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OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type SKA relay is the static carrier auxiliary
relay used in the K-Dar distance carrier relaying
system to block 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 indications of fault power and direction prowided
by the phase and ground relays, thereby comitrolling
the transmission of the carrier signals, or theéyindtia-
tion of high-speed tripping for internal faults:.

CONSTRUCTION

The components of the type ‘KA ‘telay/are mount-
ed in the F'T32 Flexitest case. The ‘statiC equivalents
of the receiver relay, the carrieristop auxiliary relay
units, and the carrier-start greundfever-current unit
Ios are mounted on plug-ipfPrinted’circuit boards. In
addition, the static components for the transient
blocking and carrier squelcheftunctions are similarly
mounted. Two printed gircuit boards are used, one
mounted on the front“of the relay chassis, and the
one at the reaf of the“@hassis.

There is“only ofie electromechanical relay unit
in the SKArelay:“athigh-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making static,circuitry. This relay unit operates in
approximately 3milliseconds for internal faults clear-
edgthrough the SKA relay. The tripping has a d-c
electromagnet and an attracted magnetic armature. An
insulated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three
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*Denotes change from superseded issve.

of the contacts are used, “but all four must be in ad-
justment for proper operation of the relay.

The alarm funetion is*handled by a separate type
TT-1 alarm relay, mounted in an SC-type semi-flush
case. The TT-1 alarm relay uses a telephone-type
relay unit with9a, single normally-open contact. The
coil circ@it gshshunted by a small vitreous resistor
to give the [desired calibration.

The, phase carrier relay target or operation indi-
catormis ha d-c operated clapper-type device which
dropsyan orange target when trip current flows through
itsycoil circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TITLE FUNCTION

B NOT Delivers a tripping output
when carrier is notreceived.
Energized from output of car-

rier receiver.
C 3/20 TIME Integrating time delay, (ad-
DELAY justable) 3 ms. pickup time,
20 ms. dropout time, ener-
gized from 21P (phase) or
67N (ground)protective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).
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Fig. 1. Type SKA Carrier Auxiliary Relay in FT32 Case (Front View).
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Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View).
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The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

F FLIP-FLOP Providespositive and steady
tripping output when logic
circuits determine presence
of internal fault.

G TRIP AMP  D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

H CARRIER Stops carrier transmission
STOP (OR) on signal from 21P, 67N,
carrier squelch, or from 2-

input AND at I.
I 2-INPUT Provides an output to car-

AND rier-stop OR (H)on operation
of both Do (in 67N) and car-
rier-start Ios units.

Includes phase splitter, rec-

tifier, and level detector for
static ground -carrier-start
over-current unit.

K TRANSIENT Allows (adjustable) 25 ms¢
BLOCKING for normal tripping affer
AND UN- operation of 21P, 67N, OF
BLOCKING Ios, then blocks flip-flop“te
25/25 prevent incorrect tribping

during clearing of external

‘ fault. If internal fault devel-
ops before glearing of) ex-
ternal fault, tHe, unblocking
feature allows tripping after
25 ms. deldy.

L SQUELCH Energizes, camrier-stop cir-

0+/150 cuit when AR trip relay is
energizedy(no intentional de-
lay), 4and holds carrier off
forabout 150 ms. to allow
sequential tripping of other
terminals. Provision is made
for external initiation of
squelch by applying positive
d-c to relay terminal 6.

J Ios AMP

M Ios and Switching transistor (ener-
O+T.D. gized from output of Ios
30:50 AMP) which serves as nor-
mally-closed contact for
ground carrier-start function.
No intentional pickup (0+)
and 30-50 ms. dropout time
when energized from Ios
AMP.

R - - Carrier receiver to préovide
blocking signal to logic cir*
cuits from remote transmitter.

T - - Carrier transmitter to send

blocking signal to “remote
station.

INTERNAL FAULT

The operation of 21P (phase)or 67N (ground)
relay for an internal fault, performs the following:

1. Energizes the_carrier-stop circuit (H).

2. Starts the 3-ms. timing circuit (C). The longer
dropout time“of 20 ms. is to minimize any ad-
ditionalf'delay caused by contact bounce of
theéelectromechanical protective relays.

3. ‘“‘Arms?’ the flip-flop (F), or puts it in a
‘‘ready’’ “condition by removing a blocking
biasVoltage.

4., Energizes the transient blocking circuit (K).

In the absence of received carrier, the NOT cir-
cuit, B has an output which is fed into the AND cir-
cuit/D. After 3ms., the output of time delay C is also
fed into D. If both these inputs continue for another
3 ms., the output of E operates the flip-flop F, and
in turn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relayoperation may qccur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (88 or 3 8)
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios (thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).

T
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Fig. 3. Logic Diagram for the Type SKA Relay.

If tripping does not take place within 25ms. after
the protective relays operate, a TRANSIENTWBLOCK -

ING circuit at K is energized which de-sensifizes
the FLIP-FLOP to prevent possible undesired trip-
ping duringtransients occurring at the clearing(else-
where) of an external fault.

SEQUENTIAL FAULTS

Occasionally an extermal fault will be followed
by an internal fault before the)former is cleared. In
order to prevent a long®delayin clearing such a in-
ternal fault, a ‘‘transient anblocking’’ feature is in-
cluded at K'. Althoughatrdnsient blocking has been
set up by thé initial “external fault, the presence of
an internaldfaultfwillgcause an output from the AND
at D. This outputdwill energize the transient un-
blocking circuit which, after 25 ms., will allow the
flip-flop to operate, and complete the trip circuit by
energizing thé AR relay through the trip amplifier G.

RELAYACIRCUITRY

The connections of the logic elements to the re-
lay terminals are shown on the internal schematic,
Fig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

complete detailed relay circuit is shown in Fig. 5.
The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately +45 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive tripping output from the NOT cir-
cuit B.

C-3/20 MS (ADJUSTABLE) TIME DELAY:

D-TWO-INPUT AND

Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-




TYPE SKA CARRIER AUXILIARY RELAY

COMPLETE STATIC
CIRCOITRY-

owg. YOLTS D.C
SVI0111 12§
7905 %0
§310000 “

RIPPING

/ LAY

L s¥s ) L

" _ortmnon

L~ inercaTen

)

[T TEST swiTem

|~ TemeiraL

L
$-re8 290 V.0.¢. }
T62A752

Fig. 4. Internal Schematic for the Type SKA Relay in
the FT32 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode DS1
to the time delay circuit C. When this occurs, capa-
citor C50 starts to charge thru resistors R52, R103
and R54. After a time delay of approximately 3 milli=
seconds (adjustable), the voltage on C50 is suffix
cient to cause Zener diode Z52 to conduct, (thus
making the base of Q52 positive. Under fhis cendi-
tion, transistor Q52 is switched on andyitsieollector
potential drops to a very low valuet” Thus, for an
operation of 21P or 67N and withpno, carrier received,
transistors Q52 and Q53 of the 2-input AND at D will
both be in a conducting condition. This combination
will remove the positive potential from the base of
transistor Q54, thus cuttingféffyits-collector current,
and represents a tripping gondition. If, however,
carrier is received at theysamesftime that 21P or 67N
operates, the recéption offearrier will cause Q51
and Q53 to turfnyofff raising the potential of Q53
collector and Q54 base,thus keeping Q54 conduct-
ing. The output of Q54 under this condition repre-
sents a blocking or non-tripping condition.

E - 3/0hms TIME DELAY. Under normal condi-
tions, Q&4nisiin a conducting state. This provides a
path fer current to flow from the emitter to the base
of tramsistor’ Q55 and then thru the collector circuit
of ‘Q54, keeping Q55 turned on. Under this condition,
transistor Q55 short circuits or bypasses capacitor
€51, preventing it from charging up. Under the condi-

tion for tripping explained in the previous section,
transistor Q55 is turned off, allowing C51 to/charge
thru resistors R70 and R69. After a calibratedytime
delay of 3 milliseconds, the voltage across capaci-
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is sufficient
to cause operation of the flip-flopt” The time delay
circuit E has no intentional ‘esetwtime’ delay. If a
tripping condition is indicated for“lor-2milliseconds
such as during a reversal of fault “power flow, as
soon as transistor Q55 agaim ¢onducts. The capaci-
tor C51 is rapidly discharged thru Q55, diode D52,
and resistor R70. The rapid resetting of the time de-
lay circuit E prevents, possible notching up of the
charge on capacitor C51 during momentary inter-
mittent interruptiens“of the carrier blocking signal.
This time delay in €enjunction with that provided in
circuit C{are ample to provide coordination of the
carrier-starty and tripping protective relays at the
two endsyof “a line circuit during fault conditions.

F 9FLIP-FLOP CIRCUIT. The flip-flop circuit
cofisists of transistors Q58 and Q59 and associated
components. Under normal conditions, transistor Q58
ig'in'a non-conducting, and transistor 59 is fully con-
ducting. The base of transistor Q59 is held well be-
low its emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D55 and resistors R82 and R83,
the desensitizing bias is removed from transistor
Q59. This is accomplished by making the potential
of the junction of resistors R82 and R83 higher than
the positive 22 volt supply for the flip-flop circuit.
When this occurs, there is no current flow through
resistor R84 and diode D57, and the flip-flop is now
‘“armed’’, or in a ready condition for a tripping oper-
ation. After the three-millisecond time delays of
circuits C and E have elapsed, the potential across
capacitor C51 is sufficient to cause Q58 to conduct.
This immediately causes operation of the flip-flop,
turning off transistor Q59. When Q59 is no longer
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detail in the previous section (M) and by dotted
lines to the right of terminals 8, 9, 19,and 18 of the
SKA relay (Fig. 3), so that when it conducts it
stops the transmission of carrier. This is the car-
rier stop circuit section H. The combination of oper-
ation of the directional unit Dy in the carrier ground
relay 67N and the presence ct ground fault current
comprises one condition for stopping carrier. This
combination is necessary to handle fault current
values below the pickup of the Iy tripping unit of
the 67N relay.

If the ground fault current is high enough for the
operation of both Do and I, of the carrier ground re-
lay, this will apply a positive potential to SKA relay
terminal 4. Thru the circuit starting from relay ter-
minal 4 thru Zener diode Z54, resistor R26, and diode
D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay,
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it on 40 Stop
carrier. The operation of 67N or 21P directly ener-
gize the second input to the 3-input ORg Theythird
input is from the carrier squelch circuit, as described
in the next section.

L — CARRIER SQUELCH. When the trip) ampli-
fier G is energized as a result of am intermal fault,
the turning on of transistor Q64 drops its coll ector
voltage to a very low value. The, eollector circuit of
Q64 is also connected from tHe,rear“board terminal
18 to the front board termipal 16W%the resistor R31
and the base of transistopm®8.“Applying a negative
potential from Q64 to this cirecuit allows transistor
Q8 to turmn on, thus_gproviding a path for rapidly
charging capacitor C3 thru¢diode D12, transistor Q8,
diode D14, resistor R33, and diode D13. This posi-
tive potential on capacitor C3 is applied, through
R34, to the base input circuit of the carrier-stop
transistor Q63 Thus when a tripping operation oc-
curs, the carrier-stop circuit is energized for a
period of 120 to 160 milliseconds to hold carrier in
the ‘‘off’’ cendition at that terminal to allow the
tripping of other terminals which may have to oper-
atémp,sequentially because of the distribution of
fault current. Provision is made for external initia-
tion“of carrier squelch by applying positive d-c to
relay terminal 6. This allows a path for rapidly
charging capacitor C3 through resistors R39 and
R33 and diode D12 as above.

It will be noted that an output of thejearrier.€on-
trol circuit at relay terminal 8 is alsofconn€cted to
the rear printed circuit and through diodepD60 to the
transient blocking circuit. This circuit is provided
so that for an external fault, where the directional
element remains open and only the overcurrent unit
operates, this will still allow _energizing the tran-
sient blocking circuit.““@peration’ of the transient
blocking circuit by the carrier-start overcurrent unit
alone is desirable so that/the transient blocking will
be acting if a power,reversal occurs during the clear-
ing of-an external fault, However, the flip-flop is not
‘‘armed’’ by the ‘Operation of the ground overcurrent
carrier-start relay, alone since this relay unit does
not set up tripping.

CHARACTERISTICS

The type SKA relay is shipped with the carrier-
start owvercurrént unit set for 0.5-ampere pickup and

0.4-amperéydropout current. This setting is satisfac-
toryafer ‘most applications. The range of pickup ad-
gustment of this unit is 0.5 to 2.0 amperes. The drop-
out, is 80 percent of pickup.

The AR relay operate time is 3.5 milliseconds.

The pickup and dropout characteristics of the
various time-delay circuits of the relay logic are
given in the OPERATION sections.

Burden of overcurrent unit:

At 0.5-amp. pickup setting: 0.2 v.a. at 0.5 a, 60 cycles
7.8 v.a. at 5.0 a, 60 cycles

SETTINGS

Normally, there are no settings to be made on the
SKA relay. The 0.5-ampere pickup of the groundover-
current carrier-start unit (Ios) and the various time
delay circuits are factory adjustments. For most ap-
plications, a pickup current of 0.5 ampere for the Ios
unit is satisfactory. If conditions require, the pickup
can be changed to any value between 0.5 and 2.0 am-
peres, as explained under Calibration in the Adjust-
ment and Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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

n
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panel mounting. The terminal studs may be easily by connecting it in accordance with Fig. 7. O O
removed or inserted by locking two nuts on the stud the switches 1, 2, and 3, and apply 1 ampere, 6
and then turning the proper nut with a wrench. cycles as indicated for the six test conditi

Table I. The operation of the type AR tripping relay
The outline and drilling plan of the type SKA re-

lay in the FT-32 case is shown in Fig. 17. 4
or the presence of carrier control e (20 volts
dc) as listed in the columns will check
ADJUSTMENT AND MAINTENANCE the performance of the logic circ d other com-
A. Acceptance Test ponents of the complete rela ight-hand column
of Table I indicates the pr e relay operation
The operation of the SKA relay can be checked represented by the six test ons.
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SETTINGS i RESPONSE
Test SW. sw.o r. | AR D.C. Volts o  Condition R 4
- - ‘ Relay Term. 9-5 perating Condition Kepresente
f 1 0 0 ! open Zero Normal
2 Cl# closed Zero 21P or 67N operation
3 close close open Zero 21P and received carrier
2nd st
4 0 0 @1.0 amp || open 20V Ios carrier-start
5 0 0 C1 1.0 ‘ open Zero Do and Ios operation
6 c1 Q c1 1.0 . closed Zero * Do and Io trip and Ios
0=
Cl1 e
&= or pickup

ose SW-2, then SW-1
= close SW-1 with lead connected first to term. 4 then to term. 20.



TYPE SKA CARRIER AUXILIARY RELAY

I.L. 41:923.5C

B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (Ig) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenlyincrease from 0 to approximate-
ly 20 volts. This is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals
1 and 10, or by applying a d-c voltage from an exs
ternal source thru the relay trip circuit to the timer
or tothe vertical deflection input of the oscilloscépe.
The time from the closing of SW-1 until the trip.cir-
cuit is completed should be in the order of“9, to“12
milliseconds. If a double-pole, single-throwy,switch
is used to energize the relay and start theftiming de-
vice, be sure that both poles of the switeh close
within a millisecond of each other.

The performance of the operatiom, indicator can
be checked while the circuitrof Fig. 7 is set up by
connecting the relay trip circuit, (terminals 1 and 10)
to an external source of appreximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closed, the indicator should drop its
target. NOTE: Do, notytry to interrupt the 1.5-ampere
direct currentfby opening SW-1 as the AR tripping re-
lay will not'intefrupt this current. Instead, open the
trip circuit'extérnal o the SKA relay, then open SW-1.

C. Recommended Routine Maintenance

The contacts of the type AR tripping relay should
be periodically cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
eareful not to distort the moving contact spring fin-
gers during burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure correctyopera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by theetistomer.
If the adjustments have been changed, or components
have been replaced which may affect the calibration,
orifit is desired to check the adjustments at regular
maintenance periods, the instruetions in the calibra-
tion section should be febllowed.

D. Calibration

1. Tripping Relay (AR){ The type AR tripping relay
unit has been preperlyfadjusted at the factory to
insure correct operation, and under normal field
conditions _should4not require readjustment. If,
however, (the“adjustments are disturbed in error,
or it becomes necessary to replace some part, use
the following adjustment procedure. This pro-
eedure/should not be used until it is apparent that
thelrelay'is not in proper working order, and then
only ifrsuitable tools are available for checking
thesadjustments.
ay, Adjust the set screw at the rear of the top of

the frame to obtain a 0.009-inch gap atthe tear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit: To test this portion of
the relay, use the connections shown below.

o———@——ol?
20 V.ZENER

DIODE
(IN3686 OR

POS.45 V EQUIV.)
D.C. VM
0-25
NEG.D.C.
G
7634913
Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially.read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessaryto adjust the pickup, turning the slotted
shaft gf potentiometer R3 in a clockwisedirection
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current vaiue.
Do not try to set the dropout below 80 percent as
the relay may not reset at all.

3. OperationIndicator. The operationindicator should
pick up and drop the indicator target when ‘the
current is between 1 and 1.2 amperes d-c. To_in-
crease the pick-up current, remove the mg@lded
cover and bend the springs out or away from the
cover. To decrease the pick-up current,/bendghe
springs in toward the cover.

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

4. Time Delays in Logic Circuits. There are six
time-delay circuits in the SKA relay. These can
be checked most easily_usingsa cathode-ray
oscilloscope having provision dor a single sweep
and an external trigger sourc e/ The scope should
preferably have 4a calibrated horizontal sweep
which can be yead jin milliseconds directly from
the grid on the sereen 0f the scope. The follow-
ing paragraphs will“€xplain the procedure to be
used and the connections necessary for checking
or recalibrating €ach of the time delay circuits

* separately. Note: The notation ‘‘3/20 MS’’ on
the log@ie, diagram and on the internal schematic
means._ 8, milliseconds pickyp time, 20 milli-
seconds ‘dropout time. The figure ‘‘0+’’ means
fnowintentional time del ay.

a. “3/20 ms. time delay (section C of circuit)

4

1. Make the connections shown in Fig. 9«

SCOPE
PROBE

ol TPS2 ax=x
XL meaf |2 86,4
P0S 45V, 0—@

SCOREATRIGGER

o

N 763A914

Fig. 9. Test Connections for the, 3/20 MS Time Delay
Unit of the Type SKA Relay.

2. Set the scope Sweep-speed for around 5
milliseconds time to make one sweep.

3. Appreximately 3 ms. after S'W-1 is closed,
the dc*veltage across TP52 (+) to TP64 (-)
Wikl _drop from 7 volts to nearly zero. The
sidden” drop in vertical position of the
trace’ will indicate completion of the time
delay. This time is factory set between
2.7 and 3.3 ms., but may be lowered to
less than 2.0 ms. by moving potentiometer
R54 counterclockwise, and increased to
7.0 ms. by moving R54 clockwise.

4. Reset scope and change sweep speed to
measure 20 ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing
it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

SwW-| SKA

POS. 125 vvnco——//‘,"

)
op.st” ! 10
SWITCH, | MEG.

I
\:
SKA J
Pos.csuc—@ Sw-1
¢85
SKa
458125} NEG-

P52 TP64 STORTING

JUMPER

SCOPE TRIGGER

oc—&ET==3C0kE
PROBE

TP8O

763A915

Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit and the Flip.Flop of the Type SKA Relay.
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2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time dclay indication on scope trace. It
should be 2.7 to 3.3 ms.

6. This time delay can i:e adjusted by R79 on
relay subpanel. Loosen lock-nut. Turn
shaft clockwise to increase time delay.
Adjust if necessary to 3 ms. + 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Fig. 11,

but will start at about 120 ms., ‘@nd.may
take to 160-200 ms., to reach final) value.
No adjustment, since the carmier<squelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connectionsgshown in Fig. 12.

SKA

sw-t
P0s.125 Y O

TP63 --- PROBE

{
ska mee| [2W
TP6
POS. ‘50——@ SCOPE
TRIGGER
JUMPER
SKA XA TPS4

(458125)NEG.O
ADD JUMPER

7634917

SW-1i SKA

POS.125 VO
SKA
Pos.450__@

SKA

(458 |25mec,o—£

SKA
06 AMP,
60 cYc SKA

10 MEG.

TRIGGERWNPUT

SKA
SKA
SKA
S A

SHIELD
LEAD

20 V. ZENER DIODE
IN3686 OR EQUIV.

7634916

Fig. 11. Test Connectionsgfor the Carrier Squelch Unit
of the Type SKA Relay.

2. Apply d.c.;9then 0.6 amp., 60 cycles (or
120 percent of pickup); then close SW-1,
and“reset scope trigger. (It may be neces-
sary to set scope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Note: Voltage across SKA terminals 18 (=)
9 (+) will jump from zero to 20 volts d.c.
when a-c is applied, thenback tozero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

Fig. \12:9Test Connections for the Transient Blocking
Unit of the Type SKA Relay.

2. Set scope sweep-speed to measure about
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

4. This time delay may be increased by mov-

ing potentiometer R93 clockwise and de-
creased by moving R93 counterclockwise.

5. Remove test jumper.

¢

Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

SKA Sw-1
A TO SCOPE
POs.45 7 | TRIGGER

———oTPS52
SKA
NEG D.CA TP63  TP64 P61
dscope JUMPER
proBE
763A918

Fig. 13. Test Connections for the Transient Unblocking of
the Type SKA Relay.
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* TABLE I

Test Point Voltages
(to negative d.c. — TP12- Front Bd., TP64- Rear Bd.)

O

Test Condition (From Table | and Fig. 6)
Test Point 1 2 3 4 5 6
L 4
D.C.Ma(Fig. )| 90 240 115 90 105 250 (Not a relay
TP-4 6.5 6.5 6.5 test point
5 6.7 6.7 6.7
6 6.6 6.6 6.6
7 <0.5 <0.5 <0.5
8 7.6 7.6 7.6
9 7.5 7.5 7.5
10 <0.5
11 21.6
12 —
13 <0.5
14 22.5
15 <0.5
16 0
17 3.5
51 21.5
52 7.4
53 <0.5
54 <0.5
55 21.5
56 0 0 0 9.2
57 3.5 3.5 3.5 20
58 20.0 8 ) 20.0 20.0 7.8
59 0 0 0 0 14.5
60 45. <0, 45 45 45 <0.5 Note:
61 18 0.5 <0.5 <0.5 17.0 <0.5 <0.5 means
62 <0.5 7.4 7.4 0.65 <0.5 ““less than 0.5’
63 21 20.5 <0.5 <0.5 20.5 20.5
64 0 0 0 0 0

d as for previous

close SW-1. (Both poles

must close simultaneously.) After 20 to 30

ms., the scope trace will suddenly rise

from zero £6 about 20 volts. If time is out-

si 0-30 ms. limits, reduce R73 to shorter
r increase R73 to lengthen time.

ove jumper.

is completes the calibration checks of the
ious'time delay circuits.

E. Electrical Checkpoints

With the SKA relay connected as shown in Fig.
7, the d-c voltages at the test points on the two
printed circuit boards are listed in the following
table for the six test conditions tabulated in Table
I. These values can be checked on a new relay, then
kept for a reference iftrouble shootingbecomes neces-
sary at a later date. The exact values will vary from
one relay to another, but in general will be within *
20 percent between relays.

Return to TEST 4 except pass just pickup current
(0.5amp.,60 cyclesunlessrelay has beenrecalibrated)
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through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1 to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vary from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
during routine checks, the following procedure is sug-
gested for trouble-shooting:

If it is desiredto check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outside the relay. In use, the relay chas-
sis is first removed from its case, then the rear

printed circuit board is removed. In its plaee is in-
serted a connector board provided withh '3 ft.gqor 6 ft.
of 19-conductor ‘‘ribbon’’ cable, and a Similar recep-
tacle for the removed SKA circuit board at the other
end. The relay chassis isnow re-insertedin its case,
and both the front and rear boards are“dccessible for
maintenance. The test cable 487shown in Fig. 16

Under standby conditionsythe test point voltages
should essentially agree with“the values listed in
Table II under TestgCondition 1 (first column of
voltages). Ifthesevaluesfare correct, the relay should
then be checked per‘BEig.“@and Table I, as explained
in ADJUSTMENT)AND| MAINTENANCE, Section A,
Acceptance Test. Following is a tabulation of some
symptoms, amd theWsections of the SKA relay which
may be at_fault:

In locatingytrouble with no specific component
failure indicated, proceed as with any electronic de-
vice.\Start, at the input and gradually work through to
thegoutput circuit. For the SKA relay printed circuit
boards, start at the left side (circuit-wise, per Fig.
9), checking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMPTOM POSSIBLE CAUSE
1 No 22-volt supply 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorrect testipoint 'voltage 1. Failure of nearest associated transistor or
diode.
2 AR relay dogs not operate 1. Defect in some circuit on rear printed circuit board
3 AR reldy does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
4 No, 20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
b) 20 volts d.c. does appear at SKA 1. Iyg portion of front p.c. bd. not operating, or
term’s 9 and 5 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.
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Fig. 16.
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G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads onthe component side of the printed circuit
board. Then turn the board over, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If the terminal hole intheboard closes
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads cannot be clipped off. In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will

4

N
S

Q
o
¥

L 4

L. 23.
gradually separate from the board. O
Wherever possible, use a heat-sink as an

alligator clip) on any transistor or diode being sold-
ered. As an alternate, use a long-nosed pliers to
the lead (being soldered) between the’devices and

H. Test Equipment

the point of soldering. %

1. Vacuum-tube vol r a-c and d-c measure-
ments.
2. Cathode-ray os oscope with provision for

calibrated s weep.

REN RTS - Repair work can be done

ily at the factory. However, inter-
1 ts can be furnished to the customers
ipped for doing repair work. When order-
always give the complete nameplate data.
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ELECTRICAL PARTS LIST

Unless Otherwise Noted, Ail Resistors Are 0.5-Watt, + 59% Tol.

S;RM%[(J)ILT DESCRIPTION STYLE NO. S;RM%LSLT DESCRIPTION STYLE NO.
AR Tripping Relay 408C845G01 RESISTORS
CAPACITORS R1 50 ohms, 25W, 5% 1340388
R2 150 ohms, 25W, 5% 1267272
cl 0.5 mfd., 200 V.D.C. | 187A624H03 R3 2.0K ohms, 3W, Pt, I
C2 0.25 mfd., 200 V.D.C. | 187 A624HO02 R4 2.5K ohms, . 25 WP Ots 629 A430H03
C3 39 mfd., 35V.D.C. | 187A508H04 RS 2.7K ohms 184 AT63H37
C4 150 mfd., 6 V.D.C. | 184A661HO8 R6 39K ohms 184 A763HE5
C50 1.0 mfd., 200 V.D.C. | 187A624H04 . 18K ohrgf 184 AT63H57
C51 0.22 mfd., 400 V.D.C. | 188A293H02 R8 3.9K ohmSpL W, 5% 187A643H41
C52 0.5 mfd., 200 V.D.C. | 187 A624H03 R9 200 oNg, =W, Pot. 185A067H 14
cs53 39 mfd., 35 V.D.C. | 187A508H04 R10 Ve & 184 AT63H63
C54 .05 mfd., 200 V.D.C. | 187A624H08 R11 RS 184 AT63H51
€55 3.0 mfd, 200 V.D.C. | 188A293H06 R12 LUY ofims 184 AT63H51
R13 380 hms 184AT63H15
R14 10K ohms 184 AT63H51
DIODES R15 680K ohms 184A763H95
R16 120K ohms 184AT63HTT
g étoglg RAT 10K ohms 184 A763H51
© IN459 A 184A855H08 R18 10K ohms 184 A7T63H51
D14 IN2069 (CER-69) 188 A34 2H06 Nt 68K ohme 184 AT63HT 1
D 8—DI5| IN645A 83746921103 R20 68K ohme 184 AT63HT 1
D50toD58| IN459 A 184A855HO8 Ro1l 23K ohms 184 AT63H63
D59 IN91 182A88 LHO% R22 33K ohms 184A763H63
D50 IN459A 184 A0 R23 10K ohms 184 AT63H51
* R24 6.8K ohms 184AT63H4T
TRANSISTORS R25 3.3K ohms 184 A7T63H39
R26 62K ohms 184 AT63HT0
Q1 IN652A 184.A638H16 R27 5.6K ohms 184 AT63H45
Q2 IN69T 184 A638H18 | * R28 500 ohms, 5W, 5% 762A679HO4
Q3 IN696 T62A585H0 1 R29 1K ohms, 5W, 5% 184A859H10
Q4 IN696 762A585H0 1 R30 1K ohms 184 AT63H27
Q5 IN697 184A638H 18 R31 2.2K ohms 184 AT63H35
* Q6 IN657 184A638H15 R32 10K ohms 184 AT63H51
x Q7 2N657 184 A638H15 R33 330 ohms, 2W, 5% 185A207H15
Q8 2N398M 184 A638H 12 R34 1.2K ohms 184 AT63H29
Q@ oN3417 848 A851H02 R35 330K ohms, 2W, 5% 185A207H15
Q51 INBE2A 184 A638H 16 R86 22K ohms 184 AT63H59
Q52 2N696 T62A585H01 R37 10K ohms 184 AT63H51
Q53 2N696 762 A585H0 1 R38 10 ohms 187 A200HO 1
Q54 2N696 762A585H01 | * R39 300 ohms, 25WFor48V | 1202847
Q55— Q59 § 2N652A 184 A638H 16 1250 ohms, 25W For 125V | 1202589
Q60 IN697 184A638H18 3000 ohms, 25W For 250V | 1202954
Q61 BN652A 184 A638H 16 R50 10K ohms 184A763H51
Q62 ON697 184A638H 18 R51 100K ohms 184AT63HT5
Q63 ON697 184A638H 18 R52 47 ohms, 1W, 109 184 A859H09
Qed 2N699 184A638H 19 R53 82K ohms, 1W, 59 187 A643HT3
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ELECTRICAL PARTS LIST (Continued)
gﬁ%‘é{f DESCRIPTION STYLE NO. g;RM%‘gg DESCRIPTION STYLE NO.
RESISTORS (Cont.) RESISTORS (Cont.)
R54 * 100K, .25W, Pot. 629 A430H04 R91 4.7K ohms 184A763H43
R55 120K ohms 184A763HT7 R92 6.8K ohms 184AT63H47
R56 10K ohms 184 AT63H51 R93 *15K ohms,.25W,"Pot. 629 A430H08
R57 10K ohms 184 AT63H51 R94 10K ohms 184A763H51
R58 68K ohms 184A763H71 R95 %* 3 3K%hms 184A763H39
R59 10K ohms 184AT63H51 R96 10K “onms 184A763H51
R60 68K ohms I84AT63HTL | pog 470, ohms 184AT63H19
R61 33K ohms 184AT63HE3 | pog 470, ohms 184 AT63H19
R62 33K ohms 184AT63HE3 R99 10K ohms 184A763H51
R63 10K ohms 184A763H51
R64 33K ohms |84ATE3HES R 100 2.2K ohms 184A763H35
R65 3.3K ohms 184 A763H39 QU 800 ohms, 3W, 5% 184A859H06
R66 4.7K ohms 184 AT63H43 R102 | % 3.3K ohms 184AT63H39
RE7 1K ohms 184 A763H27 R103 33K ohms 184A763H63
RE8 33K ohms, 1W, 5% 187 A643H63 THS1 Thermistor, 10K at 25°C 185A211H04
R69 47K ohms 184AT63H6T
R170 4.7K ohms 184A763H43 TRANSFORMER
R71 68K ohms 18TAT63HT 1 T1 Saturating Transformer 606B519G03
R72 1.5K ohms 18AT63H3 1
R73 * 1K ohms. 184A763H27T * ZENER DIODES
R74 22K ohms 184 AT63H59
R75 8.2K ohms 184A763H49 Z1 IN1832C, 62V. 184A617HO06
R76 8.2K ohms 184A763H49 Z2 IN957B. 6.8V. 186A797THO6
R77 470 ohms 184A763H19 Z3 IN3686B, 20V. 185A212H06
R78 4.7K ohms 184A763H43 Z4 IN3797B, 22V. 185A089H09
R79 1K ohnfS, 2w, Pot. 185A067HO9 Z5 IN3051, 200V. 187A936H01
R80 99K ohMe 184 AT63H59 z6 IN4370A, 2.4V. 184A639H12
RS 1 ooilloe 184 AT63H59 Z1-78 UZ5875, T5V. 837A693H04
R8O e, 184 ATE3H61 Z50 IN3051, 200V. 187A936H01
R83 < e 184 AT63HAT z51 IN3686B, 20V. 185A212H06
no A B4 ATE3H43 752 IN957B, 6.8V. 186AT9THO6
Z53 IN3051, 200V. 187A936H01
R85 WiK ohms 184AT63H43 | = 54 IN3051, 200V. 187A936HO1
R86 10K ohms 184A763H51 Z55 IN957B, 6.8V. 186A797THO6
R87 82K ohms 184 AT63HT3 756 IN960B, 9.1V. 186A79TH10
R838 15K ohms 184 AT63H55 Z517 IN957B, 6.8V. 186A797HO6
R39 5.6K ohms 184A7T63H45 758 IN957B, 6.8V. 186AT9THO6
R90 2.2K ohms 184 AT63H35 759 IN1789, 56V. 584C434H08
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INSTALLATION

Westinghouse I.L. 41-923.5B
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type SKA relay is the static carrier auxiliary
relay used in the K-Dar distance carrier relaying
system to block 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 indications of fault power and direction prowided
by the phase and ground relays, thereby gontrolling
the transmission of the carrier signals, or thednitia-
tion of high-speed tripping for internal faults.

CONSTRUCTION

The components of the type SKAyrelay are mount-
ed in the 7T32 Flexitest case.Thetstatic equivalents
of the receiver relay, the)carrier, stop auxiliary relay
units, and the carrier-start“ground over-current unit
Ios are mounted on plugéfin printed circuit boards. In
addition, the static components for the transient
blocking and carriewSquelch functions are similarly
mounted. Two gprinted’ circuit boards are used, one
mounted on she “frontWef the relay chassis, and the
one at the rear of thejyehassis.

There isionlyfone electromechanical relay unit
in the SKArelay+a high-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making statdec circuitry. This relay unit operates in
appreximately 3milliseconds for internal faults clear-
édwthrough the SKA relay. The tripping has a d-c
eleetromagnet and an attracted magnetic armature. An
insulated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three

SUPERSEDES I.L. 41-923.5A

*Denotes change from superseded issue.

of the contacts are used,ypbut all four must be in ad-
justment for proper operation of the relay.

The alarm function is handled by a separate type
TT-1 alarm rélay mounted in an SC-type semi-flush
case. The4T'T-1 alarm relay uses a telephone-type
relay unitgpwithypa single normally-open contact. The
coil circujt isyshunted by a small vitreous resistor
to“give the desired calibration.

The phase carrier relay target or operation indi-
catormis a d-c operated clapper-type device which
drops,an orange target when trip current flows through
itsdeoil circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TITLE FUNCTION

B NOT Delivers a tripping output
when carrier is notreceived.
Energizedfrom output of car-

rier receiver.
C 3/20 TIME % Integrating time delay, (ad-
DELAY justable) 3 ms. pickup time,
20 ms. dropout time, ener-
gized from 21P (phase) or
67N (ground)protective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).

EFFECTIVE OCTOBER 1967
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*Fig. 1. Type SKA Carrier Auxiliary Relay in FT32 Case (Front View).
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*Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View).
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The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

F FLIP-FLOP Provides positive and steady
tripping output when logic
circuits determine presence
of internal fault.

G TRIP AMP D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

H CARRIER Stops carrier transmission
STOP (OR) on signal from 21P, 67N,
carrier squelch, or from 2-

input AND at I.
1 2-INPUT Provides an output to car-

AND rier-stop OR (H)on operation
of both Do (in 67N) and car-

rier-start Ios units.
Includes phase splitter, rec-

tifier, and level detector for
static ground carrier-start
over-current unit.

* K TRANSIENT Allows (adjustable) 25 ms.
BLOCKING for normal tripping aften
AND UN- operation of 21P, 67N, o
BLOCKING Ios, then blocks flip-flopito
25/25 prevent incorrect tripping

during clearing of external
fault. If internal fault devel-
ops before clearing of 4ex-
ternal fault, the,_unblocking
feature allows 4ripping after
25 ms. delay.

J Ios AMP

* L SQUELCH Energizes 4{earriersstop cir-
0+/150 cuit whefl AR tFip relay is
energized, (no intentional de-
lay),¢”@and ‘h6lds carrier off
for {about{ 150 ms. to allow
sequential tripping of other
terminals. Provision is made
for gexternal initiation of
sqgltelch by applying positive
d-c to relay terminal 6.
* M Ios and Switching transistor (ener-
Q+T.D. gized from output of Ios
30:50 AMP) which serves as nor-
mally-closed contact for
ground carrier-start function.
No intentional pickup (0+)
and 30-50 ms. dropout time
when energized from Ios
AMP.

R - - Carrier receiver to provide
blocking signal to logi€ cirx
cuits from remote transmitter.

T - - Carrier transmitter to send

blocking signal to zemote
station.

INTERNAL FAULT

The operation of 21P (phase)or 67N (ground)
relay for an internal fault performs the following:

1. Energizes the carrier-stop circuit (H).

Starts the 3-mg-timing circuit (C). The longer
dropout time4of 20 ms. is to minimize any ad-
ditional delay caused by contact bounce of
the electromechanical protective relays.

3. ““‘Armsy’ theflip-flop (F), or puts it in a
‘“‘ready’ " Weondition by removing a blocking
biasyvoltage.

4, KEnergizes the transient blocking circuit (K).

In the absence of received carrier, the NOT cir-
cuit B*has an output which is fed into the AND cir-
cuit Dy After 3ms., the output of time delay C is also
fed _into D. If both these inputs continue for another
3 ms., the output of E operates the flip-flop F, and
in turn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relay operation may qccur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (80 or 3 @)
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios (thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).

Ry,
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x Fig. 3. Ldgic Diagramffor the Type SKA Relay.

If tripping does not take place within“25 msypafter
the protective relays operate, a TRANSIENT“BLOCK-
ING circuit at K is energized which/de-Sensitizes
the FLIP-FLOP to prevent possible undesired trip-
ping during transients occurring at the clearing(else-
where) of an external fault.

SEQUENTIAL FAULTS

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 such a in-
ternal fault, a ‘‘trapsient,unblocking’’ feature is in-
cluded at K' 4@lthough transient blocking has been
set up by th€ initial external fault, the presence of
an internad faul® will®cause an output from the AND
at D. Thisyoutputl will energize the transient un-
blocking circuit,#which, after 25 ms., will allow the
flip-flop to operate, and complete the trip circuit by
energizing the AR relay through the trip amplifier G.

RELCAY CIRCUITRY

The connections of the logic elements to the re-
lay terminals are shown on the internal schematic,
Eig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

* complete detailed relay circuit is shown in Fig. 5.

The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately 445 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive trippingoutput from the NOT cir-
cuit B.

C-3/20 MS (ADJUSTABLE) TIME DELAY:

D-TWO-INPUT AND

Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-
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*Fig. 4. Internal Schematic for the Type SKA Relay in
the FT32 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode D51
to the time delay circuit C. When this occurs, capa-
citor C50 starts to charge thru resistors R52, R103
and R54. After a time delay of approximately 3 milli-
seconds (adjustable), the voltage on C50 is suffi-
cient to cause Zener diode Z52 to conduct, “thus
making the base of Q52 positive. Under this condi=
tion, transistor Q52 is switched on andbits ‘Gollector
potential drops to a very low value. Thus, for an
operation of 21P or 67N and with nq cafrier received,
transistors Q52 and Q53 of the 2-inpuf,ANDyat D will
both be in a conducting conditiongThist%e6mbination
will remove the positive potential from the base of
transistor Q54, thus cutting offgits“eellector current,
and represents a tripping (condition. If, however,
carrier is received at theWsame,time that 21P or 67N
operates, the reception of “€arrier will cause Q51
and Q53 to turn off, raising the potential of Q53
collector and Q54 base, thits keeping Q54 conduct-
ing. The output of Q54 “under this condition repre-
sents a blocking or non-tripping condition.

E - 3/0 ms TIME DELAY. Under normal condi-
tions, Qb544is im a conducting state. This provides a
path for current“o flow from the emitter to the base
of tranSistom@Q55 and then thru the collector circuit
of Q34; keeping Q55 turned on. Under this condition,
transistor Q55 short circuits or bypasses capacitor
C%1, préventing it from charging up. Under the condi-

tion for tripping explained in the previous section,
transistor Q55 is turned off, allowing C51 to charge
thru resistors R70 and R69. After a calibrated“time
delay of 3 milliseconds, the voltage across capaci-
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is sufficient
to cause operation of the flip-flop. /The_time delay
circuit E has no intentional reset time delay. If a
tripping condition is indicated for 1%er 2Williseconds
such as during a reversal ofgfault power flow, as
soon as transistor Q55 again ‘eonducts. The capaci-
tor C51 is rapidly discharged thmu®Q55, diode D52,
and resistor R70. The rapid resetting of the time de-
lay circuit E preventsgpossible notching up of the
charge on capacitor! C51%during momentary inter-
mittent interruptions ofythe carrier blocking signal.
This time delay in comjunction with that provided in
circuit C afey,ample to provide coordination of the
carrier-start “andy.tripping protective relays at the
two endsmof aWline circuit during fault conditions.

F <" ELIP-FLOP CIRCUIT. The flip-flop circuit
consists offransistors Q58 and Q59 and associated
components. Under normal conditions, transistor Q58
is in aynon-conducting, and transistor 59 is fully con-
ducting. The base of transistor Q59 is held well be-
low its emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D55 and resistors R82 and R83,
the desensitizing bias is removed from transistor
Q59. This is accomplished by making the potential
of the junction of resistors R82 and R83 higher than
the positive 22 volt supply for the flip-flop circuit.
When this occurs, there is no current flow through
resistor R84 and diode D57, and the flip-flop is now
‘‘armed’’, or in a ready condition for a tripping oper-
ation. After the three-millisecond time delays of
circuits C and E have elapsed, the potential across
capacitor C51 is sufficient to cause Q58 to conduct.
This immediately causes operation of the flip-flop,
turning off transistor Q59. When Q59 is no longer

AR
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detail in the previous section (M) and by dotted
lines to the right of terminals 8, 9, 19,and 18 of the
SKA relay (Fig. 3), so that when it conducts it
stops the transmission of carrier. This is the car-
rier stop circuit section H. The combination of oper-
ation of the directional unit Dg in the carrier ground
relay 67N and the presence of ground fault current
comprises one condition for stopping carrier. This
combination is necessary to handle fault current
values below the pickup of the Iy tripping unit of
the 67N relay.

If the ground fault current is high enough for the
operation of both Do and I, of the carrier ground re-
lay, this will apply a positive potential to SKA relay
terminal 4. Thru the circuit starting from relay ter-
minal 4 thru Zener diode Z54, resistor R26, and diode
D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it onfténstop
carrier. The operation of 67N or 21P diréctly /ener-
gize the second input to the 3-input QR. “Thé third
input is from the carrier squelch circuit, asidescribed
in the next section.

L — CARRIER SQUELCH. when (the' tripr ampli-
fier G is energized as a result ofg@m internal fault,
the turning on of transistor Q64 drops jits collector
voltage to a very low value. Théycolle€tor circuit of
Q64 is also connected fromgthe rear board terminal
18 to the front board terminal“6, the resistor R31
and the base of transister Q8:.4Applying a negative
potential from Q64 to fhis circuit allows transistor
Q8 to turn on, thus_previding a path for rapidly
charging capacitor/C34hru diode D12, transistor Q8,
diode D14, reSistoryR33; and diode D13. This posi-
tive potential onWeapacitor C3 is applied, through
R34, to 4he base input circuit of the carrier-stop
transistor“@Q6. Thits when a tripping operation oc-
curs, the carrier-stop circuit is energized for a
period of 120 to 160 milliseconds to hold carrier in
the “‘off’’ ,condition at that terminal to allow the
tripping of other terminals which may have to oper-
ate Usequentially because of the distribution of
fault“eurrent. Provision is made for external initia-
tion) of carrier squelch by applying positive d-c to
relay terminal 6. This allows a path for rapidly
charging capacitor C3 through resistors R39 and
R33 and diode D12 as above.

It will be noted that an output of the earrier con-
trol circuit at relay terminal 8 is also comnected to
the rear printed circuit and through diede D60 to the
transient blocking circuit. This circuit is provided
so that for an external fault, where the directional
element remains open and only the ‘@vercurrent unit
operates, this will still allow_energizing the tran-
sient blocking circuit, Opeération of the transient
blocking circuit by the -carriér-start overcurrent unit
alone is desirable softhat,the transient blocking will
be acting if a power'‘peyersal occurs during the clear-
ing of-an external fault.®However, the flip-flop is not
‘‘armed’’ by the,operation of the ground overcurrent
carrier-start grelay%alone since this relay unit does
not set up 4ripping:

CHRARACTERISTICS

The type SKA relay is shipped with the carrier-
start, overcurrent unit set for 0.5-ampere pickup and
0.4-ampere dropout current. This setting is satisfac-
tory for most applications. The range of pickup ad-
justment of this unit is 0.5 to 2.0 amperes. The drop-
out’is 80 percent of pickup.

The pickup and dropout characteristics of the
various time-delay circuits of the relay logic are
given in the OPERATION sections.

Burden of overcurrent unit:

At 0.5-amp. pickup setting: 0.2 v.a. at 0.5 a, 60 cycles
7.8 v.a. at 5.0 a, 60 cycles

SETTINGS

Normally, there are no settings to be made on the
SKA relay. The 0.5-ampere pickup of the groundover-
current carrier-start unit (Ios) and the various time
delay circuits are factory adjustments. For most ap-
plications, a pickup current of 0.5 ampere for the Ios
unit is satisfactory. If conditions require, the pickup
can be changed to any value between 0.5 and 2.0 am-
peres, as explained under Calibration in the Adjust-
ment and Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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

N
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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 outline and drilling plan of the type SKA re-
lay in the FT-32 case is shown in Fig. 17.

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the SKA relay can be checked

by connecting it in accordance with Fig. 7. Operate
the switches 1, 2, and 3, and apply 1 amperej 60
cycles as indicated for the six test conditionShin
Table I. The operation of the type AR tripping relay

or the presence of carrier control voltage (20 volts
dc) as listed in the columns of4TablefT will check
the performance of the logic circuitsyand®other com-
ponents of the complete relay. The right-hand column
of Table I indicates the proteetive relay operation
represented by the six test conditions.

12

¢

#

close SW-2, then SW-1
close SW-1 with lead connected first to term. 4 then to term. 20.

10 K
$!W
‘ 5w 2
.
I o |ofge
L \\‘ ::
Gemfon o o Q
AN TO. CONTACT
® \\ ? 0-250 DCA _)‘L“’G?g"c“:'r’
1 ",
NOTE:FRONT SW-3 SW-1 'b\\INSGBGB(ZOV‘OWsW
VIEW OF RELAY NS :%% ZENER DIODE)
(48 8h2s)
E)-eem,
POS. 125 v—4
7634919
Fig. 7. Test Diagram for Type SKA Relay.
TABLE |
SETTINGS i RESPONSE
Test Cuft. at i AR D.C. Volt
SW-1 | Sw-2 | sw.3 TorM: ° Operating Condition Represented
Relay Term. 9-5
16-17 |
i
1 0 0 Zero ‘ open Zero Normal
2 Cl# 0 0 Zero | closed Zero 21P or 67N operation
3 close closg 0 Z.ero open Zero 21P and received carrier
| 2nd 15t 0 ‘
4 0 0 0 @1.0 amp 3 open 20V Ios carrier-start
S 0 0 C1 1.0 ‘ open Zero Do and Ios operation
6 C1 0 C1 1.0 closed Zero * Do and Io trip and Ios
0 = open
C1 =close
@ ='or 2 X'pickup

ey
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B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (Ipg) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenlyincrease from 0 to approximate-
ly 20 volts. This is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals
1 and 10, or by applying a d-c voltage from an eX-
ternal source thru the relay trip circuit to th€Stimer
or tothe vertical deflection input of the oscilloscope.
The time from the closing of SW-1 until the“trip cir-
cuit is completed should be in the order<ef 9-te, 12
milliseconds. If a double-pole, single-throw “switch
is used to energize the relay and start{the timing de-
vice, be sure that both poles of ghe swii€h close
within a millisecond of each other.

The performance of the operation indicator can
be checked while the circuit®f Figy 7 is set up by
connecting the relay trip cireuit (terminals 1 and 10)
to an external source offapproximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closedyp thémindicator should drop its
target. NOTE: Do not Aryfto interrupt the 1.5-ampere
direct current bypopening SW-1 as the AR tripping re-
lay will not interrups, this current. Instead, open the
trip circuit extérnal 4o the SKA relay, then open SW-1.

C. Recommended Routine Maintenance

The contacts of the type AR tripping relay should
bederiodically cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
careful’ not to distort the moving contact spring fin-
gers)during burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure corrtect opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt byathe eustomer.
If the adjustments have been changed, or components
have been replaced which may affect the calibration,
or if it is desired to check the adjustments at regular
maintenance periods, the instructions in the calibra-
tion section should be followed.

D. Calibration

1. Tripping Relay (AR).“EFhe type AR tripping relay
unit has been properly adjusted at the factory to
insure correct operation, and under normal field
conditions ‘should ‘not require readjustment. If,
however #the, adjustments are disturbed in error,
or it betomes necessary to replace some part, use
the dollowing adjustment procedure. This pro-
cedure/should not be used until it is apparent that
the relay’is not in proper working order, and then
onlynif suitable tools are available for checking
the, adjustments.

a. Adjust the set screw at the rear of the top of
the frame to obtain a 0.009-inch gap atthe rear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit: To test this portion of
the relay, use the connections shown below.

60 CYG.

()——‘: }—()l?
20 V. ZENER

DI0DE
(IN3686 OR

P0OS.45 V EQUIV.)
D.C. VM
0-25
NEG.D.C.
¢
763A913
Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessary to adjust the pickup, turning the slotted
shaft of potentiometer R3 in a clockwisedirection
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading -dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current value.
Do not try to set the dropout below 80 percent as
the relay may not reset at all.

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 in-
crease the pick-up current, remove the moldéd
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 freeky when the
unit operates.

Time Delays in Logic Circuits®“Bherevare six
time-delay circuits in the SKAfTelay.“These can
be checked most easily using a cathode-ray
oscilloscope having provisionifor a single sweep
and an external trigger sourge. The scope should
preferably have agcalibratéd® horizontal sweep
which can be read ingmilliseconds directly from
the grid on the ‘sereén of s#4he scope. The follow-
ing paragraphs will“explain the procedure to be
used and the connections necessary for checking
or recalibrating each of the time delay circuits
separately, Note: "The rotation ‘‘30/20 MS’’ on
the logic diagram and on the internal schematic
means 8, ‘milliseconds pickup time, 20 milli-
secandSmdropout time. The figure ‘‘0+’’ means
no,intentional time delay.

am3/20 ms. time delay (section C of circuit)

1. Make the connections shown in Fig. 9.

SW-1I
POS. 125 V.D.LO—m

SCOPE
PROBE

el TPS2 ===
N veq) |2 P64
P0S. 45V, o—@

S KA
SGOPE TRIGGER

v

{458125)NEG. D.C.O—

T63A91L

* Fig. 9. Test Connections for the 3/20 MS Time Delay
Unit of the Type SKA Relay:

2. Set the scope sweep-speed for around 5
milliseconds“time to' make one sweep.

* 3. Approximately 3 ms. after SW-1 is closed,
the d:cwoltage across TP52 (+) to TP64 (-)
will drop from 7 volts to nearly zero. The
suddeény \drop in vertical position of the
tracey,will indicate completion of the time
debay. This time is factory set between
2.7 and 3.3 ms., but may be lowered to
Tess than 2.0 ms. by moving potentiometer
R54 counterclockwise, and increased to
7.0 ms. by moving R54 clockwise.

4. Reset scope and change sweep speed to
measure 20ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing
it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

SKA \
POS.‘&DC.—@ SW-1
Cc55
SKA
{ 455I25)NEG._®
TPS2 TP64 SHORTING
JUMPER
oe—EE===5005¢
PROBE

TP6O

SCOPE TRIGGER

T63A915

% Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit and the Flip-Flop of the Type SKA Relay.
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2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time delay indication on scope trace. It
should be 2.7 to 3.3 ms.

* 6. This time delay can e adjusted by R79 on
relay subpanel. Loosen lock-nut. Turn
shaft clockwise to increase time delay.
Adjust if necessary to 3 ms. + 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Fig. 1.

Sw-i SKA sl - SCOPE
POS.125 v(»—J 3 / PR?EE_
/ S
SKA 10 MEG. LY
POS uw—%a @
y 3
TRIGGER INPUT
SKA SKA
(455:25»«:(;.0—% e CsnieLn
LEAD
SKA

20 V. ZENER DIODE
IN3686 OR EQUIV.

60 CYG SKA

— T
06 AMP,

T63A916

Fig. 11. Test Conflections for the Carrier Squelch Unit

of the Type SKA Relay.

2. Apply die.; then 0.6 amp., 60 cycles (or
120fpercent of pickup); then close SW-1,
and reset scope trigger. (It may be neces-
sary to set scope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Note: Voltage across SKA terminals 18 (=)
9 (+) will jump from zero to 20 volts d.c.
when a-c is applied, thenback tozero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

but will start at about 120 ms., and may
take to 160-200 ms., to redch fimal value.
No adjustment, since the ‘earrier-squelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connedtion§“Shown in Fig. 12.

SW-t SKA

P0OS.125 VO— —@

w

TP63 --- PROBE

1
SKA MEG| |7

POSJ‘S()———{ SCOPE TP6

TRIGGER

SKA XA
(458125)NEGO e o
ADD JUMPER

Figy “12.

JUMPER

PS4

T63A917

Test Connections for the Transient Blocking
Unit of the Type SKA Relay.

2. Set scope sweep-speed to measure abou:
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

* 4. This time delay may be increased by mov-

ing potentiometer R93 clockwise and de-
creased by moving R93 counterclockwise.

5. Remove test jumper.

e. Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

ES SW-)
A TO SCOPE
P0Os.450 \ I TRIGGER
—OTPS2
SKA
NEG D.. TP63  TP64  TP6!
H JUMPER
![scorE
PROBE

¥ Fig. 13. Test Connections for the Transient Unblocking of
the Type SKA Relay.
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TABLE 1l

Test Point Voltages (to negative d.c.)

Test Condition (From Table | and Fig. 6)

Test Point 1 2 3 4 5 6
D.C.Ma(Fig.7)| 90 240 115 90 105 250
TP-4 6.5 6.5 6.5 20 20.5 20.5
5 6.7 6.7 6.7 6.7 6.7 6.8
6 6.6 6.6 6.6 <0.5 <0.5 <0.5
7 <0.5 <0.5 <0.5 19.0
8 7.6 7.6 7.6
9 7.5 7.5 7.5
10 <0.5 <0.5 <0.5
11 21.6 21.0 21.5
12 — — —
13 <0.5 <0.5 <0.5
14 22.5 22.5 22.5
15 <0.5 <0.5 <0.5
16 0 45 0
17 3.5 3.5 3.5
51 21.5 21.5 <0.5 21.5
52 7.4 <0.5 <0.5 <0.5
53 <0.5 <0.5 7.3 <0.5
54 <0.5 21.8 <0.5 22.0
55 21.5 1.3 21.5 1.3
56 0 9.2 0 0 9.2
57 3.5 20 3 3.5 3.5 20
58 20.0 7.8 @ 20! 20.0 20.0 7.8
59 0 14.5 0 0 14.5
60 45.0 <0.5 45 45 <0.5
61 18 <0.5 <0.5 <0.5 17.0 <0.5
62 0.6 <. 7.4 7.4 0.65 <0.5
63 21 L <0.5 <0.5 20.5 20.5

var

2. Set scope
section.

3. Apply d.c., t

ms'. ,

4.

completes the calibration checks of the
s time delay circuits.

emove jumper.

as for previous

ose SW-1. (Both poles
must close simultaneousty.) After 20 to 30
the scope trace will suddenly rise
from ,zzero to Qbout 20 volts. If time is out-
30 ms. limits, reduce R73 to shorter
crease R73 to lengthen time.

E. Electrical Checkpoints

N Iy test point
TP-1 . d.c. on
ont Wprinted circuit

£

<Type-64 is neg. d.c.
on rear printed circuit
board.

Note: <0.5 means
‘‘less than 0.5

With the SKA relay connected as shown in Fig.

7, the d-c voltages at the test points on the two
printed circuit boards are listed in the following
table for the six test conditions tabulated in Table
I. These values can be checked on a new relay, then
kept for a referenceiftrouble shooting becomes neces-
sary at a later date. The exact values will vary from
one relay to another, but in general will be within *

20 percent between relays.

Return to TEST 4 except pass just pickup current

(0.5amp.,60 cyclesunlessrelay has beenrecalibrated)
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through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1 to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vary from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
during routine checks, the followingprocedure is sug-
gested for trouble-shooting:

If it is desiredto check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outside the relay. In use, the relay chas-
sis is first removed from its case, then the reas

printed circuit board is removed. In its_place ds in-
serted a connector board provided with 3 f¢. or 6 ft.
of 19-conductor ‘‘ribbon’’ cable, and aisimilar recep-
tacle for the removed SKA circuit board at the other
end. The relay chassis is now re-insertedin its case,
and both the front and rear boards aré”accessible for
maintenance. The test cableg®s shown in Fig. 16.

Under standby conditions§ the test point voltages
should essentially agreeWwith the values listed in
Table II under Test Condition 1 (first column of
voltages). If these values are correct, the relay should
then be checked peryE'ig®T and Table I, as explained
in ADJUSTMENT AND*MAINTENANCE, Section A,
Acceptance Fest. Following is a tabulation of some
symptoms, @nd theépsections of the SKA relay which
may be atpfault;

In (locating trouble with no specific component
failure indicated, proceed as with any electronic de-
vicey Start at the input and gradually work through to
the,output circuit. For the SKA relay printed circuit
boards, start at the left side (circuit-wise, per Fig.
5), checking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMP TOM POSSIBLE CAUSE
1 No 22-volt supply. 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorreetstest,point voltage 1. Failure of nearest associated transistor or
diode.
2 AR relay does not operate 1. Defect in some circuit on rear printed circuit board
3 ARfrelay does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
S i —
4 No 20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
) 20 volts d.c. does appear at SKA 1. Iog portion of front p.c. bd. not operating, or
term’s 9 and 5 | 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.
|
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G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads on the component side of the printed circuit
board. Then turn the board over, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If the terminal hole in the board closes
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads cannotbe clipped off.In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will

gradually separate from the board.

Wherever possible, use a heat-si (su as an
alligator clip) on any transistor or diode ng sold-
ered. As an alternate, use a long-nosed pliers to
the lead (being soldered) between the devices and
the point of soldering.

H. Test Equipment

1. Vacuum-tube v \r a-c and d-c measure-

ments.
2. Cathode-ray illoscope with provision for
calibrated“single sweep.

ARTS - Repair work can be done
rily at the factory. However, inter-
ts can be furnished to the customers
quipped for doing repair work. When order-
arts, always give the complete nameplate data.
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ELECTRICAL PARTS LIST

Unless Otherwise Noted, All Resistors Are 0.5-Watt, + 5% Tol.

g:{RM%gf DESCRIPTION STYLE NO. g;%gf DESCRIPTION STYLE NO.
AR Tripping Relay 408C845G0 1 RESISTORS
CAPACITORS R1 50 ohms, 25W, 5% 1340388
R2 150 ohms, 25W, 5% 12672172
c1 0.5 mfd., 200 V.D.C. | 187A624H03 R3 2.0K ohms, 3W, Poff 185A067H17
c2 0.25 mfd., 200 V.D.C. | 187A624H02 R4 2.5K ohms, .25WaRoRy| 629 A430HO3
c3 39 mfd., 35V.D.C. | 187A508H04 RS 2.7K ohms 184 AT63H3T
C4 150 mfd., 6 V.D.C. | 184A661HO08 R6 39K ohms 184A763H65
C50 1.0 mfd., 200 V.D.C. | 187A624H04 R7 18K ohms 184 AT63H57
Cs1 0.22 mfd., 400 V.D.C. | 188A293H02 R8 3.9K ohmS{ W, 5% 187A643H41
C52 0.5 mfd., 200 V.D.C. | 187A624H03 R9 200K ITINZW, Pot. 185A067H 14
C53 39 mfd., 35V.D.C. | 187A508H04 R10 38K ohms 184 AT63H63
C54 .05 mfd., 200 V.D.C. | 187A624H08 R1l IR 184 A763H51
C55 3.0 mfd., 200 V.D.C. | 188A293HO6 R12 LORRohTs 184 AT63H51
R13 330%0hm s 184A763H15
R14 10K ohms 184 A763H51
DIODES R15 680K ohms 184A763H95
b R16 120K ohms 184 A763HTT
- K17 10K ohms 184 AT63H51
D 8—DI13 | IN459A 184 A855H08
R18 10K ohms 184 AT63H51
D14 IN2069 (CER-69) 188A342H06 by ¢ 68K ohms 184 AT63HT 1
D 8-D15 ) IN645A 837A692HeQ R20 68K olms 184AT63HT1
P | et to2as oM WEZ, | 30K omme 1844763165
onm
D60 IN459A 184 ABYFITIR R23 10K ohms 184 AT63H51
R24 3.3K ohms 184A763H39
TRANSISTORS R25 3.3K ohms 184 A763H39
R26 62K ohms 184 A763H70
Q1 2N652A 18%A638H16 R27 5.6K ohms 184 A763H45
Q2 IN697 184A638H 18 R28 470 ohms, 3.W, 5% 184A636H20
Q3 2N696 T62A585H0 1 R29 1K ohms, 5W, 5% 184A859H10
4 IN696 762A585H0 1 R30 1K ohms 184A763H27
Q5 IN697 184A638H18 R31 2.2K ohms 184AT63H35
Q6 2N697 184A638H18 R32 10K ohms 184 AT63H51
Qr ON697 184A638H18 R33 330 ohms, 2W, 5% 185A207H15
Q8 2N398 A 184A638H12 R34 1.2K ohms 184 AT63H 29
Q@ ON3417 848A851H02 R35 330K ohms, 2W, 5% 185A207H15
Q51 IN652A 184 A638H 16 R36 29K ohms 184 AT63H59
Q52 2N696 T62A585H01 R37 10K ohms 184A763H51
Q53 IN696 762A585H01 R38 10 ohms 187A290H0 1
Q54 2N696 762A585H0 1 R39 300 (2, 25W For 48V 1202847
Q55—Q59 | . 2N652% 184A638H16 125002, 25W For 125V | 1202589
Q60 IN697 184A638H 18 3000(), 25W For 250V | 1202954
@61 IN652A 184A638H16 R50 10K ohms 184 A763H51
Q62 IN697 184 A638H 18 R51 100K ohms 184 AT63H1T5
Q63 IN697 184A638H 18 R52 47 ohms, 1W, 10% 184 AB59HO9
Q8d aN699 184A638H19 R53 82K ohms, 1W, 59% 187A643H73
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TYPE SKA CARRIER AUXILIARY RELAY I.L. 41-923.58
ELECTRICAL PARTS LIST (Continued)
CIRCUIT DESCRIPTION STYLE No. | CIRCUIT DESCRIPTION STYLE NO.
SYMBOL SYMBOL
RESISTORS (Cont.) RESISTORS (Cont.)

R54 100K Pot. 629 A430H04 R91 4.7K ohms 184 A7T63H43
R55 120K ohms 184 AT63HTT R92 6.8K ohms 184AT63H47T
R56 10K ohms 184 AT63H51 R93 15K Pot. 629A430H08
R57 10K ohms 184A763H51 R94 10K, ohm$ 184A763H51
R58 68K ohms 184 A763HT1 R95 15K ohms 184AT63H31
R59 10K ohms 184AT63H51 | Rog 10K Shms 184AT63H51
R60 68K ohms 184AT63HTL | poq 4704 ohms 184 AT63H19
R61 33K ohms 184AT63HE3 | pog 476 ohms 184AT63H19
R62 33K ohms 184A763H63
R63 10K ohms 184 A763H51 R99 10K “ohms 184A763M51
R64 33K ohms 184 ATG3HES3 Ri100 2.2K ohms 184A763H35
R65 3 3K ohms 184 AT63H39 R101 800 ohms, 3W, 5% 184A859H06
RE6 4.7K ohms 184 AT63H43 R 102 8.2K, %W + 5% 184AT63H49
RET (K ohms 184 A763H2T R103 33K ohms 184A763H63
R68 33K ohms, 1W, 5% 187 A643H68 TH51 Thermistor, 10K at 25°C | 185A211H04
R69 47K ohms 184 AT63H6
R70 4.7K ohms 184 AT63H43 TRANSFORMER
R71 68K ohms BAGSHT1 | T Saturating Transformer | 606B519G03
R72 1.5K ohms 184A763H31
R73 1K ohms, %W * 5% 188A763H27 ZENER DIODES
RT4 29K ohms 184 AT63H59
RTS 8.9K ohms 184A763Ha9 z1 IN1832C, 62V. 184A617TH06
R76 8.9K ohms 184 AT63H49 Z2 IN957B. 6.8V. 186A79THO6
R77 470 ohms 184A763H19 z3 IN3686B, 20V. 185A212H06
R78 4.7K ohms 184A763H43 Z4 IN3797B, 22V. 185A089H09
R79 1K oHms, 2W, Pot. 185A067H09 Z5 IN3051, 200V. 187A936H01
R80 29K sohs 184A763H59 z6 IN4370 184A639H12
R81 22K hms 184AT63H59 Z50 IN3051, 200V. 187A936H01
R82 MK Ofims 184 A763H61 Z51 IN3686B, 20V. 185A212H06
R83 6.8K 'ohms 184 AT63H47 752 IN957B, 6.8V. 186AT97THO6
R84 447K ohms 184A763H43 753 IN3051, 200V. 187A936H01
R85 4.7K ohms 184A763H43 Z54 IN3051, 200V. 187A936H01
R86 10K ohms 184 A763H51 755 IN957B, 6.8V. 186AT9THO6
R87 82K ohms 184A763H73 756 IN960B, 9.1V. 186A797H10
R83 15K ohms 184 A763H55 Z57 IN957B, 6.8V. 186AT97HO6
R89 5.6K ohms 184A763H45 Z58 IN957B, 6.8V. 186 A7T9THO6
R90 2.2K ohms 184AT63H35 | 259 IN1789, 56V. 584C434H08
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INSTALLATION

Westinghouse 1.L. 41-923.58
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type SKA relay is the static carrier éuxiliary
relay used in the K-Dar distance carrier relaying
system to block 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 indications of fault power and direction prowided
by the phase and ground relays, thereby céontrolling
the transmission of the carrier signals, or theyinitia-
tion of high-speed tripping for internal faulfts.

CONSTRUCTION

The components of the type SKAuelay are mount-
ed in the T32 Flexitest case. The 'static equivalents
of the receiver relay, the earrienstop auxiliary relay
units, and the carrier-start’ ground” over-current unit
Ios are mounted on plug#in printed circuit boards. In
addition, the static components for the transient
blocking and carrierg§quelch functions are similarly
mounted. Two grintedécireuit boards are used, one
mounted on the frent“effthe relay chassis, and the
one at the rear ofythe“@hassis.

There is“only/one electromechanical relay unit
in the SKArelay*a high-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making statie circuitry. This relay unit operates in
approximately 3 milliseconds for internal faults clear-
edwthrough the SKA relay. The tripping has a d-c
electromagnet and an attracted magnetic armature. An
insulated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three

SUPERSEDES I.L. 41-923.5A

*Denotes change from superseded issue.

of the contacts are uged,; but dll four must be in ad-
justment for proper operation of the relay.

The alarm funetion/is handled by a separate type
TT-1 alarm relay mounted in an SC-type semi-flush
case. The 4'T-1 alarm relay uses a telephone-type
relay unitmwith®a single normally-open contact. The
coil circuit iSyshunted by a small vitreous resistor
to give the desired calibration.

The phase carrier relay target or operation indi-
cator%is) a d-c operated clapper-type device which
drop$an orange target when trip current flows through
1tsyCoil circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TITLE FUNCTION

B NOT Delivers a tripping output
when carrier is notreceived.
Energizedfrom outputof car-

rier receiver.
C 3/20 TIME x Integrating time delay, (ad-
DELAY justable) 3 ms. pickup time,
20 ms. dropout time, ener-
gized from 21P (phase) or
67N (ground)protective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+4T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).

EFFECTIVE OCTOBER 1967
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*Fig. 1. Type SKA Carrier Auxiliary Relay in FT32 Case (Front View).
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*Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View).
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The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

F FLIP-FLOP Providespositive and steady
tripping output when logic
circuits determine presence
of internal fault.

G TRIP AMP D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

H CARRIER Stops carrier transmission
STOP (OR) on signal from 21P, 67N,
carrier squelch, or from 2-

input AND at I.
I 2-INPUT Provides an output to car-

AND rier-stop OR (H) on operation
of both Do (in 67N) and car-

rier-start Ios units.
Includes phase splitter, rec-

tifier, and level detector for
static ground carrier-start
over-current unit.

* K TRANSIENT Allows (adjustable) 25 ms.
BLOCKING for normal tripping aftef
AND UN- operation of 21P, 67N, “On
BLOCKING Ios, then blocks flip-flopyto
25/25 prevent incorrect tripping

during clearing of external
fault. If internal fault dewel-
ops before clearing ofyex-
ternal fault, ¥he umblocking
feature allowsgtripping after
25 ms. delay:

J Ios AMP

* 1 SQUELCH Energizes ¢'@arriersstop cir-
0+/150 cuit when AR rip relay is
energized (nojintentional de-

lay)g®™and “holds carrier off

for{about) 150 ms. to allow

sequential tripping of other

terminals. Provision is made

forg#rexternal initiation of

sduelch by applying positive

d-c to relay terminal 6.

* M Ios and Switching transistor (ener-
O+T.D. gized from output of Ios
30-50 AMP) which serves as nor-

mally-closed contact for
ground carrier-start function.
No intentional pickup (0+)
and 30-50 ms. dropout time
when energized from Ios
AMP. '

R - - Carrier receiver to proyvide
blocking signal to logic cirs
cuits from remote transmitters

T - - Carrier transmitter to send

blocking signal to gemote
station.

INTERNAL FAULT

The operation of 21P (phase), or 67N (ground)
relay for an internal fault pefforms the following:

Energizes the carmier-stop circuit (H).

2. Starts the 3-m§&-timing circuit (C). The longer
dropout timeyef 20"ms. is to minimize any ad-
ditional delay “éaused by contact bounce of
the electromechanical protective relays.

3. ““‘Arms’’ the/flip-flop (F), or puts it in a
“‘ready’™Wcondition by removing a blocking
bias, voltage.

4. oEnergizes the transient blocking circuit (K).

In the“absence of received carrier, the NOT cir-
ewit Bihas an output which is fed into the AND cir-
cuit ‘D» After 3ms., the output of time delay C is also
fed dnto D. If both these inputs continue for another
3 ms., the output of E operates the flip-flop F, and
in turn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relay operation may qccur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (8@ or 3 @)
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios (thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).
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SKA LOGIC DIAGRAM
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% Fig. 3. Logic Diagramgfor the Type SKA Relay.

If tripping does not take place within“256 ms. after *

the protective relays operate, a TRANSIENT BLOCK-
ING circuit at K is energized which de-sensitizes
the FLIP-FLOP to prevent possible undésired trip-
ping duringtransients occurring at the clearing (else-
where) of an external fault.

SEQUENTIAL FAULTS

Occasionally an external“fault will be followed
by an internal fault befgre the former is cleared. In
order to prevent a long delay/in clearing such a in-
ternal fault, a ‘‘trapsient_. unblocking’’ feature is in-
cluded at K' Although transient blocking has been
set up by thé initial external fault, the presence of
an internal{fault?will“eause an output from the AND
at D. Thispoutputdwill energize the transient un-
blocking circuitywhich, after 25 ms., will allow the
flip-flop to operate, and complete the trip circuit by
energizing the AR relay through the trip amplifier G.

RELAY CIRCUITRY

The connections of the logic elements to the re-
lay terminals are shown on the internal schematic,
Fig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

complete detailed relay circuit is shown in Fig. 5.
The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately +45 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive trippingoutput from the NOT cir-
cuit B.

C-3/20 MS (ADJUSTABLE) TIME DELAY:

D-TWO-INPUT AND

Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-
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*Fig. 4. Internal Schematic for the Type SKA Relay in
the FT32 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode D51
to the time delay circuit C. When this occurs, capa-
citor C50 starts to charge thru resistors R52, R103
and R54. After a time delay of approximately 3 milli=
seconds (adjustable), the voltage on C50 is suffis
cient to cause Zener diode Z52 to conduct,“thus
making the base of Q52 positive. Under this condi
tion, transistor Q52 is switched on andits‘eollegtor
potential drops to a very low value. /Thus, for an
operation of 21P or 67N and with no carrier reeeived,
transistors Q52 and Q53 of the 2-input AND,at D will
both be in a conducting conditiongThisyéombination
will remove the positive potential from the base of
transistor Q54, thus cutting offyitsteollector current,
and represents a tripping (condition. If, however,
carrier is received at thelysame, time that 21P or 67N
operates, the recepfion of“Wearrier will cause Q51
and Q53 to turn £ff, gaising the potential of Q53
collector and Q54 base, thus keeping Q54 conduct-
ing. The output of Q54“under this condition repre-
sents a blocking or non-tripping condition.

E - 3/0 s TIME DELAY. Under normal condi-
tions, Q54,is in a conducting state. This provides a
path for_currentito flow from the emitter to the base
of transistom@55 and then thru the collector circuit
of Q54, keeping Q55 turned on. Under this condition,
transistor“Q55 short circuits or bypasses capacitor
Cb81, preventing it from charging up. Under the condi-

tion for tripping explained in the previous section,
transistor Q55 is turned off, allowing C51 to charge
thru resistors R70 and R69. After a calibrateditime
delay of 3 milliseconds, the voltage across capaci-
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is sufficient
to cause operation of the flip-flop.4The time delay
circuit E has no intentional reset ‘time delay. If a
tripping condition is indicated for Iyor 2milliseconds
such as during a reversal ofgfault power flow, as
soon as transistor Q55 again{econduets. The capaci-
tor C51 is rapidly discharged thrmu’ Q55, diode D52,
and resistor R70. The rapid resetting of the time de-
lay circuit E preventsgpossible notching up of the
charge on capacitor] C5Ihduring momentary inter-
mittent interruptions ‘of, the carrier blocking signal.
This time delay4n gomnjunction with that provided in
circuit C afe ample to provide coordination of the
carrier-start \and, tripping protective relays at the
two ends,of ajliné circuit during fault conditions.

F =OFLIPSFLOP CIRCUIT. The flip-flop circuit
congists offtfransistors Q58 and Q59 and associated
components. Under normal conditions, transistor Q58
is in“@ynon-conducting, and transistor 59 is fully con-
ducting. The base of transistor Q59 is held well be-
low its emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D55 and resistors R82 and R83,
the desensitizing bias is removed from transistor
Q59. This is accomplished by making the potential
of the junction of resistors R82 and R83 higher than
the positive 22 volt supply for the flip-flop circuit.
When this occurs, there is no current flow through
resistor R84 and diode D57, and the flip-flop is now
‘‘armed’’, or in a ready condition for a tripping oper-
ation. After the three-millisecond time delays of
circuits C and E have elapsed, the potential across
capacitor C51 is sufficient to cause Q58 to conduct.
This immediately causes operation of the flip-flop,
turning off transistor Q59. When Q59 is no longer

P
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detail in the previous section (M) and by dotted
lines to the right of terminals 8, 9, 19,and 18 of the
SKA relay (Fig. 3), so that when it conducts it
stops the transmission of carrier. This is the car-
rier stop circuit section H. The combination of oper-
ation of the directional unit Dy in the carrier ground
relay 67N and the presence of ground fault current
comprises one condition for stopping carrier. This
combination is necessary to handle fault current
values below the pickup of the Ig tripping unit of
the 67N relay.

If the ground fault current is high enough for the
operation of both Do and I, of the carrier ground re-
lay, this will apply a positive potential to SKA relay
terminal 4. Thru the circuit starting from relay ter-
minal 4 thru Zener diode Z54, resistor R26, and diode
D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it ongtépstop
carrier. The operation of 67N or 21P dirgetly ener-
gize the second input to the 3-input OR. Thé third
input is from the carrier squelch circuit, asydesetibed
in the next section.

L - CARRIER SQUELCH. When theftriprampli-
fier G is energized as a result of @mw intemal fault,
the turning on of transistor Q64 drops ‘its collector
voltage to a very low value. Theycollector circuit of
Q64 is also connected from ghe rear board terminal
18 to the front board termihal“16, the resistor R31
and the base of transistor, Q8. Applying a negative
potential from Q64 to this circuit allows transistor
Q8 to turm on, thus previding a path for rapidly
charging capacitor €3 thru diode D12, transistor Q8,
diode D14, resistorpR33, and diode D13. This posi-
tive potenti@l on“eapacitor C3 is applied, through
R34, to the bése input circuit of the carrier-stop
transistor“@Q6. This when a tripping operation oc-
curs, the carriér-stop circuit is energized for a
period of 120 to 160 milliseconds to hold carrier in
the “‘off”’ condition at that terminal to allow the
tripping of other terminals which may have to oper-
ate Usequentially because of the distribution of
fault“eurrent. Provision is made for external initia-
tien)of carrier squelch by applying positive d-c to
relay terminal 6. This allows a path for rapidly
charging capacitor C3 through resistors R39 and
R33 and diode D12 as above.

It will be noted that an output of the carrier con-
trol circuit at relay terminal 8 is als® conmected to
the rear printed circuit and through diede D60 to the
transient blocking circuit. This circuit is provided
so that for an external fault, where the directional
element remains open and only the ©®vercurrent unit
operates, this will still adlow_energizing the tran-
sient blocking circuit,, Opefation of the transient
blocking circuit by the carrier=start overcurrent unit
alone is desirable sogthat thertransient blocking will
be acting if a power teversal occurs during the clear-
ing of-an external ‘fault.sHowever, the flip-flop is not
‘‘armed’’ by theyoperation of the ground overcurrent
carrier-start gelay“alone since this relay unit does
not set up tripping.

CHRARACTERISTICS

The” type/ SKA relay is shipped with the carrier-
start, overcurrent unit set for 0.5-ampere pickup and
0.4-ampere dropout current. This setting is satisfac-
tory for most applications. The range of pickup ad-
justment of this unit is 0.5 to 2.0 amperes. The drop-
out’is 80 percent of pickup.

The pickup and dropout characteristics of the
various time-delay circuits of the relay logic are
given in the OPERATION sections.

Burden of owvercurrent unit:

At 0.5-amp. pickup setting: 0.2 v.a. at 0.5 a, 60 cycles
7.8 v.a. at 5.0 a, 60 cycles

SETTINGS

Normally, there are no settings to be made on the
SKA relay. The 0.5-ampere pickup of the groundover-
current carrier-start unit (Ios) and the various time
delay circuits are factory adjustments. For most ap-
plications, a pickup current of 0.5 ampere for the Ios
unit is satisfactory. If conditions require, the pickup
can be changed to any value between 0.5 and 2.0 am-
peres, as explained under Calibration in the Adjust-
ment and Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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

n
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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 outline and drilling plan of the type SKA re-
lay in the F'T-32 case is shown in Fig. 17.

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the SKA relay can be checked

by connecting it in accordance with Fig. 7. Operate
the switches 1, 2, and 3, and apply 1 amperef 60
cycles as indicated for the six test conditionShin
Table I. The operation of the type AR tripping relay

or the presence of carrier control volfage (20 volts
dc) as listed in the columns ofqTablefT will check
the performance of the logic circuitsyan@@other com-
ponents of the complete relay. Fhemight*hand column
of Table I indicates the proteetive)relay operation
represented by the six test condifions.

f_A_\

NEGOC

i0 K
Sw 2

\

%

PPN
AN

®<L

—0

& J

SKA
TERM'S

wrfon o0 o
' AR @ ® O e
0-250 X /ncma (8TERM 1)
l 1 ! gb\\ 68 (20 V,0.75 W
R\ s R
(45 8!25)
E)=sem,
POS. 125V
763A919
Fig. 7. Test Diagram for Type SKA Relay.
TABLE |
SETTINGS 1‘ RESPONSE
Test Cur. ot AR D.C. Volts
SW-1 SW.2 SW.3 Terf Operating Condition Represented

N " Relay Term. 9-5

16-17 |
1 0 0 0 Zero open Zero Normal
2 Cl# 0 0 Zero closed Zero 21P or 67N operation
3 close close 0 Zero | open Zero 21P and received carrier
2nd 18t ¢ s
4 0 0 0 @1.0 amp || open 20V Ios carrier-start
5 0 0 C1 1.0 ‘ open Zero Do and Ios operation
6 Ci1 0 Ci1 1.0 ‘ closed Zero * Do and Io trip and Ios
0 = opén
C1 =,lose

a

¢

or 2°X'pickup
close SW-2, then SW-1

#'= close SW-1 with lead connected first to term. 4 then to term. 20.

12
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B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (Iyg) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenlyincrease from 0 to approximate-
ly 20 volts. This is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals
1 and 10, or by applying a d-c voltage from an ex-
ternal source thru the relay trip circuit to th€timer
or tothe vertical deflection input of the oscilloscope.
The time from the closing of SW-1 until the trip cir-
cuit is completed should be in the order of, 9 toyl2
milliseconds. If a double-pole, single-thtew Switch
is used to energize the relay and start the/timing de-
vice, be sure that both poles of ther switeh close
within a millisecond of each other.

The performance of the operation 1ndicator can
be checked while the circuit“6f, Fig.”7 is set up by
connecting the relay trip circuit (términals 1 and 10)
to an external source ofgapproximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closedygthedindicator should drop its
target. NOTE: Do not ify %o interrupt the 1.5-ampere
direct current, byepening/SW-1 as the AR tripping re-
lay will notfinterruptythis current. Instead, open the
trip circuitexternal te the SKA relay, then open SW-1.

C. Recommended Routine Maintenance

The contacts of the type AR tripping relay should
be periodically cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
cateful“not to distort the moving contact spring fin-
gers.during burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure correet opera-
tion of this relay have been made at the fagtory and
should not be disturbed after receipt byithe customer.
If the adjustments have been changed, or components
have been replaced which may affect the calibration,
or if it is desired to check the adjustments at regular
maintenance periods, the instructions in the calibra-
tion section should be followed:

D. Calibration

1. Tripping Relay (AR){ The type AR tripping relay
unit has been properly/adjusted at the factory to
insure correct operation, and under normal field
conditions sheuld) not require readjustment. If,
however, gthe, adjustments are disturbed in error,
or it be€omes necessary to replace some part, use
the following adjustment procedure. This pro-
cedure/should not be used until it is apparent that
the relayfis not in proper working order, and then
onlyif suitable tools are available for checking
thesadjustments.

a. Adjust the set screw at the rear of the top of
the frame to obtain a 0.009-inch gap at the rear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit: To test this portion of
the relay, use the connections shown below.

60 CvC.

o——@—ow
20 V. ZENER

DIODE
(IN3686 OR

POS.45 V EQUIV. )

D.C.VM

0-25
NEG.D.C.
C

763A913

Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessary to adjust the pickup, turning the slotted
shaft of potentiometer R3 in a clockwise direction
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading -dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current value.
Do not try to set the dropout below 80 percent as
the relay may not reset at all.

3. OperationIndicator. The operationindicator should
pick up and drop the indicator target when the
current is between 1 and 1.2 amperes d-c. To in-
crease the pick-up current, remove the molded
cover and bend the springs out or away from the
cover. To decrease the pick-up current, bénd the
springs in toward the cover.

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

4. Time Delays in Logic Circuits. “Ehere’ are six
time-delay circuits in the SKA relay."These can
be checked most easily using A cathode-ray
oscilloscope having provisionyfor a single sweep
and an external trigger squrCe.  The scope should
preferably have a® calibratéd horizontal sweep
which can be read ingmill¥seconds directly from
the grid on the“seregen offthe scope. The follow-
ing paragraphs will%explain the procedure to be
used and the connections necessary for checking
or recalibrating each of the time delay circuits
separately. Note: The rotation ‘‘30/20 MS’’ on
the logic diagram and on the internal schematic
means 3 milliseconds pickup time, 20 milli-
secondSwmdropout time. The figure ‘‘0+’’ means
ne,intentional time delay.

am3/20 ms. time delay (section C of circuit)
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1. Make the connections shown in Fig. 9.

sw-1 SKA

POS. 125 V. D.CO—— e’

SGOPE
PROBE

ol P52 ===
SKa I
TP64
PoS 4svo—®

S KA

SGOPE TRIGGER

W put

(458125)NEG. D.C.O-

T63A91L

* Fig. 9. Test Connections for‘the 3/20 MS Time Delay

Unit of the Type SKA Relay:

2. Set the scope ‘sweep-speed for around 5
millisecondstime to make one sweep.

* 3. Approximdtely 3 ms. after SW-1 is closed,
the'd-ciwoltdge across TP52 (+) to TP64 (-)
will drop“from 7 volts to nearly zero. The
suddén )drop in vertical position of the
trace, will indicate completion of the time
delay. This time is factory set between
2.7 and 3.3 ms., but may be lowered to
less than 2.0 ms. by moving potentiometer
R54 counterclockwise, and increased to
7.0 ms. by moving R54 clockwise.

4. Reset scope and change sweep speed to
measure 20 ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing

it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

SCOPE TRIGGER

POS. 45 D.C,—-‘@

SW-1
css
sKA
(458 125) NEG. S o
ps2 SHORTING
JUMPER
h-———score
PROBE

T63A915

% Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit and the Flip-Flop of the Type SKA Relay.
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I.L. 41-923.5B,

2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time delay indication on scope trace. It
should be 2.7 to 3.3 ms.

* 6. This time delay can ie adjusted by R79 on
relay subpanel. Loosen lock-nut. Turn
shaft clockwise to increase time delay.
Adjust if necessary to 3 ms. * 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Fig. U1.

but will start at about 120 mst).and may
take to 160-200 ms., to reach fimal value.
No adjustment, since the ‘earrier-squelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connections“shown in Fig. 12.

SW-) SKA
P0S.125 VO- @
TP63 ~- PROBE
1o Lw
SKA MeEG| (2
o (:) TPE
POS. 45 SCOPE
TRIGGER
JUMPER
B A TPS4
(458125)NEGO e o
ADD JUMPER

Sw-) SKA sxd . 5C0PE
£05.125 V O b FROBE
[ / g==-
SKA 10 MEG. KA
P0S.45 e
x
TRIGGER INRUT
SKA SKA
I
(45&125)»«56,0% 8 CshieLn
LEAD
SKA

20 V ZENER DIODE
IN3686 OR EQUIV.

06 AM
60 CYC

Q{——czﬂ—<9

7634916

Fig. 11. Test Confiections for the Carrier Squelch Unit
of the, Type SKA Relay.

2. Apply, d.ew, then 0.6 amp., 60 cycles (or
1204 percent of pickup); then close SW-1,
and,reset scope trigger. (It may be neces-
sary to set scope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Note: Voltage across SKA terminals 18 (=)
9 (4) will jump from zero to 20 volts d.c.
when a-c is applied, thenback tozero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

Figy 12. Test Connections for the Transient Blocking
Unit of the Type SKA Relay.

2. Set scope sweep-speed to measure abou:
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

* 4. This time delay may be increased by mov-

ing potentiometer R93 clockwise and de-
creased by moving R93 counterclock wise.

5. Remove test jumper.

e. Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

}% SW-1
A TO SCOPE
P05.450 \7/ 1 TRIGGER
—_—OTP52
SKA
NEG DC. TP63  TP64 TP6I
H JUMPER
i|score
PROBE
763A918 |

* Fig. 13. Test Connections for the Transient Unblocking of

the Type SKA Relay.
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TABLE Il

Test Point Voltages (to negative d.c.)

Test Condition (From Table | and Fig. 6)
Test Point 1 2 3 4 5 6 s
D.C.Ma (Fig.T) 90 240 115 90 105 250
TP-4 6.5 6.5 6.5 20 20.5 20.5 gN y test point
5 6.7 6.7 6.7 6.7 6.7 6.8 T% g.d.c.on
0 printed circuit
6 6.6 6.6 6.6 <0.5 <0.5 <0.5 \,.@
7 <0.5 <0.5 <0.5 19.0 19.0
8 7.6 7.6 7.6 7.6
9 7.5 7.5 7.5 <0.5
10 <0.5 <0.5 <0.5 <0.5
11 21.6 21.0 21.5 21.5
12 — — - —
13 <0.5 <0.5 <0.5 19.8 -@eg. d.c.
14 22.5 22.5 22.5
15 <0.5 <0.5
16 0 45
17 3.5 3.5
51 21.5 21.5 <Type-64 is neg. d.c,
52 7.4 <0.5 <0.5 on rear printed circuit
53 <0.5 <0.5 <0.5 board.
54 <0.5 21.8 22.0
55 21.5 1.3 1.3
56 0 9.2 0 0 9.2
57 3.5 20 3.5 3.5 20
58 20.0 7.8 0. 20.0 20.0 7.8
59 0 0 0 14.5
60 45.0 45 45 <0.5
61 18 <0.5 17.0 <0.5
62 0.6 7.4 ) <0.
63 51 . <os 22 25 22 : f\f;)te: <0.5 means
: . : ess than 0.5’

as for previous

2. Set scope
section.

3. Apply d.c., t ose SW-1. (Both poles
must close simultaneously.) After 20 to 30
ms,, the scope trace will suddenly rise
fromyzero to!bout 20 volts. If time is out-

30 ms. limits, reduce R73 to shorter

increase R73 to lengthen time.

4."Remove jumper.

completes the calibration checks of the
arigus time delay circuits.
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E. Electrical Checkpoints

With the SKA relay connected as shown in Fig.
7, the d-c voltages at the test points on the two
printed circuit boards are listed in the following
table for the six test conditions tabulated in Table
I. These values can be checked on a new relay, then
kept for a reference if trouble shooting becomes neces-
sary at a later date. The exact values will vary from
one relay to another, but in general will be within *
20 percent between relays.

Return to TEST 4 except pass just pickup current
(0.5amp.,60cycles unless relay has beenrecalibrated)
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I.L. 41-:923.5B

through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vary from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
during routine checks, the following procedure is sug-
gested for trouble-shooting:

If it is desiredto check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outside the relay. In use, the relay chas-
sis is first removed from its case, then the rear

printed circuit board is removed. In its place is in-
serted a connector board provided with 3 ff. or 6 ft.
of 19-conductor ‘‘ribbon’’ cable, and ajsimilar recep-
tacle for the removed SKA circuit board at the other
end. The relay chassis is now re-insertedin its case,
and both the front and rear boards aréraccessible for
maintenance. The test cablegiis shown in Fig. 16.

Under standby conditionsgfthe test point voltages
should essentially agreefwith®the values listed in
Table II under Tes{fCondition 1 (first column of
voltages). If these values are'correct, the relay should
then be checked pénFigyd and Table I, as explained
in ADJUSTMENZ ANDWZMAINTENANCE, Section A,
Acceptance Test. Bellowing is a tabulation of some
symptoms, and the,sections of the SKA relay which
may be at_fault.

In locating trouble with no specific component
faflure indicated, proceed as with any electronic de-
vice, Start at the input and gradually work through to
the output circuit. For the SKA relay printed circuit
beards,” start at the left side (circuit-wise, per Fig.
5), €hecking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMP TOM POSSIBLE CAUSE
1 No 22-volt supply 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorrect tést point voltage 1. Failure of nearest associated transistor or
diode.
2 AR relay does not operate 1. Defect in some circuit on rear printed circuit board
3 AR gelay does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
4 No 20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
5 20 volts d.c. does appear at SKA 1. Iog portion of front p.c. bd. not operating, or
term’s 9 and 5 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.

17
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TP6 TP
[rR12] RH O ©)
D8 E A
R32 Z2 O Ql
R8 [RI4_]

TRIZ TPI6

S o

o T8

(9 =] [ S "mgy

— R21 R19 (02 ]

DIz z=3 R25] [R24 -'rpz

, D6 D5 ]
r30] [(R31] [RI7] RIS o

'Q

FRONT BOARD

T762A844

REAR BOARD

762A842

Board of the Type SKA Relay.

Fig. 14. Component Location for the Front Printed Circuit

% Fig. 15, Compohent Location for the Rear Printed Circuit
Board of the Type SKA Relay.

I

fe
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18

_ APPROX. J
r ATFT. -
STYLE DIM. A
410C303G0I 6 FT.
410C303G02 3FT
644B341
% Fig. 16. 19 Terminal Printed Circuit Board Test Harness Outline.
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I.L.

G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads onthe component side of the printed circuit
board. Then turn the board over, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If the terminal hole intheboard closes
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads cannot be clipped off.In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will

4

N
S

Q
o
¥

L 4

gradually separate from the board.

O

Wherever possible, use a heat-si (su as an
alligator clip) on any transistor or dio g sold-
ered. As an alternate, use a long-nosed pliers tec
the lead (being soldered) between tlg devices and

H. Test Equipment

the point of soldering.

1. Vacuum-tube vo r a-c and d-c measure-
ments.

2. Cathode-ray C cope with provision for
calibratedysing weep.

PARTS - Repair work can be done

torily at the factory. However, inter-
& ts can be furnished to the customers
gipped for doing repair work. When order-
lways give the complete nameplate data.

19
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ELECTRICAL PARTS LIST

Unless Otherwise Noted, All Resistors Are 0.5-Watt, + 5% Tol.

CIRCUIT CIRCUIT
SYMBOL, DESCRIPTION STYLE NO. [ govn DESCRIPTION STYLE NO.
AR Tripping Relay 408C845G0 1 RESISTORS
CAPACITORS R1 50 ohms, 25W, 5% 1340388
R2 150 ohms, 25W, 5% 1267272
C1 0.5 mfd., 200 V.D.C. | 187A624H03 R3 2.0K ohms, 3W, Polg 185A067H17
c2 0.25 mfd., 200 V.D.C. | 187A624H02 R4 2.5K ohms, .25W, POt g 629 A430HO3
c3 39 mfd., 35V.D.C. | 187A508H04 | B2 2.TK ohms (18 ATOSH3T
c4 150 mfd., 6 V.D.C. | 184A661H08 k6 39K ohms 184 A763H65
C50 1.0 mfd., 200 V.D.C. | 187A624H04 R7 18K ohms 184 AT63H5T
C51 0.22 mfd., 400 V.D.C. | 188A293H02 R8 3.9K ohmSQl W,"5% 187A643H41
C52 0.5 mfd., 200 V.D.C. | 187A624H03 R9 200K gy, 2N Pot. 185A067H14
C53 39 mfd., 35V.D.C. | 187A508H04 R10 38K ogmg 184 AT63H63
C54 .05 mfd., 200 V.D.C. | 187A624H08 R11 R 184 A763H51
C55 3.0 mfd., 200 V.D.C. | 188A203HO6 R12 10ROl 184A763H51
R13 330 Ohms 184A763H15
R14 10K ohms 184 AT63H51
DIODES R15 680K ohms 184A763H95
b R16 120K ohms 184A763HT7
- RAT 10K ohms 184 AT63H51
D 8—DI13 | IN459A 184A855H08 » 10K orms 184 ATESHAT
D14 IN2069 (CER-69) 188A342H06 4 68K ohms 184 AT63HT1
D 8—D15| IN645A 837 A69 2H03 R0 68K ohms 184 AT63HT 1
D50 —D58 | IN459A 184A855H08 Rol 33K ohms 184 AT63H63
D59 IN91 182A88 1H%Y R22 33K ohms 184 A763H63
D60 IN459A 184A853HE8 R23 10K ohms 184A763H51
R24 3.3K ohms 184A763H39
TRANSISTORS R25 3.3K ohms 184A763H39
R26 62K ohms 184A763HT0
Q1 ON652A 184 A636H 16 R27 5.6K ohms 184A763H45
Q2 ON69T 184 AB38H 18 R28 470 ohms, 3.W, 5% 184A636H20
Q3 IN696 762A585H0 1 R29 1K ohms, 5W, 5% 184 A859H10
@ IN696 J62A585H0 1 R30 1K ohms 184A763H27
Q5 IN697 184A638H 18 R31 2.2K ohms 184A763H35
Q6 IN697 184 A638H18 R32 10K ohms 184 A763H51
QT IN697 184A638H 18 R33 330 ohms, 2W, 5% 185A207H15
@8 IN398 A 184A638H12 R34 1.2K ohms 184 AT63H 29
@ IN3417 848 A851HO2 R35 330K ohms, 2W, 5% 185A207H15
Q51 IN652A 184A638H 16 R36 29K ohms 184A763H59
Q52 IN696 762A585H01 R37 10K ohms 184 A763H51
Q53 IN696 762A585H01 R38 10 ohms 187A290H0 1
Q54 IN696 762A585H01 R39 300 (), 25W For 48V 1202847
Q55— Q59 |  2N6524 184A638H16 125000, 25W For 125V | 1202589
Q60 IN69T 184A638H 18 300000, 25W For 250V | 1202954
@61 AN652A 184A638H16 R50 10K ohms 184 A763H51
Q62 IN697 184 A638H 18 R51 100K ohms 184A763H75
Q63 IN69T 184A638H 18 R52 47 ohms, 1W, 10% 184 AB59H09
Q64 IN699 184A638H19 R53 82K ohms, 1W, 5% 187A643H73
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TYPE SKA CARRIER AUXILIARY RELAY I.L. 41923.5B
ELECTRICAL PARTS LIST (Continued)
gﬁ%‘é‘g DESCRIPTION STYLE NO. gg:ﬂ%%f DESCRIPTION STYLE NO.
RESISTORS (Cont.) RESISTORS (Cent.)
R54 100K Pot. 629 A430H04 R91 4.7K ohms 184A763H43
R55 120K ohms 184 AT63H7T R92 6.8K ohmsg 184A763H47
R56 10K ohms 184A763H51 R93 15K Pot. 629 A430H08
R57 10K ohms 184A763H51 R94 10K _ohm$ 184A763H51
R58 68K ohms 184AT63HT1 R95 1.5K ohims 184A763H31
R59 10K ohms 184AT63HS1 | g 10K Ohms 184A763H51
k60 68K ohms 184AT63H71 RO7 470%0hms 184A763H19
R61 33K ohms 184A763H63 R98 470" ohms 184A763H19
R62 33K ohms 184A763H63
R63 10K ohms 184 AT63H51 RO9 10K ~ohms 184A763H51
R6s 33K ohms |84 ATE3HES RiV0 2.2K ohms 184A763H35
R65 33K ohms 184 AT63H39 Ri01 800 ohms, 3W, 5% 184 A859H06
RE6 47K ohms 184 AT63H43 Ri102 8.2K, %W * 5% 184A763H49
R6T 1K ohms 184 AT63H2% R103 33K ohms 184A763H63
R68 33K ohms, 1W, 5% 187A643H63 TH51 Thermistor, 10K at 25°C | 185A211H04
R69 47K ohms 184ATE3HET
R70 4.7K ohms 184 A763H43 TRANSFORMER
R71 68K ohms 184AT63HT1 T1 Saturating Transformer 606B519G03
R72 1.5K ohms 184A763H31
RT3 1K ohms, %W * 5% 184A763H27 ZENER DIODES
R74 22K ohms 184 A763H59
RS 8.9K ohms 164AT63H49 z1 IN1832C, 62V. 184A617HO6
R76 8.2K ohms 184A763H49 Z2 IN957B. 6.8V. 186AT97THO6
R77 470 ohms 184A763H19 Z3 IN3686B, 20V. 185A212H06
R78 4.7K ohms 184AT63H43 Z4 IN3797B, 22V. 185A089H09
R79 1K ohfns, 2W, Pot. 185A067HO9 Z5 IN3051, 200V. 187A936H01
R80 22K .ohm$ 184A763H59 Z6 IN4370 184A639H12
R81 22K ohm$ 184A763H59 Z50 IN3051, 200V. 187A936H01
R82 27K, Ohfis 184A763H61 Z51 IN3686B, 20V. 185A212H06
R83 6.8K Ghms 184A763H47 752 IN957B, 6.8V. 186A7T97THO6
R84 4 4K ohms 184A763H43 753 IN3051, 200V. 187A936HO1
R85 4.7K ohms 184A763H43 Z54 IN3051, 200V. 187A936H01
R86 10K ohms 184AT63H51 Z55 IN957B, 6.8V. 186A797HO6
R87 82K ohms 184A763HT3 | 256 IN960B, 9.1V. 186A797H10
R38 15K ohms 184AT63H55 Z517 IN957B, 6.8V. 186A79THO6
RS9 5.6K ohms 184A763H45 | 258 IN957B, 6.8V. 186A797HO6
R90 2.2K ohms 184A763H35 | 259 IN1789,  56V. 584C434H08
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INSTALLATION

Westinghouse I.L. 41-923.5A
OPERATION e MAINTENANCE

INSTRUCTIONGS

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relayto check the settings and
electrical connections.

APPLICATION

The type SKA relay is the static carrier auxiliary
relay used in the K-Dar distance carrier relaying
* system to block 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 indications of fault power and direction prowvided
by the phase and ground relays, thereby controlling
the transmission of the carrier signals, or thepinitia-
tion of high-speed tripping for internal faults:

CONSTRUCTION

The components of the type SKA Telay are mount-
*ed in the FT32 Flexitest case. The static equivalents
*of the receiver relay, the carriér stop auxiliary relay
units, and the carrier-start greund@ever-current unit
Ios are mounted on plug-ingprintedfcircuit boards. In
addition, the static components for the transient
blocking and carrier sguelchufiinctions are similarly
mounted. Two printed circiit boards are used, one
mounted on the front “of the relay chassis, and the
one at the rearof the “€@hassis.

There is“only one electromechanical relay unit
in the SKA relay:“ayhigh-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making static,circuitry. This relay unit operates in
approkimately 3 milliseconds for internal faults clear-
ed gthrough the SKA relay. The tripping has a d-c
electromagnet and an attracted magnetic armature. An
insulated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three

SUPERSEDES I.L. 41-923.5

*Denotes change from superseded issue.

of the contacts are used; but all four must be in ad-
justment for proper operation|of the relay.

The alarm funetion is®handled by a separate type
TT-1 alarm relay, mounted in an SC-type semi-flush
case. The TI-1 alarm relay uses a telephone-type
relay unit with“a, single normally-open contact. The
coil circuit isgshunted by a small vitreous resistor
to give, the desired calibration.

They,phase carrier relay target or operation indi-
catormis ha d-c operated clapper-type device which
dropsian orange target when trip current flows through
itshcoil circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TITLE FUNCTION

B NOT Delivers a tripping output
when carrier is not received.
Energizedfrom output of car-

rier receiver.
C 3/20 TIME Integrating time delay, 3 ms.
DELAY pickup time, 20 ms. dropout
time, energized from 21P
(phase) or 67N (ground) pro-

tective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).

EFFECTIVE SEPTEMBER 1965
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*Fig. 1. Type SKA Carrier Auxiliary Relay in FT32 Case (Front View).
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*Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View).
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P FLIP-FLOP

G TRIP AMP

H CARRIER
STOP (OR)

I 2-INPUT
AND

J Ios AMP

K TRANSIENT
BLOCKING
AND UN-
BLOCKING
25/25

L SQUELCH
0+/150

M Ios

R - =

The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

Provides positive and steady
tripping output when logic
circuits determine presence
of internal fault.

D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

Stops carrier transmission
on signal from 21P, 67N,
carrier squelch, or from 2-
input AND at I.

Provides an output to car-
rier-stop OR (H)on operation
of both Do (in 67N) and car-
rier-start Ios units.

Includes phase splitter, rec-
tifier, and level detector fon
static ground carrier-stdrt
over-current unit.

Allows 25 ms. for normal
tripping after operation/ of

21P, 67N, or Ios, then blocks
flip-flop to prevent incorrect
tripping durinmg, clearing of
external faults “If internal
fault develops) before clear-
ing of external fault, the un-
blockingsfeaturefallows trip-
ping after 25 ms. delay.

Engergizes carrier-stop cir-
cultywhen AR trip relay is
energized (no intentional de-
lay), “and holds carrier off
for'about 150 ms. to allow
sequential tripping of other
terminals.

Switching transistor (ener-
gized from output of los AMP)
which serves as normally-
closed contact for ground
carrier-start function.

Carrier receiver to provide

blocking signal to logic ciI-
cuits from remote transmitter.

Carrier transmitter to “send
blocking signal to remote
station.

INTERNAL FAULT

The operation of 21P (phase€), of*67N (ground)
relay for an internal fault performs?the following:

1. Energizes the carriem=stopfcircuit (H).

Starts the 3-ms. timing ‘€ircuit (C). The longer
dropout time ofp20 ms# is to minimize any ad-
ditional delay caused by contact bounce of
the electromechanical protective relays.

3. ‘‘Arms’/f theWflip-flop (F), or puts it in a
‘““réady’”™ eondition by removing a blocking
biasWyvoltage.

4.{'Energizes the transient blocking circuit (K).

In‘the absence of received carrier, the NOT cir-
cuit' B hasfan output which is fed into the AND cir-
cuit Dy After 3ms., the output of time delay C is also
fed“into D. If both these inputs continue for another
3 ms., the output of E operates the flip-flop F', and
in turn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relay operation may occur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (6@ or 3 @)
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios(thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).
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Fig. 3. Logic Diagram for the Type SKA Relay.

If tripping does not take place withing25 msf after
the protective relays operate, a TRANSIENTABLOEK -

ING circuit at K is energized which dé=sensitizes
the FLIP-FLOP to prevent possible undeésired trip-
ping during transients occurring at théwclearing (else-
where) of an external fault.

SEQUENTIAL FAULTS

Occasionally an externalyfault will be followed.
by an internal fault befgre the former is cleared. In
order to prevent a long 'delay)in clearing such a in-
ternal fault, a ‘‘transiént unblocking’’ feature is in-
cluded at K'. Although transient blocking has been
set up by the, initial“external fault, the presence of
an internaldfaulty willjcause an output from the AND
at D. This, output #will energize the transient un-
blocking circuit which, after 25 ms., will allow the
flip-flop to operate, and complete the trip circuit by
energizing the AR relay through the trip amplifier G.

RELCAY CIRCUITRY

The connections of the logic elements to the re-
lay“terminals are shown on the internal schematic,
Eig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

complete detailed relay circuit is chown in Fig. 5.
The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately +45 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive tripping output from the NOT cir-
cuit B.

C-3/20 MS TIME DELAY: D-TWO-INPUT AND.
Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-
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*Fig. 4. Internal Schematic for the Type SKA Relay in
the FT32 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode D51
to the time delay circuit C. When this occurs, capd=
citor C50 starts to charge thru resistors R52 and“R-
54. After a time delay of approximately 3 milliseconds,
the voltage onC50 is sufficient to cause Zener diode
Z52to conduct, thus making the base of Q52 positive.
Under this condition, transistor Q52 is switchedgson
and its collector potential drops to a véry low, value.
Thus, for an operation of 21P or 67N andgwith no car-
rier received, transistors Q52 and Q53“0f the 2-input
AND at D will both be in a condueting‘e€ondition.
This combination will remove thefpositive potential
from the base of transistor Q54,{thus cutting off its
collector current, and representisaa, tripping condition.
If, however, carrier is receivedat the same time that
21P or 67N operates,, theyreception of carrier will
cause Q51 and Q53 to turn off,, raising the potential
of Q53 collector and Q54 base; thus keeping Q54 con-
ducting. The output of“Q54 dnder this condition repre-
sents a blocking or non-tripping condition.

E - 3/0 ms TIME DELAY. Under normal condi-
tions, Q54 isWin a conducting state. This provides a
path for currenfyto flow from the emitter to the base
of transistoryQ55 and then thru the collector circuit
of Q54,“keeping Q55 turned on. Under this condition,
transister Q55 short circuits or bypasses capacitor
CSIypreventing it from charging up. Under the condi-

tion for tripping explained in the previous section,
transistor Q55 is turned off, allowing C51 to charge
thru resistors R70 and R69. After a calibrated time
delay of 3 milliseconds, the voltage across capaeis
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is sufficient
to cause operation of the flip-flop. The time delay
circuit E has no intentional reset gimemdelay. If a
tripping condition is indicated foryl or*2 milliseconds
such as during a reversal of faultpower flow, as
soon as transistor Q55 again onduets. The capaci-
tor C51 is rapidly discharged” thru/Q55, diode D52,
and resistor R70. The rapid resetting of the time de-
lay circuit E prevents p@ssible” notching up of the
charge on capacitorgC8§l during momentary inter-
mittent interruptions®ef the@carrier blocking signal.
This time delay im®eonjumnction with that provided in
circuit C are ample toyprovide coordination of the
carrier-start. and tripping protective relays at the
two ends of ‘@ line circuit during fault conditions.

F%oFLCIR-FLOP CIRCUIT. The flip-flop circuit
consists“of transistors Q58 and Q59 and associated
components. Under normal conditions, transistor Q58
is"ima non-conducting, and transistor 59 is fully con-
ducting?” The base of transistor Q59 is held well be-
lowyits emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D53 and resistors R82 and R83, the
desensitizing bias is removed from transistor Q59.
This is accomplished by making the potential of the
junction of resistors R82 and R83 higher than the
positive 22 volt supply for the flip-flop circuit. When
this occurs, there is no current flow through resistor
R84 and diode D57, and theflip-flop is now ‘‘armed’’,
or in a ready condition for a tripping operation. After
the three-millisecond time delays of circuits C and
E have elapsed, the potential across capacitor C51
is sufficient to cause Q58 to conduct. This immed-
iately causes operation of the flip-flop, turning off
transistor Q59. When Q59 is no longer conducting,
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D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it on to stop
carrier. The operation of 67N or 21P directly ener-
gize the second input to the 3-input OR. The third
input is from the carrier squelch circuit, as described
in the next section.

L - CARRIER SQUELCH. When the trip ampli-
fier G is energized as a result of an internal fault,
the turning of transistor Q64 drops its collector vol-
tage to a very low value. The collector circuit of
Q64 is also connected from the rear board terminal
18 to the front board terminal 16, the resistor R31
and the base of transistor Q8. Applying a negative
potential from Q64 to this circuit allows transistor
Q8 to turn on, thus providing a path for rapidly charg-
ing capacitors C3 thru diode D12, transistor Q8,
resistor R33, and diode D13. This positive potential
on capacitor C3 is applied, through R34, to thegbase
input circuit of the carrier-stop transistor Q64. Thus
when a tripping operation occurs, the carrieréstop
circuit is energized for a period of 120 to%l60“milli-
seconds to hold carrier in the ‘‘off’’ condition at
that terminal to allow the tripping of other terminals
which may have to operate sequentially (because of
the distribution of fault current.

It will be noted that an output of,the carrier con-
trol circuit at relay terminal, 8%is also connected to
the rear printed circuit and¢through»diode D60 to the
transient blocking circuit. This*“circuit is provided
so that for an external ‘fault,) where the directional
element remains open™and only the overcurrent unit
operates, this gwill {still @llow energizing the tran-
sient blocking Ccircuits@Operation of the transient
blocking circuit by the carrier-start overcurrent unit
alone is desirable sorthat the transient blocking will
be acting if a“power reversal occurs during the clear-
ing of an external fault. However, the flip-flop is not
‘“armed’’ by the operation of the ground overcurrent
carrier-start“relay alone since this relay unit does
not set up tripping.

CHARACTERISTICS

The type SKA relay is shipped with the carrier-

start overcurrent unit set for 0.5-ampere [pickup) and
0.4-ampere dropout current. This settingmis“satisfac-
tory for most applications. The range of pickup ad-
justment of this unit is 0.5 to 2.0 amperesssThe drop-
out is 80 percent of pickup.

The pickup and dropout characteristics of the
various time-delay circuit§ ofmthe relay logic are
given in the OPERATION, seections.

Burden of overcurrent unit:

At 0.5-amp. pickup setting: 022 v.a. at 0.5 a, 60 cycles
7.8 v.a. at 5.0 a, 60 cycles

SESTTINGS

Normally, there,are no settings to be made on the
SKA relay. The,0.5-ampere pickup of the ground over-
current/carrier-start unit (Ios) and the various time
delay circuits are factory adjustments. For most ap-
plications, a pickup current of 0.5 ampere for the Ios
unit is, satisfactory. If conditions require, the pickup
can be‘changed to any value between 0.5 and 2.0 am-
peres, as explained under Calibration in the Adjust-
ment and Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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 outline and drilling plan of the type SKA re-
*lay in the FT-32 case is shown in Fig. 17.

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the SKA relay can be checked
by connecting it in accordance with Fig. 7. Operate
the switches 1, 2, and 3, and apply 1 ampere, 60
cycles as indicated for the six test conditions in
Table I. The operation of the type AR tripping relay

n
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or the presence of carrier control voltage (20 volts ponents of the complete relay. The right-hand column
dc) as listed in the columns of Table I will check of Table I indicates the protective relay operatién
the performance of the logic circuits and other com- represented by the six test conditions.
NEGODC
1,0AMP
60 CYC. 0K
W
' ‘ _s}z
Q G?(L © o o—1|um,
IS ® 0 O 1
rend N ®@ 0 @ ©
(@ TERM.10) \\ . ._)LOGNCYO::‘;:C"
> 0-250 X /n.c.MA. (8 TERM | )
NOTE:FRONT SwW-3 Sw-i ~IN36868 (IZO ¥, 075w
VIEW OF RELAY ne. nos, { ZENER DIODE]
(458125) 0 , ™

0-25MIN.
POS. 125V

T763A919

Fig. 7. Test Diagram for Type SKA Relay.

Pl

TABLE |
SETTINGS RESPONSE
Test Curs at AR D.C. Volis
SW-1 SW-2 SW-3 Tertn. Operating Condition Represented
Relay Term. 9-5
16-17
1 0 0 0 Zero open Zero Normal
2 Cly 0 0 Zero closed Zero 21P or 67N operation
3 close close 0 Zero open Zero 21P and received carrier
2nd 1st/0
4 0 0 0 @1.0 amp open 20V Ios carrier-start
5 0 0 Cl1 1.0 open Zero Do and Ios operation
6 C1 0 C1 1.0 closed Zero Do and Io trib. and Ios
0 = opén
C1 = close

@ = or 2 X pickup
¢ =welose SW-2, then SW-1
#.=close SW-1 with lead connected first to term. 4 then to term. 20.

12
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B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (Is) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenly increase from 0 to approximate-
ly 20 volts. This is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals
1 and 10, or by applying a d-c voltage from an ex-
ternal source thru the relay trip circuit to thegtimer,
or to the vertical deflection input of the oscidlloscope.
The time from the closing of SW-1 until thejtrip cir-
cuit is completed should be in the orderdef 9%to 12
milliseconds. If a double-pole, single-throwdswitch
is used to energize the relay and start/the/timing de-
vice, be sure that both poles of the switeh close
within a millisecond of each other.

The performance of the opération®indicator can
be checked while the circuitqof Fig»7 is set up by
connecting the relay trip cifcuit“(terminals 1 and 10)
to an external source ofgapproximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closed, the,indicator should drop its
target. NOTE: Do not tfy¢to interrupt the 1.5-ampere
direct current bypopening/SW-1 as the AR tripping re-
lay will notfinterrupt this current. Instead, open the
trip circuit’'external to'the SKA relay, then open SW-1.

C. Recommended Routine Maintenance

The contacts of the type AR tripping relay should
be periodically cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
careful) not to distort the moving contact spring fin-
gersyduring burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure correct opera-
tion of this relay have been made at the’ factery and
should not be disturbed after receipt by the customer.
If the adjustments have been changed, or"éomponents
have been replaced which may affect the calibration,
or if it is desired to check the adjustments at regular
maintenance periods, the instructions in the calibra-
tion section should be followed:

D. Calibration

1. Tripping Relay (AR).3The type AR tripping relay
unit has been propgrly adjusted at the factory to
insure correct “operation, and under normal field
conditions 4should "not require readjustment. If,
however gthe adjustments are disturbed in error,
or it becomesnecessary to replace some part, use
the fellowing adjustment procedure. This pro-
cedure/sheuld not be used until it is apparent that
the ‘relay is not in proper working order, and then
only,if suitable tools are available for checking
the adjustments.

a. “Adjust the set screw at the rear of the top of
the frame to obtain a 0.009-inch gap atthe rear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit. To test this portion of
the relay, use the connections shown below.

20 V. ZENER
DIOOE
(IN3686 OR
EQUIV.)

D.C. VM
0-25

7634913

Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessaryto adjust the pickup, turning the slotted
shaft of potentiometer R3 in a clockwisedirection
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current value.
Do not try to set the dropout below 80 percent as
the relay may not reset at all.

3. OperationIndicator. The operationindicator should
pick up and drop the indicator target when the
current is between 1 and 1.2 amperes d-c. To ifi=
crease the pick-up current, remove the molded
cover and bend the springs out or away from gthe
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.

4. Time Delays in Logic Circuits:§There,are five
time-delay circuits in the SKA relay.yThese can
be checkedmost easily using a/cathode-ray oscil-
loscope having provision for a“single sweep and
an external trigger source.fThe scope should pre-
ferably have a calibrated herizontal sweep which
can be read in milliSeconds, directly from the grid
on the screen offthe &cope."The following para-
graphs will explaimythe procedure to be used and
the connections necessary for checking or recali-
brating each of the time delay circuits separately.
Note: The rotation ‘‘3/20 MS’’ on the logic dia-
gram and of, the internal schematic means 3 milli-
secondsp,pickup time, 20 milliseconds dropout
time. Theyfigure ‘‘0+’’ means no intentional time
delay

a. 8/20” ms. time delay (section C of circuit)
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1. Make the connections shown in Fig. 9.

SCOPE
PROBE

ol 1t TP53 ===
SKA TW.
7~ ME TP6 4 O

POS. 45\/,0——;0
S KA
SCOPE TRIGGER
ﬁ INPUT

(458125)NEG. D.C.O-

T63A91Y

Fig. 9. Test Connections for the"3/20,MS Time Delay
Unit of the Type SKA Relay.

2. Set the scope_sweep=Speed for around 5
milliseconds,timeteo,make one sweep.

3. Approximately 3ms. after SW-1 is closed,
the [d-c volfage” across TP53 (+) to TP64
(=) willydropsfrom 22 volts to nearly zero.
The sudden drop in vertical position of the
tracemwill indicate completion of the time
delay, The time should be between 2.7 and
3:3ms. Variations in circuit constance may
give values slightly outside these limits.
If the time is over 3.5 ms., reduce R54.
Conversely, if the time is under 2.5 ms.,
increase R54.

4. Reset scope and change sweep speed to
measure 20ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing
it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

sw
POS. 125 v.ovco————/{f

|
p.psT’ | 10
SWITCH, | MEG.

SCOPE TRIGGER

POS. 45 DC:

SKA
(458 lZS)NEG.-—@

CcS5

;SNORYING

JUMPER

763A915

Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit and the Flip-Flop of the Type SKA Relay.
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2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time delay indication on scope trace. It
should be 2.7 to 3.3 ms.

6. This time delay can be adjusted by R73 on
relay subpanel. Loosenlock-nut. Turn shaft
clockwise to increase time delay. Adjust
if necessary to 3 ms. + 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Fig. 1

but will start at about 120 ms./ and ‘may
take to 160-200 ms., to reach_final value.
No adjustment, since the carrierdsquelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connectionsyshown in Fig. 12.

SW-I SKA

P0S.125 VO— @
W

TPE3 PROBE
1o X
ME G 2

skA
pos,aso—@ score 08

TRIGGER
JUMPER

SR cxa PS4

(458125)NEGO ° o

ADD JUMPER

T63A917

sw-1 .
SKA SCOPE
SKA W
£05.128 v O @ i RROBE"
10 MEG. SKA /

SKA
POSQSO—@

TRIGGER INPUT
SKA SKA

(osmzsmse.oﬁa (“’): [ CSHIELD
LEAD

SKa 20 V. ZENER DIODE
A ] o IN3686 OR EQUIV.
0.6 AMP,
60 CYC SKA
—(—)

T763A916

Fig. 11. Test Connectionsifordthe Carrier Squelch Unit
of the Type SKA Relay.

2. Apply dic.;“thén 0.6 amp., 60 cycles (or
120" percentyof pickup); then close SW-1,
and réset scope trigger. (It may be neces-
saryte set scope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Note: Voltage across SKA terminals 18 (=)
9 (#) will jump from zero to 20 volts d.c.
when a-c is applied, thenback to zero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

Fig{ §l2." Test Connections for the Transient Blocking
Unit of the Type SKA Relay.

2. Set scope sweep-speed to measure about
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

4. Check several times. Iftime exceeds 30 ms.,
R93 may be replaced with a resistor as
low as 4.7 K. If time interval is too short,
R93 may be increased to as high as 10K.

5. Remove test jumper.

D

Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

SKA Sw-t
P TO SGOPE
POS"'SO_—G/L | > TRIGGER
— —OTP53
SKA
NEG D.C.O—@ TP63 TP64  TP6I
H JUMPER
'Iscope
PROBE
| 7634918

Fig. 13. Test Connections for the Transient Unblocking of
the Type SKA Relay.
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S

TABLE Il
Test Point Voltages (to negative d.c.)
Test Condition (From Table | and Fig. 6)
Test Point 1 2 3 4 5 6 s
D.C.Ma(Fig. )| 90 240 115 90 105 250 Not test point
TP-4 6.5 6.5 6.5 20 20.5 20.5 - g. d.c. on
5 6.7 6.7 6.7 6.7 6.7 6.8 fro ted circuit
6 6.6 6.6 6.6 0.05 0.05 0.05
7 0.1 0.1 0.1 19.0 19.0 19.0
8 7.6 7.6 7.6 7.6 0.1 0.
9 7.5 7.5 7.5 0.1 0.1
10 0.1 0.1 0.1 0.1 8.3 .1
11 21.6 21.0 21.5 21.5
12 - - — - <\Jeg. d.c
13 19.8 0.15 0.28 19.8
14 22.5 22.5 22.5 22.5
15 0.05 0.05 0.05 21.0
16 0 45 0 0
51 21.5 21.5 0.32 21. . 21.5 <Type-64 is neg. d.c.
52 7.4 0.05 0.05 7.4 0.05 on rear printed circuit
53 0.05 0.05 7.3 0.05 0.05 | Poard.
54 0.1 21.8 0.1 0.1 22.0
55 21.5 1.3 21.5 21.5 1.3
56 0 9.2 0 0 9.2
57 3.5 20 3. 3.5 20
58 20.0 7.8 .0 20.0 20.0 7.8
59 0 145 7 0 0 14.5
60 45.0 0.42 45 45 0.4
61 0.1 0. 0.1 0.1 17.0 0.1
62 7.4 0 7.4 7.4 0.65 0.05
63 0.06 2‘5 , 0.05 0.05 20.5 20.5

2. Set scope sw, ep-@as for previous
section. \

close SW-1. (Both poles

must close ultaneously.) After 20 to 30

ms., the scop race will suddenly rise

from zero to about 20 volts. If time is out-

side 20-30 mss. limits, reduce R73 to shorter
time) or increase R73 to lengthen time.

3. Apply d.

4, R jumper.

completes the calibration checks of the
vario delay circuits.

E. Electrical Checkpoints

With the SKA relay connected as shown in Fig.
7, the d-c voltages at the test points on the two
printed circuit boards are listed in the following
table for the six test conditions tabulated in Table
I. These values can be checked on a new relay, then
kept for a reference if trouble shooting becomes neces-
sary at a later date: The exact values will vary from
one relay to another, but in general will be within *
20 percent between relays.

Return to TEST 4 except pass just pickup current
(0.5 amp.,60 cyclesunlessrelay has beenrecalibrated)
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through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1 to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vary from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
during routine checks, the followingprocedure is sug-
gested for trouble-shooting:

If it is desiredto check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outside the relay. In use, the relay chas-
sis is first removed from its case, then the rear

printed circuit board is removed. In its place is in-
serted a connector board provided with#® fther 6 ft.
of 19-conductor ‘‘ribbon’’ cable, and a\similar recep-
tacle for the removed SKA circuit boardsat’the other
end. The relay chassis is now re-insertedin its case,
and both the front and rear boards are, accessible for
maintenance. The test cable is shown in Fig. 16.

Under standby conditions, the,test point voltages
should essentially agree, with the values listed in
Table II under Test Condition 1 (first column of
voltages). If these valuies ate.correct, the relay should
then be checked per Fig. 7/ and Table I, as explained
in ADJUSTMENT AND MAINTENANCE, Section A,
Acceptance Test.yFollowing is a tabulation of some
symptoms, and“the sections of the SKA relay which
may be at fault.

In loeatingWtrouble with no specific component
fajlure (indicatéd, proceed as with any electronic de-
viceAStartyat the input and gradually work through to
the outpub circuit. For the SKA relay printed circuit
boards,, start at the left side (circuit-wise, per Fig.
5),achecking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMPTOM POSSIBLE CAUSE
1 No 22-volt supply 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorrect test point voltage 1. Failure of nearest associated transistor or
diode.
2 AR relay dees not operate 1. Defect in some circuit on rear printed circuit board
3 AR"telay does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
4 Naon20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
5 20 volts d.c. does appear at SKA 1. Iyg portion of front p.c. bd. not operating, or
term’s 9 and 5 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.
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Fig. 14. Component Location for the Front Printed Circuit

Board of the Type SKA Relay.

Fig. 154 Cemponent Location for the Rear Printed Circuit
Board of the Type SKA Relay.
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G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads onthe component side of the printed circuit
board. Then turn the board over, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If the terminal hole in the board closes
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads cannot be clipped off.In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will
gradually separate from the board.

Wherever possible, use a heat-sink (such as(an
alligator clip) on any transistor or diode being sold-
ered. As an alternate, use a long-nosed pliefs to
the lead (being soldered) between the4devices and
the point of soldering.

H. Test Equipment

1. Vacuum-tube voltmeter for a-€¢ and‘d-c measure-
ments.

2. Cathode-ray oscilloscope with provision for
calibrated single sweep.

RENEWAL PARTS - Repair work can be/done
most satisfactorily at the factory. However, inter-
changeable parts can be furnished to\the customers
who are equipped for doing repair work.*When order-
ing parts, always give the complete nameplate data.

ELECTRICAL PARTS LIST
All capacitors 200 v.d.c.“rating, minimum, unless
otherwise noted.

All resistors + 5% toleranee, 0.5-watt, unless other-
wise noted.

‘Type Voltage Material
IN91 100 v.d.c. Ge
IN459A 175 v.d.c. Si

Rating$§ of Zener diodes in SKA relay:

\T'ype’ Volts + Tol. % Watts
IN967B 6.8 5 0.4
IN960b 9.1 5 0.4
IN1789 56 10 1
IN1832C 62 10 10 (Clipper)
IN3051 200 20 1
IN3686B 20 5 1.5
IN3797B 22 5 1.5

Other components:

T1 Saturating transformer
S# 606B519G03

T51 Type 1D101 Thermistor = 10K at 25°C
S# 185A211H04

C3,C53 39 mfd, 35 v. tantalum capacitors
S# 187A508H04
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*Fig. 16. Outline and Drilling Plan for the Type SKA Relay in the FT32 Case.
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INSTALLATION

Westinghouse I.L. 41.923.5A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relayto check the settings and
electrical connections.

APPLICATION

The type SKA relay is the static carrier auxiliary
relay used in the K-Dar distance carrier relaying
*system to block 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 indications of fault power and direction provided
by the phase and ground relays, thereby confrolling
the transmission of the carrier signals, or the inifia-
tion of high-speed tripping for internal faults.

CONSTRUCTION

The components of the typesSKA relay are mount-
*ed in the FT32 Flexitest case. Theystatie’equivalents
* of the receiver relay, the carrier stoplauxiliary relay
units, and the carrier-start9ground, over-current unit
Ios are mounted on plug-ingprinted, circuit boards. In
addition, the static components for the transient
blocking and carrier squeleh fiinctions are similarly
mounted. Two printed circuit boards are used, one
mounted on the“front)of the relay chassis, and the
one at the rearof theychassis.

There 1Sponly oné electromechanical relay unit
in the SKArelayaadhigh-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making static circuitry. This relay unit operates in
approximately 3 milliseconds for internal faults clear-
ed_threugh the SKA relay. The tripping has a d-c
electromagnet and an attracted magnetic armature. An
insulated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three

SUPERSEDES I.L. 41-923.5

*Denotes change from superseded issue.

of the contacts are usedmbut@all four must be in ad-
justment for proper operationief the relay.

The alarm fupction“ds handled by a separate type
TT-1 alarm relay meunted in an SC-type semi-flush
case. The TT-1"alarm relay uses a telephone-type
relay unit withya single normally-open contact. The
coil circyit is, shunted by a small vitreous resistor
to giwve the/desired calibration.

The phase carrier relay target or operation indi-
cator,. 1S, a d-c operated clapper-type device which
drops an orange target when trip current flows through
its_coll circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TIZI:E]::)_ FUNCTION

B NOT Delivers a tripping output
when carrier is notreceived.
Energizedfrom output of car-

rier receiver.
C 3/20 TIME Integrating time delay, 3 ms.
DELAY pickup time, 20 ms. dropout
time, energized from 21P
(phase) or 67N (ground) pro-

tective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).

EFFECTIVE SEPTEMBER 1965
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l,s DROPOUT
ADJ.

1,s PICKUP

ADJ.

3 MS. TIME
DELAY ADJ.

AR TRIPPING
RELAY

FRONT PRINTED
CIRCUIT BOARD

OPERATION
INDICATOR ¢

*Fig. 1. Type SKA Carrier Auxiliary Relay in FT32 Case (Front View).
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IN1832C
ZENER CLIPPER
(&)

R1

<———— REAR PRINTED
CIRCUIT BOARD

*Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View).
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F FLIP-FLOP

G TRIP AMP

H CARRIER
STOP (OR)

1 2-INPUT
AND

J Ios AMP

K TRANSIENT
BLOCKING
AND UN-
BLOCKING
25/25

L SQUELCH
0+/150

M Ios

R — =

The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

Provides positive and steady
tripping output when logic
circuits determine presence
of internal fault.

D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

Stops carrier transmission
on signal from 21P, 67N,
carrier squelch, or from 2-
input AND at I.

Provides an output to car-
rier-stop OR (H)on operation
of both Do (in 67N) and car-
rier-start Ios units.

Includes phase splitter, rec-
tifier, and level detector for
static ground carrier-stast
over-current unit.

Allows 25 ms. for normal
tripping after operation jof
21P, 67N, or Ios, then blo€ks
flip-flop to preventfincorreet
tripping during clearing of
external faults “8f ‘internal
fault develops, before clear-
ing of external fault, the un-
blockinggsfeaturedallows trip-
ping after 25%ms. delay.

Energizes carrier-stop cir-
cuitaa#hen AR trip relay is
energized (no intentional de-
lay),Pand holds carrier off
fordabout 150 ms. to allow
sequential tripping of other
terminals.

Switching transistor (ener-
gized from output of Ios AMP)
which serves as normally-
closed contact for ground
carrier-start function.

Carrier receiver to provide

blocking signal to logic ciI-
cuits from remote transmitter.

Carrier transmitter to “send
blocking signal to remote
station.

INTERNAL FAULT

The operation of 21P (phase), ora67N (ground)
relay for an internal fault peérforms®the following:

1. Energizes the carriép-stopg€ircuit (H).

Starts the 3-ms. timing ‘Circuit (C). The longer
dropout time of,20 'ms.fis to minimize any ad-
ditional delay caused by contact bounce of
the electromechanical protective relays.

3. “‘Arms’’ ftheyflip-flop (F), or puts it in a
“‘ready’’" ¢ondition by removing a blocking
bias\wvoltage.

4. sEnergizes the transient blocking circuit (K).

In'the absence of received carrier, the NOT cir-
cuit(B hagyé@n output which is fed into the AND cir-
cuit Dy After 3 ms., the output of time delay C is also
fed into“D. If both these inputs continue for another
3/ms/), the output of E operates the flip-flop F, and
in*furn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relay operation may occur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (88 or 3 )
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios (thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).
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Fig. 3. LogiegDiagram for the Type SKA Relay.

If tripping does not take place within,25'ms4{ after
the protective relays operate, a TRANSIENT, BLOCK-

ING circuit at K is energized which de-sensitizes
the FLIP-FLOP to prevent possible undesired trip-
ping during transients occurring at the,clearing (else-
where) of an external fault.

SEQUENTIAL FAULTS

Occasionally an external, fault, will be followed.
by an internal fault beforé®thedformer is cleared. In
order to prevent a long (delayyin clearing such a in-
ternal fault, a ‘‘transient“amblocking’’ feature is in-
cluded at K'. Althoughftransient blocking has been
set up by the Initialiextérnal fault, the presence of
an internal f£ault wilh,cause an output from the AND
at D. This oufput ,will energize the transient un-
blocking cireuit which, after 25 ms., will allow the
flip-flop to operdte, and complete the trip circuit by
energizing the AR relay through the trip amplifier G.

RELAY CIRCUITRY

The connections of the logic elements to the re-
ITaynterminals are shown on the internal schematic,
Fig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

complete detailed relay circuit is chown in Fig. 5.
The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately +45 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive trippingoutput from the NOT cir-
cuit B.

C-3/20 MS TIME DELAY: D-TWO-INPUT AND,
Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-
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*Fig. 4. Internal Schematic for the Type SKA Relay in
the FT32 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode D51
to the time delay circuit C. When this occurs, capa-
citor C50 starts to charge thru resistors R52 anddR-
54. Aftera timedelay of approximately 3 milliseconds,
the voltage on C50 is sufficient to cause Zener diode
Z52to conduct, thus making the base of Q52 positive.
Under this condition, transistor Q52 is switched, ‘on
and its collector potential drops to a vepy low value.
Thus, for an operation of 21P or 67N and,with né“car-
rier received, transistors Q52 and Q534of the“2-input
AND at D will both be in a conductingieondition.
This combination will remove thegpositive potential
from the base of transistor Q54,(thus ‘€utting off its
collector current, and represents,a thipping condition.
If, however, carrier is received 4t the same time that
21P or 67N operates, the, reception of carrier will
cause Q51 and Q53 0 turn off, raising the potential
of Q53 collector and Q54 base, thus keeping Q54 con-
ducting. The output of¥Q54 under this condition repre-
sents a blocking or non-tripping condition.

E - 3/0 ms TIME, DELAY. Under normal condi-
tions, Q54 iShin a conducting state. This provides a
path for camrent,to flow from the emitter to the base
of transistorn Q55 and then thru the collector circuit
of Q54,keeping Q55 turned on. Under this condition,
tranSistor, Q55 short circuits or bypasses capacitor
C&jl, preventing it from charging up. Under the condi-

tion for tripping explained in the previous section,
transistor Q55 is turned off, allowing C51 to charge
thru resistors R70 and R69. After a calibrated time
delay of 3 milliseconds, the voltage across capacis
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is sufficient
to cause operation of the flip-flop. The time delay
circuit E has no intentional reset gimegdelay. If a
tripping condition is indicated fom,1 orf2 milliseconds
such as during a reversal of faultypower flow, as
soon as transistor Q55 again gonducts. The capaci-
tor C51 is rapidly discharged”thru ‘Q55, diode D52,
and resistor R70. The rapid Tesetting of the time de-
lay circuit E prevents pessible” notching up of the
charge on capacitor 4€51 “during momentary inter-
mittent interruptionsyof thepcarrier blocking signal.
This time delay ingconjunction with that provided in
circuit C are ample ‘te, provide coordination of the
carrier-start tand fripping protective relays at the
two ends of Ya line circuit during fault conditions.

Fa-oFLRIP-FLOP CIRCUIT. The flip-flop circuit
consistsfef transistors Q58 and Q59 and associated
components. Under normal conditions, transistor Q58
isfin a ‘nen-conducting, and transistor 59 is fully con-
ductingr The base of transistor Q59 is held well be-
low, its emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D53 and resistors R82 and R83, the
desensitizing bias is removed from transistor Q59.
This is accomplished by making the potential of the
junction of resistors R82 and R83 higher than the
positive 22 volt supply for the flip-flop circuit. When
this occurs, there is no current flow through resistor
R84 and diode D57, and theflip-flop is now ‘‘armed’’,
or in a ready condition for a tripping operation. After
the three-millisecond time delays of circuits C and
E have elapsed, the potential across capacitor C51
is sufficient to cause Q58 to conduct. This immed-
iately causes operation of the flip-flop, turning off
transistor Q59. When Q59 is no longer conducting,
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D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it on to stop
carrier. The operation of 67N or 21P directly ener-
gize the second input to the 3-input OR. The third
input is from the carrier squelch circuit, as described
in the next section.

L - CARRIER SQUELCH. When the trip ampli-
fier G is energized as a result of an internal fault,
the turning of transistor Q64 drops its collector vol-
tage to a very low value. The collector circuit of
Q64 is also connected from the rear board terminal
18 to the front board terminal 16, the resistor R31
and the base of transistor Q8. Applying a negative
potential from Q64 to this circuit allows transistor
Q8 to turn on, thus providing a path for rapidly charg-
ing capacitors C3 thru diode D12, transistor Q8,
resistor R33, and diode D13. This positive potential
on capacitor C3 is applied, through R34, to the base
input circuit of the carrier-stop transistor Q64. Thus
when a tripping operation occurs, the carriersstop
circuit is energized for a period of 120 ¢e. 160 milli-
seconds to hold carrier in the ‘‘off’’ conditionr at
that terminal to allow the tripping of othererminals
which may have to operate sequentially/because of
the distribution of fault current.

It will be noted that an outputyof the carrier con-
trol circuit at relay terminal48.is also connected to
the rear printed circuit and through diode D60 to the
transient blocking circuitw Thisdcircuit is provided
so that for an externall fault}) where the directional
element remains opengandgenly the overcurrent unit
operates, this willl still ¢allow energizing the tran-
sient blocking“eircuit. /Operation of the transient
blocking cireuit byathe carrier-start overcurrent unit
alone is desirable sp that the transient blocking will
be acting if‘@ power reversal occurs during the clear-
ing of an externdl fault. However, the flip-flop is not
‘‘armed’’ by the operation of the ground overcurrent
carrier-starfprelay alone since this relay unit does
notSset up tripping.

CHARACTERISTICS

The type SKA relay is shipped with the carrier-

start overcurrent unit set for 0.5-ampere /fpickup and
0.4-ampere dropout current. This setting is)satisfac-
tory for most applications. The rangé of pickup ad-
justment of this unit is 0.5 to 2.0 amperes. /The drop-
out is 80 percent of pickup.

The pickup and dropout characteristics of the
various time-delay circuits™of the relay logic are
given in the OPERATION 'sec¢tions.

Burden of overcurrent unit:

At 0.5-amp. pickup settingf0.2"v.a. at 0.5 a, 60 cycles
7.8 v.a. at 5.0 a, 60 cycles

SETTINGS

Normally, there are no settings to be made on the
SKA relay. The 0.5-ampere pickup of the groundover-
current#carrier-start unit (Ios) and the various time
delay cir¢uits are factory adjustments. For most ap-
plicationsya pickup current of 0.5 ampere for the Ios
unitis satisfactory. If conditions require, the pickup
can“be changed to any value between 0.5 and 2.0 am-
peres, as explained under Calibration in the Adjust-
ment and Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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 outline and drilling plan of the type SKA re-
*#lay in the FT-32 case is shown in Fig. 17.

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the SKA relay can be checked
by connecting it in accordance with Fig. 7. Operate
the switches 1, 2, and 3, and apply 1 ampere, 60
cycles as indicated for the six test conditions in
Table I. The operation of the type AR tripping relay

n
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or the presence of carrier control voltage (20 volts
dc) as listed in the columns of Table I will check
the performance of the logic circuits and other com-

ponents of the complete relay. The right-hand colum

of Table I indicates the protective relay operati
represented by the six test conditions.

I.OAMP
60CYC

j
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LIGHT ok _®

(& TERM.10)
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NOTE: FRONT
VIEW OF RELAY

POS. 125 v—4

SETTINGS
Test
SW-1 SW-2 SW-3
1 0 0
2 Cl# 0
3 close close
2nd 1st
4 0
5 0 0
6 C1 0
0 =op
Cl =clo
|= ickup

e SW-2, then SW-1

e SW-1 with lead connected first to term. 4 then to term.

763A919

ESPONSE

D.C. Volts
Operating Condition Represented

Term. 9-5
open zZero Normal
closed Zero 21P or 67N operation
open Zero 21P and received carrier
open 20V Ios carrier-start
open Zero Do and Ios operation
closed Zero Do and Io trib. and Ios

20.
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B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (I,g) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenlyincrease from 0 to approximate-
ly 20 volts. This 1is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals
1 and 10, or by applying a d-c voltage from an exs
ternal source thru the relay trip circuit to the timer
or tothe vertical deflection input of the oscilloscape.
The time from the closing of SW-1 until thé trip /ir-
cuit is completed should be in the ordemyof 9¥to 12
milliseconds. If a double-pole, single-throwgswitch
is used to energize the relay and start the timing de-
vice, be sure that both poles of the ‘switch close
within a millisecond of each other.

The performance of the operatiom,indicator can
be checked while the circuit of Figy. 7 is set up by
connecting the relay trip cireuiti¢terminals 1 and 10)
to an external source of appreximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closed, the indicator should drop its
target. NOTE: Do not"try to interrupt the 1.5-ampere
direct current by opening SW-1 as the AR tripping re-
lay will not interrapt this current. Instead, open the
trip circuitéxtermal tothe SKA relay, then open SW-1.

C. Recommended/Routine Maintenance

The contacts of the type AR tripping relay should
be periodically cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
carefulhnot to distort the moving contact spring fin-
gersyduring burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure correct opera-
tion of this relay have been made at themfactory and
should not be disturbed after receipt by the Gustomer.
If the adjustments have been changed, omyecomponents
have been replaced which may affect the calibration,
or if it is desired to check the adjustments at regular
maintenance periods, the instructions’in the calibra-
tion section should be followed.

D. Calibration

1. Tripping Relay (AR Theytype AR tripping relay
unit has been properlyiadjusted at the factory to
insure correct4eperation, and under normal field
conditions shouldWnot require readjustment. If,
however, the “adjustments are disturbed in error,
or it becomesinecessary to replace some part, use
the following adjustment procedure. This pro-
cedufe should not be used until it is apparent that
the relay is not in proper working order, and then
only, ifssuitable tools are available for checking
the adjustments.
ampAdjust the set screw at the rear of the top of

the frame to obtain a 0.009-inch gap atthe rear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit. To test this portion of
the relay, use the connections shown below.

60 cYe.
O———@—-—OI?
20 V.ZENER
DIODE
(IN3686 OR
POS. 45 V EQUIV.)
DC. VM
0-—-25
NEG.D.C.
C
763A913
Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessaryto adjust the pickup, turning the slotted
shaft of potentiometer R3 in a clockwisedirection
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current value.
Do not try to set the dropout below 80 percent as

the relay may not reset at all.

3. OperationIndicator. The operationindicator should
pick up and drop the indicator target when the
current is between 1 and 1.2 amperes d-c. To in-
crease the pick-up current, remove the molded
cover and bend the springs out or away from ghie
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.

4. Time Delays in Logic Circuits. There are five
time-delay circuits in the SKA relay. These can
be checked most easily using agcathodé-ray oscil-
loscope having provision for a,single sweep and
an external trigger source.gThe s€éépe should pre-
ferably have a calibratedhofizontal sweep which
can be read in milliseconds“directly from the grid
on the screen ofdthe scopey The following para-
graphs will explain t#he procedure to be used and
the connections necessdry for checking or recali-
brating each of the time delay circuits separately.
Note: The rotation ‘3/20 MS’’ on the logic dia-
gram and on the internal schematic means 3 milli-
seconds pickup time, 20 milliseconds dropout
time. The%figure ‘‘0+’’ means no intentional time
delay:

a.. 3420 ms. time delay (section C of circuit)

4

1. Make the connections shown in Fig. 9.

Sw-)  SKA
POS. 125 V,D,CO———r—ee—ee—”.

SCOPE
PROBE

P53 ===
]
SKA M'Eo W e I
Pos.45yo_® 64

S KA
SCOPE TRIGGER

-

(458125)NEG. D.C.O—

T63A91L

Fig. 9. Test Connections for the 3720 '"MS Time Delay
Unit of the Type SKA Relay.

2. Set the scope sweepsspeed for around 5
millisecondsgime,to make one sweep.

3. Approximately 3, ms. after SW-1 is closed,
the d-cfvoltage across TP53 (+) to TP64
(=) will drop/from 22 volts to nearly zero.
The ‘sudden drop in vertical position of the
trace will indicate completion of the time
delay. The time should be between 2.7 and
3.3ms. Variations in circuit constance may
give values slightly outside these limits.
If the time is over 3.5 ms., reduce R54.
Conversely, if the time is under 2.5 ms.,
increase R54.

4. Reset scope and change sweep speed to
measure 20 ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing
it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

Sw-t

SCOPE TRIGGER

csS

SHORTING

JUMPER

TP60 PROBE

763A915

Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit aond the Flip-Flop of the Type SKA Relay.
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2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time delay indication on scope trace. It
should be 2.7 to 3.3 ms.

6. This time delay can be adjusted by R73 on
relay subpanel. Loosenlock-nut. Turn shaft
clockwise to increase time delay. Adjust
if necessary to 3 ms. + 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Figd'11.

but will start at about 120 ms.,'and may
take to 160-200 ms., to reach#final“¥alue.
No adjustment, since the carrier-squelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connectiofis shown in Fig. 12.
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Fig. 11. Test Connecfions for the Carrier Squelch Unit
of the Type SKA Relay.

2. Apply d.c®,.then 0.6 amp., 60 cycles (or
120 percent of pickup);, then close SW-1,
andyfesetgscope trigger. (It may be neces-
sary toiseét scope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Note: Voltage across SKA terminals 18 (-)
9 (+) will jump from zero to 20 volts d.c.
when a-c is applied, thenback tozero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

Fig.\\12. Test Connections for the Transient Blocking
Unit of the Type SKA Relay.

2. Set scope sweep-speed to measure about
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

4. Check several times. Iftime exceeds 30ms.,
R93 may be replaced with a resistor as
low as 4.7 K. If time interval is too short,
R93 may be increased to as high as 10K.

5. Remove test jumper.

)

Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

;K\A swW-I
A TO SCOPE
P0s.450 \7/ i TRIGGER
—/—OTP53
SKA
NEG o.c.07® TP63 TP64  Tpel
. JUMPER
SCOPE
PROBE
7634918

Fig. 13. Test Connections for the Transient Unblocking of
the Type SKA Relay.

15



TYPE SKA CARRIER AUXILIARY RELAY

TABLE 1l

Test Point Voltages (to negative d.c.)

R N

Not (@ relay, test point
TR-12 isqreg. d.c. on
front Gprinted circuit
boards

<’I‘ype-64 is neg. d.c.
on rear printed circuit
board.

R

Test Condition (From Table | and Fig. 6)
Test Point 1 2 3 4 5 6
D.C.Ma(Fig. )| 90 240 115 90 105 250
TP-4 6.5 6.5 6.5 20 20.5 20.5
5 6.7 6.7 6.7 6.7 6.7 6.8
6 6.6 6.6 6.6 0.05 0.05 0.05
7 0.1 0.1 0.1 | 19.0 19.0 19.0
8 ' 76 7.6 7.6 7.6 0.1 0.1
9 15 7.5 7.5 0.1 0.1 0.1
10 0.1 0.1 0.1 0.1 8.3 8.1
11 21.6 21.0 21.5 21.5 22.0 21.5
12 I T — — ) »
| 13 19.8 0.15 0.28 19.8 0.25 0.15
“ 14 22.5 22.5 22.5 22.5 2905 22.0
, 15 10.05 0.05 | 0.05 21.0 0% 0.1
16 0 45 0 0 0 45
| —
\ 51 21.5 21.5 0.32 215 21.5 21.5
B 52 7.4 0.05 0.05 7.4 7.4 0.05
53 0.05 0.05 7.3 0.05 0.05 0.05
54 0.1 21.8 0.1 0.1 0.1 22.0
55 21.5 1.3 21.5 21.5 21.5 1.3
56 0 9.2 0 0 0 9.2
57 3.5 20 | B 3.5 3.5 20
58 20.0 7.8 20.0 20.0 20.0 7.8
59 0 14.5 0 0 0 14.5
60 45.0 0.42 45 45 45 0.4
61 0.1 0.1 0.1 0.1 17.0 0.1
62 7.4 0705 7.4 7.4 0.65 0.05
63 0.06 2005 0.05 0.05 20.5 20.5

2. Set scope sweep-speed/ as for previous
section.

3. Apply d.cy.then close SW-1. (Both poles

must close simultaneously.) After 20 to 30
the scope trace will suddenly rise
from zero to about 20 volts. If time is out-
side 20-30 ms. limits, reduce R73 to shorter

ms.,

timejyor increase R73 to lengthen time.

4mRemove jumper.

This \completes the calibration checks of the
varieusitime delay circuits.

16

E. Electrical Checkpoints

With the SKA relay connected as shown in Fig.
7, the d-c voltages at the test points on the two
printed circuit boards are listed in the following
table for the six test conditions tabulated in Table
I. These values can be checked on a new relay, then
kept for a reference if trouble shooting becomes neces-
sary at a later date: The exact values will vary from
one relay to another, but in general will be within *
20 percent between relays.

Return toTEST 4 except pass just pickup current
(0.5amp.,60cyclesunlessrelay has beenrecalibrated)
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L. 415923.5A

through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1 to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vatry from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
during routine checks, the following procedure is sug-
gested for trouble-shooting:

If it is desiredto check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outsidethe relay. In use, the relay chas-
sis is first removed from its case, then the rear

printed circuit board is removed. In its place is in-
serted a connector board provided with®3 ftiwer 6 ft.
of 19-conductor ‘‘ribbon’’ cable, and a similar recep-
tacle for the removed SKA circuit boardwat the other
end. The relay chassis isnow re-insertedin its case,
and both the front and rear boards are accessible for
maintenance. The test cable is shown in Fig. 16.

Under standby conditions, the, test point voltages
should essentially agree, with the values listed in
Table II under Test_Condition 1 (first column of
voltages). If these valueg are correct, the relay should
then be checked per Fig. 7'and Table I, as explained
in ADJUSTMENT AND MAINTENANCE, Section A,
Acceptance TestipFollowing is a tabulation of some
symptoms, and‘the sections of the SKA relay which
may be at fault.

In locatingdtrouble with no specific component
failurelindicated, proceed as with any electronic de-
vieeStartydt the input and gradually work through to
the Qutput circuit. For the SKA relay printed circuit
boards), start at the left side (circuit-wise, per Fig.
S)achecking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMPTOM POSSIBLE CAUSE
1 No 22-volt supply 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorrect test point voltage 1. Failure of nearest associated transistor or
diode.
2 AR rglay does not operate 1. Defect in some circuit on rear printed circuit board
3 AR relay does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
4 No»20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
5 20 volts d.c. does appear at SKA 1. Iog portion of front p.c. bd. not operating, or
term’s 9 and 5 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.

17
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FRONT BOARD
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Fig. 14. Component Location for the Front Printed Circuit
Board of the Type SKA Relay.

Fig. 154 Cemponent Location for the Rear Printed Circuit
Board of the Type SKA Relay.
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644B341
Fig. 16. Test Harness Outline
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l.L. A

G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads on the component side of the printed circuit
board. Then turn the boardover, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If the terminal hole intheboard closes
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads ¢cannotbe clipped off. In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will
gradually separate from the board.

the lead (being soldered) between the i

the point of soldering.

1. Vacuum-tube voltmeter f@ a-¢.and d-c measure-
ments.

2. Cathode-ray oscillosc X provision for
calibrated single SN

Q>®

H. Test Equipment

RENEWAL PARTS - Repair work ca Q one

most satisfactorily at the factory. wever, inter-
changeable parts can be furnished to“the customers
who are equipped for doing repair work. en order-

ing parts, always give the complete nameplate data.

L 4
ELECTRICAL RTS LIST

All capacitors 200 v. ing, minimum, unless

otherwise noted.

All resistors * 5% tole » 0.5-watt, unless other-

wise noted.
Type Qoltage Material
IN91 Q 100 v.d.c Ge
IN 175 v.d.c. Si
Ratings o r diodes in SKA relay:
Volts + Tol. % Watts
B 6.8 5 0.4
9 9.1 5 0.4
M 89 56 10 1
K IN1832C 62 10 10 (Clipper)
IN3051 200 20 1
IN3686B 20 5 1.5
IN3797B 22 1.5

Other components:

T1 Saturating transformer
S# 606B519G03
T51 Type 1D101 Thermistor =10K at 25°C
S# 185A211H04
C3,C53 39 mfd, 35 v. tantalum capacitors

S# 187A508H04

19
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INSTALLATION

Westinghouse  I.L. 41923.5
OPERATION ¢ MAINTENANCE

INSTRUCTIO NG

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relayto check the settings and
electrical connections.

APPLICATION

The type SKArelay is the static carrier auxiliary
relay used in the K-Dar distance carrier relaying
system to block or prevent instantaneous tripping for
faults external to the line section to which it is ap-
plied, and to permit instantaneous simultaneous trip-
ping for internal faults. The relay is arranged to re-
spond to indications of fault power and directiongpto-
vided by the phase and ground relays, thereby con-
trolling the transmission of the carrier signals,/or
the initiation of high-speed tripping for%internal
faults.

CONSTRUCTION

The components of the type SKA relay are mount-
edinthe FT42 Flexitest case. The staticequivalents
of the receiver relay, the directional auxiliary relay
units, and the carrier-start ground“eyver-current unit
Ios are mounted on plug-ingprinte@dg€ircuit boards. In
addition, the static components for the transient
blocking and carrier squelcChwfunctions are similarly
mounted. Two printed cifcdit boards are used, one
mounted on the front of the relay chassis, and the
one at the rearfof the“€hassis.

There is ‘only ome electromechanical relay unit
in the SKArelay: ajhigh-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making staticgcircuitry. This relay unit operates in
approXimately 3milliseconds for internal faults clear-
ed ¢through the SKA relay. The tripping has a d-c
electtomagnet and an attracted magnetic armature. An
insuldated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three

NEW INFORMATION

of the contacts are used, but all four must be in ad-
justment for proper operation|of the relay.

The alarm fun@tion is*handled by a separate type
TT-1 alarm relayggpmounted in an SC-type semi-flush
case. The TZ-1 alapm relay uses a telephone-type
relay unit with“aysingle normally-open contact. The
coil circdit isUshunted by a small vitreous resistor
to give,the desired calibration.

Theyphase carrier relay target or operation indi-
cator Ws, a d-c operated clapper-type device which

dropsian orange target when trip current flows through
its%eoil circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TITL»E* FUNCTION

B NOT Delivers a tripping output
when carrier is notreceived.
Energized from outputof car-

rier receiver.
C 3/20 TIME Integrating time delay, 3 ms.
DELAY pickup time, 20 ms. dropout
time, energized from 21P
(phase) or 67N (ground) pro-

tective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).

EFFECTIVE MAY 1965
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Fig. 1. Type SKA Carrier Auxiliary Relay in FT42 Case (Front View).
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(ZM

REAR PRINTED
CIRCUIT BOARD

Fig. 2. Type SKA Carrier Auxiliary Relay in FT42 Case (Rear View).
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F FLIP-FLOP

G TRIP AMP

H CARRIER
STOP (OR)

I 2-INPUT
AND

J Ios AMP

K TRANSIENT
BLOCKING
AND UN-
BLOCKING
25/25

L SQUELCH
0+/150

M los

R —_—

The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

Provides positive and steady
tripping output when logic
circuits determine presence
of internal fault.

D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

Stops carrier transmission
on signal from 21P, 67N,
carrier squelch, or from 2-
input AND at I.

Provides an output to car-
rier-stop OR (H)on operation
of both Do (in 67N) and car-
rier-start Ios units.

Includes phase splitter, rec-
tifier, and level detector for
static ground carrier-start
over-current unit.

Allows 25 ms. for normal
tripping after operation/ of
21P, 67N, or Ios, then blocks
flip-flop to prevent incerrect
tripping during, clearing of
external fauld. “If internal
fault develops), before clear-
ing of external fault, the un-
blocking*féature allows trip-
ping after 25)ms. delay.

Energizes carrier-stop cir-
culbfwhen AR trip relay is
energized (no intentional de-
lay), "and holds carrier off
for about 150 ms. to allow
Sequential tripping of other
terminals.

Switching transistor (ener-
gized from output ofIos AMP)
which serves as normally-
closed contact for ground
carrier-start function.

Carrier receiver to provide

blocking signal to logic cir-
cuits fromremote transmitter.

Carrier transmitter to “Semd
blocking signal to remote
station.

INTERNAL FAULT

The operation of 21P (phase), of 67N (ground)
relay for an internal fault performs?the following:

1. Energizes the carriemstop’circuit (H).

2. Starts the 3-ms. timing Circuit (C). The longer
dropout time ofp20 msf is to minimize any ad-
ditional delay caused by contact bounce of
the electromechanical protective relays.

3. ‘““‘Arms’’ theWflip-flop (F'), or puts it in a
‘‘réady’” eondition by removing a blocking
biasyvoltage.

4 {'Energizes the transient blocking circuit (K).

In‘the absence of received carrier, the NOT cir-
cuit B hasfan output which is fed into the AND cir-
cuit Dy After 3ms., the output of time delay C is also
fed“into D. If both these inputs continue for another
3 ms., the output of E operates the flip-flop F, and
in turn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relayoperation may occur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (80 or 3 0)
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios(thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).

g,

I

A
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SKA LOGIC DIAGRAM

0.C.

CIRGCUIT ELEMENT

BRAGKETED ON 543DIIl
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- 67N
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CARR
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Fig. 3. LogienDiagram for the Type SKA Relay.

If tripping does not take place within 25 ms{after
the protective relaysoperate, a TRANSIENTWBLOECK-

ING circuit at K is energized which de=sensitizes
the FLIP-FLOP to prevent possible undesired trip-
ping during transients occurring at thegpclearing (else-
where) of an external fault.

SEQUENTIAL FAULTS

Occasionally an external.faulty will be followed.
by an internal fault beforé®the“former is cleared. In
order to prevent a long 'delayjin clearing such a in-
ternal fault, a ‘‘transient Wnblocking’’ feature is in-
cluded at K' Altholghftransient blocking has been
set up by the initial“extérnal fault, the presence of
an internal f#ault, willjcause an output from the AND
at D. This oufput gwill energize the transient un-
blocking cireuit which, after 25 ms., will allow the
flip-flop to operate, and complete the trip circuit by
energizing the AR relay through the trip amplifier G.

RELAY CIRCUITRY

The’ connections of the logic elements to the re-
Iaywmterminals are shown on the internal schematic,
Fig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

complete detailed relay circuit is chown in Fig. 5.
The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately +45 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive tripping output from the NOT cir-
cuit B.

C-3/20 MS TIME DELAY: D-TWO-INPUT AND,
Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-
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Fig. 4. Internal Schematic for the Type SKA Relay in the

FT42 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode D54
to the time delay circuit C. When this occurs, capaz
citor C50 starts to charge thru resistors R52 andiR-
54. After a time delay of approximately 3milliseconds,
the voltage onC50 is sufficient to cause Zener/diode
Z52to conduct, thus making the base of Q52 positive,
Under this condition, transistor Q52 is switched on
and its collector potential drops to a very law value.
Thus, for an operation of 21P or 67N an@ with no car-
rier received, transistors Q52 and,Q53"ef the 2-input
AND at D will both be in a conduetingicondition.
This combination will remove th@ positive potential
from the base of transistor Q54| \thus)cutting off its
collector current, andrepresentsya tripping condition.
If, however, carrier is received at the same time that
21P or 67N operates, the, reeeption of carrier will
cause Q51 and Q53fto turn off, raising the potential
of Q53 collector and, Q54 bage, thus keeping Q54 con-
ducting. The output ofiQ54under this condition repre-
sents a blocking or non-tripping condition.

E - 3/0. ms TIME DELAY. Under normal condi-
tions, Q54 iS\in a conducting state. This provides a
path for current, to flow from the emitter to the base
of trapSiston Q55 and then thru the collector circuit
of Q54;3keeping Q55 turned on. Under this condition,
transister, Q55 short circuits or bypasses capacitor
CBHlIypreventing it from charging up. Under the condi-

tion for tripping explained in the previous sectidn,
transistor Q55 is turned off, allowing C51 to charge
thru resistors R70 and R69. After a calibrated time
delay of 3 milliseconds, the voltage across capaei-
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is sufficient
to cause operation of the flip-flop. The time delay
circuit E has no intentional reset{timeypdelay. If a
tripping condition is indicated for,1or 2 milliseconds
such as during a reversal of_faultypower flow, as
soon as transistor Q55 againl conducts. The capaci-
tor C51 is rapidly discharged (thru Q55, diode D52,
and resistor R70. The rapid resetting of the time de-
lay circuit E prevents pessible notching up of the
charge on capacitorf @51 during momentary inter-
mittent interruption$,of the carrier blocking signal.
This time delay dmgconjunction with that provided in
circuit C are ample'te provide coordination of the
carrier-starf %and (tripping protective relays at the
two ends of%a line circuit during fault conditions.

Faé FLIP-FLOP CIRCUIT. The flip-flop circuit
consistsfef,transistors Q58 and Q59 and associated
compenents. Under normal conditions, transistor Q58
is“in.a mon-conducting, and transistor 59 is fully con-
ducting. The base of transistor Q59 is held well be-
lowsfits emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D53 and resistors R82 and R83, the
desensitizing bias is removed from transistor Q59.
This is accomplished by making the potential of the
junction of resistors R82 and R83 higher than the
positive 22 volt supply for the flip-flop circuit. When
this occurs, there is no current flow through resistor
R84 and diode D57, and the flip-flop is now ‘‘armed’’,
or in a ready condition for a tripping operation. After
the three-millisecond time delays of circuits C and
E have elapsed, the potential across capacitor C51
is sufficient to cause Q58 to conduct. This immed-
iately causes operation of the flip-flop, turning off
transistor Q59. When Q59 is no longer conducting,

™
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D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it on to stop
carrier. The operation of 67N or 21P directly ener-
gize the second input to the 3-input OR. The third
input is from the carrier squelch circuit, as described
in the next section.

L - CARRIER SQUELCH. When the trip ampli-
fier G is energized as a result of an internal fault,
the turning of transistor Q64 drops its collector vol-
tage to a very low value. The collector circuit of
Q64 is also connected from the rear board terminal
18 to the front board terminal 16, the resistor R31
and the base of transistor Q8. Applying a negative
potential from Q64 to this circuit allows transistor
Q8 to turn on, thus providing a path for rapidly charg-
ing capacitors C3 thru diode D12, transistor Q8,
resistor R33, and diode D13. This positive potential
on capacitor C3 is applied, through R34, to the_base
input circuit of the carrier-stop transistor Q64¢ Thus
when a tripping operation occurs, the carrier-stop
circuit is energized for a period of 120 to“h60 milli-
seconds to hold carrier in the ‘‘off’’ conditien at
that terminal to allow the tripping of othér tetminals
which may have to operate sequentially"because of
the distribution of fault current.

It will be noted that an output ofythe carrier con-
trol circuit at relay terminal 8"is), also” connected to
the rear printed circuit and threugh“@iode D60 to the
transient blocking circuit#This “€ircuit is provided
so that for an external fault, where the directional
element remains opengand, only the overcurrent unit
operates, this will stild" allow energizing the tran-
sient blockingy, cireuit:m@peration of the transient
blocking circtiit by theycarrier-start overcurrent unit
alone is desirable sothat the transient blocking will
be acting if a powerfreversal occurs during the clear-
ing of an external fault. However, the flip-flop is not
‘‘armed’’ by the operation of the ground overcurrent
carrier-start relay alone since this relay unit does
not setyup tripping.

CHARACTERISTICS

The type SKA relay is shipped with the carrier-

start overcurrent unit set for 0.5-ampere pickup ‘and
0.4-ampere dropout current. This settinggis Ssatisfac-
tory for most applications. The range (of piékup ad-
justment of this unit is 0.5 to 2.0 amperesy, TFhe drop-
out is 80 percent of pickup.

The pickup and dropout characteristics of the
various time-delay circuitsgof the relay logic are
given in the OPERATION,se¢etfions.

Burden of overcurrent unit:

At 0.5-amp. pickup setting#0:2yv.a. at 0.5 a, 60 cycles
748 v.a. at 5.0 a, 60 cycles

SETTINGS

Normally, therejare no settings to be made on the
SKA relay. They0.5-ampere pickup of the groundover-
current carrier-start unit (Ios) and the various time
delaycircuits/are factory adjustments. For most ap-
plications, a pickup current of 0.5 ampere for the Ios
unit is‘satisfactory. If conditions require, the pickup
can,be¢hanged to any value between 0.5 and 2.0 am-
peres,pas explained under Calibration in the Adjust-
mentfand Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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 outline and drilling plan of the type SKA re-
lay in the FT-42 case is shown in Fig. 17.

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the SKA relay can be checked
by connecting it in accordance with Fig. 7. Operate
the switches 1, 2, and 3, and apply 1 ampere, 60
cycles as indicated for the six test conditions in
Table I. The operation of the type AR tripping relay

1



TYPE SKA CARRIER AUXILIARY RELAY

or the presence of carrier control voltage (20 volts
dc) as listed in the columns of Table I will check
the performance of the logic circuits and other com-

ponents of the complete relay. The right-hand colu
of Table I indicates the protective relay oper
represented by the six test conditions.

NEG.D.C

10 K
W

swe

\

-
T-0 CONTACT

LIGHT CKT.
{8 TERM.I0)

NOTE: FRONT
VIEW OF RELAY

SETTINGS
Test Cur.
SW-1 SW-2 SW-3
1 0 0 0 ero.
2 Cl# 0 ero
3 close clos 0 ero
2nd 1
4 0 @1.0 amp
‘ 5 0 0 1 1.0
L,G C1 1.0

T63A919

-
>

RESPONSE

AR D.C. Volts o i Condition R d
Relay Term. 9-5 perating Condition Represente
open Zero Normal
closed Zero 21P or 67N operation
open Zero 21P and received carrier
open 20V Ios carrier-start
open Zero Do and Ios operation
closed Zero Do and Io trib. and Ios

ose SW-2, then SW-1

se SW-1 with lead connected first to term. 4 then to term. 20.
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B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (Ipg) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenlyincrease from 0 to approximate-
ly 20 volts. This is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals
1 and 10, or by applying a d-c voltage from an ex#
ternal source thru the relay trip circuit to the_timer
or tothe vertical deflection input of the oscildloscape.
The time from the closing of SW-1 until thé trip/eir-
cuit is completed should be in the orderfef 9%to 12
milliseconds. If a double-pole, single-throwdswitch
is used to energize the relay and start the timing de-
vice, be sure that both poles of the switch close
within a millisecond of each other.

The performance of the opefationgindicator can
be checked while the circuit of Figl7 is set up by
connecting the relay trip ciréuit“¢terminals 1 and 10)
to an external source of approximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closed, the indicator should drop its
target. NOTE: Do not try to interrupt the 1.5-ampere
direct current bfpopening SW-1 as the AR tripping re-
lay will not dnterrupt this current. Instead, open the
trip circuit@xtersal to'the SKA relay, then open SW-1.

C. Recommended/Routine Maintenance

The contacts of the type ARtripping relay should
be periodicdlly cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
carefulynot to distort the moving contact spring fin-
gersiduring burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure correct opera-
tion of this relay have been made at themfactery and
should not be disturbed after receipt by the customer.
If the adjustments have been changed, orfeemponents
have been replaced which may affect the calibration,
or if it is desired to check the adjustments at regular
maintenance periods, the instructions in the calibra-
tion section should be followeds

D. Calibration

1. Tripping Relay (ARY)hThedtype AR tripping relay
unit has been properlyiadjusted at the factory to
insure correct “‘Operation, and under normal field
conditions should{wmot require readjustment. If,
however, the a@djuStments are disturbed in error,
or it becomesmecessary to replace some part, use
the following adjustment procedure. This pro-
cedufe should not be used until it is apparent that
the Telay is not in proper working order, and then
only, if“suitable tools are available for checking
the, adjustments.
a™WAdjust the set screw at the rear of the top of

the frame to obtain a 0.009-inch gap atthe rear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit. To test this portion of
the relay, use the connections shown below.

o—@—on
20 V. ZENER

DIODE
(IN3686 OR

POS. 45 V EQUIV.)
D.C. VM
0-25
NEG.D.C.
G
T763A913
Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessaryto adjust the pickup, turning the slotted
shaft of potentiometer R3 in a clockwisedirection
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current value.
Do not try to set the dropout below 80 percent as
the relay may not reset at all.

3. OperationIndicator. The operationindicator should
pick up and drop the indicator target when the
current is between 1 and 1.2 amperes d-c. To in=
crease the pick-up current, remove the molded
cover and bend the springs out or away fromgthe
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.

4. Time Delays in Logic Circuitsy/There are five
time-delay circuits in the SKA relayy These can
be checked most easily using afcathede-ray oscil-
loscope having provision for aysingle sweep and
an external trigger sourcef'The scope should pre-
ferably have a calibr@ted ‘herizontal sweep which
can be read in milliseconds directly from the grid
on the screen offthe sscope.” The following para-
graphs will explaindthe pfocedure to be used and
the connections necessary for checking or recali-
brating each of the time delay circuits separately.
Note: The rotation ‘‘3/20 MS’’ on the logic dia-
gram and én the internal schematic means 3 milli-
seconds, piekup time, 20 milliseconds dropout
time._The figure ‘‘0+’’ means no intentional time
deldy.

a.\3/20 ms. time delay (section C of circuit)
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1. Make the connections shown in Fig. 9.

SCOPE
PROBE

P53 —
10 Lw.
Pas ME " TPE4
POS. 45V, o—-@

S KA
SCOPE TRIGGER
r—) INPUT

T63A914

{458125)NEG. D.C.O-

Fig. 9. Test Connections for the® 3/20 ' MS Time Delay
Unit of the Type SKA Relay.

2. Set the scope_sweepsspeed for around 5
milliseconds (fime%o make one sweep.

3. Approximately 3pms. after SW-1 is closed,
the  d-c (voltage across TP53 (+) to TP64
(=) ‘Will,_dropffrom 22 volts to nearly zero.
The sudden drop in vertical position of the
tracepwill indicate completion of the time
delay. The time should be between 2.7 and
33 ms. Variations in circuit constance may
give values slightly outside these limits.
If the time is over 3.5 ms., reduce R54.
Conversely, if the time is under 2.5 ms.,
increase R54.

4. Reset scope and change sweep speed to
measure 20ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing
it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

Sw-1l SKA

POS 125 V.0.6.0———— -

I
]
pp.sT/ |
SWITCH | MEG.
|
]

SKA \

Sw-1

SCOPE TRIGGER

POS. 45 DC.

SKA
(455|25)NEG.——( f )
TPS3

Cc55

;SHORTING

JUMPER
SCOPE
P60 PROBE

7634915

Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit and the Flip-Flop of the Type SKA Relay.
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2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time delay indication on scope trace. It
should be 2.7 to 3.3 ms.

6. This time delay can be adjusted by R73 on
relay subpanel. Loosenlock-nut. Turn shaft
clockwise to increase time delay. Adjust
if necessary to 3 ms. + 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Fig. 41.

but will start at about 120 ms., and may
take to 160-200 ms., to reach final value.
No adjustment, since the carrier-squelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connections{shewn in Fig. 12.

P0S.125 VO——

©
TP63 -~ PROBE
i
W
sKa MEG) |2
P0s. 450— : ) score P8
TRIGGER

JUMPER

Sw-1 SKA
19

SKA KA TP54

(458125)NEG.O e o

ADD JUMPER

T63A917

sSW-| SKA
P0OS.I25V

10 MEG.
POS. 45

SKA
SKA
(45&I25)NE&O—%

SKka
0.6 AMP,
60 CYC SKA

TRIGGER INPUT

SKA
SKa
SKA
SKA

20 V. ZENER DIODE
IN3686 OR EQUIV.

7634916

Fig. 11. Test Connectighs for the Carrier Squelch Unit
of the Type SKA Relay.

2. Apply d.c.; “then 0.6 amp., 60 cycles (or
1200 peréent of pickup); then close SW-1,
and reSet séope trigger. (It may be neces-
sary to setscope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Notey, Voltage across SKA terminals 18 (=)
9 (4) will jump from zero to 20 volts d.c.
when a-c is applied, then back to zero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

Fig. 12, 3T estwConnections for the Transient Blocking
Unit, of the Type SKA Relay.

2. Set scope sweep-speed to measure about
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

4. Check several times. Iftime exceeds 30 ms.,
R93 may be replaced with a resistor as
low as 4.7 K. If time interval is too short,
R93 may be increased to as high as 10K.

5. Remove test jumper.

e. Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

SKA SW-)
e TO SGCOPE
P0S.450 ( 7\[ I TRIGGER
—/_oTP53
SKA
NEG D.G. TP63 TP64 TP6I
. JUMPER
\|scOPE
PROBE
7634918

Fig. 13. Test Connections for the Transient Unblocking of
the Type SKA Relay.
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TABLE Il
Test Point Voltages (to negative d.c.) Q
Test Condition (From Table | and Fig. 6)
Test Point 1 2 3 4 5 6 4
D.C.Ma(Fig. )| 90 240 115 90 105 %ay test point
TP-4 6.5 6.5 6.5 20 20.5 -12,i8 neg. d.c. on
5 6.7 6.7 6.7 6.7 6.7 printed circuit
6 6.6 6.6 6.6 0.05 d.
7 0.1 0.1 0.1 19.0
8 7.6 7.6 7.6 7.6
9 7.5 7.5 7.5 0.1
10 0.1 0.1 0.1 0.1
11 21.6 21.0 21.5 21.5
12 - - - - Q\Ieg. d.c.
13 19.8 0.15 0.28 19.8
14 22.5 22.5 22.5
15 0.05 0.05 0.05
16 0 45 0
51 21.5 21.5 0.32 21.5 21.5 <Type-64 is neg. d.c.
59 7.4 0.05 7.4 0.05 on rear printed circuit
53 0.05 0.05 0.05 0.05 | pboard.
54 0.1 21.8 0.1 22.0
55 21.5 1.3 21. 21.5 1.3
56 0 9.2 0 9.2
57 3.5 20 g3, 3. 3.5 20
58 20.0 7.8 & 20. 20.0 20.0 7.8
59 0 0 0 14.5
60 45.0 5 45 45 0.4
61 0.1 0.1 0.1 17.0 0.1
62 7.4 7.4 7.4 0.65 0.05
63 0.06 0.05 0.05 20.5 20.5
2. Set scope K as for previous E. Electrical Checkpoints
section.
With the SKA relay connected as shown in Fig.
3. Apply he lose SW-1. (Both poles 7, the d-c voltages at the test points on the two
must close taneously.) After 20 to 30 printed circuit boards are listed in the following
ms., the scope trace will suddenly rise table for the six test conditions tabulated in Table

from zero to about 20 volts. If time is out-
ide 20-30"'ms. limits, reduce R73 to shorter
ti or increase R73 to lengthen time.

ove jumper.

completes the calibration checks of the
time delay circuits.

I. These values can be checked on a new relay, then
kept for a reference if trouble shooting becomes neces-
sary at a later date: The exact values will vary from
one relay to another, but in general will be within *
20 percent between relays.

Return to TEST 4 except pass just pickup current
(0.5amp.,60 cyclesunlessrelay has been recalibrated)
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through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1 to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vatry from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
duringroutine checks, the followingprocedure is sug-
gested for trouble-shooting:

If it is desiredto check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outsidethe relay. In use, the relay chas-
sis is first removed from its case, then the rear

printed circuit board is removed. In its place is in-
serted a connector board provided withg3¥ft.%er’6 ft.
of 19-conductor ‘‘ribbon’’ cable, and a\similar recep-
tacle for the removed SKA circuit board“atsfthe other
end. The relay chassis isnow re-insertedin its case,
and both the front and rear boards are,accessible for
maintenance. The test cable is shown in Fig. 16.

Under standby conditions, th€ytest point voltages
should essentially agreepwith_the values listed in
Table II under Test Condition 1 (first column of
voltages). Ifthese valuesarecorrect, the relay should
then be checked per Fig. 74and Table I, as explained
in ADJUSTMENT AND,MAINTENANCE, Section A,
Acceptance Test.“Eollowing is a tabulation of some
symptoms, and the sections of the SKA relay which
may be at fault.

In lo€ating ftrouble with no specific component
failure indicated, proceed as with any electronic de-
vicey Startiat'the input and gradually work through to
the outputycircuit. For the SKA relay printed circuit
boards; 'start at the left side (circuit-wise, per Fig.
5),“‘€hecking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMPTOM POSSIBLE CAUSE
1 No 22-volt supply 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorrect test pointyvoltage 1. Failure of nearest associated transistor or
diode.
2 AR relay does not operate 1. Defect in some circuit on rear printed circuit board
3 AR'Telay does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
4 No“20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
5 20 volts d.c. does appear at SKA 1. Iyg portion of front p.c. bd. not operating, or
term’s 9 and 5 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.
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Fig. 14. Component Location for the Front Printed Circuit
Board of the Type SKA Relay.

Fig. 15.3Compconent Location for the Rear Printed Circuit

Board of the Type SKA Relay.
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G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads onthe component side of the printed circuit
board. Then turn the board over, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not ‘hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If the terminal hole intheboardcloses
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads ¢annot be clipped off.In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will
gradually separate from the board.

Wherever possible, use a heat-sink (such g

the lead (being soldered) between the dewi
the point of soldering. 2

1. Vacuum-tube voltmeter for4a-c and d-¢ measure-

ments. \p
2. Cathode-ray oscillosco wit rovision for
calibrated single SWZ\

O
Q>®

L 4

H. Test Equipment

Ratings f
6.8 5 0.4
0b 9.1 5 0.4
\ 9 56 10 1
I

RENEWAL PARTS - Repair work c ne
most satisfactorily at the factory. HoWweven, inter-
changeable parts can be furnished to the customers
who are equipped for doing repair work. en order-

ing parts, always give the complete nameplate data.

L 4
ELECTRICAL

P. TS LIST
\ minimum, unless

All capacitors 200 v.d.
otherwise noted.

All resistors * 5% tol .5-watt, unless other-
wise noted.

Type oltage Material
IN91 100 v.d.c. Ge
IN45 175 v.d.c. Si

er diodes in SKA relay:

Volts + Tol. % Watts

N1832C 62 10 10 (Clipper)

N3051 200 20 1
IN3686B 20 5 1.5
IN3797B 22 5 1.5

Other components:

T1 Saturating transformer
S# 606B519G03

T51 Type 1D101 Thermistor =10K at 25°C
S# 185A211H04

C3,C53 39 mfd, 35 v. tantalum capacitors

S# 187TA508H04

19
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INSTALLATION

Westinghouse 1.L. 41-923.5C
OPERATION ¢ MAINTENANCE

INSTRUCT!IO NS

TYPE SKA CARRIER AUXILIARY RELAY

INSTRUCTIONS

CAUTION: Before putting relays into service, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close pro-
perly, and operate the relayto check the settings and
electrical connections.

APPLICATION

The type SKA relay is the static carrier auxiliary
relay used in the K-Dar distance carrier relaying
system to block 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 indications of fault power and direction provided
by the phase and ground relays, thereby confrolling
the transmission of the carrier signals, or the,inifia-
tion of high-speed tripping for internal faults.

CONSTRUCTION

The components of the type €KAtelay Jare mount-
ed in the #T32 Flexitest case. The ‘static equivalents
of the receiver relay, the carriér\stop ‘@uxiliary relay
units, and the carrier-start groundyover-current unit
Ios are mounted on plug-ingprinteddcircuit boards. In
addition, the static components for the transient
blocking and carrier sguel€hygfiinctions are similarly
mounted. Two printed cdircuit boards are used, one
mounted on the frent“of the relay chassis, and the
one at the rearof the“ehassis.

There isWenly one electromechanical relay unit
in the SKArelay*adigh-speed auxiliary tripping relay
unit (AR) connected to the output of the decision-
making static, circuitry. This relay unit operates in
approximately 3 milliseconds for internal faults clear-
edgthrough the SKA relay. The tripping has a d-c
electromagnet and an attracted magnetic armature. An
instlated member fastened to the armature pulls four
movable contact springs until they touch the stationary
contacts when the relay coil is energized. Only three

SUPERSEDES I.L. 41-923.5B

*Denotes change from superseded issve.

of the contacts are usedfbut @ll four must be in ad-
justment for proper operation of the relay.

The alarm funetion iSyhandled by a separate type
TT-1 alarm relay mouanfed in an SC-type semi-flush
case. The TTI-1 alarm relay uses a telephone-type
relay unit with%a single normally-open contact. The
coil circudit isyshunted by a small vitreous resistor
to give the desired calibration.

The, phase carrier relay target or operation indi-
catompisha d-c operated clapper-type device which
drop$an orange target when trip current flows through
ity coil circuit.

OPERATION
LOGIC ELEMENTS

The operation of the SKA relay during internal
and external faults can best be understood by refer-
ence to Fig. 3 which is a circuit logic diagram. In
Fig. 3, the lettered logic blocks serve the following
functions:

SYMBOL TITLE FUNCTION

B NOT Delivers a tripping output
when carrier is notreceived.
Energizedfrom outputof car-

rier receiver.
C 3/20 TIME Integrating time delay, (ad-
DELAY justable) 3 ms. pickup time,
20 ms. dropout time, ener-
gized from 21P (phase) or
67N (ground)protective relay.
D 2-INPUT Provides an output trip sig-
AND. nal only when 21P or 67N
operates (longer than 3ms.)
and carrier is not received.
E 3/0+T.D. Co-ordinating time delay, 3

ms. pickup time, no inten-
tional dropout delay (0+).

EFFECTIVE JANUARY 1969
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los DROPOUT
ADJ.
3 MS. TIME
tos T F DELAY ADJ.
ADJ.
AR TRIPPING
RELAY
FRONT PRINTED
CIRCUIT BOARD
OPERATION
INDICATOR

Fig. 1. Type SKA Carrier Auxiliary Relay in FT32 Case (Front View).
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R2
R39

REAR PRINTED
CIRCUIT BOARD

Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View).
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The 3-ms. pickup delay al-
lows for momentary interrup-
tions of carrier during ex-
ternal faults without incor-
rect tripping.

F FLIP-FLOP Providespositive and steady
tripping output when logic
circuits determine presence
of internal fault.

G TRIP AMP  D.C. amplifier energized from
FLIP-FLOP. Provides ade-
quate energy to AR tripping
relay.

H CARRIER Stops carrier transmission
STOP (OR) on signal from 21P, 67N,
carrier squelch, or from 2-

input AND at I.
I 2-INPUT Provides an output to car-

AND rier-stop OR (H) on operation
of both Do (in 67N) and car-

rier-start Ios units.
Includes phase splitter, rec-

tifier, and level detector for
static ground carrier-start
over-current unit.

K TRANSIENT Allows (adjustable) 25 ms¢
BLOCKING for normal tripping affer
AND UN- operation of 21P, 67N, on
BLOCKING Ios, then blocks flip-flopato
25/25 prevent incorrect tmPping

during clearing of external

! fault. If internal fault devel-
ops before clearing of ex-
ternal fault, the unblocking
feature allows tripping after
25 ms. delay.

L SQUELCH Energizes, carrier-stop cir-

0+/150 cuit when AR trip relay is
energized,(no intentional de-
lay), 4and holds carrier off
fory@bout 150 ms. to allow
sequential tripping of other
terminals. Provision is made
for external initiation of
squelch by applying positive
d-c to relay terminal 6.

J Ios AMP

M Ios and Switching transistor (ener-
O+T.D. gized from output of Ios
30-50 AMP) which serves as nor-
mally-closed contact for
ground carrier-start function.
No intentional pickup (0+)
and 30-50 ms. dropout time
when energized from Ios
AMP.

R - - Carrier receiver to previde
blocking signal to logic cir-
cuits from remote transmitter.

T - - Carrier transmitter to send

blocking signal to remote
station.

INTERNAL FAULT

The operation of 21P ((phasey or 67N (ground)
relay for an internal faWlt performs the following:

1. Energizes the,carmier¢stop circuit (H).

2. Starts the 3tms.¥iming circuit (C). The longer
dropout timeWf 20 ms. is to minimize anyad-
ditionad” delay caused by contact bounce of
théeleetromechanical protective relays.

3. ‘“‘Armsy’ ‘the flip-flop (F), or puts it in a
‘‘ready’”“condition by removing a blocking
bias*woltage.

4. Enengizes the transient blocking circuit (K).

In the absence of received carrier, the NOT cir-
cuit, B'has an output which is fed into the AND cir-
cuit/ D. After 3ms., the output of time delay C is also
fed into D. If both these inputs continue for another
3 ms., the output of E operates the flip-flop F, and
in turn the trip amplifier G which energizes the trip-
ping relay AR to complete the trip circuit through AR
relay contacts ARP or ARG. This operation will be
completed before the transient blocking becomes ef-
fective.

The function of the CARRIER-SQUELCH block L
is to hold carrier off (for about 150 milliseconds)
after the trip circuit is completed for an internal
fault. This is to prevent undesirable blocking where
sequential relay operation may qccur at the terminals
of a protected line section for an internal fault with
widely different fault currents at the two terminals.

EXTERNAL FAULT

If carrier is received from the remote terminal
when 21P or 67N operates (as for an external fault),
there will be no tripping output from the NOT circuit
B into the AND circuit D. Thus the conditions will
not be set up for tripping. The ‘‘carrier-stop’’ block
H functions (when 21P or 67N operates) to stop car-
rier transmission on those internal faults for which
carrier may be started by 21S phase relay (60 or 3 #)
or Ios (at M). For those internal ground faults which
may not operate the 67N Io contact, operation of Do
of 67N and Ios (thru Ios AMP at J) energizes a second
AND circuit (at I) to stop carrier (at H).

o
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Fig. 3. Logic Diagramfor the Type SKA Relay.

If tripping does not take place within 25ms. after
the protective relaysoperate, a TRANSIENT, BOOCK-

ING circuit at K is energized which de-sensitizes
the FLIP-FLOP to prevent possible undesired trip-
ping during transients occurring at thé clearing(else-
where) of an external fault.

SEQUENTIAL FAULTS

Occasionally an externalb faulthwill be followed
by an internal fault before the\former is cleared. In
order to prevent a long,delaygin clearing such a in-
ternal fault, a ‘‘transient unblocking’’ feature is in-
cluded at K' Altheughtransient blocking has been
set up by thefinitial“external fault, the presence of
an internal dault4will cause an output from the AND
at D. This 'eutput 4will energize the transient un-
blocking circuit which, after 25 ms., will allow the
flip-flop to operate, and complete the trip circuit by
energizing the AR relay through the trip amplifier G.

RELAY,\CIRCUITRY

The connections of the logic elements to the re-
lay terminals are shown on the internal schematic,
Fig. 4. This diagram also indicates the major exter-
nal circuit connections to the relay terminals. The

complete detailed relay circuit is shown in Fig. 5.
The components enclosed by the heavy broken lines
in this diagram are mounted on the two printed cir-
cuit boards of the SKA relay. The operation of the
individual circuit components is explained in the fol-
lowing paragraphs. The letters identifying the logic
elements in Fig. 3 are also used to identify the cor-
responding portion of the circuit in Fig. 5.

B - NOT circuit

In the absence of received carrier, transistor Q51
is normally conducting. Under this condition, tran-
sistor Q51 has a tripping output. When carrier is re-
ceived, transistor Q208 in the carrier receiver con-
ducts, raising the potential of SKA relay terminal 12
to approximately 445 volts. This raises the base of
Q51 above its emitter potential (+22V.), thus cutting
off collector current. Thus, when carrier is received,
there is no positive trippingoutput from the NOT cir-
cuit B.

C-3/20 MS (ADJUSTABLE) TIME DELAY:

D-TWO-INPUT AND

Under normal conditions, transistor Q52 is not con-
ducting; thus the positive potential of the collector
of transistor Q52 is not a tripping condition. When
relay terminal 4 or 20 is made positive by the opera-
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Fig. 4. Internal Schematic for the Type SKA Relay in
the FT32 Case.

tion of a protective relay, this positive potential is
applied thru Zener diode Z53 or Z54 and diode D3l
to the time delay circuit C. When this occurs, cdpa-
citor C50 starts to charge thru resistors R52,4R103
and R54. After a time delay of approximately 3 milli=
seconds (adjustable), the voltage on C50 is’ suffi-
cient to cause Zener diode Z52 to conduct,/thus
making the base of Q52 positive. Under ghis condi-
tion, transistor Q52 is switched on and its,collector
potential drops to a very low values Thus, for an
operation of 21P or 67N and with no ‘€arrier received,
transistors Q52 and Q53 of the 2-lnput AND at D will
both be in a conducting conditien? This’combination
will remove the positive potential from the base of
transistor Q54, thus cuttinggeff itss€ollector current,
and represents a tripping gon@ition. If, however,
carrier is received at the,  samegtfime that 21P or 67N
operates, the recéption ofycarrier will cause Q51
and Q53 to turn offf raising the potential of Q53
collector and Q54 ‘base,fthus keeping Q54 conduct-
ing. The output of Q54 under this condition repre-
sents a blocking or non-tripping condition.

E - 3/0.ms TIME DELAY. Under normal condi-
tions, Qb4 is\in a conducting state. This provides a
path for current to flow from the emitter to the base
of transistop Q55 and then thru the collector circuit
of (@54, keeping Q55 turned on. Under this condition,
transistor Q55 short circuits or bypasses capacitor
€51, preventing it from charging up. Under the condi-

tion for tripping explained in the previous section,
transistor Q55 is turned off, allowing C51 tofcharge
thru resistors R70 and R69. After a calibrated time
delay of 3 milliseconds, the voltage across capaci-
tor C51, which is applied to the base-emitter circuit
of transistor Q58 in the flip-flop circuit, is stfficient
to cause operation of the flip-flop#*The time delay
circuit E has no intentional qgesetgtime) delay. If a
tripping condition is indicated forfyl of2milliseconds
such as during a reversal gf faultdpower flow, as
soon as transistor Q55 again g¢onducts. The capaci-
tor C51 is rapidly discharged“thru Q55, diode D52,
and resistor R70. The tapid resetting of the time de-
lay circuit E prevents possible notching up of the
charge on capacitor C§1 during momentary inter-
mittent interruptions®ef the carrier blocking signal.
This time delay im“€onjunction with that provided in
circuit Cfare ample to provide coordination of the
carrier-start, “and “tripping protective relays at the
two ends_of%a Iine circuit during fault conditions.

F%, FLIP-FLOP CIRCUIT. The flip-flop circuit
cansists“0f transistors Q58 and Q59 and associated
eoemponents. Under normal conditions, transistor Q58
is iTmpa non-conducting, and transistor 59 is fully con-
ducting. The base of transistor Q59 is held well be-
low its emitter potential by means of the voltage di-
vider consisting of resistors R86, R84, diode D57,
and resistor R83. With this bias, transistor Q59 is
held in saturation, and the flip-flop is desensitized
so that even if a tripping voltage were applied to
transistor Q58, transistor Q59 would not turn off.
This desensitizing circuit is an arrangement to pre-
vent inadvertant operation of the flip-flop caused by
surges on the dc system. As long as Q59 is conduct-
ing, its collector is at a high enough positive poten-
tial that transistor Q61 in the tripping amplifier can-
not turn on.

Upon the occurence of an internal fault, posi-
tive 125 volts dc is supplied to either terminal 4 or
20 of the SKA relay. Through the Zener diodes Z53
or Z54, plus diode D55 and resistors R82 and R83,
the desensitizing bias is removed from transistor
Q59. This is accomplished by making the potential
of the junction of resistors R82 and R83 higher than
the positive 22 volt supply for the flip-flop circuit.
When this occurs, there is no current flow through
resistor R84 and diode D57, and the flip-flop is now
‘‘armed’’, or in a ready condition for a tripping oper-
ation. After the three-millisecond time delays of
circuits C and E have elapsed, the potential across
capacitor Cb51 is sufficient to cause Q58 to conduct.
This immediately causes operation of the flip-flop,
turning off transistor Q59. When Q59 is no longer
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detail in the previous section (M) and by dotted
lines to the right of terminals 8, 9, 19, and 18 of the
SKA relay (Fig. 3), so that when it conducts it
stops the transmission of carrier. This is the car-
rier stop circuit section H. The combination of oper-
ation of the directional unit Dg in the carrier ground
relay 67N and the presence cf ground fault current
comprises one condition for stopping carrier. This
combination is necessary to handle fault current
values below the pickup of the I tripping unit of
the 67N relay.

If the ground fault current is high enough for the
operation of both Do and I, of the carrier ground re-
lay, this will apply a positive potential to SKA relay
terminal 4. Thru the circuit starting from relay ter-
minal 4 thru Zener diode Z54, resistor R26, and diode
D11 in the carrier stop relay circuit H, the applica-
tion of positive potential to the base of transistor
Q6 turns it on and stops carrier by applying a low
resistance path from relay terminal 9 to negative
thus effectively shorting the Zener diode 1N3686B
in the TC transmitter (shown dotted at the right of
the relay terminals). Similarly, for phase faults, the
closing of 21P (Z2) applies positive to SKA relay,
terminal 20, through diode Z53, resistor R26, and
diode D11 to the base of Q6, turning it on 406 stop
carrier. The operation of 67N or 21P diregtly ener-
gize the second input to the 3-input ORg, Theéfthird
input is from the carrier squelch circuit, as described
in the next section.

L - CARRIER SQUELCH. When the frip, ampli-
fier G is energized as a result of affintem@al fault,
the turning on of transistor Q64 drops its collector
voltage to a very low value. The eelleetor circuit of
Q64 is also connected from the rear“board terminal
18 to the front board terminal 16%the resistor R31
and the base of transistormQ8.WApplying a negative
potential from Q64 to this cireuit allows transistor
Q8 to turn on, thus_providing a path for rapidly
charging capacitor C3 thrugdiode D12, transistor Q8,
diode D14, resister R33, and diode D13. This posi-
tive potential” on capacitor C3 is applied, through
R34, to the baSe input circuit of the carrier-stop
transistor Q6% Thu$ when a tripping operation oc-
curs, the carrier-stop circuit is energized for a
period of 120 to 160 milliseconds to hold carrier in
the “‘off’”” cendition at that terminal to allow the
tripping of other terminals which may have to oper-
aten,sequentially because of the distribution of
fault,current. Provision is made for external initia-
tion“of carrier squelch by applying positive d-c to
relay terminal 6. This allows a path for rapidly
charging capacitor C3 through resistors R39 and
R33 and diode D12 as above.

It will be noted that an output of thegeartiers€on-
trol circuit at relay terminal 8 is alsol conn€cted to
the rear printed circuit and through diodeyD60 to the
transient blocking circuit. This circuit is provided
so that for an external fault, where the directional
element remains open and only the overcurrent unit
operates, this will still allow _.energizing the tran-
sient blocking circuit.“9%©peration’ of the transient
blocking circuit by the carrier-start overcurrent unit
alone is desirable so that/the transient blocking will
be acting if a power reversal occurs during the clear-
ing of-an external fault. However, the flip-flop is not
‘‘armed”’’ by the ‘Gperation of the ground overcurrent
carrier-start relay alone since this relay unit does
not set up tripping.

CHARACTERISTICS

The type SKA relay is shipped with the carrier-
start. overcurrént unit set for 0.5-ampere pickup and

0.4-ampereydropout current. This setting is satisfac-
torymforamost applications. The range of pickup ad-
justment of this unit is 0.5 to 2.0 amperes. The drop-
out is 80 percent of pickup.

The AR relay operate time is 3.5 milliseconds.

The pickup and dropout characteristics of the
various time-delay circuits of the relay logic are
given in the OPERATION sections.

Burden of overcurrent unit:

At 0.5-amp. pickup setting: 0.2 v.a. at 0.5 a, 60 cycles
7.8 v.a. at 5.0 a, 60 cycles

SETTINGS

Normally, there are no settings to be made on the
SKA relay. The 0.5-ampere pickup of the ground over-
current carrier-start unit (Ios) and the various time
delay circuits are factory adjustments. For most ap-
plications, a pickup current of 0.5 ampere for the Ios
unit is satisfactory. If conditions require, the pickup
can be changed to any value between 0.5 and 2.0 am-
peres, as explained under Calibration in the Adjust-
ment and Maintenance section.

INSTALLATION

The relay should be mounted on a switchboard
panel or its equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of four mounting holes on
the flange for semi-flush mounting or by means of
the rear mounting 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

n
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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 outline and drilling plan of the type SKA re-
lay in the FT-32 case is shown in Fig. 17.

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the SKA relay can be checked

by connecting it in accordance with Fig. 7. Operate
the switches 1, 2, and 3, and apply 1 ampere, 60
cycles as indicated for the six test conditions._in
Table I. The operation of the type AR tripping relay

or the presence of carrier control goltage (20 volts
dc) as listed in the columns ofy, Table I! will check
the performance of the logic circuits and other com-
ponents of the complete relayd Theyright-hand column
of Table I indicates the proteCtive relay operation
represented by the six test cenditions.
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Fig. 7.\ Test\Diagram for Type SKA Relay.
TABLE |
] - - .
SETTINGS | RESPONSE
Test Cur. at ! AR D.C. Volts
SW-1 SW.2 SW-3 Tetm. Operating Condition Represented
Relay Term. 9-5
16-17
1 0 0 0 Zero ©open Zero Normal
2 Clg 0 0 Zero closed Zero 21P or 67N operation
3 close close 0 Zero open Zero 21P and received carrier
2nd Ist ¢
|
4 0 0 0 81.0 amp || open 20V Ios carrier-start
5 0 0 Cl1 1.0 open Zero Do and Ios operation
6 C1 0 C1 1.0 | closed Zero * Do and Io trip and Ios
0 = dpen
Cl &close

or 2°x pickup
close SW-2, then SW-1

w2
1l

l
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close SW-1 with lead connected first to term. 4 then to term. 20.
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B. Calibration Check

The pickup and dropout current values for the
carrier-start overcurrent ground relay (I;g) can be
checked using the same test connections shown in
Fig. 7. With switches 1, 2, 3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re-
lay. Increase this current gradually. At a current
level of approximately 0.5 ampere, the d-c voltmeter
reading will suddenlyincrease from 0 to approximate-
ly 20 volts. This is the pickup point of the over-
current relay. Now reduce the current applied to ter-
minal 16 and 17. At approximately 0.4 ampere (80%
of the pickup value), the d-c voltage will drop to
zero. The zero value of d-c voltage may be a few
tenths of a volt rather than exactly zero. The low
value of voltage is the drop across the transistor
Q7 when it is fully conducting.

The overall operating time of the SKA relay can
be checked using test condition #2. Arrange to start
a timer, or the single sweep of a cathode-ray oscillo-
scope provided with this operating feature, when
switch SW-1 is closed. The timer can be stopped by
the closing of the relay trip circuit between terminals:
1 and 10, or by applying a d-c voltage from an ex-
ternal source thru the relay trip circuit to the timer
or tothe vertical deflection input of the oscilloscaépe.
The time from the closing of SW-1 until the trip cir-
cuit is completed should be in the order of“§, to“12
milliseconds. If a double-pole, single-throw, switch
is used to energize the relay and start theftiming de-
vice, be sure that both poles of the switeh close
within a millisecond of each otfer.

The performance of the operatiom indicator can
be checked while the circity of WFig. 7 is set up by
connecting the relay trip circuit, (terminals 1 and 10)
to an external source offappreximately 1.5 amperes
dc, using external current-limiting resistance. When
switch SW-1 is closed, the indicator should drop its
target. NOTE: De noti4ry to interrupt the 1.5-ampere
direct currentfby opening SW-1 as the AR tripping re-
lay will notfintefrupt™“this current. Instead, open the
trip circuit'extérnal to the SKA relay, then open SW-1.

C. Recommended Routine Maintenance

The contacts of the type AR tripping relay should
be periodically cleaned. A contact burnisher such as
S#182A836H01 is recommended for this purpose. Be
eareful not to distort the moving contact spring fin-
gers during burnishing operation. The use of abrasive
material is not recommended because of thedanger of
embedding small particles in the face of the soft sil-
ver and thus impairing the contact performance.

The proper adjustments to insure correct,opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the.ciistomer.
If the adjustments have been changed, or components
have been replaced which may affect the calibration,
or if it is desired to check the adjustments at regular
maintenance periods, the ingtructions in the calibra-
tion section should be fallowed.

D. Calibration

1. Tripping Relay (AR){ The type AR tripping relay
unit has been properlydadjusted at the factory to
insure correct operation, and under normal field
conditions _shouwld</not require readjustment. If,
however, (the“adjustments are disturbed in error,
or it becomes necessary to replace some part, use
the following adjustment procedure. This pro-
cedure /should not be used until it is apparent that
thelrelay®is not in proper working order, and then
only ifysuitable tools are available for checking
thepadjustments.

a, Adjust the set screw at the rear of the top of
the frame to obtain a 0.009-inch gap atthe rear
end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
is measured when the spring moves away from
the edge of the insulated crosspiece.

c. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020-inch. This will
give 15-30 grams contact pressure. This com-
pletes the adjustment procedure for the AR
tripping relay unit.

2. Static Overcurrent Unit: To test this portion of
the relay, use the connections shown below.

60 CYC.

20 V.ZENER
DIOOE
(IN3686 OR
POS. 45 V EQUIV.)
D.C. VM
0-25
NEG.D.C.
C
7634913
Fig. 8. Test Connections for the los Unit of the Type
SKA Relay.
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With the 45 volts d.c. applied, the d-c voltmeter
will initially.read zero (perhaps as much as 0.3-
volt dc.). Slowly increase the 60-cycle current ap-
plied to terminals 16 and 17. At a current of 0.5
ampere a.c., the voltmeter reading should sud-
denly increase to approximately 20 volts. Loosen
the lock-nut for adjusting R3, and again lock it
after any adjustments have been made. If it is
necessary to adjust the pickup, turning the slotted
shaft (_)f potentiometer R3 in a clockwisedirection
will increase the pickup current. Conversely, if a
lower pickup current is desired, turn the shaft
counterclockwise. The range of pickup adjust-
ment is 0.5 to 2.0 amperes, 60 cycles. After the
relay has picked up, slowly reduce the 60-cycle
current. At 80 percent of pickup (0.4 amp. for a
0.5-amp.), the relay should drop out as pickup
indicated by the voltmeter reading dropping to
zero. If this point needs adjustment, loosen the
lock-nut on the resistor R9 and turn the shaft of
R9 clockwise to increase the dropout current or
counterwise to reduce the dropout current. After
this point has been set, tighten the lock-nut and
make a final check of the dropout current vaiue.
Do not try to set the dropout below 80 percent as
the relay may not reset at all.

3. OperationIndicator. The operationindicator should
pick up and drop the indicator target when ‘the
current is between 1 and 1.2 amperes d-c. To in-
crease the pick-up current, remove the mglded
cover and bend the springs out or away from the
cover. To decrease the pick-up current,/bendhe
springs in toward the cover.

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

4. Time Delays in Logic Circuits. There are six
time-delay circuits in the SKA relay. These can
be checked most easily_usingsa cathode-ray
oscilloscope having provisign for a single sweep
and an external trigger source/ The scope should
preferably have 4a calibrated horizontal sweep
which can be réad jin milliseconds directly from
the grid on the sefeen of the scope. The follow-
ing paragraphs will“explain the procedure to be
used and the connections necessary for checking
or recalibrating gach of the time delay circuits

* separately. Note: The notation ‘“3/20 MS’’ on
the logie diagram and on the internal schematic
means 3 milliseconds pickyp time, 20 milli-
seconds “dropout time. The figure ‘‘0+’’ means
nowintentional time delay.

a.%3/20 ms. time delay (section C of circuit)

14

1. Make the connections shown in Fig. 9.

SKA

SW-1

POS. 125 V.D.CLO——~
SCOPE
PROBE

ol P52 X
=L meal |2 P64
POS 45vc>——@

S KA
SCOREATRIGGER

e

{458125)NEG. D.C.O~

763491k

Fig. 9. Test Connections for the 3/20 MS Time Delay
Unit of the Type SKA Rel ay.

2. Set the scope SwWweep-speed for around 5
milliseconds“time to make one sweep.

3. Appreximately 3 ms. after SW-1 is closed,
thed-cweltage across TP52 (+) to TP64 (-)
will drop from 7 volts to nearly zero. The
sudden” drop in vertical position of the
trace will indicate completion of the time
delay. This time is factory set between
2.7 and 3.3 ms., but may be lowered to
less than 2.0 ms. by moving potentiometer
R54 counterclockwise, and increased to
7.0 ms. by moving R54 clockwise.

4. Reset scope and change sweep speed to
measure 20 ms. Open SW-1 and note dropout
time. The time should be in the range of 17
to 23 milliseconds. If time is appreciably
outside this range, change R53. Increasing
R53 will increase dropout time; decreasing
it will reduce dropout time.

b. 3/0+ time delay of flip-flop (sections E and F
of circuit).

1. Make the connections shown in Fig. 10.

SCOPE TRIGGER

SkA
POS. 450.5———@ Sw
css
sKa
(458125) NEG. -5 e
P P64 SMORTING

JUMPER

oe—&E===3000
PROBE

TP8O

T763A915

Fig. 10. Test Connections for the 3/0 MS Time Delay
Unit and the Flip-Flop of the Type SKA Relay.
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2. Start with SW-1 open. Note: Both poles of
SW-1must close simultaneously - well with-
in one millisecond of each other.

3. Temporarily short out C55 with a short clip
lead.

4. Set R79 on SKA sub panel to 90 percent of
full counterclockwise - only if setting has
been previously disturbed. If timing is just
being checked, do not initially change set-
ting.

5. Close SW-1. (AR relay will pick up). Note
time dclay indication on scope trace. It
should be 2.7 to 3.3 ms.

6. This time delay can e adjusted by R79 on
relay subpanel. Loosen lock-nut. Turn
shaft clockwise to increase time delay.
Adjust if necessary to 3 ms. + 10 percent.

7. Opening SW-1 resets 3-ms. time delay cir-
cuit with no intentional dropout or reset
delay.

8. When calibration is satisfactory, tighten
locknut and remove C55 jumper.

c. Carrier Squelch (section L of circuit).

1. Make the connections shown in Fig. 11

but will start at about 120 ms., “@anddnay
take to 160-200 ms., to reach finad, value.
No adjustment, since the carrer{squelch
time is not critical.

d. Transient Blocking (part of section K of circuit).

1. Make the connectionsgshown in Fig. 12.

sw-1 SKA
P0S.125 VO~ P
P63 =
wofl 5 PROBE
SKA weG| |2
TPE
905.450__@ SCOPE
TRIGGER
JUMPER
o A TPS4
(458125)NEG.O e °
ADD JUMPER

Sw- 1 SKA
P0S.125 vh—/ PROBE
SKa 10 MEG.

POSCSP—@

SKA

(asalzsmss_o—%)

TRIGGERNINPUT

SKa
SKA
SKA
SKA
0 SHIELD
LEAD

20 V. ZENER DIODE

() 0 IN3686 OR EQUIV.
0.6 AMP,
60 GYC Ska
(O—
763A916

Fig. 11. Test Connectionsgfor the Carrier Squelch Unit
of the fiype SKA Relay.

2. Apply d.c.;%then 0.6 amp., 60 cycles (or
120 percent of pickup); then close SW-1,
and“reset scope trigger. (It may be neces-
sary to set scope for negative sweep-trigger-
ing voltage). Set range to around 200 ms.
Note: Voltage across SKA terminals 18 (=)
9 (+) will jump from zero to 20 volts d.c.
when a-c is applied, thenback to zero when
SW-1 is closed.

3. Open SW-1 to start carrier-squelch timing.
After about 120 ms., scope trace will rise
to 20-volt value. Rise will not be sudden,

Fig. \12:3, Test Connections for the Transient Blocking
Unit of the Type SKA Relay.

2. Set scope sweep-speed to measure about
30-40 ms. max.

3. With d.c. applied, close SW-1. After 20 to
30 ms., the scope trace will suddenly drop
from about 20 volts to zero. Open SW-1 and
reset scope.

4. This time delay may be increased by mov-

ing potentiometer R93 clockwise and de-
creased by moving R93 counterclockwise.

5. Remove test jumper.

[¢°]

Transient Unblocking (part of section K of
circuit)

1. Make the connections shown in Fig. 13.

SKa Sw-
A TO SCOPE
POs.45 7 TRIGGER

—C P52
SKA
NEG D.C! TPE3 TP64 TP6I
H JUMPER
1| SCOPE
PROBE
7634918

Fig. 13. Test Connections for the Transient Unblocking of
the Type SKA Relay.
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* TABLE I

Test Point Voltages
(to negative d.c. — TP12- Front Bd.,, TP64- Rear Bd.)

C)O

Test Condition (From Table | and Fig. 6)
Test Point 1 2 3 4 5 6
L 4
D.C.Ma(Fig.T)| 90 240 115 90 105 250 (Not arelay
TP-4 6.5 6.5 6.5 @ test point
3 6.7 6.7 6.7 .8
6 6.6 6.6 6.6
7 <0.5 <0.5 <0.5
8 7.6 7.6 7.6
9 7.5 7.5 7.5
10 <0.5 <0.5 <0.5
11 21.6 21.0 21.5
12 — — —
13 <0.5 <0.5 <0.5
14 22.5 22.5 22.5
15 <0.5 <0.5 <0.5
16 0 45 0
17 3.5 3.5 3.5
51 21.5 21.5 <0. 21.5 21.5 21.5
52 7.4 7.4 7.4 <0.5
53 <0.5 <0.5 <0.5 <0.5 |
54 <0.5 <0.5 <0.5 22.0
55 21.5 21.5 21.5 1.3
56 0 0 0 9.2
57 3.5 3.5 3.5 20
58 20.0 20.0 20.0 7.8
59 0 0 0 14.5
60 45. 45 45 <0.5 | Note:
61 18 <0.5 17.0 <0.5 <0.5 means
62 <0.5 7.4 7.4 0.65 <0.5 ‘‘less than 0.5’
63 2 20.5 <0.5 <0.5 20.5 20.5
64 0 0 0 0 0
2. Set scope d as for previous E. Electrical Checkpoints
section.

close SW-1. (Both poles

must close simultaneously.) After 20 to 30

ms., the scope trace will suddenly rise

from zero £6 about 20 volts. If time is out-

Si 0-30 ms. limits, reduce R73 to shorter
r increase R73 to lengthen time.

ove jumper.

is completes the calibration checks of the
ious'time delay circuits.

With the SKA relay connected as shown in Fig.
7, the d-c voltages at the test points on the two
printed circuit boards are listed in the following
table for the six test conditions tabulated in Table
I. These values can be checked on a new relay, then
kept for a reference if trouble shooting becomes neces-
sary at a later date. The exact values will vary from
one relay to another, but in general will be within *
20 percent between relays.

Return to TEST 4 except pass just pickup current
(0.5amp.,60 cyclesunlessrelay has beenrecalibrated)
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through terminals 16 and 17. Check the a-c voltages
tabulated below, using a vacuum-tube voltmeter:

Test Points Voltage
TP1 to TP2 3.5 v.a.c.
TP1 to TP3 3.5 v.a.c.

NOTE: The above two voltage readings should not
differ by more than 5 percent, although the actual
value will vary from one relay to another.

F. Trouble-shooting

The components of the SKA relay are operated
well within their ratings, and under normal conditions
should give long, trouble-free service. However, if a
relay has given an indication of trouble in service or
during routine checks, the following procedure is sug-
gested for trouble-shooting:

If it is desired to check the SKA relay in position
on the switchboard, a test cable is available for
bringing the rear printed circuit board to an accessi-
ble position outside the relay. In use, the relay chas-
sis is first removed from its case, then the rear

printed circuit board is removed. In its plaee is in-
serted a connector board provided with '3 ftgor 6 ft.
of 19-conductor ‘‘ribbon’’ cable, and a ‘Similar recep-
tacle for the removed SKA circuit board at the other
end. The relay chassis isnow re-insertedin its case,
and both the front and rear boards are“dccessible for
maintenance. The test cable 48¥shown in Fig. 16.

Under standby conditionSysthe test point voltages
should essentially agree with®™he values listed in
Table II under TestgConditién 1 (first column of
voltages). If these valuesfare correct, the relay should
then be checked per‘Eig4@fand Table I, as explained
in ADJUSTMENT, AND MAINTENANCE, Section A,
Acceptance Test. Following is a tabulation of some
symptoms, and theWsections of the SKA relay which
may be at fault.

In locating, trouble with no specific component
failure indicated, proceed as with any electronic de-
vice\Start at the input and gradually work through to
the,output circuit. For the SKA relay printed circuit
boards, “start at the left side (circuit-wise, per Fig.
9), checking voltages at each stage. Note that a box
around a transistor number ( ) means that the
transistor is normally conducting.

TEST SYMP TOM POSSIBLE CAUSE
1 No 22-volt supply 1. Z4 shorted (22-volt zener)
2. R28 open
3. D9 open
1 Incorrect testiypoint voltage 1. Failure of nearest asso~iated transistor or
diode.
2 AR relay does not operate 1. Defect in some circuit on rear printed circuit board
3 AR rélay does operate 1. Shorted Q51, or Q52
2. Defect in associated circuit
4 No, 20 v.d.c. at SKA terms 9 and 5 Trouble in front printed circuit board:
1. Ios overcurrent relay not operating
2. Transistor Q6, Q7, or Q8 shorted or held in
conducting condition.
3. Other component failure
b) 20 volts d.c. does appear at SKA 1. Iyg portion of front p.c. bd. not operating, or
term’s 9 and 5 2. 2-input AND (I) not functioning
6 AR relay does not operate 1. As for test 2, defect in some circuit on rear
p.c. bd.
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Fig.4l5. Component Location for the Rear Printed Circuit

Board of the Type SKA Relay.
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G. Replacement of printed-circuit board components.

When a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads on the component side of the printed circuit
board. Then turn the board over, melt the solder hold-
ing the remaining lead to the printed pad, and remove
the lead with tweezers. NOTE: For such work, a
60-watt iron with a small, well-tinned tip is recom-
mended. Use a 60-40 (tin-lead) rosin-core solder. Do
not hold the iron against the printed-circuit board
any longer than necessary to remove and replace the
the component. If theterminal hole intheboard closes
up with solder, use the iron to melt it, then open up
the hole with fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads cannot be clipped off.In such a case,
melt the solder on one connection at a time, while
gently tilting back that section of the transistor. Be-
cause of the small flexible leads, the transistor will

4

N
S

Q
o
¥

L 4

O

Wherever possible, use a heat-sink as an
alligator clip) on any transistor or diode being sold-
ered. As an alternate, use a long-nosed pliers to
the lead (being soldered) between thc’devices and

gradually separate from the board.

H. Test Equipment

the point of soldering. %

1. Vacuum-tube voltm r a-c and d-c measure-

ments.

2. Cathode-r 0s oscope with provision for
calibrated s weep.

REN RTS - Repair work can be done

satis ily at the factory. However, inter-
1 ts can be furnished to the customers
ipped for doing repair work. When order-
always give the complete nameplate data.
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ELECTRICAL PARTS LIST

Unless Otherwise Noted, Ail Resistors Are 0.5-Watt, + 5% Tol.

gﬁ%f DESCRIPTION STYLE NO. g:ggg DESCRIPTION STYLE NO.
AR Tripping Relay 408C845G0 1 RESISTORS
CAPACITORS R1 50 ohms, 25W, 5% 1340388
R2 150 ohms, 25W, 5% 1267272
c1 0.5 mfd., 200 V.D.C. | 187A624H03 R3 2.0K ohms, 3W, P4} 185 A0BTHIT
C2 0.95 mfd., 200 V.D.C. | 187A624H02 R4 2.5K ohms, . 25TREON 629 A430H03
c3 39 mfd., 35V.D.C. | 187A508H04 R5 2.7K ohms 184 AT63H37
C4 150 mfd., 6 V.D.C. | 184A661H08 R6 39K ohms 184 AT63H65
C50 1.0 mfd., 200 V.D.C. | 187A624H04 R 18K ohmg 184 AT63H5T
Cs1 0.22 mfd., 400 V.D.C. | 188A293H02 R8 3.9K ohmSRLW, 5% 187A643H41
C52 0.5 mfd., 200 V.D.C. | 187A624H03 R9 200Kgo YR ZW. Pot. 185A067H14
C53 39 mfd., 35 V.D.C. | 187A508H04 R10 L OIS 184A763H63
C54 .05 mfd., 200 V.D.C. | 187A624H08 R11 RNE 184 A763H51
55 3.0 mfd., 200 V.D.C. | 188A293HO06 R12 Q0N Tms 184AT763H51
R13 380%6hms 184 AT63H15
R14 0K ohms 184 AT63H51
DIODES R18 680K ohms 184A763H95
R16 120K ohms 184 AT63HTT
D 1toD 7 RIT 10K ohms 184 A763H51
D 9toD13| IN459A 184 A855H08 s 10K ohime L4 ATOHoT
D14 IN2069 (CER-69) 188 A34 2H06 R 68K ohms 184 AT63HT 1
D 3—DI15 | IN645A 837469 2103 R0 68K ohmms 184 AT63HT 1
D50toD58| IN459A 184 A855H08 RO1 33K ohms 184 AT62H63
D59 IN91 182A88 LHU% R22 33K ohms 184A763H63
D60 IN4594 184 AFOS IS R23 10K ohms 184 A7T63H51
* R24 6.8K ohms 184 AT63H4T
TRANSISTORS R25 3.3K ohms 184 AT63H39
R26 62K ohms 184 AT63HT0
Q1 IN652A 1894 638H 16 R27 5.6K ohms 184 AT63H45
Q2 IN697 184 A638H18 | * R28 500 ohms, 5W, 5% 762A679H04
Q3 9N696 762A585H01 R29 1K ohms, 5W, 5% 184 A859H 10
Q4 IN696 762A585H0 1 R30 1K ohms 184 A763H27
Q5 ON697 184A638H 18 R31 2.2K ohms 184 AT63H35
* Q6 ON657 184A638H15 R32 10K ohms 184 AT63H51
* QT ON657 184A638H15 R33 330 ohms, 2W, 5% 185A207H15
Qs 2N398MA 184 A638H12 R34 1.2K ohms 184A763H29
@ oN3417 848 A851HO?2 R35 330K ohms, 2W, 5% 185A207H15
Q51 oN6S24 184 A638H 16 R86 29K ohms 184A763H59
Q52 2N696 T62A585H01 R37 10K ohms 184 A763H51
Q53 2N696 762A585H0 1 R38 10 ohms 187 A290HO 1
Q54 ON696 762A585H01 | * R39 300 ohms, 25W For48V | 1202847
Q55— Q59 fh 2N6524 184 A638H 16 1250 ohms, 25W For 125V | 1202589
Q60 IN69T 184A638H 18 3000 ohms, 25W For 250V | 1202954
Q61 2N652A 184 A638H 16 R50 10K ohms 184 A763H51
Q62 IN697 184A638H 18 R51 100K ohms 184AT63HT5
Q63 IN697 184 A638H 18 R52 47 ohms, 1W, 109 184 A859H09
Q64 2N699 184 A638H 19 R53 82K ohms, 1W, 5% 187 A643HT3
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ELECTRICAL PARTS LIST (Continued)
CIRCUIT DESCRIPTION STYLE No. | CIRCUIT DESCRIPTION STYLE NO.
SYMBOL SYMBOL
RESISTORS (Cont.) RESISTORS (Cont.)
R54 * 100K, .25W, Pot. 629 A430H04 R91 4.7K ohms 184AT63H43
R55 120K ohms 184 AT63HT7 R92 6.8K ohms 184A763H47
R56 10K ohms 184 AT63H51 R93 *15K ohms,.25W), "Pot. 629 A430H08
R57 10K ohms 184A763H51 R94 10K ohms 184A763H51
R58 68K ohms 184A763HT1 R95 * 3 3B%hms 184 AT63H39
R59 10K ohms 184 AT63H51 R96 10K “ohms 184A763H51
R60 68K ohms 184AT63HT 1 R97 470, ohms 184 AT63H19
R61 33K ohms 184AT63H63 R98 499, ohms 184A763H19
R62 33K ohms 184A763H63
R99 10K ohms 184AT63H51
R63 10K ohms 184AT63H51
R64 33K ohms 184 ATE3HES3 R 100 2.2K ohms 184A763H35
RES 3 3K ohms 184 AT63H39 Ri0 1 800 ohms, 3W, 5% 184A859H06
R66 4.7K ohms 184A763H43 R102" | * 3.3K ohms 184AT63H39
RE7 1K ohms 184 AT63H2T R103 33K ohms 184 AT63H63
R68 33K ohms, 1W, 5% 187A643H63 THS51 Thermistor, 10K at 25°C | 185A211H04
R69 47K ohms 18 4ATB3H6
R70 4.7K ohms 184A763H43 TRANSFORMER
R71 68K ohms 184AG63HT 1 T1 Saturating Transformer 606B519G03
R72 1.5K ohms 189A763H3 1
RT3 * 1K ohms. 188A763H27 * ZENER DIODES
R74 29K ohms 184 A763H59
R75 8.2K ohms 184A763H49 Z1 IN1832C, 62V. 184A617THO6
R76 8.2K ohms 184 A763H49 Z2 IN957B. 6.8V. 186AT97THO6
R77 470 ohms 184A763H19 Z3 IN3686B, 20V 185A212H06
R78 4.7K ohms 184 A763H43 Z4 IN3797B, 22V. 185A089H09
R79 1K ohis, 2W, Pot. 185A067H09 25 IN3051, 200V. 187A936H01
R8O 99K ohIN 184 AT63H59 z6 IN4370A, 2.4V. 184A639H12
RS 1 o > 184AT63H59 Z7-78 UZz5875, T5V. 837A693H04
Rao e, 184AT63HE 1 Z50 IN3051, 200V. 187A936H01
R8s . Nl 184 AT63H4T Z51 IN3686B, 20V. 185A212H06
Z52 IN957B, 6.8V. 186A797THO6
R84 4.7 ohms 184 AT63H43 753 IN3051, 200V. 187A936H01
R85 WiK ohms 184AT63H43 | 554 IN3051, 200V. 187A936H01
R86 10K ohms 184A763H51 755 IN957B, 6.8V. 186A797HO6
R817 82K ohms 184 AT63H73 Z56 IN960B, 9.1V. 186A797TH10
R388 15K ohms 184 AT63H55 z57 IN957B, 6.8V. 186AT97THO6
R389 5.6K ohms 184A763H45 758 IN957B, 6.8V. 186A797HO6
R90 2.2K ohms 184 AT63H35 Z59 IN1789, 56V. 584C434H08
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TYPE SKA CARRIER AUXILIARY RELAY
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Fig. 16. Outline and Drilling Plan for the Type SKA Relay in the FT32 Case.
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