INSTALLATION

I.L. 41-923A

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KA CARRIER AUXILIARY RELAY

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close 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{thé
phase and ground relays, thereby controllingfthetrans=
mission of the carrier signals.

CONSTRUCTION AND OPERATION

The type KA relay consists of directional auxili-
ary units, receiver and alarm unitsg@and ‘a,phase fault
carrier operation indicator. In addition))the type KA
relay contains a hish speed overcurrent unit used to
start carrier transmission for, groundyfaults. The con-
struction and operation “of” theprelay units are de-
scribed below. Complete, details of the operation of
this relay in the distance catrier 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 gappfluxes’ 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
fourgbasic 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*Denotes change from superseded issve.

the lower pin bearinggis, secured to the frame by a
locking nut. The bearing ‘¢an be replaced, if neces-
sary, without having tosremove the magnetic core
from the frame.

The electromagnet has two pairs of coils. The
coils of eachypair are mounted diametrically opposite
one anothery, Inladdition, there are two locating pins.
The locating pins are used to accurately position the
lowerypinbéaring, 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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Fig. 2. Internal Schematic of the Type KA Relay in Type
FT 32 Case.

on the operating CT.

The primary of the transformer is“tapped, and
brought out to a tap connector blockmfor “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, ingpene time curve
throughout the range of the relay.

Across the secondaryiis, connected a non-linear
resistor known as a pyaristord® The effect of the
varistor is to reduce the voltage peaks applied to the
overcurrent unit andgphase“shifting capacitor.

Directional Auxiliary Units

Thesé areftwo, solenoid-type contactor switches
designated9as CSP and CSG. The plunger of the
contactor switéh has a circular conducting disc
mounted on its lower end and as the plunger travels
upward, the, disc bridges three silver stationary con-
taéts. 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

%, 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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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 thé®holdx
ing coil and receives its energy from, the  carrier
transmitted either from the local transmitter ‘orsthe
one at the other end of the line sections’ These two
coils are connected to oppose eachyGther,with the
operating coil, RRT operating to close thepRRP 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 éperating torque of the RRT
coil. Consequently, RRP and, RRG contacts cannot
close as long as RRH'is efiergized.

Alarm Unit

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 carrier transmitter-receiver.
The failure of the alarm relay to pickup when carrier
is started*vindicates insufficient output from the
transmitter-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 1100 1100 1100
RRT Coil Resistor 1320 5000 11200
RRH Holding Coil 1700 1700 1700
AL Alarm Coil 650 650 650
Operation Indicator (1 amp.) 0.1 0.1 0.1

g,
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I.L. 47-923A

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 Taps
0.5 — 2 amps 0.5 07 10 125 15 2.0
1-4 1.0 1.5 2.0 25 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.

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 cirs
cuits when changing taps under load. connect (the
spare tap screw in the desired tap position before
removing the other tap screw from the driginal tap
position.

The carrier-start overcurrent unitat eagh 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 ¢bothyovercurrent ele-
ments at each line terminal.

INSTALLATION

The relays should/ be mounted on switchboard
panels or their equivalentyin@ location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay verticallypby ‘means of the four mopunting holes
on the flange for ‘semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Eithen@ mounting stud or the mounting screws
may be utilizedyfor grounding the relay. The electrical
connections may be made directly to the terminals by
medns  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
orpinserted 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, no customer adjustments, other
than those covered under/ “SETTINGS”, should be
required.

ACCEPTANCE CHECK

The following check is'recommended to insure that
the relay is in properyworking order:

Overcurrent Unit

With the tap screw in the desired tap hole, pass
rated altérnating current through the relay terminals.
The contaet 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.

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.

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 ma. Now reduce the current and the armature should
move to the left at approximately 4 ma.

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 ma. Now reduce the current and the contacts
should open at 4 to 6 ma.
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Operation Indicator (O1)

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-c.

ROUTINE MAINTENANCE

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

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 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” clearance betweéen
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 theimermally closed
position, i.e., against the right side of%the bridge,
screw in the stationary contact \until both contacts
just close. Then screw ingthe, stationary contact
approximately one-half turn| farther to provide the
correct amount of follow.

The clamp holdingthe stationary contact housing
need not be loosened forfthe 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 throughithe relay terminals.

The\sensitivity adjustment is made by varying
the tension of the spiral siring attached to the moving
elémentyassembly. The spring is adjusted by placing

a screwdriver or similar tool into one of the notches
located on the periphery of the spring adjusterfand
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 ‘Gentaéts 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#aps are desired, place the
tap screw in the next lewer‘tap hole and adjust the
spring until the contacts just open at the desired
pick-up current.

Directiona! Auxiliory/Units (CSP and CSG)

The two contaetor switches, CSP and CSG, have
adjustablesplunger travel. Adjust the stationary core
of the ;switeh fora clearance between the stationary
core andithe moving core of 1/64 " when the switch
is picked up¥’ This can be done by twning the relay
up-side-dewn and screwing up the core screw of the
switchjuntil 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 250-volt relay. These
units have an intermittent rating, and should not be
energized for more than a few seconds.

Pol ar 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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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 ccentact 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 diagram. The
armature should move to the left.

To the holding coil, RRH, apply 10 to 20 milli-
amperes d.c. current observing comrect 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 ratedévoltage
and the holding coil with 4 milliamperes d.¢., 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{thany4 milli-
amperes, the right hand shunt screw should be turned
out to lower this value to the corréct 4 ganilliampere
point.

Increase the hnlding 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 resét value of the armature and pro-
vide for the corréeet, 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.

Alarm Unit

The contacts should close with 8 milliamperes
d-c + 5% applied to théjalarm coil. The armature
rest may be adjusted slightlyyto 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 ‘6ymilliamperes. If the armature
drops out below 4“%ma 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 4007”*with the armature picked up.

Cheek to be sure that a good contact is made by
meanswef)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-c. 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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ENERGY REQUIREMENTS
BURDEN DATA OPERATING CURRENT CIRCUIT - 60 CYCLES

Range Volt-Amperes Power Factor Volt Amperes Power Factor
Amps Taps Tap Value Current Angled at 5 amperes Ang|’¢
5 37 39° 24 % 46°
15 .38 36 13 37
.5-2 1 .33 35 8.5 34
1.25 .41 34 6.0 32
1.5 .43 32 Q 31
2 .45 30 Q 28
1 .41 36° .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 & .93 24
RATINGS RCURRENT UNIT
us Rating One Second Rating
Range ¢ Amps
.5-2 100
1-4 140

C)O ~
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INSTALLATION

I.L. 41-923.2

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KA CARRIER AUXILIARY RELAY

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all-moving parts operate freely, inspect the
contacts to see that they are clean and close 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 thé trans-
mission of the carrier signals.

CONSTRUCTION AND OPERATION

The type KA relay consists of directional auxili-
ary units, receiver and alarm units, andea phase fault
carrier operation indicator. In addition, the type KA
relay contains a high speed overcurrentmunit used to
start carrier transmission for ground faults. The con-
struction and operation of4the 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 wunit. /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
fowr basic components: a die-cast aluminum frame,
an eléetromagnet, a moving eiement 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 isssecured to the frame by a
locking nut. The bearing /anwbe replaced, if neces-
sary, without havinghto ‘remove the magnetic core
from the frame.

The electromagnet has two pairs of coils. The
coils of each pair are’mounted diametrically opposite
one anotherg®In addition, there are two locating pins.
The locating/pinsrare used to accurately position the
lower  pin_bearing, which is mounted on the frame,
with respeet to the upper pin bearing, which is
threaded, into the bridge. The electromagnet is se-
curedito 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

EFFECTIVE NOVEMBER 1959
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on the operating CT.

The primary of the transformer is tapped “and
brought out to a tap connector block fory, 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 picktup current
for any tap setting, resulting in, onegftime curve
throughout the range of the relay.

Across the secondary istéennecéted 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 phasepshifting capacitor.

Directional AuxiliaryQUnits

These afe twio solenoid-type contactor switches
designated asyCSP4and 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 staticnary con-
tacts.),The CSP switch is energized by the operation
of ¢he ‘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

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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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 issthe thold-
ing coil and receives its energy from (the Carrier
transmitted either from the local transmitterg®or the
one at the other end of the line section. “TFhese two
coils are connected to oppose e€ac¢h ‘other with the
operating coil, RRT operating to_close the RRP and
RRG contacts and trip; and thel holding coil, RRH to
hold the RRP and RRG contactsjopen and block trip-
ping. The restraining torque of the RRH coil is suf-
ficient to overcome the, operating torque of the RRT
coil. Consequentlys’ RRPyand RRG contacts cannot
close as long as RRH i§’energized.

Alarm Unit

The alarm element is similar in construction to
the receiver element except that it is energized by a
single coily 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-piek-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

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 1100 1100 1100
RRT Coil Resistor 1320 5000 11200
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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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 Taps
0.5 — 2 amps 05 075 10 125 15 2.0
1—-4 1.0 15 2.0 25 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.

Caufion

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 cirs
cuits when changing taps under load, connect the
spare tap screw in the desired tap positionfbefore
removing the other tap screw from the original/tap
position.

The carrier-start overcurrent unit atgpeach,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 beth “overcurrent ele-
ments at each line terminal.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in,adocation free from dirt,
moisture, excessive /ibration, and heat. Mount the
relay vertically by means 0f 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 “aymounting stud or the mounting screws
may be utilized forfgrounding the relay. The electrical
connections may be made directly to the terminals by
medns of screws for steel panel mounting or to the
termifal 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, no customer adjustments, other
than those covered under ASEERTINGS”, should be
required.

ACCEPTANCE CHECK

The following check is recommended to insure that
the relay is in proper werking 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
pesistor 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 ma. Now reduce the current and the armature should
move to the left at approximately 4 ma.

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 ma, Now reduce the current and the contacts
should open at 4 to 6 ma.
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Operation Indicator (O1)

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-c.

ROUTINE MAINTENANCE

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

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 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” clearance between
it and the top of the shaft bearing. Securély lock®in
position with the lock nut. The lowér bearing posi-
tion is fixed and cannot be adjusted.

With the moving contact in theé normally closed
position, i.e., against the rightgsidef%of) the bridge,
screw in the stationary contact until both contacts
just close. Then screw in_theystationary contact
approximately one-half turn farther to provide the
correct amount of followy

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

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

The sensitivity adjustment is made by varying
thegtension of the spiral sring 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 adjusterand
rotating it. The spring adjuster is located| on the
underside of the bridge and is held in piacewby
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 shouldfbeypwithin 5% of tap
value.

If settings in between tapspare 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 AuxiliaryUnits (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
picked up. .This can be done by turning the relay up-
sideedown 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
inyplace. 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 250-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 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 giagram. The
armature should move to the left.

To the holding coil, RRH, apply 10 to 20 milli-
amperes d.c. current observing comrect 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 ‘dic. “Adjust
the right hand contact shunt screw until the armature
moves to the left. If the armature moves toythe'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“correet 4/milliampere
point.

Increase the holding coilhCurrent to 6 milliamperes
and adjust the left hand shuntWscrew until the arma-
ture resets, or moves to the tight. If the armature
resets at a value of currentyless than 6 milliamperes,
the left hand shunt serew should be turned out. This
will increase thejreset value of the armature and pro-
vide for the cdrrect ‘6Gymilliampere 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.

Polat, Alarm Unit

The\contacts should close with 8 milliamperes d-c
+.5% applied to the alarm coil. Adjust the contact

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

Turn both shunt screws all theyway in. Then back
out both shunt screws “approximately seven turns.
Apply 8 milliamperes d.e. todthe 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 8ymilliamperes, 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.e;, current. The armature should move to
the left bétween the limits of 4 and 6 milliamperes. If
it fails to do so’, adjust the right hand shunt screw
untiliitidoess# 1t will then be necessary torecheck the
pickup)andydropout points again and make any minor
adjustments to the shunt screwsthat may be necessary
untilycorrect 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 turn cause a change in the pickup
current, making necessary several slight readjust-
ments of both shunt screws to obtainthe desired cali-
bration. The armature as finally calibrated 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-c. 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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ENERGY REQUIREMENTS O

BURDEN DATA OPERATING CURRENT CIRCUIT - 60 CYCLES 0
Range Volt-Amperes Power. Factor Volt Amperes Power Factor
Amps Taps Tap Value Current Angled at 5 amperes Angleld
5 37 39° 24 % a6°
) .38 36 13 37
.5-2 1 .39 35 8. 34
1.25 41 34 6

5

. . .0 32
1.5 43 32 4.0 31
2 45 30 Q

1 .41 36° @u 36°

1.5 .44 32 5.0 32
1-4 2 .47 30 3.0 29

2.5 .50 28 \ 2.1 217

3 53 26
4 .59 % .93 24

RATINGS

RCURRENT UNIT

Conti s Rating One Second Rating

Range Amps
5-2 Q 5 100
1-4 \ 5 140
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INSTALLATION

I.L. 41-923.2A

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KA CARRIER AUXILIARY RELAY

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all- moving parts operate freely, inspect the
contacts to see that they are clean and close 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 byathe
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 additien, the type KA
relay contains a high speed overcurrent unit used to
start carrier transmission for ground faults. The con-
struction and operation of ithe relay units are de-
scribed below. Complete (détailswof 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 anit.4 Theygtime phase relationship of the
two air gap fluxes mecessary 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 eiement 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 issve.

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 docating pins are used to accurately position the
lower “piny 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 overcwrent unit and reduces the burden

EFFECTIVE JUNE 1960
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¥ Fig. 2. Internal Schematic of the Type KA Relay in Type

FT 32 Case.

on the operating CT.

The primary of the transformer is tapped“and
brought out to a tap connector block 4fér, ease in
changing the pick-up current of the relay. /SThewuse of
a tapped transformer provides approximately the same
energy level at a given multiple of pick-up current
for any tap setting, resulting 4in ‘onef time curve
throughout the range of the relay.

Across the secondary isS“eonnected 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 AgxiliarypUnits

These dare two solenoid-type contactor switches
designated as{ CSP'and CSG. The plunger of the
contactor switchi ' 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

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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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 cairier
transmitted either from the local transmitter or the
one at the other end of the line sectiof. ““Fhese 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“eoil, RRH to
hold the RRP and RRG contacts open and block trip-
ping. The restraining torquegofythe®RRH coil is suf-
ficient to overcome the, operating) torque of the RRT
coil. Consequently, (RRPyandsRRG 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 contactspand give an alarm. This element has a
higher-piek-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
failureyof the alarm relay to pick-up when carrier is

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 27 435
CSP & CSG Tapped Resistor 200 600 6000
Carrier Resistor 2000 3750 19000
RRT Operating Coil 1100 1100 1100
RRT Coil Resistor 1320 5000 11200
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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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 Taps
0.5 — 2 amps 05 07 10 125 15 20
1-4 1.0 1.5 2.0 25 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.

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 ¢ir-
cuits when changing taps under load, conneet the
spare tap screw in the desired tap position before
removing the other tap screw from the original tap
position.

The carrier-start overcurrent unitfatheach 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 upsboth 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 meamns 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 ‘aymolinting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
medns of serews 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, no customer adjustments, other
than those covered under( “SETTINGS”, should be
required.

ACCEPTANCE CHECK

The following ¢éheck)is recommended to insurethat
the relay is in proper Werking order:

Overcurrent WUnit

With the tap screw in the desired tap hole, pass
rated alternating current through the relay terminals.
Theycontact 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 ma. Now reduce the current and the armature should
move to the left at approximately 4 ma.

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 ma. Now reduce the current and the contacts
should open at 4 to 6 ma.
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Operation Indicator (OI)

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-c.

ROUTINE MAINTENANCE

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

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 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” clearance betweéen
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 ofythe bridge,
screw in the stationary contact{untiltboth contacts
just close. Then screw in_the “Stationary contact
approximately one-quarter turndfarther to provide the
correct amount of follow.

The clamp holding the stationary contact housing
need not be loosened ‘forf{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 ténsion of the spiral sring 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 adjustersand
rotating it. The spring adjuster is located on the
underside of the bridge and is held in piace%by
a spring type clamp that does not have to be loosened
prior to making the necessary adjustments.

Adjust the spring until the4econtacts just open.
With this adjustment, the pick-up“of the relay for
any other tap setting should be jwithin #5% of tap
value.

If settings in between, taps ‘are desired, place the
tap screw in the next lowerytap 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 thefmoving core of 1/64* when the switch is
picked*upi, This can be done by turning the relay up-
side-down and screwing up the core screw of the
switeh 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 vdts for the 125-volt relay and 120
volts for 250-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 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 giagram. 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 approximately46
turns. Back out the right hand shunt screw approxi-
mately 9 turns.

Re-energize the operating coil with rated woltage
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 maves topthe left,
at a value of holding coil current greater than 4 milli-
amperes, the right hand shunt screw shoeuld be turned
out to lower this value to the (correct44 milliampere
point.

Increase the holding coilycurrent to 6 milliamperes
and adjust the left hands#Shuntuscrew until the arma-
ture resets, or moves to the right. If the armature
resets at a value of eurrentsless than 6 milliamperes,
the left hand shunt screw)should be turned out. This
will increase, theyreset.value of the armature and pro-
vide for thefcorrect“G,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 Unit

The contacts should close with 8 milliamperes d-c
#,59% applied to the alarm coil. Adjust the contact

screws to obtain an .050” contact gap, such that
the armature motion between the leftfand 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 screwsWappreximately seven turns.
Apply 8 milliamperesdie. topthe coil observing cor-
rect polarity, and then/'secrew 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.e. current. The armature should move to
the leftfbetween the limits of 4 and 6 milliamperes. If
itfails"to do so, adjust the right hand shunt screw
until itydoes. It will then be necessary torecheck the
pickup and dropout points again and make any minor
adjustments to the shunt screwsthat may be necessary
untilycorrect 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 turn cause a change in the pickup
current, making necessary several slight readjust-
ments of both shunt screws to obtainthe desired cali-
bration. The armature as finally calihrated 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-c. 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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)
ENERGY REQUIREMENTS O :

BURDEN DATA OPERATING CURRENT CIRCUIT - 60 CYCLES

Range Volt-Amperes Power Factor Volt Amperes Power Fo?r
Amps Taps Tap Value Current Angled at 5 amperes Angle
5 37 39° 24 6°
15 .38 36 13 37
5-2 1 .39 35 8.5 34
1.25 .41 34 6.0 32
1.5 .43 32 4. 31
2 .45 30 .9 28
1 .41 36° 36°
1.5 44 32 .0 32
1-4 2 .47 30 3.0 29
2.5 .50 28 2.1 27
3 .53 1.5 26

26 \
4 .59 .93 24

RATINGS OF@RCURRENT UNIT
Con@T!nﬁng One Second Rating
Range ps Amps

.5-2 K 5 100
1-4 5 140
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INSTALLATION

Westinghouse I.L. 41-923.48
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KA-4 CARRIER AUXILIARY RELAY

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

APPLICATION

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 section to which it is applied, and to permit
instantaneous simultaneous tripping for internal
faults. The relay is arranged to respond to ndica-
tions of fault power and direction provided by)the
phase and ground relays, thereby controlbing the
transmission of the carrier signals.

CONSTRUCTION AND OPERATION

The Type KA-4 relay consists of,‘directional
auxiliary units, receiver an@ alamn 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. 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_seties with one pair of pole windings.

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

SUPERSEDES I.L. 41-923.4B

*Denotes changes from superseded issue.

The frame seryes 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 sp@pyring.” The bearing can be replaced,
if necessary, \without having to remove the magnetic
core frommthe“frame.

The electromagnet has two pairs of coils. The
coilstof“each pair are mounted diametrically opposite
ofieganother. 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 electromagnetis
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
alumium 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 posi-
tive potential to be applied to the carrier transmitter.

EFFECTIVE NOVEMBER 1965
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@ ALARMRELAY
(AL)
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Fig. 1 Type KA-4 Relay Without Case. (Front View)
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RELAY-TYPE KA-4 CARRIER AUXILIARY FOR KR CARRIER
IN TYPE FT-32 CASE
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Fig. 2 Internal Schematic of the Type KA-4 Relay for KR

carrier set.

A transformer and current limiting, reagtor is
used in conjunction with the overcurrent unit. “Fhe
transformer and reactor are of the safuratingytype
and limit energy to the overcurrent unit/and®reduce
the burden on the operating CT. gThis‘transformer
supplies one set of coils on the electromagnet with
voltage shifted by approximatl§a90®=from the resi-
dual current supplied directly toWanother set of
coils.

Directional Auxiliary Units

These are twoSolénoid-type contactor switches
designated asgCSR.andCSG. The plunger of the
contactor switchyhas®a circular conducting disc
mounted on'its dowerpend and as the plunger travels
upward, the disc bridges three silver stationary con-
tacts. The CSR switch is energized by the operation
of the second zone unit of the KD-4 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 paral-
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 ener-
gizes the RRT operating coil of the receiver relay
unit.

Fig. 3 Internal Schematic of the Type KA-4 Relay for TC
carrier set.

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. 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 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 connect~
ed in the phase and ground trip circuit respectively.
These contacts are operated by two concentric coils,
RRT and RRH, which are placed around the armature
and within the magnetic frame. RRT is the operating
coil and receives its energy from the local battery
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TYPICAL TIME CURVE OF THE CARRIER-START OVERCURRENT UNIT
OF THE TYPE KA-4 RELAY
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Fig. 4 Typical Time Characteristics of carrier start over-
current unit of the type KA-4 Relay.

when either CSP or CSG is closed. RRH is the holds
ing coil and receives its energy from the carrier
transmitted either from the local transmitter of the
one at the end of the line section. These two
coils are connected to oppose each other{with the
operating coil, RRT operating to close the RREgand
RRG contacts and trip; and the holding(coil;%RRH to
hold the RRP and RRG contacts openy 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 elementdis similar in construction to
the receiver element except that it is energized by a
single coil and operates’a single set of contacts.
The coilis energized by the received carrier to close
the contacts and givéran alarm. This element has a
higher-pick-up, than that of the receiver element in
order to Obtainya direct check on the sensitivity of
the carrier ‘transmitter-receiver. The failure of the
alarm Telay to pick-up when carrier is started in-
dicatesginsufficient output from the transmitter re-
ceivers.

Squelch Unit

The function of the squelch unit is to hold off
the carrier for a period of 150 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 transmitte@foriany functions.

The squelch unit is a telephoneytype unit of
slow release type.

In these relays, afiy electfomagnet attracts a
right angle iron bracketywhi€h in turn operates one
normally open contact. “The slow release is ob-
tained by a coppergpslugalocated at the end opposite
from the armature. /When the coil becomes de-ener-
gized, the ‘changelin/flux through the slug results
in an electromotive force and associated current in
it. This eurtentyproduces a flux which aids the main
flux and, delays the release of the armature when the
coil is“enmergized, the operation of the relay is not
appreciably‘delayed because the armature is operated
bymfluxynot linking the slug.

Operation Indicator

The operation indicator gives a visual indica-
tion 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:

For Use With KR-Set 48V 125 250
Avg. Avg. Avg.
Ohms Ohms Ohms

CSP or CSG Coil 27 27 435
CSP & CSG Tapped Resistor 200 200 6000
Carrier Resistor 2000 3750 19000
RRT Operating Coil 1100 1100 1100
RRT Coil Resistor 1320 5000 11200
RRH Holding Coil 1700 1700 1700
AL Alarm Coil 500 500 500
Operation Indicator (1 amp.) 0.1 0.1 0.1
Squelch Unit Coil 3300 3300 3300
* Squeleh Unit Adj. Resistor - 8500 15000
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For Use With TC-Set

CSP or CSG Coil 27 27 435
CSP & CSG Tapped Resistor 200 600 6000
Carrier Resistor 1000038750 -

RRT Operating Coil 1100y 1100 1100
RRT Coil Resistor 1820 5000 11200
RRH Holding Coil 20 20 20
AL-Alarm Coil 4 4 4
Operation Indicatorg1amp.) 0.1 0.1 0.1
Squelch Unit @eil 3300 3300 3300
Squelch Unit Adj.“Resistor - 8500 15000

The piek-up afid operating values of these units
are given undep4Adjustments and Maintenance’’.

The time characteristic of the overcurrent unit
is @hown in Fig. 4.

The pick-up value of the over-current unit can
beschanged from the factory adjusted value of 0.5
amperes to any value up to 1 amp. by increasing
spring restraint.

SETTINGS

There are no settings to be made.

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 forgrounding therelay. 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.
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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, no customer adjustments,
other than those covered under ‘‘SETTINGS’’, should
be required.

Acceptance Check

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

Overcurrent Unit

Pass 0.5 amperes of alternated current through
relay terminals the contact should pick-up within
.475 and .525 amp.

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 setonds.

Operation Indicator (OI)

With the polar unit contacts closed, apply ‘direct
current to the operation indicator relay terminals.
The operation indicator should pick-upfandydrop the
indicator target between 1 ampere and “W.2,amperes
d-c.

Squelch Unit (SQ)

Apply rated D.C. yoltagedto relay terminals that
will energize the squelchdmit and note contact opera-
tion.

Blocking Zener Diode

Apply rated D.C. voltage in series with 10,000
ohms resistoers ‘across terminals 8 and 9 with posi-
tive on 9;thejcurrent leakage flow should not exceed
.25 ma.\), Rewverse polarity of the applied voltage;
the cunrent flow should be equal to the applied
voltageidivided by the series resistance.

FOR RELAYS TO BE USED WITH
TC-TYPE CARRIER

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 leftzhandapedestal
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; abserving polar-
ity as shown in the internal schematic. The armature
should move to the left.

To the holding coil 4{RRH) relay terminals, apply
direct current observifig, correct polarity. Increase
the current until thegarmature moves to the right.

The armature, should move to the right at approx-
imately 60 ma.), New reduce the current and the
armature “should_move to the left at approximately
40 ma.

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 80 ma. Now reduce the current and the contacts
should open at 40 to 60 ma.

FOR RELAYS TO BE USED WITH
TYPE KR CARRIERS

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 ma. Now reduce the current and the armature
should move to the left at approximately 4 ma.

Alarm Unit (AL)

Connect direct current to the alarm unit relay

2
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terminals. Increase the current until the contacts
pick up. The contacts should pick up at approxi-
mately 8 ma. Now reduce the current and the con-
tacts should open at 4 to 6 ma.

ROUTINE MAINTENANCE

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

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 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 ‘‘Agcept-
ance Check’’).

Overcurrent Unit

The upper bearing screw should be screwed
down until there is approximately 1/64® cleafance
between it and the top of the shaff bearing. |Securely
lock in position with the lock nut.“§Thes@wer bear-
ing position is fixed and cannot he adjusted.

With the moving contactgin thegnormally closed
position, i.e., against thefright@side of the bridge,
screw in the stationary contactdéuntil both contacts
just close. Then screwg/ing the stationary contact
approximately one-=guarter turn farther to provide the
correct amount oOf follow.

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

Pass, 0.5 amp. of a.c. through relay terminals.
The sensitivity adjustment is made by varying

theytension of the spiral spring attached to the mov-
ing “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 adjust-
er and rotating it. The spring adjuster\is logated
on the underside of the bridge and is held i place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Adjust the spring until the€ontact just open.
In a similar manner the pick=up valde can be adjust-
ed for any value between .5,— 190 amp.

Directional Auxiliary Units (CSP and CSG)

The two contaetor switches, CSP and CSG, have
adjustable plunger, traveld’ Adjust the stationary core
and the moving coreéypof 1/64’’ when the switch is
picked up. Thisycan be done by turning the relay
upside-downl and, screwing up the core screw of the
switchhuntil the/contacts just separate. Then back
off the\cone serew approximately one turn and lock
impplace.), This prevents the moving core from strik-
ingWand“Sticking to the stationary core because of
residualy 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 125-volt relay and 120
volts for 250-volt relay. These units have 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
125 v.d.c. relays and for 13000 ohms for 250 v.d.c.
relay. With armature closed adjust the residual air
gap to be .002"’ — .003"’. Contact gap should meas-
ure from .020’’ to .035’’. Check for dropout time
between .140—.160 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
16 milliseconds at —20% rated D.C. voltage. If
necessary readjust series resistor.

Operation Indicator

The operation indicator should pick up and drop
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the indicator target when the current is between 1 and
1.2 amperes d-c.

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

ZENER DIODE TEST

Forward Characteristics

Pass 200 milliamperes of d.c. 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.

Reverse Characteristics — Breakdown Voltage

The breakdown voltage is determined by in-
creasing voltage across temminals 8 and 9 with
positive on 9. Place 10,000 ohm resistor in series
with amp. meter. Increase voltage until current
reads .25 milliamperes. Measure d.c. voltage
across terminals 8 and 9. The voltage should be
between 160 and 240 volts for 48 and 125 v.d.c.

% rated relays; and 320 to 480 volts for 250 v.d.c.

rated relays. Do not exceed 3.0 ma. current in
the circuit. -

FOR RELAY TO BE USED WITH
TC-TYPE CARRIER

Polar Receiver Unit

Back off contact screws so that they do _not
make contact. Screw magnetic shunts [into the all-
oui position (5 or 6 screw threads showings) The
armature should remain against whi¢hever side it is
pushed with this adjustment.

Adjust the stationary confacts_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 headfonl the moving armature
and the right hand pole face (a .010’’ travel of
the rivet head{is gequal¥ to .020’' travel of the
moving contactsS)y Usingfan 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 simult-
aneously.

Connect a jumper between the middle and left
hand“eontact 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 internal schematic diagram.yThe
armature should move to the left.

To the holding coil, RRH, apply 100 to 200
milliamperes d.c. current observing correct polarity.
The armature should now moveyto “the right. De-ener-
gize both coils and see that_the“armature stays up
against the right hand side.

Run both shunt screwsdtall the way in, and then
back out the left hand“shunt screw approximately 6
turns. Back out thé right ‘hand shunt screw approxi-
mately 9 turns.

Re-energize £he operating coil with rated voltage
and the halding coil with 40 milliamperes d.c. Adjust
the right ‘han@, shunt screw until the armature
moveés,tonthe'left. If the armature moves to the left,
at hagvalue of holding coil current greater than 40
mildiamperes, the right hand shunt screw should be
tutned outto lower this value to the correct 40 milli-
ampere, point.

Increase the holding coil current to 60 milli-
amperes and adjust the left hand 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 screw 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 close with 80 milliamperes
d-c + 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 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

‘)
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turns. Apply 80 milliamperes d.c. to the coil observ-
ing correct polarity, and then screw in the left hand
shunt screw until 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 d.c. current. The armature should
move to the left between the limits of 40 and 60 milli-
amperes. 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 turn cause a change in the pickup
current, making necessary several slight readjust-
ments of both shunt screws to obtain the desired
calibration. The armature as finally calibrated
should pickup and dropout with a snappy action.

FOR RELAYS TO BE USED WITH
KR-TYPE CARRIER

Polar Receiver Unit

Calibrate as outlined above except applyal5 ma.
d-c current for polarity check. The pickup value
should be 4 milliamperes d.c. (armaturefmoves to
left) instead of 40 ma. The reset calibration (arma-
tures moves to the right) should be\done] at 6 milli-
amperes instead of 60 ma.

_Alarm Unit

Calibrate as outlined above. Except check
pick-up at 8 milliamperes +5% instead™ef 80 ma.
Dropout should be between 4 and 6 ma. instead of
40 and 60 ma.

RENEWAL (PARTS

Repair work can be done most satisfactorily at
the factory. Howeverginterchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When“6rdering parts, always give
the complete nameplate) data.

ENERGY, REQUIREMENTS

Current Burden at 60 Cycles.

CURRENT VOLT- FPAOCWTEO%
AMBERES AMPERES ANGLE
0.5 2.2 330
5 43 700 t
20 394 497 11
40 1240 39.20 11
60 | 2760 32.5° t 1

t Current lagging voltage
t + Current leading voltage

Rating of Overcurrent Unit

Continuous rating 5 amperes. One second

rating 100 amps.
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Westinghouse 1.L. 41-923.9B
MAINTENANCE

INSTRUCTIO NS

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 Leaflet 40-203.2
before energizing this relay. Failure to
observe this precaution may result in
damage to the equipment. Before putting
the relay into service, operate the relay
to check the electrical connections.

Do not remove or insert printed circuit
boards while the SKAU-3 relay is ener-
gized. This may result in breaker -trip-
ping or component damage.

APPLICATION

The type SKAU-3 relay is a solid state direction-
al comparison blocking auxiliary relay for use with
on-off type TC carrier or a tone channel. This relay
will prevent tripping for faults external to thegbro-
tected line section to which it is applied, and permit
high speed simultaneous tripping for internal “‘faults.
The SKAU-3 relay will respond to inputs indicative
of fault direction, distance and power thereby“eon-
trolling the transmission of a blocking signal for
an external fault or high speed tripping.fer an internal
fault.

The SKAU-3 may be appliéd toptwo or multi-
terminal lines. A weak feed “Option permits the
SKAU-3 to be used at termifals, that fail to deliver
a meaningful amount of fault current. Another option,
checkback, permits a single station check of all
SKAU-3 terminals andhannels.

CONSTRUCTION

The SKAU-3frelayfdis mounted on a 19 inch wide
panel 5% inchesphigh (3 rack units) with edge slots
for mounting on a ‘standard relay rack or panel. For
the outline dimensions of the relay refer to Fig. 29.

A¢hinged and removable door on the front of the
chassisicovers the printed circuit boards. The photo-
graphinFig. 1 shows the front view of the relay with
the déor open. A sealing post at the top center in
front may be used to lock and seal the relay when
in service.

The rear panel consiSts offa hinged door which
may be opened to expose the, relay harness wiring
and the four (4) power supplyresistors.

All of the circuitry fsuitable for mounting on
printed circuit boards are contained in an enclosure
behind the front ‘deor. The printed circuit boards
slide into position, in®Slotted guides at the top and
bottom of the €nclosure, and engage a terminal block
at the reargof“the compartment. Each board and
terminal blockare keyed so that they cannot be
accidentally inserted into the wrong slot location.
A handle“mounted on the front end of the board is
dsed,foriidentification and for removing and inserting
the“eircuit. In addition the handles also serve as a
bumperdwith the front door to prevent the board from
becoming disconnected from its terminal block. The
beards may be removed for replacement purposes
or for use in conjunction with printed circuit board
extender (Style No. 849A534G01) which permits
access to the boards test points and terminals for
making measurements while the relay is energized.

The SKAU-3 relay contains eight (8) printed
circuit boards for the basic system, two (2) more
with the checkback option, and two (2) more with the
weak feed option. Thelocation and title of the printed
circuit boards are shown on the relay component
location drawing, Fig. 2.

Printed Circuit Boards

Following is a description of all the printed
circuit boards used in the SKAU-3 relay. Refer to the
functional relay logic shown in Fig. 3 and 4. The
internal schematics associated with the printed cir-
cuit boards contain a detailed NOR logic diagram to
simplify understanding of 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
Surther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

SUPERSEDES |I.L. 41-923.9A, dated Aprll 1974

©Denotes change from superseded issue.

EFFECTIVE JUNE 1977
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For those users not generally acquainted with

logic circuit notation or with device symbols of those
components used in the SKAU-3 drawings, it is
recommended that a copy of Westinghouse instruction
leaflet I.L. 41-000.1 entitled ‘‘Symbols for Solid
State Protective Relaying’’ be consulted.

A.

Power Supply Board

The Power Supply (PWR SUPPLY) board located
in slot A contains two 20 volt transistor regula-
tors: These voltage regulators will operate from
a nominal battery supply of 48 to 125 V.D.C.
by varing resistors RA, RB, RC and RD mounted
in the rear of the chassis.

Location of components on this board is shown
in Fig. 5 and the internal schematic in Fig. 6.

Protective Relay Interface Board

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

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

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

Loss of ac Potential Board

The loss of ac Potential (Loss OfgPot® board
located in slot C contains a 5004500 mi%lisecond
time delay and a buffered inputtand“utput. If an
input to this timer is obtained; as,fer an ac po-
tential fuse failure, then 500 milliseconds later
a voltage output will be present.

A link on this board mayfbé \removed to prevent
block of trip dueyto an output from this timer.

Location of gompdnents on this board is shown
in Fig. 9, and thé intefnal schematic in Fig. 10.

Weak Feed Logic 1 Board

The weak feed logic 1 (W.F. Logic 1) board
located“in slot D contains logic and timing, and
is used@only for those SKAU-3 relays with the
weakngfeed option. The primary purpose of the
logic here is to determine if a weak feed trip is
required, or if it is to be blocked.

Three buffered inputs for the voltage relays(and
21S are included on this board. This is aeeoms
plished with the three input AND whose output
is at TP4 of The Weak Feed board. A 10/0%mildi-
second timer is associated with a 21S memory
circuit for external bolted three phase faults.

Location of components on this beard is shown
in Fig. 11, and the interndlyschematie in Fig. 12.

Weak Feed Logic 2 Board

The Weak Feed Logiey2 (WeF. Logic 2) board
located in slot E centaingylogic and timing, and
is used only for_those,SKAU-3 relays with the
weak feed option.

One buffered input for 52b, two timers, and logic
are in€luded ©n this board. The primary purpose
of this'board is*to block a trip output at the weak
feed, terminal” when bus potentials are used and
theQsupply) breaker is open and 27 is operated,
and toWblock tripping at remote terminals when
energizing a faulted bus. The 0/50 millisecond
timer allows sufficient time for the 27 to reset
and” the 6/150 millisecond timers provide the
necessary carrier transmission delays.

Location of components on this board is shown
in Fig. 13, and theinternal schematic in Fig. 14.

Receiver Interface Board

The Receiver Interface (RCVR INTR) board
located in slot F contains the buffered channel
interface inputs, buffered channel output, and
appropriate AND and OR logic for initiation of
transient blocking.

Location of components on thjs board is shown
in Fig. 15, and the internal schematic in Fig. 16.

Transmitter Stop Control Board

The Transmitter Stop Control (XMTR STOP) board
located in slot G contains buffered inputs and
an output, logic, and timing to stop transmitter
keying.

Buffered inputs for a high set overcurrent unit,
a spare input and a ground relay, and abuffered
output for transmitter stop are included on this
board. A 1.5/150 millisecond timer is used to
squelch transmitter start for 150 milliseconds
after a 50 (I) unit reset or a pilot trip signal
is removed.
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Location of components on this board is shown
in Fig. 17, and theinternal schematic in Fig. 18.

H. Transmitter Start Control Board

The Transmitter Start Control (XMTR START)
board located in slot H contains buffered inputs
and an output, logic, and timing to start trans-
mitter keying.

Buffered inputs for an overcurrent unit 50 (Ios),
carrier start unit 21S and a test switch for check-
back, and a buffered output for transmitter start
are included on this board. A 10/10 millisecond
timer is used to continue transmitter keying for
10 milliseconds to provide blocking while relays
reset at the clearing of an external fault.

Location of components on this board is shown
in Fig. 17, and the internal schematic in Fig. 18.

I. Checkback - Board

The checkback-1 board located in slot I contains
logic and timing, and is used only for those
SKAU-3 relays with the checkback option.

One buffered input for a test switch, a flipfflop
for locking out a station after it checksbdck, and

various control logic are included on this“board.

The 2000/10 millisecond timer is used te, delay
committment to a checkback for tramSmissiens
up to 2 seconds. After completion of checkback,
the 15 sec./25 timer will reset thegflip flop.

Location of components on this boeard is shown
in Fig. 19, and the internal sechematic in Fig. 20.

J. Checkback 2 Board

The Checkback 2 (CK BK:2) board located in
slot J contains a front, adjdstable 5 to 10 second
timer which is thechecK=in time of the checkback
scheme. Outputy ofthiS timer starts transmitter
keying. The transmitter will remain keyed for
approximately 2.5gseconds after an input to the
timer is losts

Location of components on this board is shown
in Fig. 21¢and the internal schematic in Fig. 22.

K. @Block/Unblock Control Board

The Block/Unblock Control (BLK/UNBLK) board
contains logic and timers for the control of the
transient blocking and unblocking 18/18 timer

1.L.41-923.98B

on the TRIP OUTPUT board. In addition, an
input buffer, AND, and OR are included “onmthis
board as part of the checkback scheme.

The transient block and unblock control logic
has two timers: a 0/2 millisecond timer to con-
tinue transient block timing for a momentary
loss of input, and a 0/1000 millisecond timer to
hold transient blocking, in“effect during adjacent
line high speed reclosing?

Location of components on this board is shown
in Fig. 23, and thedinternal schematic in Fig. 24.

L. Trip OutputsBoard

The TRIP OUTPUT board located in slot L. con-
tains ghe; final” tripping logic and timing of the
rébay.VThis)board utilizes the intelligence sup-
pliedyby ‘the P.R. INTR. board for tripping or the
BLK/UNBLK board for either transient blocking
or ‘umblocking. A buffered pilot trip 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,
and a 18/18 millisecond timer for transient
blocking/unblocking.

Location of components on this board is shown
in Fig. 25, and the internal schematic in Fig. 26.

OPERATION

The type SKAU-3 relay is used in a directional
comparison blocking relay system for power line
protection. High speed tripping is obtained for two
or multiterminal applications for faults anywhere on
the protected line.

System Operation

In a directional comparison blocking system,
tripping occurs when the local phase or ground
distance relays operate and no blocking signal is
received from the remote end. Normally the com-
munication equipment is off and is only transmitted
as a blocking signal for an external fault.

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

Refer to system I.L.. 40-203.2 on the directional
comparison system for further system operation.
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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 normal operating condition of the SKAU-3
relay.

2. _Infernal Fault

For an internal fault either the ground protective
relay (2INP or 67N) or the phase protective
relay (21P) and the 50(Ia/Ic) overcurrent unit
will operate and start timing either one or both
of the 2-20/0 ms timers on the Protective Relay
Interface Board. After a time delay as set on
the 2-20/0 timers, a logic ‘‘1’’ signal will be
obtained at T1 or 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 18/18 ms transient blocking timer is
stopped, and an input is applied to the XMTR
STOP CONTROL board to insure that there is
no keying.

3. External Fault - Reverse

For a reverse external fault, thereverse reaching
relays 21S or the overcurrent relay 50des)| will
operate to start keying the local transmitter.
This keyed signal will be receivedgat the_rémote
end causing it to block.

At the local terminal, the transmitter start out-
put will satisfy the lower tWo (2) input AND on
the RECEIVER INTERFACE )board, thereby
causing a logic ‘‘1’’ at TPS8. This signal will
satisfy the threeq(3) \input/ OR on the block/
unblock controlgboard, ca@sing a logic ‘‘1’’ at
TP12, which,4n tufn, will pickup the 18/18 ms
transient blocking timér on the TRIP OUTPUT
board. This causes A'P7 to become a logic ‘1"’
to both block the pilot trip output, and to pickup
the 0/1000 ms timer on the block/unblock control
board. Transient blocking is established to in-
sure against any misoperation due to fault power
flow \reversals caused by unequal breaker re-
closingtimes on parallel lines.

"Thedl000 millisecond reset time of the 0/1000 ms
timer holds transient blocking intact to prevent

misoperation during adjacent line high speed
sequential reclosing.

The 0/2 timer on the block/unblock control beard
prevents loss of transient block timing if the
signal at TP8 (Receiver Interface Board) is
momentarily (less than 2 milliseconds) lost.

External Fault - Forward

For a forward external fault, the overreaching
tripping relays which saw the\internal fault may
see the external faultiylf they do see the fault
then the remote reyerse teaching relays 21S or
50(Ios) will see the fault4Since they reach farther
than the tripping relays. This causes the remote
transmitter to keyy, which is locally received as
a logic ‘‘12” signal at the CH. BLOCK input.
This gignal ¢auses a ‘1’ at TP4 of the RE-
CEIVER,INTERFACE board, which will block
both, AND%s on‘the PROTECTIVE RELAY INTER-
FACE BOARD. Therefore no output will occur
at T1 or, T2, and thus no pilot trip output will
appears

If the forward reach tripping relay sees the
external fault, then a transmitter stop signal
together with the CH. BLOCK signal will satisfy
the upper AND on the RECEIVER INTERFACE
board to initiate transient blocking as for the
reverse external fault.

Sequential Fault

Occasionally an external fault will be followed
by an internal fault before the former is cleared.
In order to prevent a long delay in clearing a
sequential fault, 18 millisecond transient un-
blocking time is provided. Although transient
blocking has been initiated by the external
fault, the presence of an internal fault will stop
signal transmission at the remote end to remove
the CH. BLOCK input at the local terminals.
This will stop blocking the two (2) AND's on
the PROTECTIVE RELAY INTERFACE board
allowing an output at T1 or T2 for an internal
fault. This output will pickup the 4/0 ms timer
on the TRIP OUTPUT board but will not cause
tripping as it is blocked by transient blocking.
However, the output from T1 and T2 is 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
blocks output from the AND, even though the
1000 milliseconds timer is still dropping out.

v,
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The three (3) input OR will no longer be satis-
fied since transient blocking initiation from the
RECEIVER INTERFACE board has stopped for
an internal fault, thereby allowing the 18/18 ms
timer to dropout, removing blocking and allowing
pilot tripping.

Channel Transmitter Control

Two separate transmitter control buffered outputs
are provided: one for transmitter start, the other
for transmitter stop, Within the transmitter, stop
must have priority over start.

Transmitter start is controlled by the reverse
reaching relays 21S or 50(Ios), in order to send
a signal to the remote terminal indicating an
external fault. The 10/10 ms timer on the XMTR
START CONTROL board is used to continue
blocking for relay reset coordination to take
care of any condition where transient blocking
had not had a chance to set up. Transmitter
start will initiate transient block timing through
the lower AND on the RECEIVER INTERFACE
board, provided there is no transmitter stop sig-
nal. There isalso provision 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 transmitter
is stopped for an internal fault condition. Opera-
tion of a phase (21P), ground (21NP “or, 67N
(Z xIos)) or high set overcurrent 50(If) unit will
stop keying. The 21INP/67N unit is)s@pervised
externally by Ios to stop keying @nd prevent Ios
block of trip for a low cusrent\internal fault.
When a pilot trip occurs, itsSWeutput will hold
keying stopped, and after beth theWpilot trip and
50(Ig) signals are remoyed, keying will remain
squelched for anothergh50“miltliseconds. This
squelched signal is providéd by the dropout of
the 1.5/150 ms timer Ongth€ XMTR STOP CON-
TROL board in ofdepte prevent a block of trip-
ping being set up)A SPARE input is provided
and OR’edfwith the 50 (I i) input.

In additiondto stopping transmission, a XMTR
stop signal “will prevent XMTR start from ini-
tating transient block timing, but permits tran-
sient block timing, for an external fault where
a(CH. BLOCK signal would be received. This is
accomplished by the upper and lower AND’s
respectively on the RECEIVER INTERFACE
board.

I1.L.41-923.98

7.

Loss of ac Potential

Since tripping of circuit breakers is/undesirable
for loss of ac potential as for fuse failure, the
SKAU-3 relay provides a voltage output and
optional block of tripping for this situation. This
is accomplished by the 500/500 ms. timer on
the LOSS OF ac POTENTIAE board. In 500 milli-
seconds after a loss 4ef poténtial input, a logic
‘““1”” signal will be producéd” at TP4 on this
board. A buffered ‘‘L2*output» will be obtained at
the J1 connector. A LINK”Yin the LOSS OF ac
POTENTIAL board, when in, allows this logic
‘“1”’ signal to block the two AND’S on the PRO-
TECTIVE RELAYJNTERFACE board through
a two (2) ,input“©@R on the RECEIVER INTER-
FACE boardy thereby blocking trip. When the
loss of potential condition has cleared, the
500/500 s Jtimer will reset in 500 milliseconds
to remoyvethe block of trip.

Channel Checkback Scheme

(Information in this section pertains only to
those SKAU-3 relays having the CHECKBACK
option, and covers 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 transmitter to be
started through the 3 input OR of the XMTR
START CONTROL board. The transmitted signal
will be received at all terminals (local and
remote) as a logic ‘‘1’’ at the CH. BLOCK input.
This logic ‘““1’’ will cause terminal 12 of the
CHECKBACK-1 board of all the remote terminals
to become a logic ‘‘1’’ satisfying the 2 input
AND, except at the local terminal where the
closing of TEST (CBI) switch caused TP9, of
the CHECKBACK-1 board, to change from 1 to 0
blocking the AND. Therefore, at the remote
terminals only, the 2000/10 ms timer will pickup
in approximately 2 seconds satisfying the 2 input
OR and one input of the AND following it, there-
by committing the SKAU-3 to a checkback
transmission.

Now, the test (CBI) switch is opened stopping
signal transmission, and causing the CH BLOCK
signal to change from ““1’’ to ‘“0’’ at all termi-
nals. This removes the logic ‘‘1’’ from terminal
12 of CHECKBACK-1 board satisfying the ne-
gated input of the 2 input AND following the OR,
and at the remote terminals only, the other input
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of this AND is satisfied while the 2000/10 ms
timer is 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 5-10 sec. adjust-
able timer in CHECKBACK-2 board starts timing,
and after the set time will cause that remote
transmitter to key to all terminals, and also set
its flip flop to lock out this station. The trans-
mitted signal at the remote terminal will also be
received at the same terminal, and causing CH.
BLOCK ‘0"’ to ‘‘1’’, and the negated inputof
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 causing the signal
to be transmitted for only 2.5 seconds.

For systems with more than one remote terminal,
each terminal is set for a different check in time
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
5to 10 sec. setting) started keying its checkback
signal to the local terminal, this signal would
also be received at the remainder of the remoge
terminals causing TP5 on CHECKBACK-1 board
to change from ‘‘1”’ to ‘‘0’’. This will prevent
the 5-10 sec. timer on CHECKBACK-2 boardfrom
timing any further. When the check in $ignal
stops, after approx. 2.5 seconds as mentigned
earlier, then the remote terminals not chegked
in will again be committed to c¢heckback, 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 removes logic ‘‘1’’ fromgthe tw¢o” input AND
on the CHECKBACK-1 board, {in which this
terminal will not operatemwhenmthe other remote
terminals are transmitting @& signal). Thisprocess
will continue until§all“temote terminals have
checked in, after whichytime the 15 sec. timer
on CHECKBACK-l{board resets the flip flop.

To check that the relay is blocking properly with
the blocking signal transmitted from the remote
terminal, the TEST (For) switch on the functional
test urit, where supplied, is closed. This will
circdlate\test current in the tripping relays,
simulate a’50(Ig) input to the SKAU-3 andsatisfy
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 blocked. 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 followingjloss
of the CH BLOCK signal after the 2.5 seconds
of check-in stops.

Weak Feed Operation

(Information in this sectien applies) only for
those SKAU-3 relays havingy thes®Weak Feed
option).

For those SKAU-3 relays, foryuSe at a weak feed
terminal where fault currentymay not be adequate
to operate the phase and,ground distance relays,
the logic in Fig. @4 applies.

Either the underor overvoltage, 27 or 59N, relay
would qperate for an internal fault causinga logic
‘1’ at TP4of “Weak Feed Logic 1 board. This
signal causesa logic ‘‘1’’ to appear at terminal
6 ofthe “PROTECTIVE RELAY INTERFACE
board, and after atime delay, causes a logic “‘1”’
at T2tedset up pilot trip.

Fer an external fault, the reverse reaching 21S
relay will operate to start keying 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 operation of 21S blocks the 3 input
AND whoseoutput is TP4 on WEAK FEED LOGIC
1 board.

A 21S memory circuit consisting of a three (3)
input AND 10/0 ms timer, and OR is included
on WEAK FEED LOGIC-1 board. When 218
operates, TP7 on WEAK FEED LOGIC-1 board
becomes a logic ‘‘1’’, which is fed back to
satisfy one input of the three (3) input, AND
preceding the 10/0 ms timer. If 27 also operates,
then the three (3) input AND will be satisfied
and the 10/0 ms timer will pickup in 10 milli-
seconds, thereby holding TP7 as logic ‘‘1’’,
even if 21S resets. This circuit is required to
hold a sustained transmitter blocking signal
for the remote terminal for an external bolted
close in three phase fault, a condition where
21S may reset. The blocking signal will remain
transmitted until either 27 resets, or the weak
feed terminal breaker opens.

WEAK FEED LOGIC 2 board contains logic and
timing for 52b control. When the weak feed
breaker opens, 52b closes and picks up the 0/50
ms timer on WEAK FEED LOGIC 2 board causing

AR
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Control Voltage:

Current Drain:

Temperature Range:

1.L. 41-923.9B

a logic ‘1"’ at terminals 10 and 11. This logic
‘1"’ causes any 21S 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 6/150 ms timers provide co-
ordination where bus potentials are used to
supply the 27 and 59 relays. They block trip
locally when closing into a sound bus and block
trip remotely when closing into a bus fault. After
closing in, the 52b input will drop from ‘‘1’’ to
““0’’ and the 0/50 ms timer will start todrop
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 150
milliseconds after the 50 millisecond dropout
time, TP9 will change 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 phase bus
fault because the 21S 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.

CHARACTERISTICS

48VDC (42 to 56 volts)or i
125VDC (105 to 4140 olts)

without weakfeed /or| €heck-
back options

nominal o, = TO0mA
maximum_<130maA

either the weakfeed or check-
back;optionpadds 20 mA drain

~20°C to #55°C aroundchassis

Inputs:

48/125VDC control voltage
buffered

48V - 1.5mA max. current
I'25V¥ - 2.5mA max. current

52b contact

All other 15 to 20 VDC buffered
inputs 2mA max. current
Outputs: 15 to 20VDC buffered

10mA max. current

Time Delays:

2 -20/0 timers
pickup *10%
dropout - less than 1 ms

Protective Relay
Intr Bd.

Loss 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
Liogic 2 Bd.

DIMENSIONS:

WEIGHT:

500/500 timer
pickup 400 to 600sms
dropout 400 to 600 ms

1.5/150 timer
pickup - 0 to 2 ms
dropout - 120 to480 ms

10/104times
piekups9 to' 11 ms
dropout “10 to 16 ms

0/2 timer

pickup - less than 1 ms
dropout - 1.7 to 2.3 ms
0/1000 timer

pickup - less than 2 ms
dropout - 1000 to 1650 ms

4/0 timer

pickup - 3.6 to 4.4 ms
dropout - less than 1 ms
18/18 timer

pickup - 16.2 to 19.8 ms
dropout - 16.2 to 19.8 ms

2000/10 timer

pickup - 1500 to 2250 ms
dropout - 5 to 15 ms
15sec/25 timer

pickup - 15 to 24 sec.
dropout - 10 to 50 ms

5-10sec/2.5sec. timer
pickup - +10%
dropout - 2.5 to 4 sec.

10/0 timer
pickup - 8 to 12 ms
dropout - less than 1 ms

0/50 timer

pickup - less than 1 ms
dropout - 50 to 80 ms
6/150 timer

pickup 3.9 to 6 ms
dropout - 150 to 240 ms

height - 5.25 in. (3 rack units)
width - 19 in.
depth - 14 in.

approximately 17 lbs.

SETTINGS

The two 2-20/0 millisecond adjustable timers on
the PROTECTIVE RELAY INTERFACE board must
be set for the proper system coordinating time. Refer

to IL 40-203.2.
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When the checkback option is used, the 5-10/2.5
secondadjustable timer on the CHECKBACK 2 board
must be set for the proper check in time.

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

Refer to the system instruction leaflet 40-203.2
forinformation pertaining to the proper timer settings.
After making the timer setting, lock the knob by
tightening the screw on the knob lock assembly.

INSTALLATION

The relays should be mounted on switchboard panels or
their equivalent in a location free from dirt, moisture, excessive
vibration and heat. The maximum ambient temperature around
the chassis must not exceed 55°C. Mount the relay 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. 12 AWG copper
wire to grounding post.

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

ADJUSTMENTS AND MAINTENANCE

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 following pro€edure
can be used for this purpose.

Connect the SKAU-3 relay to thértestycircuit of
Fig. 28. Apply rated dc to J1 terminals®3 and 4 as
shown, and use an auxiliary 20 yolt@regulator or the
internal 20 volts of the SKAU-3 relay for the inputs
to the switches.

When reference is madegto, TRPysthis refers to the
test points toward the frontf of\ the printed circuit
board and slot locatiomgymentioned. T1 and T2 refer
to the red termindls at the, front of the Protective
Relay Interface boards

All voltages are toibe measured with respect to
negative, TP3 (Pwr. supply Bd.-A), and may vary
by *10%. Time delays shown may vary by *20% ex-
cept asotherwise described under ‘‘Characteristics’’.
Fig. 274Shews location of the test points as well as
voltage,values for the ‘‘0’’ and ‘‘1’’ logic states.

A. Internal Fault -
Pilot trip operation - 4/0 timer trip output/Bd.
Xmtr - stop control-1.5/150 timer XMTR Stop Bd.
2-20/0 T1 and T2 timer - P.R. INTR. Bd.

1. Close 2INP(Ig) Switch
T1: Voltage rise fromy0 towd3 volts after a
time delay (2-20MS)Wdepénding on the
T1 timer settingd
TP10 (Trip Output,Bd..):/ Voltage rise from
0 to 20 volts“4, milliseconds after the
voltage at“Bl rises.

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

2. Open2INPR@g) Switch
T1: \Woltage drop from 13 to zerovolts.

TR10 (Trip Output Bd.-L): Voltage drop from
20 to zero volts.

TP4 (XMTR STOP Bd.-G): Voltage drop
from 20 to 0 in 150 milliseconds.

3. Close 21P Switch
T2: Voltage must remain zero.

TP4 (XMTR STOP Bd.-G): Voltage rise
from 0 to 20 volts.

4. Open 21P Switch, then close 50 (I5/I;) Switch
T2: Voltage must remain zero.

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

5. Close 21P Switch
T2: Voltage rise from 0 to 13 volts after a
time delay (2-20MS) depending on the
T2 timer setting.

TP10(Trip Output Bd.-L): Voltage rise from
0 to 20 volts 4 milliseconds after the
voltage at T2 rises.

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

6. Open 50(Ia/Ic) Switch
TP10(Trip Output Bd.-L): Voltage drop
from 20 to O volts.
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1.

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

Open 21P Switch
TP4 (XMTR STOP Bd.-G): Voltage drop
from 20 to zero volts.

B. Reverse External Fault -

Xmtr start control-10/10timer XMTR START BD..

€@ 0/1000 and 0/2 timer - Blk. Unblk. Bd.

18/18 Transient Blk/Unblk timer-Trip Output Bd.

1.

3.

Close 50 (I59 or 67NS Switch

TP2 (XMTR Start Bd.-H): Voltage rise from
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 volts.

TP7 (Trip Output Bd.-L): Voltage rise from
0 to 11 volts in 18 milliseconds.

Open 50 (I,g) or 6TNS Switch

TP12(Bik/Unblk Bd.-K): Voltage drop from
16 to 0 volts in 1350 milliseconds.

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

TP7 (Bd-L): Voltage drop from 11 to%, volts
in 1.3 second.

Close 21S Switch

TP7 (Trip Output Bd.-L): Voltage rise from
0 to 11 volts in 18 milliseconds.

Close 2INP (I5g) Switch
TP7 (Trip Output Bd.-LJ:\ Voltage drop from
“11 to O volts in 1350 miplliseconds.

Open 21INP (I5g) Switch
TP7 (Trip Output Bd.-LJ): Voltage rise from
0 to 11 vealts in, 18 milliseconds.

Close 2LNPY(lg) “Switch
TP10 (Trip ,Output Bd.-L): Voltage must re-
main zerog

Open 21S Switch
TP12(BLK UNLBK Bd.-K): Voltage drop
from 16 to O volts in 2 milliseconds.

TP7 (TRIP OUTPUT Bd.-K): Voltage drop
from 11 to O volts in 22 milliseconds.

TP10(TRIP OUTPUT Bd.-K): Voltage rise
from 0 to 20 volts in 22 milliseconds.

I.L.41-923.9B

8. Close 50 (I5g) or 67NS Switch

TP7 (TRIP OUTPUT Bd.L): Voltage, re-
main zero.

9. Openb50(Iyg) or 67NS and 21NP (Iy) Switches
TP10(TRIP OUTPUT Bd.-L): Voltage drop
from 20 to O volts.

Forward External Fault -

Channel Revr. Control transient blk/unblk 18/18
timer - trip output Bd-

Remove checkback®t, and 2 boards (slots I and J)
for the following,tests if used.

1. Close NOISEySwitch
TP2 (RGVR INTR BD.-F'): Voltagerise from
0o 20 volts.

TP4 (RCVR INTR. BD.-F): Voltage rise
from 0 to 13 volts.

2y Close 2INP (I;) Switch
TP1: Voltage must remain zero.

3. Open 21INP (Iy) Switch, thenclose 21P Switch
TP8 (RCVR INTR. BD.-F): Voltage rise
from 0 to 13 volts.

TP7 (TRIP OUTPUT BD.-L): Voltage rise
from 0 to 11 volts in 18 milliseconds.

4. Close 50 (I5/Ic) Switch
T2: Voltage must remain zero.

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

TP7 (Trip Output Bd.-L): Voltage drop from
11 to O volts in 22 milliseconds.

TP10 (Trip Output Bd.-L): Voltage rise from
0 to 22 milliseconds.

6. Open 21P and 50 (I5/1,) Switches
TP 10 (Trip Output Bd.-L): Voltage drop from
20 to 0 volts.

7. Close CH block Switch
TP2 (RCVR Intr. Bd.-F): Voltage rise from
0 to 20 volts.

8. Close 21INP (Ig) Switch
TP4 (XMTR Stop Bd.-G): Voltage rise from
0 to 20 volts.

TP7 (Trip Output Bd.-L): Voltage rise from
0 to 11 volts in 18 milliseconds.
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9. Open Ch Block Switch

TP7 (Trip Output Bd.-L): Voltage drop from
11 to 0 volts in 1350 milliseconds.

10. Open 2INP (I5g) Switch
TP4 (XMTR Stop Bd.-G): Voltage drop from
20 to 0 volts.

11. Close either 50 (Iy) or spare switch
TP2 (XMTR Stop Bd.-G): Voltage rise from
0 to 20 volts.

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

12. Open 50 (I,) 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 milliseconds.

Reinsert checkback 1 and 2 boards into board
slots I and J respectively.

Loss of AC Potential Control

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

Pilot Trip Operation

(Note: Link on Loss of Pot. Board to begin”
for test)

1. Close 21INP (Ip) Switch
T1: Voltage rise from 0 to 18 volts.

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

2. Close LOSS OF POTENTIAL, Switch
TP4 (Loss of Pot. Bd.=€): WVoltage rise from
0 to 20 volts in 500, milliseconds.

TP 10 (Trip Qutput Bdi=Is): Voltage drop from
20 tof0 volts imy,500 milliseconds.

3. Open LOSSIOF POQTENTIAL Switch
TP4 (Loss of‘Bot. Bd.-L): Voltage drop from
20 to 0 volts in 500 milliseconds.

TR0 (Trip Output Bd.-L): Voltage rise from
20 to 0 volts in 500 milliseconds.

44n0pen 21INP (I,) Switch
TP10 (Trip Output Bd.-L): Voltage drop from
20 to 0 volts.

E. Checkback Operation -

Logic and timers on Checkback 1 and Checkbagk
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.4K): ‘Woltage must re-
main zero.

2. Open Test (for) switchy then close 50 (Ig)
or 67NS switch.
TP7 (Trip Output Bdi:L.): Voltage rise from
0 to 11 voltsyin A8 milliseconds.

3. Close Test(for)Wswitch, then open 50 (Ipg)
or 67NS switeh.
TP7 (Trip/Qutput Bd.-L): Voltage must re-
main, 11"volts,

4., Open\Tesp (for) switch
T PTa(Trip Output Bd.-L): Voltage must drop
from 11 to O 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. Open Test (CBI) switch
TP9 (Checkback 1 Bd.-I): Voltage rise from
0 to 13 volts.

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

7. Close CH Block switch, then after 5 seconds,
open it again.
TP5 (Checkback 1 Bd.-I): 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 10
sec.) depending on the adjustable timer
setting.

TP4 (XMTR Start Bd.-H): Voltage rise 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.

o
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TP9 (Checkback 1 Bd.-I): Voltage must re-
main zero.

9. Open 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 seconds.
TP5 (Checkback 1 Bd.-I): Voltage must re-
main zero.

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

F. Weak Feed Operation -

Logic and timers on W.F'. logic 1 and 2 Bds.

The following test is required only for those
SKAU-3 relays with the weak feed option.

1. Close 59N or 27 switch
TP4 (W.F. Logic 1 Bd.-D): Voltage rise from
0 to 13 volts.

TP 10 (Trip Output Bd.-L): Voltage risedffom
0 to 20 volts after a time delay/of the

T1 timer plus 4 milliseconds.

2. Close 50 (Iyg) or 67NS switch
TP4 (W.F. Logic 1Bd.-D): Voltage Mrop,, from
13 to 0 volts.

3. Open 50 (I5g) or 67NS switch

TP4 (W.F. Logic 1 Bd.-D): Vieltage'rise from
0 to 13 volts.

4. Open 59N or27 switchdwhichever was closed.
TP4 (W.F. Logic 41""Bd.<D): Voltage drop
from 13 to 0 volts.

TP10(Trip Output Bd.-L): Voltage drop from
20 t6%0, volts.

5. Close®?2B switeh, then close 27 switch.
TP44(W.E. Logic 1 Bd.-D): Voltage must re-
main, zero.

6. Open 52B switch
TP9 (W.F. Logic 2 Bd.-E): Voltage rise from
0 to 16 volts in 4.7 milliseconds then
TP4 (XMTR Start Bd.-H): drop from 16
to 0 volts in 270 milliseconds.

TP4 (W.F. Logic 1 Bd.-D): Voltagerisefrom
0 to 13 volts in 67 milliseconds.

TP10(Trip Output Bd.-L): Voltage rise from
0 to 20 volts 22 millisecondsyafter
TP4 (XMTR Start Bd.-H) drops.

7. Close 21S switch
TP7 (W.F. Logic 1 Bd.-D): Voltagerisefrom
0 to 13 volts.

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

TP10 (Trip Outpydt Bd-L): Voltage drop from
20 to 0 volps,

8. Open 218 switch
TP7 (W.F. Logic'1 Bd.-D): Voltage must re-
main 18, volts.

9. Closend2Buswitch
TR7 (W.E: Logic 1Bd.-D): Voltage drop from
13/to 0 volts

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

10, o Open 27 switch, then open 52B switch
TP9 (W.F. Logic 1 Bd.-D): Voltage must re-
main zero.

Recommended Routine Maintenance

Periodic checks of the relaying system are de-
sirable to indicate impending failure so that equip-
ment can be taken out of service for correction. Any
accumulated dust should be removed at regular
maintenance intervals.

CALIBRATION

The proper adjustments to insure correct operation
of the relay have been made at the factory and should
not be disturbed after receipt by the customer. How-
ever, if the adjustments or if the components or
printed circuit boards 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 adjustable.
All the adjustable timers can be adjusted from the
front except for the two timers on the TRIP OUTPUT
board: 4/0MS pilot trip timer, and 18/18MS transient
block and unblock timer which are located on the
board. These two timers can be recalibrated as
follows using an auxiliary timer or oscilloscope.

1. Pilot trip 4/0 MS timer - TRIP OUTPUT BD.

Start timer on T1 timer terminal (positive pulse)
End timer on TP10 (TRIP OUTPUT Bd.-L)

n
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(positive pulse).

Close 21INP (Io) switch and the voltage at TP 10
must rise from 0 to 20 volts in 4 milliseconds.

This time can be adjusted with trimpot R7 on the
TRIP OUTPUT Bd., clockwise for more time or
counterclockwise for less time.

2. Transient block/unblock 18/18MS timer - TRIP
OUTPUT BD.

Start timer on TP12 (Blk/Unblk Bd.-K)
(positive pulse for pickup, negative pulse for
dropout)

End timer on TP7 (Trip Output Bd.-L)
(positive pulse for pickup, negative pulse for
dropout)

For pickup, close 50 (Ios) switch and thevoltage
at TP7 must rise from 0 to 11 volts in 18 milli-
seconds. This time can be adjusted with trimpot
R19 on the TRIP OUTPUT Bd., clockwise for
more time or counterclockwise for less time.

For dropout, open 50 (Ios) switch and the voltage
at TP7 must drop from 11 to O volts 18 milli-
seconds after the voltage at TP 12 drops to zerof
Note that triggering of the dropout time will océur
approximately 1.3 seconds after opening 50(kos)
switch. The dropout time can be adjusted with
trimpot R24 on the TRIP OUTPUT Bd., glogck-
wise for more time, or counter clockwise forAdess
time.

Trouble shooting

The components of the SKAU-3yrelayjare operated
well within their ratings and normallygwill give long
and troublefree service. However, 4f a relay has
given indication of trouble inyservice or during
routine checks, then using #f0’’ and *‘‘1’’ logic
notation, the faulty Printed( circuit board can be

12

identified using the logic diagram in Fig. 3 or 4.
In turn, the faulty component, connection, org€ircuit
can be found using the individual schematicsiof the
printed circuit boards which show the detailed NOR
logic.

Each NOR logic block, shown by an AND with
negated inputs, or an OR with @ n@egated output,
represents a transistor on the Ingernalg€ircuit board
schematic. The output of eachgindividual logic block
is the collector of the transistorwhich represents
that block. Each collecton,is €ither connected to a
test point or a printed circuityterminal. A box around
the transistor indicates ‘that it is conducting for the
normal condition of the“relay.

Voltage leveglsifor the ‘0’ and ‘‘1’’ logic states
at the test, points shown on the Fig. 3 and 4 logic
drawings are‘shownfin Fig. 27. For the remainder of
the test points,“@ logic *‘‘0’’ is equivalent to less
than 0.5, volts . and a logic ‘‘1’’ is equivalent to 8 to
20 volts, thereby representing positive logic.

A board extender, Style No. 849A534G01 is avail-
aple| for facilitating circuit voltage measurements.
After withdrawing anyone of the circuit boards, the
extender is inserted into that slot. The board is then
inserted into the terminal block on the front of the
extender to restore all circuit connections. Do not
remove or insert printed circuit boards while the
SKAU-3 is energized as damage may result.

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, and style numbers from
the Electrical Parts List.
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I.L. 41-923.9B

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL | REFERENCE STYLE
POWER SUPPLY BOARD - STYLE 202C465G01
Capacitors
C1, C2 6.8 MFD, 35 VDC 184A661H10
C3, C4 0.1 MFD, 200 VBC 188A669H03
Transistors
Ql, Q2 2N4063 1) 878A432G0l
Heat Sink for Q1, W2 849A517THO1
Zener Diodes
Z1, 23 1/N3050B, 180 V, 1W 187TA936H17
Z2, Z4 IN4747A, 20 V, 1W 849A487THO1
PROTECTIVE RELAY (P.R.) INTERFACE BOARD-STYLE 6265D37G01
Capacitors
Cl1, C2, C4 .047TMFD, 200 VDC 849A437THO04
C3, C5 .4TMFD, 35VDC 837TA241H21
Diodes
D1to D10 IN645A 837TA692H03
Potentiometers
R20, R38 100K ohm, 0.5W, *10% 880A687H04
Resistors
R1, R2, R7, R8, R29, R30 4.7K ohm, Y2W, +2% 629A531H48
R3, R9, R31 82K ohm, Y2W, *+2% 629A531H78
R4, R10, R14, R17, R24, R27, R32,4R85, R42, R44 10K ohm, Y2W, +2% 629A531H56
RS, R11, R13, R16, R23, R25,,R26{.R34,)R41, R43 27K ohm, 2W, +2% 629A531H66
R6, R12, R15, R18, R28, R33, R36, R45 6.8K ohm, Y2W, +2% 629A531H52
R19, R37 470 ohm, Y2W, +2% 629A531H24
R21, R39 1K ohm, Y2W, +2% 629A531H32
R22, R40 20K ohm, Y2W, *2% 629A531H63
Thermistors
THI1, TH2 1K ohm, @25°C. +10% 185A211H02
Transistors
Ql to Q10 2N3417 848A851H02
Zener Diodes
21, 23, 26 1N3686B, 20V, *5% 185A212H06
Z2,724, 725, 21, Z8 1N957B, 6.8V, *5% 186AT9THO6
Miscellaneous
SUBIBASE 862A273G01
DIAL 199P670HO01
KNQ@B 187TA967THO03
KNOB LOCK 629A980H01
TIP JACK 187A332HO01

13
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ELECTRICAL PARTS LIST

CIRCUIT SYMBOL REFERENCE STYLE

LOSS OF AC POTENTIAL BOARD - STYLE 265C954G01

Capacitors

C1 .045 MF'D, 200V 849A437HO04
Cc2, C3 22 MFD, .35V 1184 A661H16
C4 100 MFD, 35V 880A363HO01
C5 .27 MFD, 200V 188A669H05
Diodes

D1 to D5 1N645A 837TA692H03
Resistors

R1, R2 4.7K VoW 2% 629A531H48
R3, R15, R21 82K LW, *2% 629A531H78
R4, R9, R11, R13, R14, R18, R20 10K, oW £2% 629A531H56
R6, R19 648K4 YW, +2% 629A531H52
R7, R17 2TKL oW, +2% 629A531H66
R5, R8 4K, W, *2% 629A531H72
R10, R12 4700 1hw, 2% 629A531 H24
R16 270K, LW, +2% 629 A531H90
R22 150 (2 3w, T62A679HO01
Transistors

Ql to Q5 2N3417 848A851H02
Q6 2N3645 849A441HO01
Zener Diodes

Z1 1N3686B 185A212H06
Z1 to Z5 IN957B 186 AT97THO6
Z6 1N3688A 862A288H01

WEAK FEED (W.F.) LOGIC ¥ BOARD - STYLE 6265D33G01

Capacitors

Cl, C2,C4, C5 .047 MFD, 200VDC 849A437HO4
c3 47 MFD, 35VDC 837A241H21
Diodes

D1, D2, D3, D4 1ING645A 837TA692H03
Resistors

R1, R2, R9, R10, R26, R2%,/R34, R35 4.7TK %W, *2% 629A531H48
R5, R8, R14, R19, R300R33 6.8 K %W, 2% 629A531H52
R4, R7, R13, R18( R23; R29 R32 10 K YW, +29 629A531H56
R6, R12, R15, R16, R17, R20, R21, R22, R31 27K YW, +2% 629A531H66
R3, R11, R28, R36 82 K W, *2% 629A531H78
R24 43 K YaW, 29 629A531H71
R25 470 0 V4w, +2% 629A531H24
Transistors

Ql to QT 2N3417 848A851H02
Zerer Diodes

20,23\, 725, Z8 IN3686B 185A212H06
Z2024, 26, 21, Z9 IN957B 186 AT97THO06

"
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ELECTRICAL PARTS LIST
| CIRCUIT SYMBOL [ REFERENCE N7
|
WEAK FEED (W.F.) LOGIC 2 — BOARD STYLE 6265D35G01
Capacitors
Cl .047TMFD, 200VDC 849A437HO04
Cc2 1.5MFD, 35VDC 187A508H09
C3 .47TMFD, 35VDC 837TA241H21
C4 3.3MFD, 35%DC 862A530H01
Diodes
D1, D2, D3, D4, D5 IN645A 83TA692H03
Resistors
R1 47K%hm, }2W, 2% 629A531H7T2
R2 4K ohm, Y2W, +2% 629A531H48
R3 82K ohm, 2W, +2% 629A531H78
R4, R6, R9, R12, R17, R20, R22, R26, R29 10K ohm, ¥2W, +2% 629A531H56
R5, R10, R13, R21, R217, R30 6:8K ohm, 2W, +2% 629A531H52
R7, R23 2K ohm, 2W, +2% 629A531H39
R8 12K ohm, Y2W, 2% 629A531H58
R11, R14, R15, R16, R25, R28 27K ohm, Y2W, +2% 629A531H66
R18, R24 20K ohm, 2W, +2% 629A531H63
R19 470 ohm, 2W, *2% 629A531H24
Thermistors
TH1, TH2 1K ohm, @ 25°C, +10% 185A211H02
Transistors
Ql, Q3, Q4, Q5, Q6, Q8, Q9 2N3417 848A851H02
Q2, Q7 2N3645 849A441HO01
Zener Diodes
zZ1 IN3686B, 20V, +5% 185A212H06
22,723 IN957B, 6.8V, *#5% 186AT97THO6
RCVRANTERFACE BOARD - STYLE 6265D39G01

Capacitors
Cl .047TMFD, 200VDC 849A437HO04
C2 .2TMFD, 200VDC 188A669H05
Diodes
D1 IN645A 837TA692H03
Resistors
R1, R2, R3 4.7K ohm, %2W, *2% 629A531H48
R4, R8 82K ohm, %2W, *2% 629A531H78
R5, R7, R42, R15,"R.19, R22, R26, R30 10K ohm, "2W, +2% 629A531H56
R6, R13§ R164 R20, R23, R27, R31 6.6K ohm, LW, 2% 629A531H52
R9 150 ohm, 3W, 5% T62A679HO01
R10, R11, RI4¥R 17, R18, R21, R24, R25, R28, R29 27K ohm, 2W, +2% 629A531H66
Transistors
Ql, Q3, Q%, Q5, Q6, Q7, Q8 2N3417 848A851H02
Q2 2N3645 849A441HO1
Zener' Diodes
Z0) 72, Z5 IN3688A, 24V, +10% 862A288H01
Z3 IN3686B, 20V, 5% 185A212H06
Z4 IN957B, 68V, +5% 186AT9THO6
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TYPE SKAU-3 CHANNEL AUXILIARY BLOCKING RELAY

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL ! REFERENCE STYLE
XMTR STOP BOARD - STYLE 6265D41G01
XMTR START BOARD - STYLE 6265D41G02
Capacitors
Cl, C3 .047MFD, 200VDC 849A437H04
C2 (XMTR Stop Board) 6.8 MFD, 35VDC A661H21
C2 (XMTR Start Board) 1.5 MFD, 35VDC 8TA508H18
C4 .27 MFD, 200VDC AB69HO5
Diodes
D1 to D7 1N645A 837A692H03
Resistors
R1, R2, R3, R10, R11 (R10 for XMTR Stop Board) 629A531 H48
R4, R12, R18 629A531H78
R5, R8, R13, R14, R17, R20 629A531H56
R6, R15 , 629A531H66
R7, R16 6. VoW, 2% 629A531H52
R9 (XMTR Stop Board) 0 VoW, +2% 629A531H39
R19 m, 3W, *+5% 762A679HO1
R9 (XMTR start Board) ohm, Y%aW, +2% 629A531H58
R10 (XMTR Start Board) 47K ohm, YaW, +2% 629A531H72
Thermistor
TH1 K 1K ohm, @25°C, +10% 185A211H02
Transistors
Ql, Q3 2N3417 848A851H02
Q2, Q4 2N3645 849A441HO1
Zener Diodes
71, 22, 23, Z8 \ IN3688A, 24V, +10% | 862A288HO1
Z4, Z6 1N3686B, 20V, * 5% 185A212H06
Z5, Z7, Z9 (Z9 for XMTR Start Board) IN957B, 6.8V, * 5% 187AT9THO6
CHECKBAC B D - STYLE 6265D43G01
Capacitors \
C1 100MFD, 30VDC 184A761H04
c2, C3 K 150MFD, 30VDC 849A007HO1
C4 \ .047TMFD, 200VDC 849A437HO4
C5 O .27TMFD, 200VDC 188A669H05
Diodes
DI to D7 @ IN645A 837A692H03
Resistors
R1,R4,R7,RS, 5, Rd6, R19, R21, R27, R30,R33,R37,R40 27K ohms, AW, 2% 629A531H66
R2, R5, RY, R13, , R28, R31, R34, R35 10K ohm, %2W, +2% 629A531H56
R3, R6, R14, R18, R 32, R36, 6.8K ohm, %2W, +2% 629A531H52
R10 33K ohm, %W, +2% 629A531H68
R11 S 3.9K ohm, %W, +29 629A531H46
R22 100K ohm, %W, +29 629A531H80
R23 3.3K ohm, %W, 2% 629A531H44
R24, R 4.7K ohm, AW, +2% 629A531H48
R26 82K ohm, %2W, +2% 629A531H78
R38 1K ohm, %2W, 2% 629A531H32
R 20K ohm, %W, +2% 629A531H63
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ELECTRICAL PARTS LIST

CIRCUIT sYMBOL

| REFERENCE

CHECKBACK 1 BOARD - STYLE 6265D43G01 (Continued)

Thermistor
THI1 1K ohm, ©@25°C, *10% 185A211H02
4
Transistor
Q1 to Q10 2N3417\ 848A851H02
Zener Diodes
Z1, 23, Z4 1N95 , 5% 186AT797THO6
Z2 1IN 6 V, 5% 185A212H06
CHECKBACK 2 BOARD - STYLE 668
Capacitors
Cl1, C3 MFD, 35VDC 187TA508H13
C2 150MF'D, 30VDC 849A007HO1
C4 IMFD, 200VDC 187A624H04
Diodes
D1, D2, D3, D4 \ IN645A 837A692H03
Potentiometer \
RS (b 100K ohm, 0.5W, #10% | 880A687H04
Resistors
R1, R4, R17, R14 27K ohm, 2W, +2% 629A531H66
R2, R5, R10, R12, R15, R18 10K ohm, Y2W, +2% 629A531H56
R3, R11, R16, R19, R21 6.8K ohm, “2W, +2% 629A531H52
R6 47K ohm, %W, +2% 629A531H72
R9 1K ohm, 2W, +2% 629A531H32
R13 200 ohm, YW, +2% 629A531H15
R7 L 4 470 ohm, 1AW, +2% 629A531H24
Thermistors \
THI1, TH2 \ 1K ohm, @25°C, +10% 185A211HO02
Transistors O
Ql, Q2, Q3, Q5 2N3417 848A851H02
Q4 2N3645 849A441H01
Zener o\
Z1 1N957B, 6.8V, 5% 186AT9THO6
Miscellan
SUB BASE 862A372G01
DIAL r's 199P669HO01
NOB 187A967THO03
OB LOCK 629A980H01
JACK (RED) 187A332H01
IP JACK (BLACK) 187A332H02
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ELECTRICAL PARTS LIST

CIRCUIT SYMBOL |

REFERENCE

STYLE |O oy

—

BLOCK/UNBLOCK BOARD - STYLE 6265D47G01

Capacitors
C1 .047 MFD, 200VDC 849A437THO04
Cc2 68 MFD, 35VDC 187A508HW
C3 .27 MFD, 200VDC 188 A669H05
Diodes
D1, D2, D3 IN645A 2HO03
Resistors
R1, R2 4.7K ohm, VW, +2% 29A531H48
R3 82K ohm, %W, + 629A531H78
R4, R8, R12, R15, R18, R22, R25, R29, R32, R35, R40, R43 10K ohm, YW, 42% 629A531H56
R5, R9, R13, R16, R19, R23, R30, R36, R41, R44 6.8K ohm, % + 629A531H52
R6, R7, R10, R11, R14, R17, R20, R21, R24, R28, R31, R37

R38, R39, R42 +2% 629A531H66
R26 +2% 629A531HT0
R27, R34 +2% 629A531H24
R33 +2% 629A531H60
Transistors
Ql,to Q12 848A851H02
Zener Diodes
Z1 686B, 20V, *5% 185A212H06
Z2, 723, 74 IN957B, 6.8V, 5% 186AT97THO6

TRIP OUTPUT BOARD - D49GO01

Capacitors
Cl, C4 .27 MFD, 200VDC 188A669H05
Cc2, C3 1.0 MF'D, 35 VDC 837A241H15
Diodes
D1 to D10 IN645A 837TA692H03
Potentiometers P < ,
R7, R19, R24 \ 20K ohm, 2W, +109, 862A406H02
Resistors
R1, R4, R12, R15, R16, R18, R23, R R33 27K ohm, 2W, +2% 629A531H66
R2, R5, R10, R13, R17, R22, R27,4R81, , R36 10K ohm, '2W, +2% 629A531H56
R3, R11, R14, R28, R32, R35 6.8K ohm, Y2W, +29, 629A531H52
R6 15K ohm, Y2W, +29% 629A531H60
R8, R20, R25 470 ohm, Y2W, +2% 629A531H24
R9, R21, R26 1K ohm, Y2W, +2% 629A531H32
R37 82K ohm, Y2W, +29% 629A531H78
R38 150 ohm, 3W, 5% T62A679HO01
Thermistors
THI1, TH2, TH3 1K ohm, @25° C, *10% 185A211H02
Transistors
Ql to Q9 2 4 2N3417 848A851H02
Q10 2N3645 849A441HO01
Zener Diod
Z1, Z5 IN3688A, 24V, +109% 862A288H01
Z2, IN957B, 6.8V, 5% 186AT9THO6
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I.L.41-923.9B

Fig. 1. Photograph Front View

—~ Rear View.
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INSTALLATION

Westinghouse I.L. 41-923.4k
OPERATION e MAINTENANCE

INSTRUCTIONTS

TYPE KA-4 CARRIER AUXILIARY RELAY

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.

APPLICATION

The type KA-4 relay is an 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.

CONSTRUCTION AND OPERATION

The Type KA-4 relay consists of two,auxiliary
units, receiver and alarm units@®phase fault carrier
operation indicator and carriepsquelch relay. In
addition, the type KA-4 .relay, contains a high
speed overcurrent unit used tor start carrier
transmission for ground gfaults.“The construction
and operation of the relay units are described
below. Complete detdilspof the operation of this
relay in the distanceCarrier relaying scheme is
described in [4L.. 405208"

Overcurrent Wnit

The overcurrent unit consists of a transformer,
current limiting reactor, and a product induction

cylinder type unit. Thestime¥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 capagitor ¢onnected in series with one
pair of pole windingss

Mechanically, the cylinder unit is composed of
three bdsic/‘@@mponents: a die-cast aluminum
framey and_electromagnet, a moving element
assemblyhand 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 hub
which holds the shaft. The shaft has removable top
and bottom jewel bearings. The shaft rides between
the bottom pin bearing and the upper pin bearing
with the cylinder rotating in an air gap formed by
the electromagnet and the magnetic core.

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

SUPERSEDES |.L. 41-923.4K, DATED SEPT. 1978

O DENOTES CHANGED SINCE PREVIOUS ISSUE.

EFFECTIVE NOVEMBER 1980
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Fig. 2. Internal Schematic of the Type KA-4 Relay for KR

carrier set.

0 Fig. 3. Internal Schematic of the Type KA-4 Relay for TC
carrier set.

CUKRRENT
TEST JACK

CHASSIS OPERATED
SHORTING SWITCH ~|

OVERCURRENT
UNIT

AUXILIAKY

RED HANOLE

UPPER
| __“POLAR UN'T
(ALARM RELAY)

LOWER
#—— POLAR UNIT
(RECEIVER RELAY)

SWITCHES
~w§;::::::

600N — |

RRT,

OPERATION
INDICATOR

csP]c56]686]6sP|

85001 —a |

FRONT VIEW

CURRENT SHUNT

|~ 000N

37500

RED HANDLE
TEST SWITCH

TERMINAL

: Sub. 1
3491A17

CURRENT
TEST JACK

CHA3515 OF: RATED.
SHORTING SwITCH

OYERCURAENT
UNIT
I
1

CURRENT SHUMT

AUXtLARY
SALTCHES

200048 ¥.0.C,
6000-125 ¥.D.C.
60000-250 V.0.C.

OPERATION INDICATOR

85000-125 ¥.D.C.
150000-250 ¥.0.C.

00-u8 ¥.0.C. ‘

FRONT VIEN

UPPLR
POLIA UNIT
(ALARM RELAY)

LOwER

POLAR UNIT
(RECENVER RELAY)

13200-48 ¥.D.C
50000-125 ¥.
11200 0-250

0.
\l

Sub. 1
3493A 16

Fig. 4. Internal Schematic of the Type KA-4 Relay with
Moditied Carrier Stop to Terminal 11 for TC carrier

set.

Tones.

0 Fig. 5. Internal Schematic of the Type KA-4 Relay for the T A-3



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 hous-
ing clamp, to the moving 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 limiting reactor is
used in conjunction with the cylinder unit. The
transformer 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 coils. The transformer and reactog
are of the saturating type which limits energy 40
the cylinder unit and reduces the burden on the
transmission line CT.

Auxiliary Units

These are two solenoid-type contacton,switehes
designated as CSP and CSG. The plungeref the
contactor switch has a circular ‘€gndueting disc
mounted on its lower end andgas “the plunger
travels upward, the disc bridges {three silver
stationary contacts. The CSP.switeh'is energized
by the operation of the second Zone or KD-10 dis-
tance relay, and the CSGyswitehg'by the operation
of the directional andfovercurrept units of the KRD-
4 ground relay. The contacts of the two switches
are connected in parallel @ 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
operating coilfof the receiver relay unit.

Receiver. Unit

The®reeeiver unit consists of an armature and

CONTACT -OPENING TIME IN MILLISECONDS

[¢) L s L L . 4 "

o] 2 4 6 8 10 12 14 16 18 20

MULTIPLES OF PICKUP CURRENT
OF CARRIER-START OVERCURRENT UNIT

OFig. 6. ypical Time Characteristics of carrier start over-

current unit of 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

Q 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. 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 contacts are designated, RRP and RRG,
and are connected in the phase and ground trip cir-
cuit respectively. These contacts are operated by
two concentric coils, RRT and RRH, which are
placed around the armature and within the
magnetic frame. RRT is the operating coil and

bty
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receives its energy from the local battery, when
either CSP or CSG is closed. RRH is theyholding
coil and receives its energy from the, cagrier
transmitted either from the local transmitterjor the
one at the end of the line section. Thesetwo coils
are connected to oppose each @therj\with the
operating coil, RRT operating tg _cles¢ the RRP
and RRG contacts and trip; and theyholding coil,
RRH to hold the RRP and RRG contacts open
and block tripping. The gestraining torque of the
RRH coil is sufficient to ovetcome the operating
torque of the RRT coil, Gensequently, RRP and
RRG contacts canfotfclose 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 enengized by the received carrier to close its con-
tactswand 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 hold off
the carrier for a period of 150 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 iron 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 through 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-




mature. When the coil is energized, the operation
of the relay is not appreciably delayed because the
armature is operated by flux not linking the slug.

Operation Indicator

The operation indicator gives a visual indica-
tion 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:
For Use With KR-Set 48V 125 250
Avg. Avg. Avg.
Ohms Ohms Ohms

CSP or CSG Coil 27 27 435
CSP & CSG Tapped Resistor 200 600 6000
Carrier Resistor 2000 3750 19000
RR T Operating Coil 1100 1100 1100
RRT Coil Resistor 1320 5000 11200
RRH Holding Coil 1700 1700 1700
AL Alarm Coil 500 500 500
Operation Indicator (1 amp.) 0.1 0.1 0.1
Squelch Unit Coil 3300 3300 3300
Squelch Unit Adj. Resistor - 8500 15000

For Use With TC-Set

CSP or CSG Coil 27 27 435
CSP & CSG Tapped Resistor 200 600 6000
Carrier Resistor 1000 3750 y

RRT Operating Coil 1100 1,100 F100
RRT Coil Resistor 1320 5000 11200
RRH Holding Coil 20 20 20
AL-Alarm Coil 4 4 4
Operation Indicator (1 amp.) 01 01 0.1
Squelch Unit Coil 3300 3300 3300
Squelch Unit Adj. Resistor > 8500 15000

For Use With TA-3 Tones. 48V 125V 250V
Avg. Avg. Avg.
Ohms Ohms Ohms

CSP or CSG Coil 27 27 435
CSP & CSG Tapped Resistor 200 600 6000
AL & RRH Resistor 200 4000 10600
RRT Operating Coil 1100 1100 1100
RRT Coil Resistor 1320 5000 11200
RRH Holding Ceil 1700 1700 1700
AL Alarm Coil 500 500 500
Operating Indieator (I amp.) 0.1 0.1 0.1
Squelch Wnit Coil 3300 3300 3300
Squeleh Unit Adj. Resistor - 8500 15000

The pick-up and operating values of these ufiits
are given under ‘“‘Adjustments and Maintenance?,

The time characteristic of the overcurrentyunit
is shown in Fig. 6.

The pick-up value of the over-current unit can
be changed from the factory adjustedyalue of 0.5
amperes to any value up to Mamp.by increasing
spring restraint.

SETTINGS

There are no settingsitobe made.

INSTALLATION

The relaysshould be mounted on switchboard
panelsyor*their equivalent in a location free from
dirth¢moisture, excessive vibration, and heat.
Mg@untithe relay vertically by means of the four
mounting holes on the flange for semi-flush moun-
ting, or by means of the rear mounting stud or
studs for projection mounting. Either a mounting
stud or the mounting screws may be utilized for
grounding the relay. The electrical connections
may be made directly to the terminals by means of
screws for steel panel mounting or to the terminal
studs furnished with the relay for thick panel
mounting. The terminal studs may be easily
removed or inserted by locking two nuts on the
stud and then turning the proper nut with a
wrench.

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
operation of this relay have been made at the fac-
tory. Upon receipt of the relay, no customer ad-
justments, other than those covered under
“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 16 and 17, 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 125-volt relay, and
120 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 (OI)

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 dc.

Squelch Unit (SQ)

Apply rated D.C. voltage to relay terminals
that will energize the squelch unit and note contact
operation.

Blocking Zener Diode

Apply rated D.C. Voltage in segies with 10,000
ohms resistors across terminals 8 and 9 with
positive on 9, the current leakage¥low should not
exceed .25 ma. Revers¢ polarity of the applied
voltage; the current flow, should be equal to the
applied voltage divideddby 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 RRT coil and the RRT coil
resistor, observing polarity as shown in the inter-

nal schematic. The armature should mave tosthe
left.

To the holding coil (RRH) relayterminals,
apply direct current observing polarity. Increase
the current until the armature moves to the right.

The armature should movesto the right at ap-
proximately 60 ma. Now reduce the current and
the armature shouldmmove to the left at ap-
proximately 40 ma.

Alarm Unit (AL)

Connect direct current to the alarm unit relay
terminals. ¥ncrease the current until the contacts
pick-up#The “contacts should pick up at ap-
proximately 80 ma. Now reduce the current and
the'comtacts should open at 40 to 60 ma.

FOR RELAYS TO BE USED WITH
OWTYPE KR CARRIER OR TA-3 TONES

Receiver Unit

Connect a jumper between the middle and left
hand contact connection of the CSG or CSP
switch.

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
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. In-
crease the current until the armature moves to the
right. The armature should move to the right at
approximately 6 ma. Now reduce the current and
the armature should move to the left at ap-
proximately 4 ma.

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 ap-
proximately 8 ma. Now reduce the current and the
contacts should open at 4 to 6 ma.



ROUTINE MAINTENANCE

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

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

CALIBRATION

Use the following procedure for calibrating the
relay 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
*“Acceptance Check”).

Overcurrent Unit

The upper bearing screw should be screwed
down until there is approximately 1/64” clearariee
between it and the top of the shaft bearing. Secure-
ly lock in position with the lock nut. The Igwer
bearing position is fixed and cannot be adjusted.

With the moving contact in the normally, clos-
ed position, i.e., against the right @idenof the
bridge, screw in the stationary centactyuntil both
contacts just close. Then screw in the stationary
contact approximately one-quarter turn farther to
provide the correct amount of follew for KR & TC
type carrier, one-half turn for;TA-3 tones.

The clamp holding the stationary contact hous-
ing need not be logsened for the adjustment since
the clamp utilizes a“§pring-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 plagifigsa 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 ads
justments.

Pass 0.5 amp. of a.c. through relay terminals
16 and 17. Adjust the spring until the contact just
opens. In a similar manner the pi€k-up,value can
be adjusted for any value between®5 ta'1.0 amp.

Auxiliary Units (CSP and CSG)

The two contactor switchesy CSP and CSG,
have adjustable plunger travel. Adjust the
stationary core and theunmovifig 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,eore screw approximately one
turn and lock imyplace. This prevents the moving
core from “striking and sticking to the stationary
core ‘bé€cause of residual magnetism. Adjust the
contdct “elearance for approximately 1/32 by
means,of the two small nuts on either side of the
Migarta 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 125-volt relay and 120
volts for 250-volt relay. These units have 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
125 v.d.c. relays and for 13000 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 .140—.160 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 16 milliseconds at —20% rated dc
voltage. If 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 dc.

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

ZENER DIODE TEST

Forward Characteristics

Pass 200 milliamperes of dc 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.

Reverse Characteristics — Breakdown Voltage

The breakdown voltage is determined by in-
creasing voltage across terminals 8 and 9 with
positive on 9. Place 10,000 ohm resistor in series
with ammeter. Increase voltage until current reads
.25 milliamperes. Measure dc voltage across
terminals 8 and 9. The voltage should be between
160 and 240 volts for 48 and 125 v.d.c. rated
relays; and 320 to 480 volts for 250 v.d.cdrated
relays. Do not exceed 3.0 ma. current in the Cigcuit.

FOR RELAY TO BE USED WITH
TC-TYPE CARRIER

Receiver Unit

Back off contact screws softhat, they do not
make contact. Screw magnetic shunts into the all-
out position (5 or 6 screw threads*showing.) The
armature should remain ggainst Whichever side it
is pushed with this adjustment,

Adjust the stationary ontacts for a contact
gap of approximately, .020”. This can be done by
inserting a .010"’4steel thickness gage between the
large rivet head on the moving armature and the
right hand pole “face (a .010” travel of the rivet
head is equal to .020” travel of the moving con-
tacts). Usingqan indicating light in each contact
circuitjadjust the upper and lower stationary con-
tacts'te, touch the moving contact at the same time.
With ‘the feeler gauge removed the contact gap is
.020°" and the moving contacts close simultaneous-

1y

Connect a jumper between the middle @ndleft
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“gight hand
pedestal of the relay (front view). Apply rated
voltage across the RRT coil and the RRT coil
resistor observing polarity as shown in"the internal
schematic diagram. The arnfatuge should move to
the left.

To the holding coil, /RRH, apply 100 to 200
milliamperes dc current observing correct polari-
ty. The armature shoud,now move to the right. De-
energize both coilstand/see that the armature stays
up against the right hand side.

Run bothshurit screws all the way in, and then
backpeut'the left hand shunt screw approximately 6
turnsi Back®™out the right hand shunt screw ap-
preximately 9 turns.

Resenergize 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 milliamperes, the right hand shunt screw
should be turned out to lower this value to the cor-
rect 40 milliampere point.

Increase the holding coil current to 60
milliamperes and adjust the left hand 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 adjustments of one
shunt screw affect the adjustment on the other
shunt screw.

Alarm Unit

The contacts should close with 80 milliamperes
dc +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



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 dc 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 dc current. The armature should
move to the left between the limits of 40 and 60
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 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 causefa
change in the pickup current, making necessary
several slight readjustments of both shunt screws
to obtain the desired calibration. The armatfire’as
finally calibrated should pickup and dropout with
a snappy action.

FOR RELAYS TO BE USED WITH
O KR-TYPE CARRIER OR TA-3'TONES
Receiver Unit

Calibrate as outlined umder TC Type Carrier.
Apply 15 ma. dc curgentifor polarity check. The
pickup value should beyd4“milliamperes dc (ar-

10

mature moves to left) instead of 40 ma. The
calibration of reset (armature moves to the right)
should be done at 6 milliamperes instead of 60 ma.

Alarm Unit

Calibrate as outlined under TC-Type €arrier.
Check pick-up at 8 milliamperes=t 5% instead of
80 ma. Dropout should begbetween 4 and 6 ma.
instead of 40 and 60 ma.

RENEWAL PARTS

Repair work can be done@’most satisfactorily at
the factory. Howgves, interchangeable parts can
be furnished to the customers who are equipped
for doing repaimwork. When ordering parts, al-
ways give the complete nameplate data.

ENERGY REQUIREMENTS

CarrentsBurden at 60 Cycles.

POWER
CURRENT VOLT- FACTOR
AMPERES AMPERES ANGLE
0.5 2.2 33° %
5 43 70° +
20 394 49° 1+
40 1240 39.2° tt
60 2760 32.5° tt

+ Current lagging voltage
+1 Current leading voltage

Rating of Overcurrent Unit

Continuous rating 5 amperes. One second
rating 100 amps.
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