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Type KA-1
Auxiliary Relay

Effective: September 1970
Supersedes Mimeographed |L. 41-923.1

* Denotes Changed Since Previous Issue

TYPE XA-1 AUXI LI ARY RELAY

CAUTI ON Before putting relays into service, renove all bl ocking
which may have been inserted for the purpose of securing parts
during shipnment, make sure thatal | moving parts operate freely,

I nspect the contacts to see that they are clean and cl ose properly,
and operate the relay to check the settings and electrica
connections.

APPLI CATI ON

_ The'type KA-1 is an auxiliary relay used in the type kb
directional conparison tripping system The KA-1 relay provides
a circuit for high speed tripping, controls the transfer tripping
signal for the renote line termnals, and supplies necessary
coordi nation during power reversal conditions.

CONSTRUCTI ON

The type KA-1 relay consists of three time-delay auxiliary
relay units, five silicon diodes, and one non-directional high-
speed ground fault overcurrent unit.

Auxiliary Units X, X, and X2

The auxiliary units X, X, and X2 are teIephone-tYpe_reIays
In these relays, an electromagnet attracts a right-angle iron
bracket which in turn operates a set of make or break contacts.

Units X and XI have a capacitor and resistor network
connected across their operating coils to provide correct timng
under variable control voltage conditions (-20, +15 percent or
rated voltage).

The units XI and X2 are of slowrelease type. The delay. in
rel ease is obtained by a copper slug located at the end opposSite
fromthe armature. \Wen the coil becormes deenergized, the change
in flux through the slug results in.an electronotive force and
associated current in it.

This current produces a flux'which aids the main flux and
del ays the release of the armature. \en the coil is energized,
the operation of the relay is not appreciably del ayed because the
armature is operated by flux not |inking the slug.

Al possible contingencies which may arise during installation, operation or maintenance, and all details and
variations of this equipment do not purport to be covered by these instructions. If further information is desired
by purchaser regarding this particular installation, operation or maintenance of this equipment, the local ABB
Power T&D Company Inc. representative should be contacted.

Printed in U.S.A.



Tripping D odes Dl and D2

Tripping diodes DI and D2 are medi umpower silicon rectifiers.

Bl ocking Diodes D3, D4, D5

Bl ocking diodes D3, D4, and D5 are Zener type diodes having a
one watt, 200 volt rating (JEDEC No. [|N3051).

Overcurrent Unit (10s)

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

N@chanicaluy, the overcurrent unit is conposed of four basic
conponent s: a die-cast alumnum frame, an el ectromagnet, a noving
el ement assenbly, and a nolded bridge.

The frame serves as the nmounting structure for the magnetic
core. The magnetic core which houses the [ower pin bearing is
secured to the frane by a locking nut. The bearing can be
replaced, if necessary wthout having to renmove the magnetic core
fromthe frame.

The el ectromagnet has two pairs of coils. The coils of each
pair are nounted dianetrically opposite one another. In addition
there are two locating pins. The locating pins are used to
accurately position the |ower pin bearing which is nmounted on the
frame, with respect to the upper pin bearing, which is threaded
into the bridge. The electromagnet is secured to the frane by
four mounting screws.

The noving el enent assenbly consists of a spiral ﬁgring,
cont act caraﬁlng menber, and an al um num cylinder assenbled to a
nol ded hub which holds the shaft. The shaft has renovable top
and bottom jewel bearings. The shaft rides between the bottom
pin bearing and the quer pin bearing with the cylinder rotating
In an air gap formed by the el ectronagnet and the nagnetic 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 nmounting the adjustable stationary contact
housi ng. 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 noving contact armby a
spiral spring. The spring adjuster is also held in place by a

spring type clanp.

Wth the contacts closed, the electrical connection is nade
through the stationary contact housing clanmp, to the noving
contact, through the spiral spring out to the spring adjuster

cl anp.
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Wien the current in the overcurrent unit exceeds the pick-up
val ue the contacts open.

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

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

A varistor is connected across the secondary of the saturating
transforner. The varistor reduces the voltage peaks applied to
the overcurrent unit and phase shifting capacitor

Operation |Indicator

The operation indicator is a small dc operated clapper type
device. A magnetic armature is attracted to the magnetic core
upon energi zation of the device. During this operation two fingers
of the armature deflect a spring located on the front of the
switch, which allows the operation indicator target to drop. The
target is reset fromoutside the case by a push rod |ocated at the
bottom of the cover.

OPERATI ON
Rel ayi ng System

This relaying schene makes use of a channel separate from the
Bomer line as a means of signal transmission. Therefore, either a
locking or a tripping signal can be utilized for relaying. The
tripping signal is preferable, since it effects high-speed tripping
particularly in cases where a tapped line termnal has weak source
of fault current. In the event of channel failure, undesirable

tripping cannot take place since the mcrowave signal nust be
received over the channel to initiate high-speed tripping.

Directional Conparison Trip Schene with a Receiver Contact and an
Al ar m Cont act

In this scheme, the tripping relays, as in the directiona
conparison carrier blocking schene, are set to operate for a fault
anywhere on the protected line, and they reach beyond the line at
the renote line termnals. Fast relay operation Is obtained since
all faults will be within the relay characteristic. For short
lines there is no problemin setting the tripping relays to see
faults in the protected zone.

The transmtter and receiver used in the directiona
conparison trip system are of the frequency-shift type. The
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transmtter sends a holding signal unless a fault detecting relay
operates the magnetic keyer that shifts the transmitter frequency
to the tripping frequency. The receiver equipnment contains
receiver re aY, 94, that is operated by the discrimnator crysta
output directly, and the alarmrelay, 74, separate fromthe
receiver relay.

As shown on dwg. 184A311 the triqping path for internal
phase faults is provided through 22 (00) and 22 (38) units of the
type KD relay.  For ground faults, tripping is through Do and |0
of the ground relay. = For both phase and ground faul ts, tripping
wi Il be through the X contact of the X auxiliary unit and the
receiver relay, 94. The receiver relay contact closes only upon
the reception of the trip frequency from the opposite Iine
termnal. The local protective relays plus the transfer trip
receiver relay contact, 94, formthe basis of the scheme. For
external faults, the protective relay at one line ternmnal wll
not operate and a transfer trip will not be transmtted. Thus
tripping is prevented at all the line termnals.

The testing of the conparison trip systemis acconplished in
the following way. The transmtter is shifted to the trip-
perm ssive frequency by closing the test swtch. At the renote
station contact 74 wll close to energize unit X The nor nal
open contact of X closes, shifting the renote transmitter to the
tripping-frequency. This will close local 94 contact, lighting
the indicating lanp (IL), indicating a positive channel test.
The testing procedure |eaves the trirpping circuit operative, and
an incorrect operation (should an external fault occur) is
prevented by the opening of one or nore of the 23 or | os contacts.
This |eaves the magnetic keyer under the control of only the
protective relays. Upon conplete loss of signal, alarmrelay, 74
drops out, sounding an alarm

Directional Conparison Schenme with Single Receiver Contact
(no alarm contact)

In the specific application where receiver equipnment has
only one output relay, the function of the receiver alarmrelay
contact 74 is perfornmed by receiver contact 94.

Auxiliary Unit X

The auxiliary unit X is operated by receiver alarmrelay
contact, 74. This contact closes upon |oss of the hold-frequency
signal.  This occurs whenever the renpte transmtter sends a
tripping signal or fails to send any signal

The unit X performs the follow ng functions:

a. For internal faults, it provides (through its normally-
closed contact) a high speed tripping path. The X relay
has a 1.1 cycle mninum pick-up time, hence, the tine
delay of the circuit is such that a high-speed trip
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oPeration I's not blocked by operation of the receiver
alarmrelg 74.

b. For external faults which may be followed by a sudden
reversal of power flow, the X unit opens the trip circuit
at the local line termnal so that there will be no race
bet ween the 94 contact opening and the fault detecting
relay contacts closing. The receiver alarmrelay 7 opens
on |l oss of holding frequency to pick-up the X unit
before the reversal takes place.

¢c. The third function of the X unit is to provide a tripping
signal for the oppositeline termnal when either the
| ocal breaker is open or the system produces no fault
current with the breaker open. Since neither the 23

(00) the Z3 (38) nor the I oscontacts will open with no
fault current at the local termnal, the X contact closes,

to pick up the nagnetic keyer which transmtts a trip
signal to the line termnal requiring the trip signal.

The Auxiliary Unit X

The unit X is operated by the fault detecting relays. |ts
normal Iy open contacts perform the follow ng functions:

a. One X contact acts as safety valve and parallels the X
contact in the trip circuit to provid atime delay trip
should the X contact open prematurely.

b. During a breaker trip, the tripping signal is continued
for 3-5 cycles, through the 52b and second set of X
contacts to insure that the signal is not prenaturely

r enoved.

c. The third set of contacts of X controls the operation of
X2.

The Auxiliarv Unit X2

The unit X2, that is operated by Xl contacts, is used to
reset unit X after an internal fault is cleared at all |ine
termnals. This is necessary; otherwise, the X contact in series
with Z3 (00), zZ3 ( 30)and |l os mght continue to key the trip
signal indefinitely.” However , after X drops out when the breaker
opens, X2 does not drop out for 8-10 cycles. This is |ong
enough for the trip signal to be transmtted, and fo alarmrelay
74 to open its contact ta all line termnals so that X will not

pi ck up again.

Tripping D odes O and D2

Tripping diode DL is used to separate the ground relay circuit
from the phase circuits.




Tripping diode D2 is used to prevent selected trip circuits,
(e.g. 101T contact from operating the magnetic keyer.

Bl ocki ng D odes D3, D4, D5

Bl ocking diode D3 is used to prevent false tripping when the
magnetic keyer is operated by the ground relay directional unit
alone, or by closing of the normally open X contact. Bl ocking
diode D4 is used to prevent a sneak path for tripping through™X
coptact in magnetic keyer circuit and | ocontact of the ground
relay.

Bl ocking diode » in use with a single receiver contact is
used for the separation of normally open contacts, X and X in
the repeater and signal continuing circuits but does not provide
for tripping permssive signal after backup relay operation. This
function if desired, can be provided by the TRB static unit.

Bl ocking diode b in use with two receiver contacts is used
for the follow ng purposes:

a. To provide a trip permssive signal upon operation of the
protected line back up relays in case of failure of the
| ocal Zone 2 distance relay or the directional over-
current relay.

b. To elinnate a sneak tripping circuit that may be set
uE upon closing of any one of the contacts controlling
the operation of the magnetic keyer.

Overcurrent Unit 1 os

The 1os contact of the high-speed non-directional overcurrent
unit is used in series with Z3 (00)Z3 (30)and X contacts to
formthe repeat circuit that effects single end feed tripping.

If an internal fault is not detected at the local station because
of the breaker being open or because of insufficient fault current,
the local transmtter will retransmt the received signal when the
X contact closes as a result of the receipt of the trip signal
fromthe renmote station. Thus, the renote breaker is allowed to
trip at high speed.

In case an external fault should occur during the test of the
system los contact will open the nagnetic keyer circuit, thus
preventing false tripping at the renote term nal

CHARACTERI STI CS

The characteristics of the various units of the relays are
as follows:
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48V 125V 250V
Avg. Avg. ' Avg.
Ohms Ohms Ohms

Operation Indicator (1 amp.) 0.1 0.1 0.1

X Unit Coil 1800 1800 1800

X Series Resistor - 7500+ 20,000+

X 1 Unit Coil 1300 1300 1300

X 1 Series Resistor - 2800+ 7300+

X 2 Unit Coil 3300 3300 3300

X 2 Series Resistor - 5000+ 13,000+

+ Adjusted Value
The pickup and operating values of these units are given
under "Adjustments and Maintenance".

The time characteristic of the overcurrent unit is shown
on curve 471061.

The overcurrent unit is available in the following current
ranges:

Range ' Taps
0.5 - 2 amps. 0.5 0.75 1.0 1.25 1.5 2.0
1 -4 1.0 1.5 2.0 2.5 3.0 4.0

The tap value is the minimum current required to just open
the relay contact. For pickup settings in between taps place the
tap screw in the next lower tap hole and adjust the spring until
the contacts just open at the desired pickup current.

SETTINGS

Auxiliary Units

The auxiliary units X, X1 and X2 require a setting for the
correct control voltage. For 48 V DC voltage, the series resistors
for X1 and X2 are by-passed by connecting the lead to the rear
terminal of the resistor. The 48 V DC setting for X unit is
obtained by connecting the lead to the rear adjustable terminal
of the corresponding series resistor. For 125 V DC or 250 V DC
rated relays, the connection is made to the adjustable tap
terminal on the series resistor.

Overcurrent Unit

The setting required for the overcurrent unit is made by
inserting the tap screw in the tap to give the required pickup.



Caution

Since the tap block connector screw carries operating current,
be sure that the screw is turned tight. |n order to avoid opening
the current transforner circuits when changing taps under | oad,
connect the spare tap screw in the desired tap position before
removing the other tap screw fromthe original tap position. The
los overcurrent unit at each line termnal is set on a |lower tap
than the tripping unit at the opposite end of the line.

| NSTALLATI ON

The relays should be nounted on sw tchboard panels or their
equivalent in a location free fromdirt, noisture, excessive
vibration, and heat. Munt the relay by neans of the four npunting
holes on the flange for sem -flush mounting or by means of the
rear nounting stud or studs for projection nmounting. FEther a
mounting stud or the nmounting screws may be utilized for grounding
the relay. The electrical connections may be made directly to the
termnals by neans of screws for steel panel nounting or to the
termnals studs furnished with the relay for thick panel nounting.
The termnal studs may be easily renoved or inserted by |ocking, two
nuts on the stud and then turning the proper nut with a wench.

ADJUSTMENTS AND NAI NTENANCE

The proper adjustments to insure correct operation of this
relay have been nade at the factory. Upon receipt of the relay no
custoner adjustnents, other than those covered under "SETTINGS",
shoul d be required.

Accept ance Check

The follow ng check is recomended to insure that the relay
I's in proper working order:

Overcurrent Unit

Wth the tap screw in the desired tap hole, pass rated
alternating current through the relay termnals. The contact
shoul d pick up wthin -+5% of tap val ue.

Qperation | ndicator

~ Apply direct current to the relay termnals. The operation
I ndi cator should pick up and drop the indicator target between 1
anpere and 1.2 anperes dc.

Auxiliary Units X, X2, X3

Apply rated voltage to each auxiliary unit relay termnals and
observe contact action. If desired, the timng of the operation can
be checked as outlined under calibration procedure.
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Routi ne Mai nt enance

Al relays should be inspected periodically and the operation
shoul d be checked at |east once every year or at such other time
intervals as may be indicated by experience to be suitable to the
particular application.

~Al'l contacts should be periodically cleaned. A contact
bur ni sher S# 182A836h01 is recommended for this purpose. The use
of abrasive material for cleaning contacts is not recomrended
because of the danger of enbedding small particles in the face of
the soft silver and thus inpairing the contact.

NOTE:  Wien naking a dielectric test on the relay, the high voltage
may be applied at the relay termnals, fromall circuits to groung
bet ween coil and contact circuits, and between isol ated coi
circuits. However, the test voltage should not be applied across
relay contacts and rectifier circuits.

Use the follow ng procedure for calibrating the relay if the
relay has been taken apart for repairs or the adjustnents have been
di sturbed. This procedure should not be used unless it is apparent

that the relay is not in proper working order.
Auxiliary Units X, X, and X2

The operating tine of units X, X, and X2 should be checked
with an electronic tiner. Wen adjusting the series resistor,
| oosen the adjustnment band to avoid injury to the resistance wre.
The series resistor for each unit is |ocated bel ow the corresponding
unit.

Auxiliary Unit X (Left-Hand Unit)

For 125 V DC or 250 V DC control voltage, 'the coil of the
relay should be connected in series with the resistor. Adjust the
resi stance to neasure:

7,500 ohns for 125 V DC
20, 000 ohns for 250 V DC

Wth the armature closed, adjust the air gap to be .002" - .003."
Cont act gaps shoul d neasure from-020" to .035." The coil is
energi zed across termnals 5 & 6 for two receiver contacts and
termnals 5 &11 for single receiver contact.

~Check for the specified 1.0 to 2.0 cycle dropout time across
termnals 11 and 15 for two receiver contacts and termnals 15 &

18 for single receiver contact. |If necessary the dropout tine
can be adjusted by changing the air gap. After final adjustment,
the air gap should be a mininmumof .002." Check pick up tine

across termnals 3 and 20 by applying first 80% and then 115% of



rated voltage. It should fall within the specified limits of 1.1
to 1.5 cycles. 1If necessary, make further adjustment to achieve
correct timing by slightly increasing or decreasing the series
resistance.

Auxiliary Unit X1 (Middle Unit)

For 125 V DC and 250 V DC control voltage, the coil of the
relay should be connected in series with the resistor. Adjust
the resistance to measure:

2,800 ohms for 125 V DC operation
7,300 ohms for 250 V DC operation

With the armature closed, adjust the gap to the .002" - .004".
Contact gaps should measure from .020" to .035". Check for the
specified 3.0 to 5.0 cycles dropout time by energizing the relay
between terminals 2 and 20, and measuring the contact dropout time
between terminals 12 and 15 or 7 and 8 for two receiver contacts.
In the case of a single receiver contact, time the relay between
terminals 12 & 14, or 7 &« 8. If necessary, the dropout time can
be adjusted by changing the air gap. After final adjustment the
air gap should be a minimum of .002". Check the pick up time
first with 80% and then with 115% of rated voltage. It should
fall within the specified limits of 1.0 and 2.0 cycles. 1If
necessary, make further adjustment to achieve correct timing by
slightly increasing or decreasing the series resistance.

Auxiliary Unit X2 (Right-Hand Unit)

For 125 V DC or 250 V DC control voltage, the coil of the
relay should be connected in series with the resistor. Adjust the
resistor to measure:

5,000 ohms for 125 V DC
13,000 ohms for 250 V DC

Adjust the armature air gap until the dropout time is between
8-10 cycles. This is checked by energizing the coil between
terminals 6 & 7 and measuring time response across terminals 4 and
5. The final air-gap with the armature closed should be minimum
.0015". Check the pick up time with 80% of rated voltage. It
should be below 1.5 cycles. If necessary, make further adjustments
to achieve correct timing by slightly increasing or decreasing
series resistance.

D1 and D2 Tripping Diode Check for Two Receiver Contacts

Check operation of Dl diode across the terminals 1 & 20, and
the D2 diode across terminals 9 and 10, as follows (for single
receiver contact, use terminals 14 and 18 and 15 and 20):

- 10 -
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A Forpard Voltage Drop

Pass 10 anperes dc in termnal 1, out termnal 20 for DI,
and in termnal 9, out termnal 10 for D2 with positive polarity
on termnal 1 for d, and termnal 9 for D2.

Using a high resistance voltneter, neasure the voltage across
termnals 1 & 20 for and termnals 9 and 10 for D2. t should
be less than 1.5 volts.

B. Leakage Current for 48/125 V DC Rel ays

Apply 125 V DC with 10,000 ohmresistor in series to termnals
1 and 20, with positive polarity on termnal 20 for D1 and to
termnals 9 and 10 with positive polarity on termnal 10 for D2.
Measure the |eakage current with a dc milliameter. It should be
l ess than 4 mllianperes.

For 48/ 250 V DC Rel ays

Same procedure as for 48/ 125 V DC rel ays except apply 250 V DC.
D3, D4, D5 - Blocking Diode Check (For 48, 125, and 250 Volt Rel ays)

a. Reverse Characteristic:

Breakdown voltage is the value of voltage at which the
current just exceeds 0.25 mllianperes and shoul d be
between 160 and 240 volts for each diode. The breakdown
voltage is determned by slowy increasing voltage until
reverse current exceeds 0.25 mllianperes and starts to
increase rapidly. Do not exceed 3 mllianperes reverse
current.

b. Forward Characteristic:
Wth 200 mllianmperes flowng in forward direction, the
flogvvarld vol tage across each diode should not exceed
.5 volts.

Overcurrent Unit

The upper bearing screw should be screwed down until there is
approximately 1/64" clearance between it and the top of the shaft
bearing. Securely lock in position with the lock nut. The [ower

bearing position is fixed and cannot be adjusted.

Wth the noving contact in the normally closed position, i.e.
agai nst the right side of the bridge, screw in the stationary contact
until both contacts just close. en screw in the stationary contact
aPp]Eoﬂ mately one-half turn farther to provide the correct amount
of follow



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

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

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

Adjust the spring until the contacts just open. With this
adjustment, the pickup of the relay for any other tap setting
should be within +5% of tap value.

If settings in between taps are desired, place the tap screw

in the next lower tap hole and adjust the spring until the contacts
just open at the desired pickup current.

ENERGY REQUIREMENTS

Burden Data Operating Current Circuit - 60 Cycles

Range Volt Amperes Power Factor Volt Amperes Power Factor
Amps. Taps Tap Value Current Angle § at 5 Amperes Angle f#
.5 .37 39° 24 46°
.75 .38 36 13 37
1 .39 35 8.5 34
.5-2
1.25 .41 34 6.0 32
1.5 .43 32 4.6 31
2 .45 30 2.9 28
1 .41 36° 9.0 36°
1.5 .44 32 5.0 32
2 .47 30 3.0 29
1-4
2.5 .50 28 2.1 27
3 .53 26 1.5 26
4 .59 24 .93 24

- 12 -
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RATI NGS OF OVERCURRENT UNIT

RANCGE CONTI NUQUS ONE SECOND RATI NG
AVPS AWPS.
. 5-2 5 100
1-4 5 140

Operation | ndi cator

The operation indicator should pick up and drop the indicator
target when the current is between 1 and 1.2 anperes dc.

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

Repair work can be done nost satisfactorily at the factory.
However, interchangeable parts can be furnished to the custoners
who are equipped for doing repair work. Wen ordering parts,
al ways give the conplete nanepl ate data.

- 13 -
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