of Pot. B d . -C):  Voltage rise from 

0 to 20 volts in 500 milliseconds. 

TP 10 ( Trip Output Bd.-L ) :  Voltage drop from 
20 to 0 volts in 500 milliseconds. 

3. Open L OSS OF P OTENTIAL Switch 
TP4 ( Loss of P ot.  Bd.-L ) :  Voltage drop from 

20 to 0 volts in 500 milliseconds. 

TP 10 (Trip Output Bd.-L):  Voltage rise from 
20 to 0 volts in 500 milliseconds. 

4.  Open 2 1NP (I0) Switch 
TP 10 (Trip Output Bd.-L) :  Voltage drop from 

20 to 0 volts. 

E. Checkback Operation -

Logic and timers on Checkback 1 and Check back 
2 boards test logic on blk/unblk bd. 

The following test is required only for those 
SKAU-3 relays having the checkback option. 

1. Close test ( for) switch 
TP 12 (Blk/Unblk Bd.-K) : Voltage must re­

main zero . 

2 .  Open Test (for) switch, then close 50 ( I0 s) 
or 67NS switch.  
TP7 (Trip Output Bd.-L ) :  Voltage ri se from 

0 to 1 1  volts in 18 mi lliseconds. 

3 .  Close Test ( for) swit ch, then open 50 (I0 s) 
or 67NS swit ch. 
TP7 (Trip Output Bd.-L): Voltage must re­
mai n  1 1  volts. 

4 .  Op en Test ( for) switch 
TP7 (Trip Output Bd.-L):  Voltage must drop 

from 1 1  to 0 volts in 18 milliseconds. 

5.  Close Test ( CBI ) switch 
TP9 (Checkback 1 Bd.-I ) :  Voltage drop from 

13 to 0 volts. 
TP4 ( XMTR Start Bd.-H):  Voltage rise from 

0 to 20 volts. 

6.  Op en Test (CBI) switch 
TP9 ( Checkback 1 Bd.-1 ) :  Voltage rise from 

0 to 13 volts. 

TP4 ( XMTR Start Bd.-H):  Voltage drop from 
20 to 0 volts. 

7. Close CH Block switch, then after 5 seconds , 
open it again. 
TP5 ( Checkback 1 Bd.-1) :  Voltage rise from 

0 to 13 volts. 

Red Jack (Ck. Bk . 2 Bd.-I ) :  Voltage rise from 
0 to 13  volts after a time delay (5 to 1 0  
sec. ) depending o n  the adju stable timer 
s etting. 

TP4 ( XMTR Start Bd. -H):  Voltage ri s e  from 
0 to 20 volts the same time the RED 
JACK changes. 

8.  Close CH. Block Switch 
Red Jack (Ch. Bk . 2 Bd.-J):  Voltage drop from 

13 to 0 volts in 3 . 3  seconds. 

TP4 ( XMTR Start Bd. -H): Voltage drop from 
20 to 0 volts  in 3 . 3  seconds. 
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TP9 ( Che ckback 1 Bd.-I ) :  Voltage must re­
main zero .  

9.  Op en CH. Block switch 
TP5 (Checkback 1 Bd.-I ) :  Voltage must re­

main zero. 

TP9 (Checkback 1 Bd.-I ) :  Voltage rise from 
0 to 13  volts in 20 seconds. 

10. Close CH. Block switch, then open it in less 
than 1 , 5  s econds. 
TP5 (Checkb ack 1 Bd .-I ) :  Voltage must r e­

main zero. 

NOTE: To recheck steps 7 and 8, reset cir­
cuit with the proc edure in steps 9 and 10.  

F. Weak Feed Operation -

Logic and timers on W. F'. l ogic 1 and 2 Bds.  

The following test i s  required only for tho s e  
SKAU-3 relays with t h e  weak feed option. 

1 .  Close 5 9 N  o r  2 7  switch 
TP4 ( W . F .  L ogic 1 Bd.-D):  Voltage rise from 

0 to 13 volts. 

TP 10 ( Trip Output Bd.-L):  Voltage rise from 
0 to 20 volts  after a time delay of the 
T 1 timer plus 4 millisecondso 

2 .  Close 5 0  (I0s ) or 67NS switch 

T P4 ( W . F .  Logic 1Bd . -D) : Voltage drop from 
1 3  to 0 volt s .  

3 .  Open 5 0  (I0 s) or 6 7NS switch 

TP4 ( W . F. L ogic 1 Bd.-D) :  Voltage ri s e  from 
0 to 13 volt s.  

4 .  Open 59N o r  2 7  s witch, which ever was closed. 
TP4 ( W . F .  Logic 1 Bd.-D):  Voltage drop 

from 13 to 0 volts. 

TP 1 0 ( Trip Output Bd.-L ) :  Voltage drop from 
20 to 0 volts. 

5 .  Close 5 2B s witch, then close 2 7  switch. 
TP4 ( W . F .  L ogic 1 Bd. -D) :  Voltage must re­

m ain zero. 

6. Open 5 2B switch 
TP9 ( W . F .  Logic 2 Bd.-E) :  Voltage rise from 

0 to 1 6  volts in 4. 7 milliseconds then 
TP4 ( XMTR Start Bd. -H):  drop from 1 6  
to 0 volts i n  270 milli second s .  

T P 4  ( W. F .  Logic 1 B d . - D ) :  Voltage rise from 
0 to 1 3  volts in 67 milliseconds .  

T P 1 0 (Trip Output Bd.-L) :  Voltage r i s e  from 
0 to 20 volts 22 m illiseconds aft er 
TP4 ( XMTR Start Bd.- H) drop s .  

7.  Close 2 1S switch 
TP7 ( W . F .  Logic 1 Bd.-D):  Volt age rise from 

0 to 1 3  volts. 

TP9 (W.F. Logi c  2 Bd.-E):  Voltage rise from 
0 to 16 volts. 

TP 10 ( Trip Output Bd.-L ) :  Voltage drop from 
20 to 0 volts. 

8. Op en 2 1 S switch 
TP7 ( W . F .  Logic 1 Bd.-D):  Voltage must re­

m ain 13 volts. 

9. Close 5 2B ·switch 
TP7 ( W . F .  Logic 1 Bd.-D):  Voltage drop from 

13 to 0 volts 

TP4 ( W . F .  Logic 1 Bd.-D):  Voltage must re­
main zero . 

1 0 .  Open 2 7  switch , then open 5 2B switch 
TP9 ( W . F .  Logic 1 Bd.-D):  Voltage must re­

main zero. 

Recommended Routine Ma i ntenance 

P eriodic checks of the relaying system are de­
sirable to indicate impending failure so that equip­
m ent can be taken out of service for correction . Any 
accumulated dust should be removed at regular 
maint enance interval s .  

C A L I B R A T I O N 

Th e proper adj ustments to insure correct operation 
of the relay have been made at the factory and should 
not be disturbed after rec eipt by the cu stomer. How­
ever , if th e adj ustments or if the components o r  
print ed circuit bo ards which affect timer calibration 
have been changed, then the SKAU-3 relay should 
be rechecked per the acceptance check information. 

All time delays are either fixed or adjustabl e .  
All the adj ustable timers can be adj usted from the 
front except for the two timers on the TRIP OUTPUT 
board:  4/ 0MS pilot trip  timer, and 1 8/ 1 8MS transient 
block and unblock timer which are located on the 
board. These t wo timers can be recalibrated as 
follows using an auxiliary timer or oscillo scope. 

1 .  P i lot tri p 4/0 MS timer - TRI P  OUTPU T BD. 

Start timer on T1 timer terminal (positive pul s e )  
E n d  t i m e r  o n  T P  1 0  ( TRIP OUTPUT Bd.-L ) 
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(po sitive pulse).  

Close 2 1NP (lo)  switch and the voltage at TP 10 
must  rise from 0 to 20 volt s in  4 milliseconds. 

This time can be adj usted with trimpot R7 on the 
TRI P OUTP UT Bd . ,  clockwise for more time or 
counterclock wise for less time. 

2. Trans i ent bl ock/unblock 18/lSMS timer · T RI P  
OUTPUT BD. 

Start timer on TP 1 2  ( Blk/Unblk Bd.·K) 
(po sitive pulse for pickup, negative pulse fo r 
dropout) 

End timer on TP 7 (Trip Output Bd. -L)  
(po sitive pulse for pickup , n egative pulse for 
dropout) 

For pickup,  close 50 (los) switch and the voltage 
at TP7 mu st rise from 0 to 1 1  volts in 18 milli· 
seconds. This time can be adj usted with trimpot 
R 1 9  on the TRIP OUTPUT Bd . ,  clockwise for 
more time or coun terclockwis e for less time. 

For dropout , open 50 (los) switch and the voltage 
at TP7 must drop from 1 1  to 0 volts 18 milli­
seconds after the voltage at TP 12 drops to zero. 
Note that triggering of the dropout time will occur 
approximately 1 . 3  seconds after opening 50 (los)  
switch. The dropout time can be adjusted with 
trimpot R24 on the TRIP OUTPUT Bd . ,  clo ck· 
wise for more tim e ,  or counter clockwise for less 
time . 

Trouble shooting 

The component s of t h e  SKAU-3 relay are operated 
w ell within their ratings and normally will give long 
and troublefree service.  However, if a relay has 
given indication of trouble in service or during 
routine check s ,  then using " 0 "  and " 1 "  logic 
notation , the faulty printed circuit board can be 

1 2  

identified using the logic diagram i n  Fig. 3 o r  4 .  
In turn, the faulty component ,  connecti o n ,  or  circuit 
c an be found using the individual schematics of th e 
printed circuit boards which show the detailed NOR 
logic . 

Each NOR logic block , shown by an AN D with 
negated inputs,  or an OR with a n egated o utput, 
represents a transi stor on the internal circuit board 
schematic.  The output of eac h individual logic block 
is the collector of the transistor which represents 
that block. Each collector is either connected to a 
test point or a print ed circuit terminal. A box aroun d 
the tran si stor indicat es that it is conducting for the 
normal condition of the relay. 

Voltage levels for the " 0 "  and " 1 " logic stat e s  
at the test points shown on t h e  Fig. 3 and 4 logic 
drawings are shown in Fig. 27.  For the remainder of 
the test points, a logic "0" i s  e quivalent to l e s s  
than 0 . 5  volts and a logic " 1 " i s  e quivalent to 8 to 
20 volts ,  thereby representing positive logic . 

A board extender, Styl e  No. 849A534G0 1 i s  avail­
able for facilitating circuit voltage m easurements .  
After withdrawing anyon e  of t h e  circuit board s ,  t h e  
e xtender i s  ins ert ed into that slot. T h e  board is then 
inserted into the terminal block on the front of the 
extender to  restore all c ircuit connections. Do not 
remove or insert printed circuit boards while the 
SKAU-3 is energized as damage may result. 

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

Repair work can be done most satisfactorily at 
the factory, However, interchangeable parts can b e  
furnished to t h e  custome rs who are equipped for 
doing repair work . When ordering p arts, always give 
the compl ete n ameplate data, and style numbers from 
the Electrical P arts List.  
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TYPE S KAU -3 C HANN E L  AUX I L IA RY B LO C KI N G  R E LAY _________________ _..::.1-:::L..:4�1 -:,:9,::23::,:.9:..::.B 

ELECTR ICAL PARTS L I ST 

C I R C U I T  SYMBOL R E F E R EN C E  

POWER SUPP L Y  BOARD - STYL E 202C465GO 1 

Capacitors 

C 1 ,  C2 

C3 , C4 

Tran s i stors 

Q1 , Q2 

H e at Sink for Q1 , W2 

Zener Diodes 

Z l , Z3 

Z2 , Z4 

6.8 MFD ,  3 5  VDC 

0 . 1  MFD , 2 00 V DC 

2N4063 0 

1 N3050B,  1 80 V ,  1 W 

1 N 4747 A ,  20 V ,  1 W  

P RO T E CTIVE RELAY (P. R. )  INT ERFACE BOARD-STYL E 6265D37G0 1 

Capac itors 
C l , C2, C4 

C 3 ,  C5 

Diodes 
D l  to  D l O  

Potentiometers 
R 2 0 ,  R38 

Resi stors  
R l ,  R2 , R7,  R8,  R29 , R30 

R3,  R9 , R3 1 

R4 , R lO ,  R 1 4 ,  R l 7 ,  R24,  R 2 7 ,  R3 2 ,  R35 , R4 2 ,  R44 

R5, R l l ,  R 13 ,  R l 6 ,  R 2 3 ,  R25,  R26,  R34, R4 1 ,  R4 3 

R6,  R 1 2 ,  R 1 5 ,  R l 8 ,  R28,  R 3 3 ,  R 3 6 ,  R45 

R 1 9 ,  R 3 7  

R2 1 ,  R3 9 
R22 , R40 
Thermi stors 
TH l ,  TH2 

Tran s i stors 
Q1 to Q l O  

Zener Diodes 
Z l ,  Z3, Z 6  

Z 2 ,  Z 4 ,  Z 5 ,  Z 7 ,  Z 8  

Miscel laneous 

SUB BASE 

DI AL 

K NOB 

KNOB L OCK 

TIP J ACK 

. 04 7 MFD , 200 VDC 

. 4 7MFD,  3 5VDC 

1 N 64 5 A  

l O OK oh m ,  0 . 5W,  ±1 0% 

4 .  7K ohm, Yzw ,  ± 2% 

8 2K ohm, Yzw, ± 2% 

l OK ohm , YzW ,  ± 2% 

27K ohm, YzW, ±2% 

6 . 8K ohm , YzW ,  ± 2% 

4 70 ohm, YzW, ±2% 

lK ohm , YzW,  ±2% 

20K ohm, YzW, ±2% 

lK ohm, @ 2 5 °C.  ± 10% 

2N34 1 7  

1 N3686B,  2 0  V,  ± 5% 

1 N957B,  6 . 8 V ,  ± 5% 

STYL E 

1 8 4A66 1 H 1 0  

1 88A6 69H03 

878A432GOI 

8 49A 5 1 7H 0 1  

1 8 7A936H 1 7  

8 49A48 7 H 0 1  

849A43 7H04 

837A24 1 H 2 1 

837A692H03 

8 8 0A687H04 

629A53 1 H4 8  

629A53 1 H78 

629A53 1 H5 6  

629A5 3 1 H 6 6  

6 2 9A53 1 H 5 2  

629A53 1 H24 

629A5 3 1 H 3 2  

629A5 3 1 H63 

1 85A2 1 1 H02 

848A8 5 1 H 0 2  

1 85 A2 1 2H 0 6  

1 8 6A797H06 

862A2 73G0 1 

1 9 9P 670H0 1 

1 8 7A9 67H03 

629A9 80 H0 1 

1 87A33 2H0 1 
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T Y P E S KAU -3 CHAN N E L  A U X I L IARY BLOC K I N G  R E LAY ______________________ _ 

ELECTR ICAL PAR TS L IST 

C I RCU I T  SY MBOL R E F E R EN C E  STY L E  

LOSS OF AC POTENTIAL BOARD - STY L E  265C954G01 

Capac i tors 
C1 . 04 5  MFD , 200V 8 49 A4 3 7 H 0 4  

C 2 ,  C 3  22 M FD ,  . 35V 1 8 4 A6 6 1 H 1 6  

C4 1 00 M F D ,  3 5V 8 8 0A363H 0 1  

C 5  . 27 MFD,  200V 1 8 8A669H05 

Diodes 
D 1  t o  D 5  1 N6 4 5 A  8 37 A6 92H03 

Resi stars 
R1 , R2 4 . 7K Vzw, ±2% 629A53 1 H 48 

R3 , R1 5 ,  R 2 1  8 2K Yzw. ± 2% 6 2 9 A 53 1 H7 8  

R4, R9 , R l l ,  R 1 3 ,  R1 4 ,  R 1 8 ,  R20 1 0 K ,  l!zW, ±2% 6 29 A 53 1 H 5 6  

R 6 ,  R 1 9  6 . 8K ,  1/zW, ±2% 6 2 9 A5 3 1 H 5 2  

R7 , R 1 7  27K, Vzw,  ± 2% 62 9A 5 3 1 H 6 6  

R5 , R8 47K,  VzW, ± 2% 6 29 A5 3 1 H7 2  

R 1 0 ,  R 1 2 4 7 0  D l!zw, ±2% 6 29 A5 3 1 H2 4  

R 1 6  270K,  !!zW, ± 2% 6 29 A5 3 1 H9 0  

R 2 2  1 50 D. 3W , 7 6 2A6 79H 0 1  

Tran si stors 
Q 1  to Q5 2N3 4 1 7  8 48 A85 1 H0 2  

Q6 2 N 3 64 5  8 49 A44 1 H 0 1  

Zener Diodes 
Z 1  1 N3 68 6B 1 8 5A 2 1 2H 06 

Z 1  to Z5 1 N 957B 1 86 A797H06 

Z6 1 N 3688A 8 6 2 A288H 0 1  

WEAK F E ED (W. F .) LOGIC 1 BOARD - STY L E  6265D33G01 

Capac i tors 
C 1 , C 2 ,  C 4 ,  C5 . 0 47 MFD, 200VDC 8 49A437H04 

C3 .47 MFD, 3 5 VDC 8 37 A24 1 H 2 1  

Diodes 
D 1 , D 2 ,  D3, D4 1 N 645A 8 37 A69 2H 0 3 

Resi stors 
R l ,  R2 , R9 , R1 0 ,  R26 , R27 , R3 4 ,  R35 4 . 7  K Yzw. ±2% 6 2 9A 5 3 1 H 4 8  

R5,  R8 , R 1 4 ,  R 1 9 ,  R3 0 ,  R33 6 . 8  K Vzw,  ± 2% 6 29A53 1 H 5 2  

R4 , R7 , R 1 3 ,  R1 8 ,  R23 , R 2 9 ,  R32 1 0  K VzW, ±2% 6 2 9 A5 3 1 H5 6  

R6 , R 1 2 ,  R 1 5 ,  R 1 6 ,  R1 7 ,  R20 , R2 1 ,  R2 2 ,  R 3 1  2 7  K Vzw ,  ±2% 6 29 A 5 3 1 H66 

R3 , R1 1 ,  R28 , R36 8 2  K !!zW, ± 2% 6 29 A5 3 1 H7 8  

R24 43 K Yzw. ±2% 6 29A53 1 H 7 1  

R 2 5  4 7 0  D l!zw, ± 2% 6 29 A5 3 1 H 2 4  

Tran si stors 
Q1 to  Q7 2 N 3 4 1 7 8 4 8 A8 5 1 H0 2  

Zener Diodes 
Z 1 ,  Z3 , Z5 , Z8 1 N 3 6 8 6 B  1 8 5 A 2 1 2 H0 6  

Z 2 ,  Z 4 ,  Z 6 ,  Z 7 ,  z g  1 N 957B 1 8 6 A7 97 H 06 
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T Y P E  SKAU -3 C H A N N E L  AUX I L IA R Y  B LOCKING R E LAY I.L. 41 -923.98 
-------------------------��� 

ELECTR ICAL PARTS L I ST 
C I R C U I T  SYMBOL R E F ER E N C E  

WEAK F E E D  (W. F. )  L OGI C 2 - BOA RD STYL E 6265D35G0 1 

Capacitors 
C 1  

C 2  
C3 

C4 

Diodes 
D 1 ,  D 2 ,  D 3 ,  D 4 ,  D5 

Resi stors 
R 1  

R2 
R3 

R4 , R6, R9 , R 1 2 ,  R 1 7 ,  R 2 0 ,  R 2 2 ,  R26, R 2 9  

R5 , R lO',  R 13 ,  R 2 1 ,  R 2 7 ,  R30 
R7, R23 

RS 
R 1 1 ,  R 1 4 ,  R 1 5 ,  R 1 6 ,  R25,  R23 
R 1 3 ,  R24 
R 1 9  

T hermi stors 
TH 1 ,  TH2 

Trans i stors 
Q 1 ,  Q3 , Q4 , Q5,  Q6 ,  QS, Q9 
Q2 , Q7 

Zener Diodes 
Z 1  
Z 2 ,  Z3 

. 0 47MFD ,  200VDC 
1 . 5 MFD , 35VDC 

. 4 7MFD , 35VDC 
3 . 3 MFD , 3 5VDC 

1 N 64 5 A  

4 7 K  ohm , 1/zW , ±2% 

4 .  7K ohm , YzW, ±2% 
32K ohm , Yzw ,  ±2% 
1 0 K  o hm ,  �2W, ±2% 
6 . 8K ohm , Yzw ,  ± 2% 
2K ohm, YzW ,  ±2% 

1 2K ohm ,  Y2W ,  :<_2% 
27K ohm, y2W , ±2% 
20K ohm ,  YzW ,  ±2% 
470 ohm, YzW ,  ±2% 

1 K  ohm, @ 2 5 °C ,  ± 10% 

2N34 1 7  

2 N 3 645 

1 N 3 68 6 B ,  20V, ± 5% 
1 N 95 7 B , 6 . 8 V ,  ±5% 

RCVR I N T E RF ACE BOARD - STYL E  6265D39G0 1 

Capac itors 
C 1  

C 2  

Diodes 
D l  

Resi stors 
R l ,  R2 , R3 
R4 , RS 
R5 , R7, R l 2 ,  R 1 5 ,  R 19 ,  R22 , R 2 6 , R 3 0  
R 6 ,  R 1 3 ,  R 1 6 ,  R 2 0 ,  R 2 3 ,  R 2 7 ,  R3 1 
R9 
R l O ,  R 1 1 ,  R 14 ,  R 1 7 ,  R l S, R 2 1 ,  R24 , R25 , R 2 3 ,  R29 

Trans is tors 
Ql,  Q3 , Q4 , Q5 , Q 6 ,  Q7 , Q S  
Q2 

Zener Diodes 
Z 1 ,  Z2,  Z5 
Z 3  
Z4 

.047MFD ,  200VDC 

. 2 7MFD,  200VDC 

1N 645 A 

4 . 7K ohm ,  \lzW, ± 2% 
82K ohm, Y2W ,  ±2% 
l O K  ohm , 1/zW ,  ±2% 
6 . 8K ohm, WN, ± 2% 
1 5 0  ohm, 3W,  ±5% 

27K ohm, 1/zW, ±2% 

2N34 1 7  
2N3645 

1 N 3 688A, 24V,  ± 1 0% 

1 N 3 636B,  20V,  ±5% 
1 N 9 5 7 B ,  63V , ±5% 

STYL E 

349A4 3 7 H04 
1 8 7A503H09 
337A24 1 H 2 1  
362A5 30H0 1 

33 7A69 2H03 

629A5 3 1H72 
629A5 3 1 H4 3  
629A53 1 H78 
6 29A5 3 1 H5 6  
629A5 3 1 H 5 2  
629A5 3 1H39 
629A5 3 1 H 5 3  
62 9 A5 3 1 H 6 6  
6 29 A5 3 1 H63 
6 29 A5 3 1 H 2 4  

1 3 5 A 2 1 1 H0 2  

348A85 1 H0 2  
349A44 1H0 1 

1 3 5A2 1 2H 0 6  
1 8 6A797H0 6 

349A4 37H04 

1 33 A6 69H05 

337A692H03 

629A53 1 H4 8  
629A5 3 1H73 
629A5 3 1 H 5 6  
629A5 3 1 H 5 2  

7 6 2A679HO 1 
6 2 9 A5 3 1 H66 

848A3 5 1 H 0 2  
34 9 A44 1 H 0 1  

3 6 2A28SH0 1 
1 3 5 A 2 1 2H06 
1 8 6A797H06 
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T Y P E  S KA U -3 CHAN N E L  A U X I L I A R Y  B L OC K ING R E LAY 
---------------------------------------

1 6  

E L ECTR ICAL PAR TS L IST 
C I R C U I T  SYMBOL R E F E R E N C E  

XMTR STOP BOA RD - STYL E 6265D4 1 G0 1  
XMTR START B OARD - STYL E 6265D4 1 G02 

Capac i tors 
C 1 ,  C3 
C2 ( XMTR stop B oard) 
C2 (XMTR Start B oard ) 
C4 

D iodes 
D 1 to D7 

Resi stors 
R1 ,  R 2 ,  R3 , R1 0 ,  R l l (R1 0 for XMTR stop B oard) 

R4,  R 1 2 ,  R 1 8  
R 5 ,  R8 , R 1 3 ,  R 1 4 ,  R1 7 ,  R 2 0  
R6 , R1 5 

R7 , R 1 6  
R9 ( XMTR stop Board)  
R 1 9  
R 9  (XM TR start Boar d )  
R1 0 ( XMTR start B oard ) 

Thermi star 
TH 1 

Tran s i stors 
Q 1 ,  Q3 
Q2 , Q4 

Zener Diodes 
Z l , Z 2 ,  Z3 , Z8 

Z4,  Z6 
Z 5 ,  Z7 , zg (Z9 for XMTR start Bo ard)  

. 047MFD,  200 VDC 

6 . 8  MFD , 3 5VDC 

1 . 5 MFD , 3 5VDC 

. 27 M FD ,  200VDC 

1 N6 4 5A 

4 . 7 K  ohm i!zw .  ± 2% 

8 2K ohm , Yzw . ± 2% 

1 OK , ohm , Yzw .  ± 2% 

27K ci h m ,  1/zW, ±2% 

6 . 8 K  ohm, Yzw , ±2% 

2 K o h m , Yzw .  ± 2% 

1 50 ohm , 3W,  ± 5% 

1 2 K  o h m ,  YzW ,  ± 2% 

47K ohm,  YzW .  ± 2% 

1 K  o h m ,  @25° C ,  ± 1 0% 

2N34 1 7  
2 N 3 6 4 5  

1 N 36 8 8 A , 2 4 V ,  ±1 0% 

1 N 36 8 6 B ,  20V,  ± 5% 

1 N 957B , 6 . 8 V, ± 5% 

CH ECK BACK 1 BOAR D - STY L E  6265D43 G0 1 

Capac itors 
C 1  
C 2 ,  C3 
C4 
C5 

Diodes 
D1 to D7 

Resi stars 
R 1 ,  R4 , R 7 ,  R 8 ,  R 1 2 ,  R 1 5 ,  R 1 6, R 1 9 ,  R2 1 ,  R27,  R30, R33 , R3 7 , R40 

R2, R5,  R9, R l 3 ,  R l 7, R20, R28, R3 1 ,  R34 , R35 
R3,  R6,  R l 4 ,  R l 8 , R29,  R3 2 ,  R3 6 ,  
R lO 
R l l  
R 2 2  

R23 

R24, R25 
R26 
R38 
R39 

lOO MFD , 30VDC 
1 50 MFD , 30VDC 
. 04 7 MFD , 200VDC 
. 27MFD , 200VDC 

1 N 645A 

27K ohms , YzW ,  ±2% 

l OK ohm, Yz W, ±2% 

6 . 8K ohm ,  YzW,  ±2% 
33K ohm , YzW ,  ±2% 
3 . 9K ohm,  YzW,  ±2% 
l OOK ohm , YzW,  ±2% 
3 . 3K ohm,  YzW,  ±2% 

4. 7K ohm,  YzW,  ±2% 
82K ohm , YzW,  ±2% 
lK ohm,  YzW, ± 2% 
20K ohm,  YzW, ±2% 

STYL E 

8 49A437H04 

1 8 4A6 6 1 H 2 1  
1 8 7A5 08 H 1 8  
1 8 8 A6 69H 0 5  

8 3 7A692H03 

6 29A 5 3 1 H48 

629A5 3 1 H 7 8  

629 A5 3 1 H 56 

629A53 1 H6 6  
629A531 H 5 2  
629A5 3 1 H 3 9  
7 6 2A679H 0 1  

6 29A5 3 1 H 58 

6 29A53 1 H 7 2  

1 8 5A 2 1 1 H 02 

8 48 A8 5 1 H0 2  
8 4 9A44 1 H 0 1  

8 6 2A28 8 H 0 1  

1 8 5A 2 1 2H06 

1 87 A 7 97H06 

1 8 4 A  7 6 1H04 
84 9A007H01 
849A43 7H04 
1 88A 6 69H05 

837A69 2H03 

629A5 3 1 H 6 6  

6 29A5 3 1H 5 6  

629A53 1 H 5 2  
629A5 3 1 H68 
629A53 1H4 6 
629A5 3 1 H8 0  
629A5 3 1 H44 

6 29A5 3 1 H4 8  
629A5 3 1 H78 
629A5 3 1 H3 2  
629A5 3 1H63 
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T Y P E  S K AU-3 C H A NN E L  A U X I L IA R Y  B LOC K I N G  R E LAY _______________ _ 
I.L. 41 -923.98 

E LE CTR I CAL PA RTS LIST 
C I R CU I T  SYMBOL R E F E R E NC E STYL E 

CHECKBACK 1 BOARD - STYL E 626SD43G0 1 (Cont inued) 

Thermi stor 
TH l l K  ohm,  (cl 25°C ,  ± 1 0% 1 85 A2 1 1 H0 2  

Trans i stor 
Q l to Q l O  2N34 1 7  848A85 1 H0 2  

Zener D iodes 
Z l ,  Z3, Z4 1 N9 5 7 B ,  6 . 8 V ,  ±5% 1 8 6A797H06 
Z2 1 N3 6 8 6B ,  20V, ±5% 1 85 A 2 1 2H06 

CH ECKBACK 2 BOARD - STYL E 6683DS8G01 

Capacitors 
C l , C3 47M F D ,  3 5 VDC 1 87A5 08H 1 3  

C2 1 50MFD, 30VDC 8 49A007H 0 1  

C4 lMFD,  200VDC 1 8 7  A6 24H04 

Diodes 
D l ,  D2, D 3 ,  D4 1 N 645A 837A69 2H03 

Potentiometer 
RS l OOK ohm , 0 . 5W,  ±1 0% 880A68 7 H 0 4  

Resi stors 
R l , R4 , R1 7 ,  R 1 4  2 7 K  ohm, Yzw,  ±2% 629 A53 1 H6 6  

R 2 ,  R5,  Rl O ,  Rl 2 ,  R1 5 ,  R1 8 l OK ohm,  YzW, ±2% 629A53 1 H 5 6  

R3 , R l l ,  R 1 6 ,  R 1 9 ,  R 21 6 . 8K ohm, Yzw ,  ±2% 629A5 3 1 H5 2  

R 6  47K ohm, Yzw, ±2% 629A5 3 1 H72 

R9 lK ohm,  Yzw,  ±2% 629A5 3 1 H 3 2  

R l 3  200 ohm ,  YzW ,  ±2% 6 29A 5 3 1 H 1 5  

R7 470 oh m ,  Yzw . ±2% 629A53 1 H 24 

Therm i stors 
TH l ,  TH2 lK ohm , @ 25 ° C, ± 1 0% 1 85A2 1 1 H0 2  

Trans i stors 
Q l ' Q2 ,  Q3 ,  Q5 , Q6 2N34 1 7  84 8A85 1 H0 2  

Q4 2N3645 849A44 1 HO 1 

Zener Diode 
Z l  1 N957B,  6 . 8 V ,  ±5% 1 8 6A79 7H0 6 

Mi scel l aneous 
SUB BASE 862A372G0 1 

D IAL 1 99P669H0 1 

KNOB 1 8 7A967H03 
KNOB L OCK 629A980 H 0 1  

TI P JACK ( RED ) 1 87A33 2H0 1 

TIP JA CK ( B L ACK ) 1 87A33 2H02 
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T Y P E  S KAU -3 C HA NN E L  A U X I L IA R Y  B L O C K I N G  R E L A Y  ______________________ _ 

1 8  

ELE C T R I CAL PAR T S  L IST 
CI RCUI T SYMB OL R E F ERENCE 

BLOCK/UNBL OCK BOARD - STY L E  6265D47G0 1 

Capacitors 
C1 

C2 
C3 

D iodes 
D 1 , D2,  D 3  

Res i stors 
R1 , R2 
R3 
R4 , R8 , R 1 2 ,  R 1 5 , R 1 8 ,  R22 , R 2 5 ,  R29 , R3 2 ,  R 3 5 ,  R40, R43 
R5 , R9 , R 1 3 , R 1 6 ,  R 1 9 ,  R2 3 ,  R 3 0 , R3 6 ,  R4 1 ,  R44 

R6 , R7 , R 1 0 ,  R1 1 ,  R 1 4 ,  R 1 7 , R 2 0 ,  R2 1 ,  R24, R28 , R3 1 ,  R37 
R3 8 ,  R39, R42 

R26 
R27 , R34 

R33 

Tran si stors 
Ql , to Q 1 2 

Zener D iodes 
Z l  
Z 2 ,  Z 3 ,  Z 4  

. 0 47 MF D ,  200VDC 
68 M FD ,  3 5VD C 

. 2 7  M F D ,  200VDC 

1 N6 4 5A 

4 . 7 K  ohm , VzW ,  ±2% 
8 2K ohm , · YzW ,  ±2% 
1 0K oh m ,  YzW ,  ±2% 
6. 8K ohm, 1/zW, ±2% 

27K ohm , Vzw , ±2% 

3 9K o hm ,  1/zW ,  ±2% 
470 ohm , Vzw , ± 2% 
1 5K o h m ,  YzW ,  ± 2% 

2 N 3 4 1 7  

1 N3686B,  2 0 V ,  ± 5% 
1 N 957 B,  6 . 8 V ,  ± 5% 

TRIP  OUTPU T BOAR D - STY L E  6265D49G0 1 

Capacitors 
C 1 ,  C4 
C 2 ,  C3 

Diodes 
D l  to D lO 

Potent iometers 
R7, R 19 ,  R24 

Res i stors 
Rl , R4 , R 1 2 ,  R 1 5 ,  R1 6 ,  R1 8 ,  R 2 3 ,  R29 , R3 0 ,  R33 
R 2 ,  R5,  R 1 0 ,  R 1 3 ,  R 1 7 , R2 2 ,  R27 , R 3 1 , R34,  R36 
R3 , R 1 1 ,  R 1 4 ,  R28 , R 3 2 ,  R 3 5  
R 6  
R 8 ,  R20 , R 2 5  

R9 , R2 1 , R 26 
R37 

R38 

Therm i stors 
TH l ,  TH2,  TH3 

Tran s i stors 
Q 1  to Q9 

Q 1 0  

Zener Diodes 
Z 1 ,  Z5 
Z2, Z3, Z4 

. 2 7  MFD , 200VDC 
1 . 0  MFD ,  3 5  VDC 

1 N 645A 

20K ohm , YzW ,  ± 1 0% 

27K ohm,  Yzw,  ±2% 
1 0 K  ohm, Yzw, ± 2% 
6. 8K ohm , 'i2W, ±2% 
15K o h m ,  YzW ,  ±2% 
4 7 0  ohm , YzW ,  ±2% 
1 K  ohm, Yzw,  ± 2% 
82K ohm , �1zW , ± 2% 
1 50 ohm , 3 W ,  ± 5% 

1 K  ohm ,  @ 25° c. ± 1 0% 

2N3 4 1 7 
2N3645 

1 N 3 6 88 A ,  24V , ± 1 0% 
1 N 957B,  6 . 8 V ,  ±5% 

STY L E  

84 9A437H04 

1 8 7  A 508H02 
1 88 A66 9H05 

8 37 A6 9 2H 0 3  

629A 5 3 1 H 48 

6 29 A 5 3 1 H78 
6 29A53 1 H 56 

629A53 1 H 5 2  

629A5 3 1H 66 

6 2 9A53 1 H 7 0  
629A53 1 H 24 

629A 5 3 1 H6 0  

8 48 A8 5 1 H02 

1 8 5A 2 1 2H06 
1 86A797H06 

1 88 A 6 69H05 
8 37A24 1 H 1 5 

837A692H03 

8 6 2A406H02 

629A53 1H 66 
629A5 3 1 H56 
6 29 A5 3 1 H5 2  
6 29 A5 3 1 H60 

629A 5 3 1 H24 
629A53 1 H 3 2  

629A5 3 1 H 7 8  
7 62A679H0 1 

1 85A2 1 1 H0 2  

84 8A85 1 H0 2  
849A44 1 HO 1 

86 2A288H0 1 
1 86A797H06 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  S K A U -3 C H A N N E L  AU X I L IA R Y  B LOC K I N G  R E LAY _________
________ _.::I.:.:L:_. 4:_:1....:.·9:.:2�3.:.=_:9B 

• 
• 

,, - - -........_ 
---._- ..• '"'-·Cc�. 

?; 

l 

'�.,�� ' 
: r 

I _ ' 

Fig. 1 .  Photograph F ront View - Rear View. 
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TY P E  S K A U -3 C H AN N E L  AU X IL IA R Y  B LOC K I N G  R E LA Y-----------------

A 8 c D E 
II 
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u 

BOARD 
P OS I T I O N  

A 

B 
c 
D 

E 
F 
G 

H 

J 
K 

L 

N 
0 

F G H J 
I I  

© 
0 8  

11 

FRONT V I EW 
( COVER REMOVE D )  

K L M 

BOARD  DE S C R I P T I O N  
P O W E R  S U P P L Y  

N 

PRO T E C T IV E  R E L AY I N T E R FACE 

LOS S  OF A C  P O T E N T IAL 
W E AK F E E D  LOG I C - I 

WEAK F EED LOG I C - 2 
R CV R  I N TER FACE 
X M T R  S T O P  C ONT R O L  

X M T R S TART C O N TR OL 

CHEC K BACK - I 

CHECKBAC K - 2 
BLOCK / UNBLOCK CONTROL 

T R I P  O U T  PUT 

0 

(/) I-
z 
:::> 
::£ (.) <! 
0::: 
If) 

_l 

8 7 8A5 6 8  '------------------------------- - " " -- "----
Fig. 2 Relay Component Location 
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T Y P E  S KA U -3 C H AN N E L A U X I L I A R Y  B L O C K I N G  R E L A Y  _________ ________________ _ 
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PART O F  Jl 
CHASSIS GNO. �J-.., � _ ----, I � • 10 .:., r::-- - ­

r-:;� 
3 c:::::r 

BATTERY POS. 44l--�---� POWER

; 

-�-13 
TP2 I ' T�l l4 1 �c _,!,. 4\ '2iiVciLi" � 

TO TERMINAL 14 OF 
BOARDS F,G,H ,I AND J. 

TO TERMINAL 14 OF 
BOARDS B,C, D, E, K AND L. 

! I W E A K  FE j LOG IC - I 
.---f---4'c!..7--jBUFF 

.--f---«i1:--"13;yBUFF 
. I! 

0 

4 t::::l 

5 t::::l 

.!:, 
7 = 

Jl 

0 8 

REAR VIEW OF RELAY 

·POWER SUPPLY RESISTORS 

BATTERY NEG. 

VOLT RA 6 RC RB 6 RD 

4B VDC S�
5
�6

0
7
H
2�� 

1800 OHMS 
S- 1201004 

125 VDC 900 OHMS 5000 OHMS 
S- 1267287 S- 1205214 

CHANNEL { �eb�� RCVR 
OUTPUTS CHANNEL BLOCK 

TP7 _j_ • ACCESSIBLE TEST POINT 
NEAR HANDLE END OF 
CIRCUIT BOARD. 1 •  TEST JACK 

NOTES: 

TEST ( FO R )  

21NP 1 z x  r0s 1 
OR 

67N ( D X !os l 

A - SYMBOLS "I "AND " I  • -REPRESENT 
THE LOGIC VOLTAGE STATES FOR 
THE ENERGIZED, RESET CONDITION 

SPARE 

50(! H )  

B - RELAY STYLES AVAILABLE 
WITHOUT CHECKBACK OPTION 
(BOARD ·SLOTS I AND J ) .  

TEST 
( CBI ) 

C - REMOVE LINK ON LOSS OF POTENTIAL 
BOARD (SLOT C )  TO PREVENT dLOCr 
OF TRIP DUE TO LOSS OF POTENTIAL. 

6 7 N S  
21S 

RD I 3 REGU- TP3 I 
�-�==��

, 2�==LA=J=O=R�-�
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�
�
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��-+-+-+�«';.!:10��-JBUFF 0 OR 0 2-20 �TI 4 : 

I 9 � w- Lg=_J .pd._____r � 
I PROTEC!IVE RELAY I�ERFACE I �17� 

r-LI�K (SEE NOTE. C� 
I 

I 
I L!! 

"1+.::._--l--.f----<IE'/;.I I"-i3 o 5oo v ���� .,. BUFF 500 I I 1 • 

TP4 v 

BUFF 12 1 
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J�o--L--L-----=� :::
A
:
C
���

O
�T=E:

N
:
T
:
IA
:
L
::�-�=�==77:4:8:5:2:5-,�--+---+-+��-����2�0 23 .,. 

1 13 0 
B
g� 

24<!+�0-�-+-----------------�--�1--t-���-� I RE.CEIV 
19 <!+�0--+--�-t----------------------+----t--r---------

'-4EII""-s�_-_,o'--l uNE TP4 I ! 8 BUFF 0 D��R I I ll 0 BUFF I-'9�---------+-1-1----

i 7 �LINE �OR T ,• 0 16 iJ j 13 iJ DRVR iJ 10 0 I . I_ 
15 ::(}�==��==�==�==�:; 1�2�0 j
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Fig. 4. SKAU-3 Logi1 
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T Y P E  S KA U -3 C H A N N E L A U X I L I A R Y  B LOC K I N G  R E LAY -------------------I_.L_. 4_1_-_92
_

3_.9
_

B 

a: LLJ Q. ::!: ::::> ..., 

-

a: I I 1-

� � 0 0 � .-- + � � I 

� 
I 

C\J � � Q. 1-
0 
+ I I 

rt) Q. 1-
0 

I I I '-

® ® 
"'" 

7 1 5 B 2 1 0  

Fig. 5 .  Component L ocation - Power Supply Boarcl 

POS D C. 

I I  

I 
EXTERNAL C, POS. 20 VDC 
RESISTORS � 6 

----lliB-----< I¢-·-- , J  t=:=: 4 3 'I 

2 
NEG. D.C 

2 N 4063 2 N 4063 .::,� �� C4 .I MFD MFD 

�t--z1 �42 TAT? -iz, -:l-:: 02 
IN30508 IN4747A 6BMFD IN30508 IZN

�7:r6·8 MFD. 

NEG. QC. 

....._ ________________________ _ 

T P I  
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1 4 

/I 

POS 20 VOC I . , j 3 

I 
r;l 
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202C465GOI 

0 Fig. 6. Intern al Schematic - Power Supply Boarcl 

+20V. 13 

..6."" EXTERNAL RESISlORS 
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48 VOLT - 1 50fi..-25WATT ISOO.f'I. - 25 WATT 

125 VOLT -90Qil. - 2 5 WATT 50QQn -25 WATT 
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TY P E  S K A U -3 CH A NN E L  A U X I L IA R Y B LO C K I N G  R E LA Y  -------------------I ._L
_

. 4_1
_

-9_2_3
_

.9_
B 

v c:::::=:::r 

3 5 0 1A4 6 

Fig. 9. Component Location - Loss of Poten tial Boarcl 

r------------------------------------- ------- - - ---

13 

L _  

IQd � NORMA LLY CONDUCTING TRANSISTORS 

ALL RESISTORS TO B E  I / 2 W :!: 2 %  UNLESS 
OTHERWISE SPECIFIED , 

--- --- __ L_
O
_

SS O F AC PO TEN __ T_IA
_:

L __ --- --- --- __ L..:_26�5C� 
PART NAMf APPAR lYPE PARI DE�CR'PL ION 

7 7 4 B 5 2 5 J 
Fig. 1 0 .  Internal Schematic - Loss �Jf Potential Boarcl 
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TY P E  S K AU -3 C H A N N E L  AUX I L IA R Y  B LOCKING R E LAY-----------------------

28 

1'­a.. 1-
0 

7 1 7 B 0 3 2  
Fig. 1 1 .  Component Location - Weak Feed Logic-1 Board 

(2!] ' MORNAUY CO"DUCTUI8 TIAIISISTOII. 

A-LL IESIS1111S TO IE li2Wt.2). UILESS OlMERWISE 'SPECIFIU. 

DIODES Dl TO 04 ... 1116t&A 

WEAl FEED lOG It I 

7 1 7 B0 3 1  
Fig. 1 2 .  Internal Schematic - Weak Feed Logic- 1 Board 
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T Y P E  S KA U -3 C H A N N E L  A U X I L I A R Y  B LOC K I N G  R E LA Y  ------------------·-
I .

_
L.

_
4

_
1

_
-9

_
2

_
3 .

_
9B 

12  

13  

I") 0 :C f--
0 

7 1 7 B0 3 4  

Fig. 13.  Component Location - Week Feecl Logic-2 Boarcl 

�EED � 

Fig. 14.  Internal Schematic - Weak Feecl Logic-2 Boarcl 

·• -i> I O 

TP9 J�s 
I I  

(]�}:. NORMALLY CONDUCT ING TRAN S I S TOR 

ALL RESISTORS TO BE I J 2W ±27, 
UNLESS OTllERWISE SPEC I F I ED. 

All D I DOES - IN611-SA 

7 1 7BO 3 3  
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T Y P E  SK AU-3 CH ANN E L  A U XI L IA R Y  B LOCKING R E LAY ______________________ _ 

- === 

C\J 

l{) :  

7 1 7B 0 3 8  
Fig. 15 .  Component Location - Receiver In terface Boarcl 

r-------------------------- -- - . 

� ::: NORMALLY C<MOUCTINS TRANSISTOR. 

ALL RESI STORS TO BE 1 / 2  \11 -! 21o UNLESS OTHERlflll SE SPE C I F I ED 

All D I ODES - tM6�5A 

RECEIVER I NTERFACE 

7 1 7B 0 3 7  

Fig. 16  Internal Schematic - Receiver Interface Boarcl 
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TYPE S KAU-3 CHAN N E L  A U X I LIA R Y  B L OCKING R E LAY --------------------
I
_
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Q) ll: Q) ll:  ll: � 
r<l =  -
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Fig. 1 7. Component Location - XMTR Control B oarcls 
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All RESI STORS TO 8E I /2W± 2% 

UNLESS OTHERW I SE SPEC I F I ED. 

Fig. 18. Internal Schematic - XMTR Control B oarcls 
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TY P E  S K AU -3 C H A N N E L  A U X I L IA R Y  B L OC K I N G  R E L AY ___________________ _____ _ 

7 1 7B0 4 6  ________________________________________________ J 

Fig. 1 9. Component Location - Checkback- 1 Board 

· ··---------------------, 

1 3  

� = NORMALLY CONDUCTING TRAN S I STOR. 

ALL RESI STORS TO IE I !2Wt 21o UNLESS OTHERWISE SPEC If I EO. 

7 1 7B 0 4 5  
-------------------------'--=-'----' 

Fig. 20. Internal Schematic - Checkback- 1 Board 
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T Y P E S KA U -3 C H A N N E L  A U X I L I A R Y  B L OC K I N G  R E LA Y  ---------------------I .
_
L

_
. 4

_
1

_
-9

_
2
_

3
_

. 9
_

B 

Fig. 2 1 .  Component Location - Checkback-2 Board 

.--------------······· - - - --- ·· · ·- - · · ····-···-·- . ---- --- ------- - - - -----

r - - -
-�......---=:...::�--.....---�---.� 

NEG. �BLAC� 

ill] -= NORMALLY CONDUC T I N G  TRANSI STOR 

7 74B5 5 7 

I 
I 
I 

ALL R E S I STORS TO BE lf2W'!: 2'/. UNL�SS OntERWISE SPEC I F l ED. 

7 7 4B5 5 6 ! 
�------------------ ·---- ----- ·· ·--- -- - - ---------

Fig.  22 Internal Schematic - Checkback-2 Board 
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TYPE SKAU-3 CHAN N E L  A U X I L IA RY B LOC K I N G  R E LAY-----------------------

" 

34 

7 1 7B0 4 2  
Fig. 23. Component Location - B lock/Unblock Control Board 

13 

MEG. 
BLOCK/UNBLOCK CONTROl -- -- -- -- -- -- - -- -- - --

@I].:. NORMALLY CONDUCT ING TRAN S I STORS 

ALL RESI STORS TO BE 1 / 2\11 '!: 2'1. 
UNLESS 0T11ERW I S E  SPEC I F I ED 

- ,  

7 1 7B0 4 1  

Fig. 24 Internal Schematic - B lock/Unblock Control Board 
··� 
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T Y P E  S K A U -3 CHANN E L  AU X I L IA R Y  B LOC K ING R E LAY ___________________ 
I.
_
L.

_
4
_

1
_
-9_2..:_3 . .:..9

_
B 

Fig. 25. Component Location - Trip Output Boarcl 

1 3 �----1 

TP7 

Fig . 26. Internal Schematic- Trip Output boarcl 

7 1 7 B0 4 4  

[lD - NORMALLY CONDUCTING TRANS I STOR. 

ALL RESI STORS TO BE I /2W±2% UNLESS 
OTHERW I SE SI'EC I FI EO. 

ALL D I O D E S - JH64-5A 

7 1 7 B0 4 3  
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TY P E  S KA U -3 CHANN E L  A U X I L I A R Y  B LOC KI N G  R E LA Y-----------------------

36 

RELAY TYPE SKAU-3 
N 0 

BOARD SLOT TEST POINT VOLTAGES (±IO%)TO NEG. BOARD SLOT TEST POINT VOLTAGES t±IO%)TO NEG. 

PWR. SUPPLY A 
P. R. INTR 8 
LOSS OF POT c 
W.F. LOGIC I�  D 
W. F. LOGIC 2� E 
RCVR INTR F 

TPI• +20 , TP2=+20 , TP3• NEG. 
0•0 Tl : I • 13  

TP4 :� : �o 

TP7 : ::?3 

TP9 · 0 • 0  
. I :o l6 

0 • 0  T2 : / • 13 

. 0 : Q  TP4 . 1 ,. 13 

TPB : 0 s 0 0 •0 
1 a l3 TP4: I • 13 TP2: , •0 

I ,.  20 

XMTR STOP G 
XMTR START H 
CHECKBACK I O I 
CK BK 2 c J 
BLK I UNBLK K 
TRIP OUTPUT L 

TP4 : � : �O 
0 • 0 TP4 : I • 20 

TP5: 0 • 0 
I "  13 

REO 0 • 0 
I • 13 

TPI2 : � :?6 
0 • 0  TPIO: I ,. ZO 

TP2 : � =�O 

TP2 : 0 • 0  
I • 20 

TP9: , • 0  
I : 1 3  

BLACK � NEG. 

0 • 0  TP7 : I • I I 

A - OPTIONAL: FOR WEAK FEED SYSTEM ONLY 
D - OPTIONAL ; FOR CHANNEL CHECK BACK ONLY 

Fig. 27. Test Point Voltages 

T E S T C I R C U I T  
PART OF J l  R EL AY T Y P E  SKAU-3 

N A M EPLATE 

I 
POS 20 V.D.C. 
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5 2  b 
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2 1 P  
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1 TEST( CBI) 
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,---
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"-' 
20 52 b 

32 50(I A/ I cl 
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28 2 1 N P ( i! XI0) 
"-' OR 67N(DXIol 

29 LOSS OF 
POTENTIAL INPUT 

30 2 1  N P ( i! X I osl 
O R 67N(DXIosl 

1 7  S P A R E  

18 5 0 ( I H ) 
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OR 67NS 
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1 5  2 1 S  

23 NO I S E  
BLOCK } C HA N N E L  

24 CH 
R C V R  

BLOCK. 
OUTPUTS 

1 9 T EST (FOR) 
"� 

..
--
�21 TEST ( C BI) 

..--� 7 59 N } W EA K  

8 2 7 F E E D  
O N LY 

_...� 3 N E G. D.C. 

� 

0 Fig. 28. Test Circuit 
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Westinghouse I . L. 41 -923.4L 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KA-4 CARR I E R  AUXI L I ARY R E LAY 

CAUTION Before putting relays into service, re­
move 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. 

APPLICATI O N  

The type KA-4 relay i s  a n  auxiliary relay used 
in a distance carrier relaying scheme to block or 
prevent instantaneous tripping for faults external 
to the line section to which it is applied, and to per­
mit instantaneous simultaneous tripping for inter­
nal faults . The relay is arranged to respond to in­
dications of fault power and direction provided by 
phase and ground relays, thereby controlling the 
transmission of the carrier signals .  

C O N STRUCTION A N D  OPERATION 

The Type KA-4 relay consists of two auxiliary 
units, receiver and alarm units, phase fault carrier 
operation indicator and carrier squelch relay. In 
addition, the type KA-4 relay contains a high 
speed overcurrent unit used to start carrier 
transmission for ground faults. The construction 
and operation of the relay units are described 
below. Complete details of the operation of this 
relay in the distance carrier relaying scheme is 
described in I . L .  40-208 . 

Overcurrent Unit 

The overcurrent unit consists of a transformer, 
current limiting reactor, and a product induction 

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

Mechanically, the cylinder unit is  composed of 
three basic components: a die-cast aluminum 
frame and 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 spring and snap ring. The bearing can 
be replaced, 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  permanently secured to the frame 
and cannot be separated from the frame. 

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

A II possible contingencies which may arise during installation , operation, or maintenance, and all 
details and variations of this eq uipment 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 eq uipment.  the local Westinghouse Electric Corporation representative should be contacted. 

SU PERSEDES I . L .  41 -923.4K, DATED SEPT. 1 978 
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CARRI E R  P HASE FAULT -....;;;;;-...:,: 
OP E RATION INDICATOR (01) 

2 

CSP-CSG TAP P E D  
R ESISTOR 

SQUE LCH UNIT 
R E SISTOR __ ,.... 

RECEIVER UNIT 

CSG AUXIL 
SWI TCH 

ALARM UNIT 
(Al) 

SQUE LCH UNIT 

----- CA R R I E R  A N D  

Fig. 1 .  Type KA-4 Relay Without Case. (Front View) 

RRT CO I L  R ES I STORS 

CAR R I E R  START 
CONTACT ( los) 

CARR I E R  START 
OVERCUR RENT UN I T  ( los) 

CSP A UXIL IARY 
SWI TCH 
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tuRREll 
TUT JACl-
CM.USIS OPERATED 
SHOIIT I II G  SWITCH 

-

OYERCURREIIT 
UII I T  

FRONT VIEW 

TIIIO I ll  SER I E S  
FOR 250 Y .O .C .  

Sub. 3 
629A389 

Fig. 2. Internal Schematic of the Type KA-4 Rela y for KR 
carrier set. 

600.1\. 

RED HANDLE 

UPPbA 
POLhR UN�T 

(ALAR� RELAY) 

LOWER 
POLAR UNIT 

(RECEIV£R RELAY} 

CURRENT SHUNT 

50QQJ\.. 

375QJ\. 

REO HANDLE 

TEST SWITCH 

TERMINAL 

Sub. 1 
3491A 1 7  

Fig. 4. Internal Schematic of the Type KA -4 Relay with 
Modified Carrier Stop to Terminal 1 1  for TC carrier 

set. 

CURRENT 
TEST JACK 

AUXILIARY 
SWITCHES 

I .L. 41 -923.4L 

RED HANDLE 

UPPER 
POLAR UNIT 

(ALARM RELAY) 

LOWER 
RH\...._-J-- POLAR UNIT 

(RECEIVER RELAY) 

�-----_]r-_-J_CURRENT SHUNT 

r-1---=H-- TWO IN SERIES 
FOR 250 VDC 

REO HANDLE 

T E ST SWITCH 

TERMINAL 
Sub. 8 
629A 4 76 

O Fig. 3. Internal Schematic of the Type KA-4 Relay for TC 
carrier set. 

CURRUH TE::OT JAO 
CK.I.."i:>t!:. 01'. RATED_J---"-; 
SHOIITIMG SIIII' I TCH 

A 'J � l lf. I� 1 �.Ill  TCII! S 

00-48 Y . O.C.  
8500D-12"l V . D . C .  
150000-250 , .o .c. 

() :( J: ) J, X . � () 1 0 I ® 1 0 · -· cD @ •••· ® ros. ® 
FRONT VIE.N 

POL/·11 UMIT (ALARI-I RELAY) 
lOiitlR 

POL�R Ull 1 T 
(RlCU�ER RELAY) 

13200�"8 Y.D.C. 50000-12S V . O . C .  
11200 C-250 Y.D.C. 

Sub. 1 
3493A 16 

0 Fig. 5. Internal Schematic of the Type KA-4 Relay for the TA-3 
Tones. 
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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 contacts closed, the electrical connec­
tion is made through the stationary contact h ous­
ing clamp, to the m oving contact, through the 
spiral spring out to the spring adjuster clamp.  

When the current in the overcurrent unit  ex­
ceeds the pick-up value the contacts open,  allowing 
positive potential to be applied to the carrier 
transmitter .  

A transformer and current l imiting reactor is  
used in conjunction with the cylinder unit .  The 
trans former supplies one set of coils on the 
cylinder unit with voltage shifted by approximately 
90° from the residual current supplied directly to 
another set of coi ls .  The transformer and reactor 
are of the saturating type which l imits energy to 
the cylinder unit and reduces the burden on the 
transmission line CT. 

Auxiliary Units 

These are two solenoid-type contactor switches 
designated as CSP and CSG. The plunger of the 
contactor switch has a circular conducting disc 
m ounted on its lower end and as the plunger 
travels upward, the disc bridges three silver 
stationary contacts . The CSP switch is energized 
by the operation of the second zone or KD-1  0 dis­
tance relay, and the CSG switch , by the o peration 
of the directional and overcurrent units of the KRD-
4 ground relay . The contacts of the two switches 
are connected in para l lel as shown in the internal 
schematic . The operation of either of these 
switches connects the carrier control circuit to 
negative to stop carrier, and energizes the RRT 
operat ing coil o f  the receiver relay unit .  

Receiver Unit 

The receiver unit consists of an armature and 

4 

20 

� 1 8  
� � 16 

:::; i 1 4 

"' 1 2  
::1: 
;:: 
<!) 10 z � 8 9 
... -� 6 

� 4 
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0 �o �
2
��4��6��s--�I0��� 2��� 4���6--�IB�2o 

MULTIPLES OF PICKUP CURRENT 
OF CARRIER- START OVERCURRENT UNIT 

0 Fig. 6. Typical Time Characteristics of carrier start over­
current unit o f  the type KA-4 Relay. 

contacts mounted on a leaf spring supported 
symmetrically within a magnet frame. The ar­
mature rides in the front air gap of the frame with 
the contacts projecting outside. The poles of a per­
manent magnet clamp directly to each side of the 
frame. Two adjustable shunts are located across 
the rear air gaps. These change the reluctance of 

0 the magnetic path as shown in Fig. 7 so as to force 
some of the flux thru the moving armature which is 
fastened to the frame midway between the two rear 
air gaps . Flu x  in the armature polarizes it and 
creates a magnetic bias, causing it to move 
towards either the left or right, depending u pon the 
adj ustment. 

Two stationary contact screws are mounted to 
the left (front view) of the moving contact 
assembly and adjusted for n ormally open contacts. 
These contacts are designated, RRP and RRG, 
and a re connected in the phase and ground tr ip  cir­
cuit respectively .  Th ese contacts are operated by 
two concentric coils, R RT and RRH, which are 
placed around the armature and within the 
magnetic frame.  RRT is the operating coil and 
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SHUN T 
/ 

/ 

---- MO'i l h li CONTACT 

�AlAHCtD A l rt  �APS U N SALANCED A I R  �A PS 

POLAR uN I T  P ERMAN ENT MAuN E T  F LUX PATHS 

183A062 

0 Fig. 7. Permanent Magnet Flux Paths of Receiver and A larm Units. 

receives its energy from the local battery when 

either CSP or CSG is closed . R R H  is the h olding 
coil and receives its energy from the carrier 
transmitted either from the local transmitter or  the 
one at the end of the line section .  These two coils 
are connected to oppose each other with the 
operating coil, R RT operating to close the RRP 
and R RG contacts and trip; and the holding coi l ,  
RRH to hold the R R P  and R R G  contacts open 
and block tripping. The restraining torque of the 
R R H  coil is sufficient to overcome the operating 
torque of the R RT coil . Consequently, RRP and 
RRG contacts cannot close as long as RRH is 
energized . 

Alarm Unit 

The alarm unit is similar in construction to the 
receiver unit except that it is  energized by a single 
coil and operates a single set of contacts . The coil 
is energized by the received carrier to close its con­
tacts and give an alarm . This unit has a higher­
pick-up than that of the receiver unit in order to 
obtain a direct check on the sensitivity of the 
carrier transmitter-receiver .  The failure of the 

alarm unit to pick-up when carrier is started in­
dicates insufficient output from the transmitter 
receivers .  

Squelch Unit 

The function of the squelch unit is  to h old o ff 
the carrier for a period of 1 50 milliseconds after 
the Breaker "a" contact opens. This is to insure 
that all other terminals of the line are tripped 
before allowing carrier to be transmitted for any 
functions .  

The squelch unit IS  a telephone type unit of 
slow release type. 

In  these relays, an electromagnet attracts a 
right angle i ron bracket which in turn operates one 
normally open contact. The slow release is  ob­
tained by a copper slug located at the end opposite 
from the armature. When the coil becomes de­
energized, the change in flux th rough the slug 
results in an electromotive force and associated 
current in it . This current produces a flux which 
aids the main flux and delays the release of the ar-
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mature .  When the coil is energized, the operation 
of the relay is not appreciably delayed because the 
armature is  operated by flux not l in king the slug . 

Operation Indicator 

The operation indicator gives a visual indica­
tion of a carrier tripping operation for phase fau lts 
by the distance relay through the RRP contacts .  
For a ground fault carrier relaying operation , the 
indicating contactor switch ( ICS) located in the 
ground relay wil l  drop a target . 

C HARACT E R I ST I C S  

The characteristics o f  the various elements o f  
the relays a re as fol lows: 

For Use With KR-Set 

C S P  or CSG Coil 
CSP & CSG Tapped Resistor 
Carrier Resistor 
R R T  Operating Coil 
R R T  Coil Resistor 
R R H  H olding Coil 
AL Alarm Coil 
Operation I ndicator (I amp.)  
Squelch Unit  Coil 
Squelch Unit Adj .  Resistor 

For Use With TC-Set 

CSP or CSG Coil 
CSP & CSG Tapped Resistor 
Carrier Resistor 
R R T Operating Coil 
R R T  Coil Resistor 
R R H  H olding Coil 
A L-A larm Coil 
Operation I ndicator (I amp.)  
Squelch Unit Coi l  
Squelch U nit Adj .  Resistor 

0 For Use With T A-3 Tones 

CSP or CSG Coil 
CSP & CSG Tapped Resistor 
AL & R R H  Resistor 
R R T Operating Coil 
RRT Coil Resistor 
R R H  H olding Coil 
AL A larm Coil 
Operating Indicator (I amp.)  
Squelch Unit  Coi l  
Squelch Unit  Adj .  Resistor 
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48V 125 250 

Mg. Avg. Avg. 
Ohms Ohms Ohms 

27 
200 

2000 
1 1 00 
1 320 
1 700 
500 
0. 1 

3300 

27 
200 

1 000 
1 1 00 
1 320 

20 
4 

0. 1 
3300 

48V 

27 435 
600 6000 

3750 1 9000 
1 1 00 1 100 
5000 1 1 200 
1 700 1 700 
500 500 
0. 1 0. 1 

3300 3300 
8500 1 5000 

27 435 
600 6000 

3750 
1 1 00 1 1 00 
5000 1 1 200 

20 20 
4 4 

0. 1 0 . 1 
3300 3300 
8500 1 5000 

125V 250V 

Avg. Avg. Mg. 
Ohms Ohms Ohms 

27 27 435 

200 600 6000 

200 4000 1 0600 
1 1 00 I I  00 I 1 00 
1 320 5000 1 1 200 
1 700 1 700 1 700 
500 500 500 
0. 1 0 . 1 0 . 1 

3300 3300 3300 
8500 1 5000 

The pick-up and operating values o f  these units 
are given under "Adjustments and Maintenance" . 

The time characteristic of the overcurrent unit 
0 is shown in Fig . 6 .  

The pick-up value o f  the over-current unit can 
be changed from the factory adjusted value of 0 .5  
am peres to any  value up to I amp.  by  increasing 
spring restraint .  

SETT I N G S  

There are n o  settings to  b e  m ade.  

I N STALLATION 

The relays should b e  m ounted on switchboard 
panels or their equivalent in a location free from 
dirt, m oisture, excessive vibration, and heat. 
Mount the relay vertically by means o f  the four 
mounting h oles on the flange for semi-flush m oun­
ting or by means of the rear m ounting stud or 
studs for projection mounting. Either a m ounting 
stud or the m ounting screws m ay be utilized for 
grounding the relay. The electrical connections 
may be made directly to the terminals by m eans of 
screws for steel panel m ounting or to the terminal 
studs furnished with the relay for thick panel 
m ounting. The terminal studs m ay be easily 
removed or inserted by locking two nuts on the 
stud and then turning the proper nut with a 
wrench. 

The carrier relaying schematic (supplied with 
the carrier order) should be consulted for details of 
the external connections of these relays . 

ADJ USTM ENTS A N D  MAINTENAN C E  

The proper adjustments to insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay, no custom er ad­
j ustments,  other than those covered u nder 
"SETTINGS", should be required. 

Acceptance Check 

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

Pass 0 .5  amperes of alternated current through 
relay terminals 1 6  and 1 7 , the contact should pick­
up within .475 and . 525 amp. 

Auxiliary Units ( CSP and CGS) 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 
when rated control voltage is  applied across the 
coil and its section of the resistor. 

These units should operate at 24 volts for the 
48-volt relay, 60 volts for the 1 25-volt relay, and 
1 20 volts for 250-volt relay. These units have an in­
termittent rating, and should not be energized for 
more than a few seconds . 

Operation Indicator (01) 
With the polar unit  contacts closed, apply 

direct current to the operation indicator relay ter­
minals.  The operation indicator should pick-up 
and drop the indicator target between 1 ampere 
and 1 .2 amperes de. 

Squelch Unit (SQ) 

Apply rated D.C.  voltage to relay terminals 
that will energize the squelch unit and n ote contact 
operation .  

Blocking Zener Diode 

Apply rated D.C.  Voltage in series with 1 0,000 
ohms resistors across terminals 8 and 9 with 
positive on 9, the current leakage flow should not 
exceed .25 rn a .  Reverse polarity of the applied 
voltage; the current flow should be equal to the 
applied voltage divided by the series resistance . 

FOR RELAYS TO BE USED WITH 
TC-TYPE CARRIER 

Receiver Unit 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP 
switch . The CSG switch is located on the left-hand 
pedestal and CSP is  located on the right-hand 
pedestal on the relay (front view). Aprly rated 
voltage across the RR T coil and the RR T coil 
resistor, observing polarity as shown in the inter-

I.L. 41 ·923.4L 

nal schematic. The armature should move to the 
left. 

To the holding coil (RRH) relay terminals, 
apply direct current observing polarity . Increase 
the current until  the armature moves to the right.  

The armature should move to the right at ap­
proximately 60 rn a .  Now reduce the current and 
the armature should move to the left at ap­
proximately 40 rna.  

Alarm Unit ( AL) 

Connect direct current to the alarm unit relay 
terminals.  I ncrease the current until the contacts 
pick-up.  The contacts should pick up at ap­
proximately 80 rn a .  Now reduce the current and 
the contacts should open at 40 to 60 rn a .  

FO R RELAYS TO BE USED WITH 
0 TYPE KR CARRIER OR TA-3 TON ES 

Receiver Unit 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP 
switch . 

CSG switch i s  located on the left-hand pedestal 
and CSP is located on the right-hand pedestal on 
the relay (front view) . Apply rated voltage across 
the R RT coil and the R RT coil resistor, observing 
polarity as shown in the internal schematic. The 
armature should move to the left .  

To the holding coil  (RRH) relay terminals, 
apply direct current observing correct polarity . I n­
crease the current until the armature moves to the 
right. The armature should move to the right at 
approximately 6 rna.  Now reduce the current and 
the armature should move to the left at ap­
proximately 4 rna.  

Alarm Unit (AL) 

Connect direct current to the alarm unit relay 
terminals .  I ncrease the current until the contacts 
pick up. The contacts should pick up at ap­
proximately 8 rna. Now reduce the current and the 
contacts should open at 4 to 6 rna.  
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R O U T I N E  MAI NTENANCE 

All relays should b e  inspected periodically and 
the operation should be checked at least once every 
year or at such other time intervals as may be dic­
tated by experience to be suitable to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher S # l 8 2A836H0 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. 

CALl BRATION 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs 
or the adj ustments 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").  

Overcurrent Unit 

The upper bearing screw should be screwed 
down until there is approximately 1 /64" clearance 
between it and the top of the shaft bearing. Secure­
ly lock in position with the lock nut. The lower 
bearing position is fixed and cannot be adjusted. 

With the moving contact in the normally clos­
ed position, i .e . ,  against the right side of the 
bridge, screw in the stationary contact until both 
contacts just close. Then screw in the stationary 
contact approximately one-quarter turn farther to 

0 provide the correct amount of follow for KR & TC 
type carrier, one-half turn for T A-3 tones. 

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

The sensitivity adjustment is made by varying 
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 
adj uster and rotating it. The spring adjuster is 

3 

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. 

Pass 0.5 amp. of a .c .  through relay terminals 
1 6  and 1 7 .  Adjust the spring until the contact just 
opens .  I n  a similar manner the pick-up value can 
be adj usted for any value between .5 to 1 .0 amp. 

Auxiliary Units ( CSP and CSG) 

The two contactor switches, CSP and CSG, 
have adjustable p l u n ger t ravel . A dj ust t h e  
stationary core and the moving core of 1 /64" when 
the switch is picked up. This can be done by turn­
ing the relay upside-down and screwing up the core 
screw of the switch until the contacts just separate. 
Then back off the core screw approximately one 
turn and lock in place. This prevents the moving 
core from striking and sticking to the stationary 
core because of residual magnetism . Adjust the 
contact clearance for approximately 1 /32" by 
means of the two small nuts on either side of the 
Micarta disc. 

Each contactor switch has a section of a tapped 
resistor in series with it, and will pick up positively 
when rated trip circuit voltage is applied across the 
coil and its section of the resistor. 

The units should operate at 24 volts for the 48-
volt relay, 60 volts for the 1 25-volt relay and 1 20 
volts for 250-volt relay. These units h ave an inter­
mittent rating, and should not be energized for 
more than a few seconds.  

Squelch Unit 

Check operation with timer. Adjust series 
resistor to measure approximately 5000 ohms for 
1 25 v .d .c .  relays and for 1 3000 ohms for 250 v .d .c.  
relay. With armature closed adjust the residual air 
gap to be .002" - .003" . Contact gap should 
measure from .020" to .035 " .  Check for dropout 
time between . 1 40 - . 1 60 seconds. If necessary 
dropout time can be adjusted by changing the 
residual air gap. After final adjustment the gap 
should be at least .002" .  The pick up time should 
be below 1 6  milliseconds at - 20% rated de 
voltage. I f  necessary readjust series resistor. 
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Operation Indicator 

The operation indicator should pick up and 
drop the indicator target when the current is 
between 1 and 1 .2 amperes de. 

Make sure that the target drops freely when the 
unit operates. 

ZENER D I O D E  TEST 

Forward Characteristics 

Pass 200 m illiamperes of de current through 
terminals 8 and 9 with positive on terminal 8 .  
Measure voltage drop across terminals 8 and 9 .  
The voltage drop should not exceed 3 . 5  volts .  

Rel'erse Characteristics - Breakdown Voltage 

The breakdown voltage is determined by in­
creasing voltage across terminals 8 and 9 with 
positive on 9. Place 1 0,000 ohm resistor in series 
with ammeter. Increase voltage until current reads 
.25 milliamperes. Measure de voltage across 
terminals 8 and 9. The voltage should be between 
1 60 and 240 volts for 48 and 1 25 v.d.c .  rated 
relays; and 320 to 480 volts for 250 v.d .c.  rated 
relays. Do not exceed 3 .0 rna.  current in the circuit. 

FOR RELAY TO BE U SED WITH 
TC-TYPE CARRIER 

Receil'er Unit 

Back off contact screws so that they do not 
make contact. Screw magnetic shunts into the all­
out position (5 or 6 screw threads showing.) The 
armature should remain against whichever side it 
is pushed with this adjustment. 

Adjust the stationary contacts for a contact 
gap of approximately .020" . This can be done by 
inserting a .0 1 0" steel thickness gage between the 
large rivet head on the moving armature and the 
right hand pole face (a .0 1 0" travel of the rivet 
head is equal to .020" travel of the moving con­
tacts). Using an indicating light in each contact 
circuit, adjust the upper and lower stationary con­
tacts to touch the moving contact at the same time. 
With the feeler gauge removed the contact gap is 
.020" and the moving contacts close simultaneous­
ly. 

I .L. 41 -923.4L 

Connect a jumper between the middle and left 
hand contact connection of the CSG or CSP 
switch . The CSG switch is  located on the left-hand 
pedestal and CSP is  located on the right hand 
pedestal of the relay (front view). Apply rated 
voltage across the R RT coil and the RR T coil 
resistor observing polarity as shown in the internal 
schematic diagram . The armature should move to 
the left. 

To the holding coil, R R H ,  apply 1 00 to 200 
milliamperes de current observing correct polari­
ty. The armature shoud now move to the right.  De­
energize both coils and see that the armature stays 
up against the right hand side. 

Run both shunt screws all the way in ,  and then 
back out the left hand shunt screw approximately 6 
turns .  Back out the right hand shunt screw ap­
proximately 9 turns.  

Re-energize the operating coil with rated 
voltage and the holding coil with 40 milliamperes 
dc. Adjust the right hand shunt screw until the ar­
mature moves to the left. If the armature moves to 
the left, at a value of holding coil current greater 
than 40 m illiamperes, the right hand shunt screw 
should be turned out to lower this value to the cor­
rect 40 m illiampere point. 

I ncrease the holding coil current to 60 
milliamperes and adjust the left h and shunt screw 
until the armature resets, or moves to the right. If  
the armature resets at  a value of  current less than 
60 milliamperes, the left hand shunt screw should 
be turned out. This will increase the reset value of 
the armature and provide for the correct 60 
milliampere reset value. 

Minor adjustments of both shunt screws must 
be made several times until the desired operating 
points are obtained, since the adj ustments of one 
shunt screw affect the adjustment on the other 
shunt screw. 

Alarm Unit 

The contacts should close with 80 milliamperes 
de ± 5% applied to the alarm coil. Adjust the con­
tact screws to obtain an .050" contact gap such 
that the armature motion between the left and 
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right hand contacts is in the central part of the air 
gap between the pole faces. Tighten the contact 
locking nuts. Approximate adjustments of the two 
magnetic shunt screws are as follows: 

Turn both shunt screws all the way in . Then 
back out both shunt screws approximately seven 
turns. Apply 80 milliamperes de to the coil obser­
ving correct polarity, and the screw in the left hand 
shunt screw until the armature moves to the right. 
If the armature moves to the right at a value of 
current less than 80 milliamperes , screw the left 
hand shunt out until the armature moves to the 
right at 80 milliamperes. Check the dropout point 
by reducing the de current . The armature should 
move to the left between the limits of 40 and 60 
milliamperes. If  it fails to do so, adj ust the right 
hand shunt screw until it does. It  will then be 
necessary to recheck the pickup and dropout 
points again and make any minor adjustments to 
the shunt screws that may be necessary until cor­
rect calibration is  obtained. 

In general, screwing in the left hand shunt 
screw reduces the pickup current of the relay. 
Screwing in the right hand shunt screw increases 
the dropout current. This will in turn cause a 
change in the pickup current, making necessary 
several slight readjustments of both shunt screws 
to obtain the desired calibration . The armature as 
fi nally calibrated should pickup and dropout with 
a snappy action.  

FOR RELAYS TO BE USED WITH 
0 KR-TYPE CARRIER OR TA-3 TON ES 

Receiver Unit 

Calibrate as outlined under TC Type Carrier. 
A pply 1 5  rna. de current for polarity check . The 
pickup value should be 4 milliamperes de (ar-

1 0  

mature moves to left) instead o f  40 rn a .  The 
calibration of reset (armature moves to the right) 
should be done at 6 milliamperes instead of 60 rn a .  

Alarm Unit 

Calibrate as outlined under TC-Type Carrier. 
Check pick-up at 8 milliamperes ± 5% instead of 
80 rna. Dropout should be between 4 and 6 rna.  
instead of 40 and 60 rn a .  

REN EWAL 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, al­
ways give the complete nameplate data . 

EN ERGY REQUI REM ENTS 

Current Burden at 60 Cycles. 

C U R R ENT VOLT-
A M P E R ES A M PE R ES 

0 .5  2 .2  
5 43 

20 394 
40 1 240 
60 2760 

t Current lagging voltage 

tt Current leading voltage 

Rating of Overcurrent Unit 

POWER 

FACTOR 
ANGLE 

33°  t 
70° t 
49° tt 
39.2° tt 
32 .5°  tt 

Continuous rating 5 amperes. One second 
rating 1 00 amps. 
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0 Fig. 10. Outline and Drilling Plan for Type KA-4 Relay in Type FT-32 Case. 
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