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INTRODUCTION

This Instruction Leaflet describes the solid state
directional comparison blocking system using TC
carrier and the SKAU auxiliary relay.

Detailed description of operation, setting and
maintenance of the individual relays are described in
their respective Instruction Leaflets. The description
here supplements these instructions and describes
the overall coordinated systems.

CAUTION

Before placing equipment in service:

1. Secure the cabinets or panels to the floor be-~
fore working with the system to prevefit trip-
ping of the cabinet or panel.

2. Be sure all printed circuit cards and multi-pin
connector are well seated in their geceptacles
and the TC crystals are in place.

3. Adjust equipment and pérformytests outlined
under ‘‘Installation’’.

4. It is recommended thatybefore proceeding to
adjust the system gone beeome familiar with
the information in 'this instruction leaflet and
the informationssin, the" individual relay in-
struction leaflets.

APPLICATION

Solid State Pildt Relay Systems

High-speed relaying is required for modern trans-
mission lines in order to improve transient stability,
permit the highest speed reclosing commensurate
with are de-ionization time and to minimize conductor
damager )By extending the basic principle of differ-
ential\protection to line relaying, pilot relay systems
provide high-speed clearing for all internal fa'.lts
and restraint for all external faults. The pilot channel

NEW INFORMATION

provides the communicationlink which enables com-
parison of current or power flow at all line terminals.

DIRECTTONAL COMPARISON
BLWOECKING SYSTEM

Basic SystemyConecept

The system/ described in this instruction leaflet
provides “high-speed detection of transmission line
phase and ground faults, initiates tripping, controls
reclesing of the circuit breaker(s) provides and input
toy the“breaker failure detection logic, and refrains
from¥0perating for any fault outside of the protected
line section.

The tripping relays 21P and 21NP (or 67NP) are
directional and one or both is responsive to all faults
internal to the protected line. If fault current flows
into all line terminals simultaneously, no blocking
carrier is transmitted and high-speed tripping at all
terminals of the faulted line takes place.

For faults external to the protected line, the
phase and ground directional distance relays (or di-
rectional ground over-current relay) at one terminal
will not operate. This prevents tripping at that term.
inal and permits transmission of a blocking carrier
signal to all other terminals. Transmission of carrier
is initiated by the 218 relay and/or by IOS (in the 50
relay) which are set to reach beyond the tripping re-
lays at the other terminals as shown in figure 1.

The factor that distinguishes the directional com-
parison blocking system from other similar pilot sys-
terms is that carrier is normally off and that a sus-
tained blocking (i.e., trip preventing) carrier signal
is transmitted upon the occurrence of any external
fault for which the tripping relays operate.

It is possible for some internal fault conditions
to produce operation of the ‘‘carrier start’’ relays.
Also since voice communication or any other function
can normally utilized the TC channel in this scheme,
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there is a possibility that carrier could be on when
an internal fault occurs. To avoid any problem due to
this, the tripping relays have predominant control
and can stop carrier transmission at any time to pro-
vide high-speed fault tripping.

The fundamental concept of the system is that
tripping takes place only if the tripping relays, which
are directional, operate and if carrier is not received.

Options

Certain options exist in the system. The ground
fault tripping relay may be either a distance relay or
a directional overcurrent relay. The distance relay
manifests a distinct reach cut-off, whereas the di-
rectional overcurrent relay reach is dependent on
generation and switching. Since reach is not critical
in this application either may be used satisfactorily.
If the ground fault tripping relay also performs the
optional backup function and drivesa timer, its reach
is more critical and the ground distance relay should
be used. The ground distance relay is also less sus-
ceptible to zero sequence mutual effects. The ground
directional overcurrent relay is more sensitive where
fault resistance predominates.

Zone 1 phase and ground relays may also be inz
corporated in the system for all but the very shorteést
line applications to provide a high-speed direct
(through the SRU) tripping function for faults within
their reach.

The high-set instantaneous overcurrent unit, IBH’
must be used where line side potentidl deéwices are
used to make certain tripping is possible wheén clos-
ing the line breaker into a bolted ‘three-phase fault.
With no voltage applied prior togthis fault the SKDU
memory action circuit is inoperative. Ion high-set
instantaneous overcurrent upitW®is also recommended.
For most applications, the MHigh-set instantaneous
overcurrent unit, Ioye may, bedased to provide a high-
speed ground backup functiong

Igy. Ioy and Iogamust be set high enough not to
operate for faults beyond*“the remote bus or behind the
local bus. All but the very shortest lines allow ef-
fective use,to be made of these units. An option ex-
ists toallowithe high-set tripsto be effective for only
50 millisecends following breaker closure. This al-
lows their Use on even the shortest lines.

Several options exist for out-of-steprelaying. The
SKSUiprovides OS (out-of-step) blocking with delayed

zone 1 tripping on OS. The SDBU-2,0S-2 scheme pre-
vides OS blocking of reclosing, and optiogal  OS
blocking of distance relays, and optional controlled
angle OS tripping. These systems are described fully
in I.L. 40-211.

OPERATION
Refer to Figures 2 and 3. "Bigureg2 is the ac
schematic and Figure 3 showsfthe SKAU inputs and

outputs

Internal phase Fault

For an internal((inteérnal to the protected line
section) 3-phase, phase-to-phase, or phase-to-phase-
to-ground fault, #he 21 P “relay at both terminals oper-
ate. Figurgyb5 shows that a 3¢ unit operation accom-
panied by ‘an“eutput from the OS-2, signifying that
21B inmer blinderthas operated and the system is not
out-of-step, produces an output from 21P, Where the
SKSU(68) Is, used, it provides a blocking input to
AND'1 whefn an out-of-step condition occurs. The pp
(phase-to-phase) unit need not be supervised by the
inner, blinder nor the out-of-step logic because that
unit is not responsive to load at out-of-step condi-
tions. Either output (3¢ or ¢¢) of the 21P provides
and input to the SKAU.

Figure 6 shows the 8/0 timer control. This timer
is driven by either 21P or IA/IC (relay 50). I, -Ic
operates for any A-phase or C-phase fault having a
magnitude in excess of the pickup. This is set above
maximum load current. The 8/0 timer provides a coor-
dinating time delay to assure that a favorable fault
incidence angle may not produce a premature trip
initiation before carrier can block for an external
fault. The IA/IC unit starts the timer to accommodate
the case where the fault incidence angle is unfavor-
able and trip initiation would be delayed unneces-
sarily for an internal fault. It may optionally be used
as a fault detector for the phase relay.

Figure TA shows the normal (no fault) states of
AND 5.

Figure 7B shows the inputs to AND 5 for an in-
ternal phase fault. 50 operates, the 8/0 timer times
out, 21P operates and carrier is not received, pro-
ducing an AND output.

Figuwes 7C and 7D show the inputs to AND 5
for forward and reverse external faults respectively.
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EQUIPMENT COMPLEMENT O
(for each terminal)
DEVICE NUMBER TYPE | DESCRIPTION
TYPICAL

¥

21P SKDU Phase distance, tripping relay @

21NP SDGU-2 Alternate to 67N, Ground distanN' relay

67N SRGU Alternate to 21INP, carrier gro tional overcurrent,

dual polarized
218 SKDU-1 Phase distance, carrier starting relay

50 SIU Instantaneous overcurrent with I A/ Io. Igg Ipunits

85 SKAU Directional com ocking auxiliary
FTU FTU Functional t

95 SRU Output ith 2 thyristor trips, reclose initiate,
reclo lo breaker failure initiation, alarms and

indic&
Q -e

TC TC
SPP SPP 9 rotective package
VU or SU VU or SU Panel with mounting accessories
IONS
2 Zone 2 timer, phase and ground located in the SRU
relay

21-1 GKDO Zone 1 phase distance relay
NN

21B Dual blinder relay

21N-1 Nt}—Z Zone 1 ground distance relay

50 /1 High set phase instantaneous overcurrent units located
BH' "CH .

in SIU

50 IOH High set ground instantaneous overcurrent unit, located
in SIU

68 SKSU Out-of-step blocking relay

- 0Ss-2 Out-of-step logic for dual blinder, located in SRU

50 & 1A-08 Instantaneous overcurrent unit for out-of-step trip
supervision, located in SIU

A VA Voice adapter for use with the TC carrier, including

handset.

21INS SDGU-4 Ground distance relay for directional carrier start.
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AND 9, Figure 2, produces an output 4 milli-
seconds after AND 5 output appears for the internal
fault, because the system is not in transient block-
ing (described later) and all inputs to AND 9 are
satisfied. Tripping takes place through the SRU,
Figure 4.

AS shown in Figure 3, carrier transmission is
stopped by ORS5 output when 21P operates. It is held
off for 150 milliseconds following trip initiation. This
is accomplished by clamping the carrier control lead
to negative. Note in Figure 8 the manner in which
the STOP function predominates over START.IF Q204
is conducting the carrier control lead is tied to nega-
tive whether Q203 is on or off.

Internal Ground Fault

21NP ground distance relay is supervised by IO
and Ibs in the SIU. The IO unit supervises tripping
while the IOS unit supervises carrier stopping. Us-
ing IO supervision at AND 2, Figure 3, assures that
IOS will always operate for any external fault for
which tripping can be set up by the remote 21NP.

The IO unit is set well above the Ios at all lo-
cations.

The purpose of the Ing supervision, at AND 3,%is
to allowcarrier stopping for any internal fault that is
sufficiently high in current magnitude to operate Ibs
and not high enough to operate IO .This carrier stops
ping function prevents false blocki ng at (the rémote
terminal for this weak-feed internal faulg.

Where 67N is used instead ofythe “21NP relay, it
provides two outputs, one of whichresponds to fault
direction (D) and the other of which responds to fault
direction and overcurrent (D andI~). ;The D output is
ANDED with Ips in the SI¥"for the carrier stopping
function.

Figure 9A shews the normal (no fault) states of
the inputs and outputfof AND 6.

For an internal ground fault the 21NP (or alter-
nately the 67N) at both terminals operate. Figure 9B
shows that, AND 6 has an output if 21NP and IO oper-
ate and carrier is not received.

Eigure 9C shows how blocking of tripping by re-
ceived\carrier is accomplished at AND 6.

Figure 9D shows the states of the inputs and out-
put with a reverse external ground fault.

AND 9, Figure 3, produces an output 4 milli-
seconds after AND 6 output appears for the internal
fault because the system is not in transient blecking
(described later) and all inputs to AND 9 are satis-
fied. Trippingtakes placethroughthe SRU, Figure 4.

External Fault

21S (or IOS) operates forgall faults external to
the protected line sectionyfor/which the remote 21P
(or 21NP) operates @s, for example, at X in Figure
10. This starts carrier at A to block tripping at the
remote terminal/B. Since the local 21P (or 21NP) at
A does nothoperate, tripping does not take place at
either terminaly

Transient, Blecking

Transient blocking is applied to the pilot system
to prevent false tripping due to a power reversal in
the protected line following sequential clearing of a
parallel line. An example of this may be seen in Fig-
ure”10. If breaker C opens before breaker D for a fault
at F', a power reversal occurs in line AB. To assure
that tripping cannot take place due to an unfavorable
resetting sequence between the 21P at B and the 21S
at A, transient blocking locks out AND 9 (See Fig-
ure3). If after the reversal, 21P (or 21NP) at A oper-
ates, transient blocking assures sufficient tripping
delay to establish a new stable condition with carrier
from B blocking tripping at A.

The mechanism-by which transient blocking is in-
itiated is that carrier starting or 21P (or 21NP) oper-
ation without tripping for 25 milliseconds signifies
that an external fault exists. In Figure 3, it is seen
that OR4 drives the 25/0 timer through AND 8. After
25 milliseconds transient blocking occurs.

For the rare occurrence of an internal fault fol-

lowing the external fault, a 25 millisecond tripping
delay is imposed.

INSTALLATION

Relay Acceptance

The individual relay instruction leaflets should
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be referred to for specific acceptance tests. These
tests should be performed to assure that no calibra-
tion change nor component damage has occurred in
shipment. The tests may be performed with the re-
lays in place by applying the appropriate quantities
to the flexitest switches that are provided on the
FTU for the input currents and voltages. Care should
be exercised that current in excess of the continuous
rating of any device is not applied for more than a
few seconds.

System Acceptance

These tests may be performed with the functional
test unit supplied with the system. User preference
varies with respect to the type of device used for trip
cutout TCO. Where the FT-1 switch is used for this
function, the relay system test switch, RST, has a
fixed handle and is pulled out to operate. Where a
control switch is required for the TCO function, it is
equipped with a handle that is removable only in the
test position. This handle must be used to operate the
RST switch. The system described in this Instruction
Leaflet is the latter.

CAUTION: Where the trip cutout is an"RET-1
switch, all handles must be operated to thegest posi-
tion before operating the RST switch. These switches
have red handles to emphasize the importance®of
operating them first.

Functional tests are intended primarilyyfor perio-
dic overall maintenance chegks. (For these tests
three-phase potential must be ayailable®Any conven-
ient 115/66.4, 4-wire wye supply ma¥pbe used. Note
that the power supply for“the test transformer must
be 115volts and in phase or, 300degrees lagging VAN
(A to neutral voltage).

These tests are most satisfactorily accomplished
with an operatorjat each station, called A and B for
this description.

The TCO{switegh should first be moved at both
stations to the “BEST position. This inserts the pro-
per loadingresistors and isolates the equipment from
all trip and control circuits. Next operate the TEST-
RESET switch on the SRU to assure that all lamp
filaments are sound.

At both stations, remove the operating handle
from the TCO switch and place it in the RST switch.
At station A, move RST to the reverse position, REV.
The carrier milliammeter should indicate approxi-

mately 200 milliamperes at A and B. No_indicating
light should come on. The carrier alarm relay should

pick up. Release the switch at A and moeve RST at
B to reverse REV, with the same results.

Perform the external and internal fault simul-
ations described under Functional Tests. If unsatis-
factory results are obtained réfer t0 Trouble Shooting
Procedure.

If satisfactory results are obtained, restore RST
to NORMAL, operatedthen release the TEST-RESET
switch on the SRU, and“press the RESET push-but-
ton on the fumetional*test panel. If the TRIP 1 or
TRIP 2 lights on the SRU and on the FTU do not
come on, the Switch handle may be moved to TCO
and .the (systempplaced in service by moving TCO to
NORMAL. TIf either TRIP 1 or TRIP 2 lights do come
on refer'to TROUBLE SHOOTING PROCEDURE.
Perfermance of the Functional Tests exercise a sub-
stantial portion of the entire system. However, for
initial” installation tests, it may be desired to cir-
culate current of fault magnitude through the relays
to confirm operating behaviour and connections of
the remainder of the system. This can be done at the
TSIl (FT-1) switch.

SETTINGS

Carrier
The carrier transmitter and receiver levels and
tuning equipment should be adjusted in accordance

with the appropriate Instruction Leaflets.

Pilot Relaying Criterion

It is essential that the local start units, which in-
itiate blocking signal transmission, operate for any
external fault for which the remote tripping units also
operate. Otherwise, undesired tripping of the remote
breaker may occur.

Phase Pilot Relays

The 21P relay should be setto substantially over-
reach the adjacent bus as shown in Figure 11. A typ-
ical setting is 150% of the line impedance (trans-
formed into relay ohms, of course). Where 21P oper-
ates a timer, it must be set to underreach any ad-
jacent line Zone 1 relay. The 21S relay must be set
to reach farther than the 21P relay at the remote term-
inal. It is recommended that distance MN in Figure
11 be at least half of distance NP. In general, it is
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recommended that the 21S setting be made equal to
the remote 21P setting.

Ground Pilot Relays

The 21NP relay may be set for the same reachas
the 21P relay. Carrier starting for ground faults is
accomplished with an instantaneous ground over-
current unit, IOS' Supervision of the ground distance
relay must be provided with a second instantaneous
ground overcurrent unit, Io The Ios unit is custo-
marily set for 0.5 amperes, and Io is set for 0.75 am-
peres or more. If the maximum residual load unbal-
ance current in the relays exceeds 0.5 ampere a high-
setting must be used for IOS and IO ,maintaining

the 1.5 (or higher) ratio between the two. The use of

the IO unit for supervising 21NP assures that 21NP
cannot set up tripping for any external fault for which
the Ios unit does not operate.

For long line applications, 100 miles or more, it
will be necessary to use a ratio of 2.5 or more rather
than the normal 1.5ratio or IO/IOS' This is due tothe
distributed capacitance effect on external ground
faults causing a substantially higher zero sequence
current toflow in the relaysremote from the fault than
that which flows in the relays at the terminal cl@se
to the fault.

In a 3-terminal application with single terminal
infeed for an external fault it may also be sm€cessary
to use a higher than normal ratio.

Where a directional overcurrent“relay, 67N, is
used, the overcurrent unit is set injthe same way as
the IO unit above.

High Set Overcurrents

The instantaneou$§ overcurrent units Igy, ICH
and IOH must be setyhigh enough to avoid operating
on faults beyond the next terminal and for faults im-
mediately ‘“behind’’ the protected line terminal. Also
they must not be @llowed to operate on out-of-step
conditions.

Where “the system fault and out-of-step data in-
dicates the fulfillment cf these requirements to be
impraetical, the option should be elected to insert
the, phase units oniy for 50 milliseconds following

breaker closure.This is accomplished with additional
logic in the SIU, device 50.

Fault Detectors

IA and IC units in the SIU must be set above
maximum load current and below minimum phase fault
current if they are to be used t@ supervise phase
pilot tripping. If they cannot be used fergsthis function,
tripping will occur on potentialafailure.

Zone 1 Relays

These phase and_ground/distance relays are set
to reach ‘‘short’’ of thedmext bus. The SKDU may be
set to reach 90% ofithe line length. In general, the
SDGU-2 may bg'setyto reach 85% of the line length,
but shouldybe ‘shortened to 75% where PCA-5 poten-
tial devices ‘or.equivalent are used.

SDBU-2

TheWblinder units should be set so the inner
blinder easily accommodates the maximum fault arc
resistance and the outer unit is adequately spaced
from the inner blinder to accommodate the maximum
rate of ohmic swing during out of step conditions
within the allowable OS-2 logic time of 50 milli-
seconds.

Out-of-Step Supervision OverCurrent

IA—OS must be set to restrict the reach of the
blinder system to the desired extent and to block any
possibility of false tripping during load pick-up.

Zone 2 Timer

The zone 2 timer in the SRU must be set suffic-
iently long to allow all adjacent line faults in the
““forward’’ direction for 21P and 21INP to be isolated
by the pilot or zone 1 relaying associated with those
lines. This time must allow for the total clearing time
of the breakers on these lines, for the reset time of
the relays driving the timer, and for margin to allow
for contingencies.

FUNCTIONAL TEST
General

The functional tests distort the voltages applied
to the retays and circulate a current through them to
impose an ‘“‘oparate’ or ‘‘restraint’’ condition on

e
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them. The relays should have their ‘‘in-service’’
settings when these tests are made. For the follow-
.ing tests the C.T.'s are shorted by the TCO switch.

Single Terminal Tests

Refer to Figure 2. Moving the relay system test,
RST, switch to the forward, FOR, position opens the
normal A-phase potential supplyand applies B-phase
potential to the A-phase input of the phase distance
relays. It connects the A-phase input of the ground
distance relays to neutral. It then circulates current
through the A-phase current circuit with return through
neutral. All tripping distance relays operate, initiat-
ing indication of PILOT PHASE, PILOT GROUND,
TRIP 1 and TRIP 2 on the SRU. The latter two in-
dications are dependent on current flow in the trip-
ping thyristors through test resistors inserted by the
TCO switch. Indication is also obtained of trip out-
put, breaker failure initiation outputs, and of reclose
initiation outputs, by blue light operation on the
FTU.

2000-ohm resistors parallel the NORMALS con-
tacts in the A-Phase supply circuits to avoid‘an open
transition of potential to the relays after the NORMAL
contact opens and before the forward or reverse (F
or R) contacts close. This prevents a falsejpindica-
tion during a change of position of RST.

Though the SRU lights prowyidel\appropriate in-
dication of functional test behavier, “#arious test
point voltages may be examined in comjunction with
the functional test.

With RST in the forward, FOR, position outputs
can also be measured, if desired, with the TCT test
meter unit, on the 50-yolt) d.c. scale, of approxi-
mately 20 volts at%the phase-to-phase unit output test
point of the SKDU, atythe SDGU-2 output test point,
of the SKAW, and at the TRIP LOGIC output of the
SRU. These “voltages are measured with respect to
any convenient negative test point since negative
is common throughout. An output can also be mea-
sured at the SKDU-1 three-phase output. It responds
to thé, ‘‘current-only’’ condition while the phase-to-
phase unit responds to the simulated fault with re-
straint, seénsing the fault in the non-operate direction
becatise this relay is connected to see faults in a
direction away from the protected line section. Also
approximately 20 volts may be measured at the IOS
output. Neither the SKDU-1 nor the IOS is able to

start carrier because of the predominant STOR con-
trol of the tripping relays.

With RST in the reverse, REV, position, outputs
may be measured at SKDU-1 three-phase and phase-
to-phase output test points, at the Igg’output test
point, and at the transient blo¢king test point in the
SKAU, again, with respeet tOydny )convenient nega-
tive test point. Note that theytranSient blocking out-
put goes more negativegwhen itroperates. Since the
tripping relays do not operate for this condition, car-
rier starts and a reading ofsapproximately 200 milli-
amperes should be, evident on the carrier milliam-
meter at bothterminalsifthe channel is intact.

IA/IC outputpwill also be measured of approxi-
mately 20(volts,d.c. if the test current, as adjusted
by the,tap (on/the test transformer, is sufficiently
high.

T wo)Station Test

An external fault ‘“behind’’ A, may be simulated
bymoving the RST switch to reverse, REV, at station
Arand to forward, FOR, at station B in that sequence.
This causes SKDU-1 and Ios (in the SIU) to operate
and to start carrier transmission at A. The SKDU and
SDGU-2 relays operate at B, but tripping should not
take place because of the blocking carrier being re-
ceived from A. Carrier reception may be confirmed by
noting a 200 ma. reading on the milliammeter. The
carrier alarmrelay will operate. Also a transientblock-
ing output may be measured in the SKAU relay. Re-
turn the RST switch at B to NORMAL first, then re-
turn RST switch to normal at A. No lamps should
light on the SRU oron the functional rest unit, FTU.

An external fault ‘‘behind’”> B may be simulated
by moving RST at B to REV and moving RST at A to
FFOR in that sequence. Nolamps should light, 200 ma.
should be indicated on the carrier milliammeter, the
carrier alarm relay should operate and a transient
blocking output (more negative ssate) should be mea-
sured in the SKAU.

For an internal fault simulation, move the RST at
both stations to forward, FOR. At both stations TRIP
1, TRIP 2, PILOT PHASE, PILOT GROUND,lights
should come on in the SRU, both reclose initiate (RI),
both breaker failure initiate (BF'I), and both trip lights
should come on. Also device 30 in the SRU should
operate.
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Out-of-Step Simulation, SDBU-2

Where the SDBU-2 relay and the OS-2 logic in the
SRU are included in the system, a contact of RST
(closed in NORMAL) is connected in parallel with a
pushbutton called OS and the combination is con-
nected, as shown in Figure 4, in the inner blinder
output.

Ground pilot and phase-to-phase unit pilot trip-
ping would occur during this test due to the simpli-
fied representation of the out-of-step condition by
this functional test. The ground relaysand the phase-
to-phase unit of the SKDU are not responsive to a
real out-of-step condition. Blocking of pilot tripping
during this test is accomplished by transmitting car-
rier from the remote terminal by operating RST to the
REV position at that terminal.

Moving RST at the local station to FOR operates
both blinder units (inner and outer), but only the out-
er blinder supplies a 1 input (approximately 20 volts)
to the OS-2 logic because of the disconnection of the
inner blinder output. If then with RST still in FOR
position the OS pushbutton is pushed, the inner
blinder input to the OS-2 goes to a 1 satisfying the
out-of-step logic and turning on the OS indicating
light and operating the reclose block, RB, relay and
the corresponding blue lights on the functional tesg
panel. When RST is restored to NORMAL, the outer
blinder resets and tripping is initiated if the OS trip
switch on the SRU is in the ON position. Thisgeauses.
TRIP 1 and TRIP 2, lights on the SRU to ([come<{on.
Also the breaker failure initiate (BFI) lightspondthe
functional test unit come on. The trip lightsiare sus-
tained, but the BFI lights are momentary (0.5 second).

Out-of-Step Simulation SKSU

Where the SKSU relay isgincluded in the system,
a contact of RST (closed in Nofmal) is connected as
shown in Figure 12 in series “With the ground relay
input to the SKSU. In making ‘éemmon use of the RST
switch for fault andyout-of-step simulation, blocking
of tripping by the groundyrelay and the phase-to-phase
unit tothe SKDU must be effected by transmitting car-
rier from the remote terminal (by operating the remote
RST to Reverse) The ground relay and the phase-to-
phase unit offthe SKDU are not responsive to a real
out-of-stepycondition.

O O R W N

With carrier being received from the remote term=
inal, move the local RSTto FOR operate the distance
unit of the SKSU, 68. RST blocks the ground input
to the SKSU logic. The 3-phase unit of the SKDU does
not respond to the functional test. Therefore, the
SKSU senses operation of the 68, and no operation of
the 21P relay. After 50 ms, if OS pushbttton is pressed
to simulate operation of the 21R, rela®, the OS indic-
ation output appears. This turns on,the"OS light in
the SRU.

SRGU Option

The SRGU is oftengusedyin’place of the SDGU-2.
The functional test for thisydevice using current pol-
arizing is shown _in Figure 13 and using potential
polarizing is shown/imFigure 14. In the forward, FOR,
position, RST, switch circulates a current in the oper:
ating and polarizing circuits with a relative direction
that produeces ‘Operation. In the reverse, REV, posi-
tion a restraint“eondition is produced.

Panels

Figure 15 shows a typical panel layout. Either
the VU or the SU panels are recommended. These are
shown in Figures 16 and 17.

TROUBLE SHOOTING PROCEDURE

Any misoperation should be explored first by per-
forming the related functional tests. Evidence ob-
tained from these tests can assist in pinpointing the
source of difficulty. The general philosophy followed
in trouble shooting is to begin at the point of a known
malfunction and by process of elimination, locate
the source.

RECOMMENDED TEST EQUIPMENT

. Oscilloscope

. Frequency counter

. AC vacuum tube voltmeter

. TCT test meter unit

. Carrier frequency signal generator

. Carrier frequency tuned voltmeter
. Apparatus described in ‘“Applied Protective Relaying”’

published by Westinghouse Electric Corp., Chapter 12.



SOLID STATE DIRECTIONAL COMPARISON BLOCKING SYSTEM

WITH TC CARRIER (TYPE A2A1 AND A2A2)

l.L. 40-203

DESCRIPTION POSSIBLE INVOLVED .
OF TROUBLE CAUSE CIRCUITS SUGGESTED PROCEDURE
Operate Test | Blown fuseor Functional 1. Check power supply light.
Reset on SRU | relay system Test Unit
& no light power'supply 2. If on, check fuses.
switch off
Continuous Open circuit Carrier 1. Determine which transmitter is transmitting.
keying or false start 2. Check SKAU to see if carrier cofitrolgeutput is approx.
signal circuits 20 volts.
3. If so, determine which startinglinpdtfrelay is operated.
4. If none are operated, checksf@r open circuit between
the SKAU85/12 & negatite.
5. Remove voice adapter
Coax Shorting
grounded switch Open shorting switch
Carrier Stop Arming Check tripping relayyo utputs
not circuit 1. Check 0/150 output
transmitted energized Squelch 2. Check squelch,input to SKAU
on Start circuit SKAU 1. Check SKAU keying output to see if approx. 20 volts
functional not operated start circuit 2. If not examinefstarting relay.
test 3. If so, cheek TC
Carrier not Coax Shorting Open shortingiswitch
received or grounded switch
failure to Defective TC CheckEC receiver
block on receiver
functional Blocking SKAU Check®blocking circuits in SKAU
test circuit AND’s
Capacitor Make certain there is no surge protective capacitor
on cathode of SPP connected to the cathode (negative) side of the
trip thyristor trip thyristor
No trip out- Trip 1. Check outputs of SRU logic
put from SRU logic 2. Check inputs to SRU
No SKAU Tripping“AND 1. Check output circuitry of SKAU
output or ouftput 2. Check inputs to tripping AND
amplifier
Failure No trip Phase ok 1. Check outputs of phase and ground AND’s.
to trip input to ground AND 2. Check inputs to phase and ground AND’s
on 4/0 in SKAU in,SKAU 3. Check appropriate SIU and tripping relay outputs
functional No test Test 1. Insert ammeter in TS1 current jack C.
test current current 2. If no current, check continuity through RST contacts
source in test
3. Check voltage across test transformer
4. Check fuses supplying test transformer
No out-of- Inner blinder (01 Check that RST/N contact in 21B/5 output circuit
step trip notfbloecked Pushbutton opens and OS pushbutton circuit is open.
on Timer 0/500 in Check output of 0/500 MS timer following RST re-
I functional faulty SRU storation to NORMAL. It should persist for approxi-
test mately 500 ms.
Output Loading External The output of any device in this system is tailored
| not devices to this system only. Limited ability exists to
present at supply additional devices. Remove them.
location
where one
should be
expected. . B
Tripsilight Thyristor Trip output 1. Check to determine source of trip input to SRU
stays on still of trip board.
after test- conducting SRU 2. Check to assure there is no load on the thyristor
reset PB is cathode with PB operated.
pushed 3. Check tripping thyristor




SOLID STATE DIRECTIONAL COMPARISON BLOCKING SYSTEM

WITH TC CARRIER (TYPE A2A1 AND A2A2)
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" SOLID STATE DIRECTIONAL COMPARISON BLOCKING SYSTEM
WITH TC CARRIER (TYPE A2A1 AND A2A2)
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13



I.L. 40-203
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SOLID STATE DIRECTIONAL COMPARISON
WITH TC CARRIER (TYPE A2A1 AND A2A2)

BLOCKING SYSTEM

WHEN WHEN
SKSU SDBU- 2
USED USED
68 g NOT USED . |
0s-2
AND AND
3¢ l 39
8T6AT54
Fig. 5. Operation of AND 1
2
Ia/Ic (50)
8
2IP OR 70
87T6AT54
Fig. 6. 8/0hContio!
5 5
In/Ic 0 In/lc !
INTERNAL
&0 o _| S 8/0 1 | |
NORMAL AND PHASE | AND —
2P — O 21P
CARRIER & 04 FAULT ¢ aARRIER——20)
B
A
5 5
S B
FOWARD  TIpfIg ! REVERSE Ia/Ic
EXTERNAY B0 =t 1 0 EXTERNAL 8p — 0
|anD F— o | AND
PHASE 21p, ——— PHASE 21P
|
FAULT  CARRIER— 10 FAULT CARRIER ————QC
C D
876A755
Fig. 7 Operation of AND 5
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+45
fﬂ“‘ s
START STOP
- Q204 -
(-) (—)
v
TO CARRIER
8 T6A755 |
Fig. 8. Carrier Control
6 6
2INF O 2INP |
AL INTERNAL NE_ 1|
NORMAL AND To | AND Lo GROUND AND Io AND ——
CARRIER ——() FAULT, CARRIER —20
A B
6 6
FORWARD 2N 1 ] . REVERSE 0
EXTERNAL  AND I EXTERNAL ] 0
GROUND —Lo AND ——=— G ROUND __o AND ——
FAULT CARRIER FAULT
C D
8T76AT756
Fig. 9. Operation of AND 6
A PROTECTED LINE 8
SOURCE SOURCE
F
., PARALLEL LINE
c ! D
876A756

Fig.10. Typical One Line Diagram
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SOLID STATE DIRECTIONAL COMPARISON BLOCKING SYSTEM

WITH TC CARRIER (TYPE A2A1 AND A2A2) I.L. 40-203
<4
z2 21S OR Tos | 2IP_OR _2INP o
EE A | B
o , o | —~ _PROTECTED LINE Py | A 4
| L ! | | ™3
| 2IP OR 2INP 2lS ORSTos zZ
i | | ez
. | =
____.I MN r NP ’:
|
M N P 876A754
Fig. 11. Setting Criteria
=
RST
I 0
-JOR
OTHER —
2INP
INPUTS
< 4
AND —»
SKSU INDICATION
30 = é
D——iOS
AND T » JO
. ? SKAU
7]
SkbU 876A758

Fig. 12. DC Functional Test for SKSU
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SOLID STATE DIRECTIONAL COMPARISON BLOCKING SYSTEM
WITH TC CARRIER (TYPE A2A1 AND A2A2)
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Fig. 14. Functional Test for SRGU Using Potential Polarization
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Fig. 15- Standard Layout of Component for Solid State Pilot Relay System
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Westinghouse 1. L. 40-203. 1
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

K-DAR/KQS SINGLE POLE TRIP SYSTEM

The following is a description of the relayingfsystem whose
trip circuits are shown in Fig. 1. The system diffets/from the
standard directional comparison blocking type described in
I.L. 41-911 in that means are provided to trip_only/the faulted
phase-breaker pole for single-line-to-ground faulds. The specific
directional-comparison system shown in the drawing is a 4-zone

type.

The 4-zone scheme provides two separate, trip circuits and,
if desired, two separate current transformer circuits so that for
a fault anywhere in the protected liné Section any one relay
failure can be tolerated while still achieving fast tripping. In
the case of phase faults in the immediate line section, trip
circuit No. 1 in Fig. 1 provides/imsgtantaneous zone 1 protection
over the first 90 percent of 4fHe line and a zone 2 delayed trip
for the remainder. Trip ci¥cuit No. 2 for the same conditions
provides instantaneous clearing over the entire line section by
distance relay 21P working impconjunction with the carrier
auxiliary relay (85) whosg¢ supervising contact RRP closes in
the absence of a blocking signal to allow 21P to trip. Likewise,
on ground faults trip circtiit No. 1 provides instantaneous
tripping for faults nearwthe breaker and for a portion of the line
extending from the breaker, and delayed tripping for the remainder.
Circuit No. 2-67Ntelay trips instantaneously for all immediate
line section groumd faults. To provide selectivity it is
supervised by the RRG contact of the 85 relay. This contact, like
the RRP contacgty, remains open for external faults in the presence
of a carrier blocking signal. The above operation is somewhat
modified Forysingle-pole tripping as described later.

Withfcaprier in service, the carrier ground relay is
permitted €9 trip only the faulted-phase pole if the fault is a
single line to ground fault. For all other types of faults the
relays ape permitted to trip all three poles. An alternative
arrangement would provide tripping of two poles for faults
invelving two phases. For example, if the fault were to involve
phases A and B, only those poles would be tripped. This
“selective-pole'" arrangement has been provided in a few instances
with previous schemes. However, experience has shown that the

NEW INFORMATION EFFECTIVE DECEMBER 1968



improvement to stability occasioned by leaving one pole in
service is not of sufficient benefit to justify the increased
order of complexity in the relaying circuits necessary to provide
this feature.

In addition to the relays described in the aforementioned
literature for three pole tripping, the scheme in Fig. (L shows
the following additional relays: KQS(83G), SRD(83P, 83S)and
SC (50N), AR (94-), AR (62X, Y, Z), TT-18 (94X), TT#19, (21X) and
TD-5 (62). These relays working in conjunction with fthé KD-4
phase distance relays and the directional overcurremt®ground
relays provide the single pole tripping protectien. "Of the
various phase and ground relays, the 67N relayg“the instantaneous
unit I of 67NT and the phase-to-phase unit of%gelay 21P remain
in service during the single-phasing periods(fene®pole open) to
provide sound-phase protection. These relay$§ provide fast
protection should a phase-to-phase or ground “fault occur on one
or two phases not originally faulted.@wmThe, functioning of each
of the additional relays required for,single pole tripping will
now be described.

KQS (83G)

This relay working in conjunction with an external negative-
sequence current filter deteets which of the three phases is
grounded for a single line te® gkound fault. Three high-speed
induction cylinder units compake the phase angle of the negative
sequence current and the 2ero "sequence current. The phase A
unit (SA) receives phasé A _mégative sequence current while the
other two phase selefetors receive their respective negative
sequence currents. For,example, for a phase A to ground fault
the phase A negative“sequence current is almost in phase with the
zero sequence current ,thus causing operation of the SA unit. At
the same time thé seund-phase negative sequence currents are
120° out of phasezwith the zero sequence current, producing
contact openinggstorque on SB and SC. Thus, The KQS phase selectors
tell the 67N, directional overcurrent carrier ground relay which
breaker pole te, trip. Thier sensitivity is 0.33 amperes negative
and zeré-séquence current. This is compatible with the normal
3Ip pickupyof 1.0 amp. on the Ip unit of 67N. On a two phase
to ground fault the phase selector on the sound phase is
operated,due to the nature of the fault. This means that
the{carrier ground relay trips the sound-phase pole. At the
same \time the 21P phase distance relay is operating to trip
all\ three poles, so that KQS operation is irrelevant for
double line to ground faults.



I. L. 40-203.1

For a single line to ground fault with one pole opening on
each breaker the 52a-52b disagreement circuit in Fig. 1 energimzes
auxiliary unit X3 of the KQS relay. Note that auxiliary switgches
are shown for two breakers as would be the case, for example, f6r
a ring bus. Unit X3 blocks the sound-phase selector trip circuits
to avoid the possibility of these phases being tripped at thé& time
that the faulted phase pole is opening.

SRD (83P, 83S) and SC (50N)

The SRD relay operates for faults involving qtwo phases but
will not operate for a three-phase or a single-phase-to-ground
fault. It compares the magnitude of the three,voltages (phase-to-
ground). When one of three voltages is larger than the other two
the relay contacts close to permit the KD-45h,z0ne 1 and KD-4
carrier trip relay 21P to clear tte fault)/ /One of three phase-to-
ground voltages will be larger than the other’ two for phase-to-
phase and two phase-to-ground faults,., Fer%a single phase-to-ground
fault one of the three phase voltagesywilkd be smaller than the
other two and the SRD relay will notf{opérate. The SRD operates
on a minimum of 10 volts differenceg between the largest voltage
and the larger of the remaining two“woltages. Rated potential is
70V.

SRD contacts are insertediin series with the KD-4 zone 1 and
21P carrier phase trip paths,\to prevent a 3-pole trip for a
single-line-ground fault._ Since the SRD (83P) will not operate
for 3-phase faults an SC{(50N) break contact bypasses the SRD
contact. The 50N relaymis energized with residual current to
sense ground faults, (Thu§, the parallel combination of 83P and
50N contacts provideSyawtrip path except for single-phase-to-ground
faults.

Anotlier SRD*contact bypasses the X contact interlock in
series with thel85 |CSG coil, to provide sound-phase protection as
will be described™later.

AR L94NRelays 94-1, 2, 3, 4 & 5 provide a 2 ms auxiliary
trip functifon.” Each relay has four make contacts. Relays 94-1
and 94-2ytrip all three poles, while 94-3, 94-4 & 94-5 each trip
their asso@iated breaker pole. Spare contacts of 94-3, 4 & 5 may
be used to initiate breaker closing. If two sets of breakers must
be tripped (e.g., ring bus) 6 contacts may be needed, so the 94-1
and\94-2 functions may require two AR relays eacl:.



TT-18 (94X)

Telephone type relays X, X2, X4 and X5 are packaged in the
TT-18 relay. X and X? relays perform transient blocking
functions to eliminate the possibility of undesired trips during
various periods enumerated in Table II "Trip Schedule'. Relay
X2 also sets up 21P, 67N and the instantaneous unit (IL)»of 67NT
relay for the purpose of providing sound-phase protecti®n) during
single phasing. In addition, the X2 unit sets up relay“6/N for
a three pole trip should the single breaker pole peclese into a
permanent fault. This is accomplished by connecting the 67N trip
circuit to the auxiliary trip relay 94-2.

Unit X4 introduces a coordinating delay(in%the tripping of
the instantaneous unit of 67NT in trip circui® No. 1. This delay
insures that the initial fault will be cléared by opening only
the affected phase for single line to ghound/faults. Otherwise
faults within the range of this instantameeus unit will be three-
pole tripped. Unit X5 introduces a“e0exdinating delay in the 21P
trip circuit during the single-phasithg“period. 1In particular,
this delay functions at the time of a%Wsingle-pole reclose to
insure that possible operation of 7hP due to transients will not
incorrectly cause tripping. Th¢é delay of X5 is inserted only
during the single-phasing pefied (and is not present during normal
operation.

TT-19 (21X)

This relay grounds, the /open-phase potential terminals of
certain relays during(thefsingle-phasing period. With line-side
potential applicatioms™the 21P, 68 and 83P relay terminals are
grounded. With bug-side potential applications only 83P needs
to be grounded.

With potential taken from the line side the open phase voltage
during singlesphasing is determined by the interphase capacitance
between the faulted phase and the two sound phases. The exact
potential 1's, afunction of the line configuration. The rotation
of thegthree Vvoltages could actually be negative sequence or a
very small positive sequence triangle, providing insufficient
restraintWfor the distance relays. For this reason the distance
relays may have their contacts closed during the single phasing
period #f line side potential is utilized. This condition is
tolerable if the trip circuits of these relays are disabled by
rekay X of the TT-18 relay. However, the ?1P relay phase-to-
phase unit provides sound phase protection, so the TT-19

-4-
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disconnects the 21P relay (and 68) from the potential source

on the phase with the open breaker pole and grounds that
terminal. For example, as slown in Fig. 1 if phase A pole opens,
terminal 7 is grounded.

Regardless of the potential source location, the TT-19" relay
switches the SRD, so that the SRD can operate for a ground fault
on one of the '"sound'" phases during the single-phasing period.
With one SRD potential pole grounded & normal voltageyto ground
on the other two phases, the SRD is reset; howeveérs should one
of the latter phases become grounded, the SRD weuldssee a
1 large-? small voltage condition.

TD-5 (62)

This relay limits the duration of single phasing to prevent
excessive heating of rotating equipmenthdues to unbalanced
current flow and to prevent undesired tripping of overcurrent
ground relays in the vicinity of the,pfotected line due to the
zero sequence current flow throughout “the system as a result of
the single phasing operation.

AR (62X, 62Y, 62Z)

These are 0.2 sec. dropfout relays used primarily to
initiate breaker-failureWtiming. The latter must be used in
conjunction with a breaker-failure timer set for 0.l17 sec or
less and with 3 independenty phase current detectors as shown
in Fig. 2. Time delay» ongdropout of 62X/Y is needed since RRG,
RRP and X unit contagts jcan otherwise deenergize 62X/Y
prematurely during,‘a, b¥eaker failure.

Spare contaets“from these relays may be used for such
things as recl®se, Block (in the case of 62X & Y) and carrier
squelch in thejcase of 62Y. The latter performs the same
function asfthe SQ unit of relay 85 in preventing a carrier
blockingysignal from being transmitted during and immediately
after docaly breaker tripping.

Thesefrelays have delayed drop-out in order to maintain
energization of 62BF in Fig. 2. Even though a breaker failure
occurs the 62X, Y, Z relays will be deenergized in Fig. 1
by X or by the opening of RRG and RRG contacts before 62BF has
timed out.



The KC-4 relay consists of three current detector units I]
I9 & I3 energized by the phase A, B & C breaker currents,
respectively. Following a single-pole trip the sound phase
current detectors may be operated by load current; therefore,
the TRB-1 blocking diodes in Fig. 2 prevent undesired 62BF
energization. For example, if phase C is tripped open succeS§s-
fully 62BF could be energized by I, or I plus 62Z-C unless the
TRB-1 diodes are used.

Summary of Operation

For a phase to ground fault in the protected line with
carrier in service, the faulted phase pole will besftripped by
the 67N carrier ground relay through the 85-€0 centact A5-B5 and
the RRG carrier supervising contact of thegKA “helay and through
the phase selector unit SA, SB or SC of the/KQS relay.
Simultaneously the 67N relay energizes relaysunits X, X3 and 62.
Relay X and X3 operate immediately tg blockrother trip paths
which otherwise could produce a threeWpole trip. When the
breaker poles on the faulted phase openj» their 52b contacts
close to keep the X, X3 and 62 relays energized. At this point
X2 is also energized by the 52a-52b “disagreement circuit.
Shortly thereafter (See Table I ('Auxiliary Unit Times),
relay X2 inserts relay X5 delay insthe 21P trip path and at the
same time bypasses the 50N “eontact in the same path. Another
X2 contact bypasses the X&4hdelay of the directional ground relay
instantaneous unit in trip,cixcuit No. 1. Another X2 contact
connects the 67N trip ciftcuit to auxiliary tripping relay 94-2
so that a sound phase groumd fault can be cleared by 67N and
so that 67N can inigiate a 3-pole trip if the open breaker pole
closes into a fault,

Returning now, towthe instant when tripping was initiated,
the faulted-phag€’ selector unit of the KQS relay energizes unit
AX, BX or CX offythe TT-19 relay, grounding a potential terminal
of the SRD amdjof distance relays 21P & 68 (line-side potential
only). This grounding allows the trip circuit of 21P to be
reestabldshed to provide sound-phase protection during the
remainder of ,the single phasing interval.

Should a ground occur on one of the energized phases during
the single phasing period relay 67NT instantaneous unit I can
immediately trip if the fault produces enough current to pick
it wp. If not, 67N can initiate 3 pole tripping. If the ground
occurs soon after the single-pole trip, unit X2 will not have
had) time to pick up; in this case 67N tripping will be delayed. o,
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After X2 operates, 67N can energize CSG through the 83P contact
(which closes at inception of the sound-phase fault). Whefi"the
remote carrier transmitter turns off, RRG closes, energizing
94-2. Note that carrier is transmitted continuously during

the single-phasing period (unless CSP or CSG is operated) due

to the unbalanced load-current operation of Ipg of relay 85. So
either 67N plus 83P or I of 67NT must operate at bgthsends to
turn off both transmitters in order to effect a 6¥N carrier
trip. The phase-to-phase unit of 21P may also operate for

a sound phase groung; however, this is not too (likely.

Should a phase fault occur involving the twe sound phases,
relay 21P will trip all three poles throughncomwtacts RRP, X2 (make)
or SRD or 50N, X5 or X2 (break). Before X2 operates, 50N will
provide a trip path unless ground is inwelved in the fault.

After X2 operates, tripping will be,delayed by X5.

For a two phase to ground fault with all poles closed
the 67N relay trips the sound phase, p6le while the phase distance
relays trip all three poles. Phase relay operation is as
described in I.L. 41-911 excepti for“the fact that the SRD ratio
discriminator senses one largewmand two small voltages to permit
KD-4 distance relay trippingt

For a phase-to-phaSe, fault with all poles closed the phase
distance relays and theWSRDy,relay operate, tripping all three
poles. Should a threesphase fault develop in the protected line
the KD-4 three-phase units function in a conventional fashion.
In the case of 21P,¢6r ‘21-1 the three-phase unit trips through
the break contact of 50N (SC relay).

Unbalanced “koad” flow during the single phasing period
operates the TQs carrier-start unit of relay 85. This action
is beneficial during the interval at the end of the single-phasing
period. When,the first pole closes the disagreement circuit at
that end ¢f /the line deenergizes the X unit of 94X. 1If X resets
before “thefremote breaker pole recloses, 67N will still be operated
by tlde unbalanced load current; however, the carrier signal
pre¥ents RRG closure, avoiding misoperation.

If“the single-pole reclose is unsuccessful all three poles
will be tripped. 1If the fault is beyond the 67NT I-unit range,
tripping by 67N will be delayed until X resets. Unless the
remote 67NT I-unit operates to squelch carrier, local 67N trip
might have to await X unit reset at both stations; this is true
since Ips will not begin to reset until the laggard breaker pole
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closes. On the other hand, although not likely, the @@ unit of o,
21P might see the ground fault & immediately stop carrier. Thus,
a fault not cleared by the 67NT I-units at both stations might
not be cleared until after about 100 ms or more upon reclose.

Remote Backup Protection

Faults on adjacent lines will be detected and clearedfon
backup operation by the 67NT time delay unit and by either“21-2
or relay 21P after the T3 delay provided by TD-4 timer /(device 2).
The trip path for the phase-fault remote-backup protection is
21P relay energizing auxiliary unit TX-Z3 which eventually
closes contact TR to trip 94-2. The fact that 67NT\is connected
in trip circuit No. 1 and 21P in trip circuit N6. 2, should
be only incidental on the basis that we can assume that both
trip circuits will be available when remote backup protection is
required. This assumption is valid on the,lbasis that the first
contingency is a failure of the protection\system on the adjacent
line and any other failure at the locationmin question would
result in a double-contingency failuréwt Stating the above in a
different manner, if we assume a fail@irenof the d.c. supply to
trip circuit No. 1 or to trip circuit Wo. 2 it is not legitimate
to also assume a failure of the préteetion system at the remote
station on the adjacent line; this would be a double-contingency “_—
assumption.

Operation with Carrier Out of Service

If the carrier set is beéing maintained or otherwise
unserviceable, the carriér on-off switch (85-C0) should be
turned to the OFF positionus This will disable the 21P and 67N
carrier trip circuits,! Tn, addition, contact A6-B6 and C6-D6
bypass interlocks inftrip circuit No. 1 which are not required
when single-pole tripping is removed. Contact Al-Bl of this switch
is available for recl®sing circuit use to block high-speed
reclosing when caxrier is out of service if this feature is
required.
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OPERATION ¢ MAINTENANCE

INSTRUCTIOMS

K-DAR/KQS SINGLE POLE TRIP SYSTEM

The following is a description of the relaying
system whose trip circuits are shown in Fig. 1.
The system differs from the standard directional
comparison blocking type described in I.L. 41-911
in that means are provided to trip only the faulted
phase-breaker pole for single-line-to-ground faults.
The specific directional-comparison system shown
in the drawing is a 4-zone type.

The 4-zone scheme provides two separate trip
circuits and, if desired, two separate current trans-
former circuits so that for a fault anywhere in the
protected line section any one relay failure can be
tolerated while still achieving fast tripping. In the
case of phase faults in the immediate line section,
trip circuit No. 1l in Fig. 1 provides instantaneous
zone 1 protection over the first 90 percent_of the
line and a 2zone 2 delayed trip for the remainder.
Trip circuit No. 2 for the same conditionSjproyides
instantaneous clearing over the entire line section
by distance relay 21P working in conjunctien with
the carrier auxiliary relay (85) whosé supervising
contact RRP closes in the absence offa blocking
signal to allow 21P to trip. Likgwise, ‘on ground
faults trip circuit No. 1 pfevides instantaneous
tripping for faults near the breaker and for a por-
‘tion of the line extending €rom thé breaker, and
delayed tripping for thel remainder. Circuit No.
2-67TN relay trips instamtaneously for all immedi-
ate line section ground faults. To provide select-
tivity it is supervised, bymthe RRG contact of the
85 relay. This c@ntact;y like the RRP contact,
remains open for, exterpal faults in the presence
of a carrief blocking signal. The above operation
is somewhat gnodified for single-pole tripping as
described later.

With carrier in service, the carrier ground re-
lay is permitted to trip only the faulted-phase pole
if the fault is a single line to ground fault. For all
other ‘types of faults the relays are permitted to trip
alljthree poles. An alternative arrangement would
provide tripping of two poles for faults involving
two phases. For example, if the fault were to in-
volve phases A and B, only those poles would be

SUPERSEDES 1.L. 40-203.1

*Denotes change from superseded issue.

tripped. This ‘‘seleetive-pele’’ arrangement has
been provided in a few\instances with previous
schemes. Howevery experience has shown that the
improvement to stability occasioned by leaving one
pole in serviceWis 4not of sufficient benefit to
justify the fincreased order of complexity in the
relaying cirewits necessary to provide this feature.

In addition to the relays described in the afore-
mentioned®literature for three pole tripping, the
scheme in Fig. 1 shows the following additional
relays:) KQS(83G), SRD(83P, 83S) and SC(50N),
AR(@©4-), AR(62X,Y,Z), TT-18(94X), TT-19(21X)
andy TD-5 (62). These relays working in conjunc-
tion with the HD-4 phase distance relays and the
directional overcurrent ground relays provide the
single pole tripping protection. Of the various
phase and ground relays, the 67N relay, the instan-
taneous unit I of 67NT and the phase-to-phase unit
of relay 21P remain in service during the single-
phasing period (one pole open) to provide sound-
phase protection. These relays provide fast protect-
tion should a phase-to-phase or ground fault occur
on one or two phases not originally faulted. The
functioning of each of the additional relays re-
quired for single pole tripping will now be described.

KQs (83G)

This relay working in conjunction with an ex-
ternal negative-sequence current filter detects
which of the three phases is grounded for a single
line to ground fault. Three high-speed induction
cylinder units compare the phase angle of the nega-
tive sequence current and the zero sequence current.
The phase A unit (SA) receives phase A negative
sequence current while the other two phase selec-
tors receive their respective negative sequence
currents. For example, for a phase A to ground
fault the phase A negative sequence current is
almost in phase with the =zero sequence current
thus causing operation of the SA unit. At the
same time the sound-phase negative sequence
currents are 120° out of phase with the zero se-
quence current, producing contact opening torque
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on SB and SC. Thus, the KQS phase selectors
tell the 67N directional overcurrent carrier ground
relay which breaker pole to trip. Their sensitivity
is 0.33 amperes negative and zero-sequence cur-
rent. This is compatible with the normal 3Iy pick-
up of 1.0 amp. on the Iy unit of 67N. On a two
phase to ground fault the phase selector on the sound
phase is operated due to the nature of the fault.
This means that the carrier ground relay trips the
sound-phase pole. At the same time the 21P phase
distance relay is operating to trip all three poles,
so that KQS operation is irrelevant for double
line to ground faults.

For a single line to ground fault with one pole
opening on each breaker the 52a-52b disagreement
circuit in Fig. 1 energizes auxiliary unit X3 of the
KQS relay. Note that auxiliary switches are shown
for two breakers as would be the case, for example,
for a ring bus. Unit X3 blocks the sound-phase
selector trip circuits to avoid the possibility of
these phases being tripped at the time that the
faulted phase pole is opening.

SRD (83P, 83S) and SC (50N)

The SRD relay operates for faults involving
two phases but will not operate for a three-phase
or a single-phase-to-ground fault. It compares the
magnitude of the three voltages (phase-to-ground
When one of three voltages is larger than the other
two the relay contacts close to permit the KDA4
zone 1 and KD-4 carrier trip relay 21P to clear the
fault. One of three phase-to-ground voltages will
be larger than the other two for phase-te-phase
and two phase-to-ground faults. For a §ingle, phase-
to-ground fault one of the three phase veltages will
be smaller than the other two and%he SRD relay
will not operate. The SRD operates on“a minimum
of 10 volts difference between ‘the largest voltage
and the larger of the remaining%wo voltages. Rated
potential is 70V.

SRD contacts are imserted in series with the
KD-4 zone 1 and€21P{carrier phase trip paths, to
prevent a 3-pole trip“fer @ single-line-ground fault.
Since the SRD (83P) will not operate for 3-phase
faults an SC (50N) break contact bypasses the
SRD contact. The450N relay is energized with
residual current to sense ground faults. Thus, the
parallel ‘€ombination of 83P and 50N contacts
providesy, aWtrip path except for single-phase-to-
ground ‘faults:

Another SRD contact bypasses the X contact
interlock in series with the 85 CSG coil, to proyide
sound-phase protection as will be described later.

AR (94) Relays 94-1,2, 3, 4, & 5 provide a 2 ms
auxiliary trip function. Each relay has four nake
contacts. Relays 94-1 and 94-2 trip all three poles,
while 94-3, 94-4, & 94-5 each trip theirp@ssociated
breaker pole. Spare contacts 0f94-3, 4, & 5 may
be used to initiate bredker closing Wif two sets of
breakers must be tripped (e.g4 ringhbus) 6 contacts
may be needed, so the 94-1,and(94:2 functions may
require two AR relays each.

TT-18 (94X)

Telephone type relays X, X2, X4, and X5 are
packaged in the A'T:18, relay. X and X2 relays per-
form transient, blo¢king functions to eliminate the
possibility ofqundesired trips during various periods
enumerated, in Table II “‘Trip Schedule’’. Relay X2
also sets@up 271P, 67N and the instantaneous unit
(I) of 64NT relay for the purpose of providing sound-
phasg proted¢tion during single phasing. In addi-
tion, th€yX3 unit sets up relay 78N for a three pole trip
shiouldy the single breaker pole reclose into a per-
manent' fault. This is accomplished by connecting
the 67N trip circuit to the auxiliary trip relay 94-2.

Unit X4 introduces a coordinating delay in the
tripping of the instantaneous unit of 67NT in trip
circuit No. 1 This delay insures that the initial
fault will be cleared by opening only the affected
phase for single line to ground faults. Otherwise
faults within the range of this instantaneous unit
will be three-pole tripped. Unit X5 introduces a
coordinating delay in the 21P trip circuit during the
single-phasing period. In particular, this delay
functions at the time of a single-pole reclose to
insure that possible operation of 21P due to tran-
sients will not incorrectly cause tripping. The
delay of X5 is inserted only during the single-
phasing period and is not present during normal
operation.

TT-19 (21X)

This relay grounds the open-phase potential
terminals of certain relays during the single-phasing
period. With line-side potential applications the
21P, 21S, 68 and 83P relay terminals are grounded.
With bus-side potential applications only 83P needs
to be grounded.

iy
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With potential taken from the line side the open
phase voltage during single phasing is determined
by the interphase capacitance between the faulted
phase and the two sound phases. The exact poten-
tial is a function of the line configuration. The
rotation of the three voltages could actually be
negative sequence or a very small positive sequence
triangle, providing insufficient restraint for the
distance relays. For this reason the distance re-
lays may have their contacts closed during the
single phasing period if line side potential is
utilized. This condition is tolerable if the trip
circuits of these relays are disabled by relay X of
the TT-18 relay. However, the 21P relay phase-to-
phase unit provides sound phase protection, so the
TT-19 disconnects the 21P, 218, and 68 relays from
the potential source on the phase with the open
breaker pole and grounds that terminal. For example
as shown in Fig. 1 if phase A pole opens, terminal
7 is grounded.

Regardless of the potential source location,
the TT-19 relay switches the SRD, so that the SRD
can operate for a ground fault on one of the ““‘sound’’
phases during the single-phasing period. With ome
SRD potential pole grounded and normal 4V6ltage
to ground on the other two phases, thé SRD is
reset; however, should one of the latteryphases
become grounded, the SRD would see “ap 1 large
2 small voltage condition.

TD-5 (62)

This relay limits the duration 'Of single-phasing
to prevent excessive heating f rotating equipment
due to unbalanced curpent “flow and to prevent
undesired tripping of overcurrenty ground relays in
the vicinity of the protécted line due to the zero
sequence current flow throughout the system as a
result of the single phasing®operation.

AR (62X, 62Y, 622)

Thesefare 0.2 sec. drop-out relays used primari-
ly to initiatefbreaker-failure timing. The latter must
be used in conjdnction with a breaker-failure timer
set for 0.17 sec. or less and with 3 independent
phase current detectors as shown in Fig. 2. Time
del@ay on dropout of 62X/Y is needed since RRG,
RRP “and X unit contacts can otherwise deenergize
62X/Y prematurely during a breaker failure.

Spare contacts from these relays may be used
for such things as reclose block (in the case of

62X and Y) and carrier squelch in the case of 62Y.

The latter performs the same function™as@the SQ
unit of relay 85 in preventing a carrier blocking
signal from being transmitted during “amd” immedi-
ately after local breaker tripping.

These relays have delayed drop-out in order to
maintain energization of £62BE, in Fig. 2. Even
though a breaker failure‘occurs the 62X, Y, Z relays
will be deenergized in Eig.“lby X or by the opening
of RRG and RRG contacts, before 62BF has timed
out.

The KC-4 relay consists of three current detec-
tor units I, I9,%ndI3 energized by the phase A, B,
and C bréaker currents, respectively. Following
a single-p@le trip the sound phase current detectors
may be operated by load current; therefore, the
TRB-L, blogking diodes in Fig. 2 prevent undesired
62BF) energization. For example, if phase C is
trippediopen successfully 62BF could be energized
by I>o or I; plus 62Z-C unless the TRB-1 diodes
are used.

Summary of operation

For a phase to ground fault in the protected
line with carrier in service, the faulted phase pole
will be tripped by the 67N carrier ground relay
through the 85-CO contact A-5 B-5 and the RRG
carrier supervising contact or the KA-4 relay and
through the phase selector unit SA, SB, or SC of
the KQS relay. Simultaneously the 67N relay ener-
gizes relay units X, X3 and 62. Relay X and X3
operate immediately to block other trip paths which
otherwise could produce a three pole trip. When the
breaker poles on the faulted phase open, their 52b
contacts close to keep the X, X3 and 62 relays
energized. At this point X2 is also energized by
the 52a-52b disagreement circuit. Shortly thereafter
(See Table I ‘‘Auxiliary Unit Times’’), relay X2
inserts relay X5 delay in the 21P trip path and at
the same time bypasses the 50N contact in the
same path. Another X2 contact bypasses the X4
delay of the directional ground relay instantaneous
unit in trip circuit No. 1. Another X2 contact con-
nects the 67N trip circuit to auxiliary tripping
relay 94-2 so that a sound phase ground fault can
be cleared by 67N and so that 67N can initiate a
3-pole trip if the open breaker pole closes into
a fault.

Returning now to the instant when tripping was
initiated, the faulted-phase selector unit of the
KQS relay energizes unit AX, BX or CX of the TT-19
relay, grounding a potential terminal of the SRD
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and of distance relays 21P and 68 (line-side poten-
tial only). This grounding allows the trip circuit
of 21P to be reestablished to provide sound-phase
protection during the remainder of the single phasing
interval.

Should a ground occur on one of the energized
phases during the single phasing period relay 67NT
instantaneous unit I can immediately trip if the
fault produces enough current to pick it up. If not,
67N can initiate 3 pole tripping. If the ground occurs
soon after the single-pole trip, unit X2 will not
have had time to pick up; in this case 67N tripping
will be delayed. After X2 operates, 67N can energize
CSG through the 83P contact (which closes at
inception of the sound-phase fault). When the remote
carrier transmitter turns off, RRG closes, energizing
94-2. Note that carrier is transmitted continuously
during the single-phasing period (unless CSP or CSG
is operaied) due to the unbalanced load-current
operation of Ipg of relay 85. So either 67N plus
83P or I of 67NT must operate at both ends to turn
off both transmitters in order to effect a 67N carrier
trip. The phase-to-phase unit of 21P may also
operate for a sound phase ground; however, this is
not too likely.

The directional unit of 67N (type KRD-4 or KRQ)
in some cases, may have a contact opening totgue
during a sound-phase fault while single phasing due€
to the phase angle shift of the polarizing ve@ltage
(Vg in KRD-4 or Vg in KRQ) if line side potential
is used. The angle shift causes the potential polar-
izing effect to produce a contact ©@pening tarque
which may overcome the contact closing “torque
produced by current polarizing in KRD-4“applica-
tion. There are two alternatiyes recommended
as follows:

1. Reverting KRD-4 to current polarizing only
during single phasimg. See note 12 on figure
1 for detailed 4«onnections. This alternative
is not recommendedyunless a current polariz-
ing sourceds utilized:

2. Bypass D-contact{ of KRD-4 (or KRQ)during
single phasing.“See note 13 on Fig. 1 for
detailed connections. This alternative may
cause tripping for an external fault on a
phase other than the open phase during single
phasing, but this would be a double con-
tingency assumption.

Should a phase fault occur involving the two
sound) phases, relay 21P will trip all three poles

through contacts RRP, X2 (make) or SRD or_50N;
X5 or X2 (break). Before X2 operates, 50N wild
provide a trip path unless ground is involved in,the
fault. After X2 operates tripping will be delayed
by X5.

For a two phase to ground fault with all poles
closed the 67N relay trips the setind /phase pole
while the phase distance relays, trip all three
poles. Phase relay operatign is, as described in
I.L. 41-911 except for the fact that the SRD ratio
discriminator senses oneWlargé and two small
voltages to permit KD=4 distance relay tripping.

For a phase-to-phase“fault with all poles closed
the phase distancerelays and the SRD relay operate,
tripping all three poles. Should a three-phase fault
develop in the protected line the KD-4 three-phase
units function 1m,a conventional fashion. In the case
of 21P%er, 2151 the three-phase unit trips through
the breakleontact of 50N (SC relay).

Unbalanced load flow during the single phasing
periodyoperates the Ipg carrier-start unit of relay
85,/ “Ehis action is beneficial during the interval
at the end of the single-phasing period. When the
first pole closes the disagreement circuit at that
end of the line deenergizes the X unit of 94X. If X
resets before the remote breaker pole recloses, 67N
will still be operated by the unbalanced load cur-
rent; however, the carrier signal prevents RRG
closure, avoiding misoperation.

If the single-pole reclose is unsuccessful all
three poles will be tripped. If the fault is beyond
the 67NT I-unit range, tripping by 67N will be
delayed until X resets. Unless the remote 67NT
I-unit operates to squelch carrier, local 67N trip
might have to await X unit reset at both stations;
this is true since Ipg will not begin to reset until
the laggard breaker pole closes. On the other hand,
Although not likely, the ¢¢ unit of 21P might see
the ground fault and immediately stop carrier. Thus,
a fault not cleared by the 67NT I-units at both
stations might not be cleared until after about 100
ms or more upon reclose.

Remote Backup Protection

Faults on adjacent lines will be detected and
cleared on backup operation by the 67NT time delay
unit and by either 21-2 or relay 21P after the T3
delay provided by TD-4 timer (device 2). The trip
path for the phase-fault remote-backup protection
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is 21P relay energizing auxiliary unit TX-Z3 which
eventually closes contact TR to trip 94-2. The fact
that 67TNT is connected in trip circuit No. 1 and
21P in trip circuit No. 2 should be only incidental
on the basis that we can assume that both trip
circuits will be available when remote backup pro-
tection is required. This assumption is valid on the
basis that the first contingency is a failure of the
protection system on the adjacent line and any
other failure at the location in question would result
in a double-contingency failure. Stating the above
in a different manner, if we assume a failure of the
d.c. supply to trip circuit No 1 or to trip circuit
No. 2 it is not legitimate to also assume a failure
of the protection system at the remote station on
the adjacent line; this would be a double-contingency
assumption.

Operation with Carrier Out of Service

If the carrier set is being maintained or otherwise
unserviceable, the carrier on-off switch (85-CO)
should be turned to the OFF position. This will
disable the 21P and 67N carrier trip circuits. In
addition, contact A6-B6 and C6-D6 bypass inter-
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locks in tirip circuit No. 1 which are Qred
when single-pole tripping is removed. Conta¢t A1-Bl
of this switch is available for reclosi ircuit use

to block high-speed reclosing when carrier is out
of service if this feature is required.

AUXILIAR IMES — MILLISECONDS
PICKUP DROPOUT

10- 20 70-100

65-200 150-250

X3 20- 30 30- 70

8 X4 45- 80 10- 40

T-18 X5 45- 80 10- 40

TT-19 AX,BX,CX 5- 15 10- 30
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TABLE

TRIP SCHEDULE

C)O

PREFAULT PERIOD DURING (SSEFN? DURING PERMANENT
RELAY SINGLE POLE oas SINGLE POLE FAULT
CARRIER IN TRIP CLOSE N RECLOSE
3PT ¢p¢p UNIT
01-1 SUPERVISED | SRD BYPASSED | BLOCKED BY |BLOCKED BY |BLOCK DELAYED BY
BY 85 CO X X
BY SRD X DROP OUT
3PT 3¢ & b
3PT DELAYED
21P UNITS ELAYE 3PT
BLOCKED BY BY X5-SRD AYED BY
CARRIER | SUPERVISED DELAYED BY
85 CO BYPASSED X5
TRIP BY SRD X5
+ 50N
21P
3PT 3PT 3PT 3 3PT 3PT
ZONE 3 &
3PT
SOUND :
2
61N SPT KQS BLOCKED BY | v T THRU SRD | BLOCKED BY | THRU X
SUPERVISION| 85 CO ) AND X2 X3 OF KQS | DELAYED BY
X D.O.
3PT IF 67N
IMMEDIATE
67NT FAILS TO 3pT THRE ED BY | 3PT THRU X2 |3PT THRU |3PT THRU
INST. SPT-DELAYED X
65 CO X2 X2
BY X4
67NT 3PT
ED | 3pT3PT .~ BLOCKED BY | BLOCKED BY |BLOCKED BY| . . o
X X X
TRIP X DROP OUT
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