INSTALLATION

I.L. 41-91]
OPERATION e MAINTENANCE

INSTRUCTIONS

K-DAR DIRECTIONAL COMPARISON
BLOCKING SYSTEMS

INTRODUCTION

This leaflet describes the overall functioning
of K-Dar relays when used in conjunction with a
blocking channel (power line carrier, microwave or
pilot wire). Detailed description of operation,
as well as setting and maintenance recommendations
for individual relays of the K-Dar directional com-
parison blocking system are covered in the individual
relay instruction leaflets; the deseription here is
intemded to supplement these relay instructions.

APPLICATION

Directional comparison blocking is employed to
eliminate delayed clearing of end-zone line faults;
thus, high speed, simultaneous clearing of#allline
faults is accomplished. Protective relaysf{energized
with current and potential from the proetected line
are unable to trip both selectively and at high speed
for line faults near the remote station. By transmitting
a signal from the remote station when the)fault is
external to the protected line, theflocalarelays are
blocked from tripping. Without, this additional
means of intelligence, local relay, tripping must be
delayed for internal faults néar the“remote station,
to insure against undesired tripping when the fault
is on an adjacent circuit near thesemote station.

This system can beqgutilized with minor differ-
ences with either on-off .or frequency shift type of
operation over Ppilot wire /tones, microwave or power
line carrier £hannels.” Bloeking of tripping is ef-
fected by eitherdkeying on or shifting the transmitter
frequency.

EQUIPMENT COMPLEMENT

K-Dar is the designation for a group of relays,
whichiare itemized below:

Directional Fault Detecting Relays

1'— Type KD Directional phase tripping unit,

NEW INFORMATION

consisting of:

1 — Phase;to-phase unit (ZP-¢¢), which
operatesffor all three combinations of
phase-to-phase faults anywhere on the
protected line.

1— Three-phase unit (ZP-3%®), which operates
for 3 phase faults anywhere on the pro-
tected line.

1= Indicating contactor switch (ICS).

1 — Type KD-1 Directional Phase Start unit, con-
sisting of:

1 — Phase-to-phase unit (ZS-®P), set to
reach in the reversed direction to that
of ZP-trd,

1 — Three phase unit (ZS-3¢), set to reach
in thereversed direction to that of ZP-3¢.

1 — Indicating contactor switch (ICS).

1 — Type KRD (or KRC, or KRP, or KRQ) Di-
rectional ground tripping unit, consisting of:

1 — Directional unit, current polarized (Doc)

1 — Directional unit, voltage polarized (Dop)
1 — Instantaneous overcurrent unit (IO)

1 — Indicating contactor switch (ICS)

Auxiliary Relay & Accessories

1 — Type KA Carrier auxiliary relay, consisting
of:

1 — Receiver relay unit (RR), with a holding
coil, RRH, a tripping coil, RRT, and two
contacts, RRG & RRP

1 — Phase auxiliary unit (CSP)

1 — Ground auxiliary unit (CSG)
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Fig. 1. Phase RelayfSettings
0‘;1006‘”5:;" AL ALARM UNIT OF KA RELAY
(WHEN USED) PHASE TRIP GROUND TRIP CHANNEL CONTROL €SG  GROUNO AUXILIARY UNIT OF KA RELAY
pos — T} - -~ - CSP PHASE AUXILIARY UNIT OF KA RELAY
3] escd + Ooc  CURRENT POLARIZEO OIRECTIONAL UNIT OF KRO
RELAY
e Oop  VOLTAGE POLARIZEO OIRECTIONAL UNIT OF KRO
@ F20s - RELAY
[, s 12p Lz NOTE 2 ICS  INOICATING CONTACTOR SWITCH OF KO & KRO
= 88 T3P 2 @ RELAYS
o ¥ 05 0¢ < I,  GROUNO OVERCURRENT TRIP UNIT OF KRO RELAY
i Ios  GROUNO START OVERCURRENT UNIT OF KA RELAY
| 8s @ {wHEN USED) MA MILLIAMMETER
2[co OI  OPERATION INOICATOR OF KA RELAY
@ @ RECEIVER 0S  AUXILIARY UNIT OF KS RELAY
ouTPUT RRG,RRP RECE IYER RELAY UNIT CONTACTS OF KA RELAY
@ Lare RRH  HOLDING COIL OF RECEIVER RELAY UNIT OF KA
p NOTE|( PB  TO X'MT RELAY
L Rrp QLD_,BLOCK'NG RRT RRT  TRIPPING COIL OF RECEIVER RELAY UNIT OF KA
7 SIGNAL RELAY
TX T3 7] 85 9 g5 START
73) T co ¥& 1o TXZ3  TIMER START AUXILIARY UNIT OF TD-2 RELAY
8 of = R(E:SETSR “ 205 OISTANCE UNIT OF KS RELAY
Tos | alocking ysep) ZP-p§  PHASE-TO-PHASE UNIT OF KO RELAY
zs S'SGT%‘PL ZP-39 3 PHASE UNIT OF KO RELAY
3¢
+ 524 bl 2S-p  PHASE-TO-PHASE UNIT OF KD-1 RELAY
iy FH h 75-39 3 PHASE UNIT OF KD-I RELAY
32 T csPL0s6 LcsP -CSG 528 CIRCUIT BREAKER AUXILIARY SWITCH CONTACT-
CLOSEO WHEN BREAKER IS CLOSEO
NEG; 52TC  CIRCUIT BREAKER TRIP COIL

85C0 CUTOUT SWITCH-IN "ON" POSITION WHEN
CHANNEL IS OPERATIVE

85CO ON-QFF SWITCH NOTES:
contacT |EOSITION I. OPTIONAL CONNECTION, WHERE T3 CONTACT OF TD-2
- ON [OFF IS AVAILABLE IN BACKUP CIRCUITS

[ X
34 X 2. OMIT Doc IF KRP RELAY: OMIT Dgp IF KRC RELAY;
56 X SUBSTITUTE D2 FOR Doc & Dop IF KRQ RELAY
758 X
9-10 X
H-~12 X

X-DENOTES 'CONTACT CLOSED

Fig. 2. Directional Comparison Blocking — Trip & Control Circuits.
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1 — Instantaneous ground overcurrent start
unit (I

os)
1 — Operation indicator (OI)
1 — Alarm unit (AL)
1 — Type W On-off Switch (85CO)
1 — Test pushbutton (PB)
1 — Milliammeter (MA)

Out-of-Step Blocking (Optional)

1 — KS Out-of-Step blocking relay (ZOS), used to
block phase tripping or to block breaker re-
closing, with auxiliary unit (OS)

Backup
2 — KD Phase distance relays (Zones 1 & 2)

1 — TD-2 Timing relay consisting of:
1 — Timing unit (T), with contacts, T2 & T3

1 — Auxiliary unit (TX), with two operating
coils, TXZ2 & TXZ3

1 — Indicating contactor switch (ICS)

OPERATION

When an external fault occurs, as shownyin fig.
1, the transmitter at breaker B is keyed/by the “start”
relays to block tripping at breaker A. VBreaker B is
not tripped because the fault powerfflow_ds*not in the
proper direction to close the®D,,\ZP-¢¢ or ZP-3¢
contacts.

When an internal fault“eccurs, a blocking signal
is tramsmitted from neither,A“nor,B in fig. 1; in the
absence of blocking theé tripping units at each sta-
tion (ZP-¢¢ or ZP-3¢ fon,phase faults, D, & I, for
ground faults) are/permitted to trip. Succeeding
paragraphs will“explain how this is performed.

Phase Fault Tripping

Distanceydmits £ ZP (ZP-¢¢ & ZP-3¢), operate
only when faultypower flows into the protected line,
as shown in fig. 1. They are set to reach beyond
the end of the line (overreaching setting), so that
faults anywhere on the protected line will be detected
& cleared at high speed. These units such as at
breaker’A, fig. 1 also operate for faults on the adja-
cent ) system; therefore, the ZP contacts must be
supervised by a contact which does not close during
external faults. This supervising contact is RRP in

fig. 2. For internal faults the RRP contagct closes to
permit one of the ZP contacts to energize the breaker
trip coil, 52 TC. The trip path is from\positive,
through ICS coil, ZP-¢¢ or ZP-3¢ &30S/ contacts,
85-CO contact 1-2, OI coil, RRP contact, 52a con-
tact, to the trip coil.

Fig. 2 also shows an optional time delay backup
path, through T3 contact (which)bypasses the RRP
contact circuit. T3 contact &FfTX-Z3 coil are from
the TD-2 timing relayjawhich is associated with an
independent 2-zone-distanee backup circuit (not
shown). Operation of ZP energizes TX-Z3 coil,
which starts the timer, If the fault, either internal
or external, is_noteleared by other means, the breaker
will be tripped “after time delay, T3, if the fault is
within the reach of ZP.

Ground| \Fault Tripping

Ground*directional unit, D, (Doc & Dop when
KRD"“dual polarized relay is used), closes only for
ground faults in one direction, as is the case for the
phase tripping units, ZP. The instantaneous unit,
Io, is set to pickup for a zero sequence current well
below the solid ground fault level, to insure high
speed tripping even with substantial fault resistance.
As with ZP, this overreaching setting results in
relay operation for external faults in the “trip direc-
tion.” To prevent breaker tripping for external
faults, the ground trip path must likewise be super-
vised. RRG is the ground fault supervising contact,
which remains open during external faults, but closes
during internal faults to permit the ground tripping
relay, KRC, KRD, or KRP, to clear the fault.

Tripping from positive is through 85-CO contact
3-4, ICS coil, contacts D, IO, RRG, 52a, to the trip
coil. A backup ground relay is not shown in fig. 2.
It is recommended that this relay trip circuit be on a
separately fused supply, along with the phase back-
up relays.

Transmitter Control

Break contacts, ZS (ZS-¢¢ & ZS-3P) & I,q, 85
CO contact 7-8, and the test pushbutton break con-
tact, PB, in fig. 2, connect the transmitter “start”
lead to minus. When any one of these contacts opens,
the “start” lead is connected to positive through
resistor, R2. This positive potential will key the
transmitter on (or shift the frequency, when a fre-
quency shift channel is utilized), to block remote
breaker tripping, provided that the “stop” lead is not
tied to minus, through contact CSP or CSG. CSP &
CSG coils are energized by ZP & D, contacts, re-
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Fig. 3. Out-of.Step Blocking Operations.

spectively, so that any time a fault is detected in the
trip direction the “stop” lead is tied to minus to
prevent transmission of a blocking signal. Thus, the
stop lead has precedence over the start lead. If, for
example, the channel is being used for voice com-
munication at the instant of an internal fault, the
stop circuit will interrupt transmission to permit
tripping, provided that either ZP or D, operates.

A blocking signal is required from breaker, B,
fig. 1, during an external fault because the phase/or
ground tripping units would otherwise trip at_breaker
A. At breaker B either the I g or the &S contact
opens to put positive voltage on the starf lead; since
neither the CSP nor the CSG contacts clese at B
the stop lead is not energized,) and,) therefore, a
blocking signal is transmitted.

Receiver Relay Comparison Circuits

Receiver relay, RR, hasg@mpRRH holding coil and
an RRT tripping coil as shown in Fig. 2. RRH is
energized by the reeeiver, output when a blocking
signal is transmittéd; RRT ‘@eil is energized when-
ever the local tripping rel@y contacts close in an
attempt to trip the breaker. RRH coil current holds
the RRP and RRG contacts open; RRT coil current
closes the RRP and RRG contacts in the absence of
RRH coil current. “ This is the key point, which
produces the) comparison function — the force pro-
duced by ‘RRH current is stronger than the opposing
force produced by RRT current, so that the RRP and
RRG contacts will be closed by RRT current only
when,néeblocking signal is received.

In Fig. 1, ZP or D0 + I0 contacts close at breakeér
A whether the fault is internal, or external to the
right of breaker B; in either case, CSP or CSG is
energized and RRT, in turn, is energized. For the
external fault only, the transmitter at B sends a
blocking signal, which produces a receiver output at
A, which energizes the RRH coil to prevent RRP and
RRG contacts from closing; thus, tripping is pre-
vented. Conversely, for an internal fault, tripping
units operate at both stations toyenergize CSP or
CSG contacts to prevent transmiissionyof a blocking
signal; another set of CSP/CSG contacts energize t he
RRT coil. Since neither station receives a blocking
signal, both RRH coilsgzare deenergized; both RR
relays operate to close.theinpRRP and RRG contacts
to permit either ZP or D0 + I0 contacts to energize
the trip coil.

A reactor is{shown¥in series with the RRT coil
in fig. 2. Thisyreaetor is used only with audio tone
or frequency shift“earrier channels, where the channel
delay time 1Smabnormally large. This reactor delays
RRT <ceoil curcent buildup long enough to compensate
for thé RRH ,coil current buildup time occasioned by
the “channel delay. Otherwise undesired tripping
might,oceur before a blocking signal can be received.

Operation will now be summarized.

External Phase Fault Operation

Refer to Table I, which tabulates external phase
fault functioning at the top. The external fault is to
the right of breaker B as shown in the upper left of
Table I.

At breaker B, ZS contact opens and the ZP con-
tact remains open,.so that CSP is not energized; the
start lead is at positive and the stop lead is open,
so the transmitter sends a blocking signal. Tripping
does not occur because ZP is open.

At breaker A, ZP contact closes, energizing CSP.
CSP contact energizes RRT; however, RRP contact
is held open by RRH current.

Internal Phase Fault Operation

Operation is the same at both stations. Refer to
Table I. ZS does not operate, since it is set to look
into the external system. ZP contact closes, ener-
gizing CSP. CSP contact closes to apply negative to
the stop lead, preventing blocking signal transmission.
Another CSP contact energizes RRT; since there is
no signal t6 produce RRH coil current, RRT coil
current closes RRP, permitting ZP to trip the breaker.

s
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Table I. Summary of Operation.
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RRH CURRENT
RRP & RRG
CsP & CSP & RRH HELD OPEN
BKR. . 23 Zp STAYS €s6 ¢S6 DE- BY MAGNETIC
OPENS OPEN STAY STAY ENERG!ZED BIAS
OPEN OREN (NOTE 1) (NOTE1)
INTERNAL PHASE FAULT
z RRH
23 STAYS o csp csp TRIP THROUGH
BKR. ENERGIZES DE-
2P & RRP
CLOSED cep CLOSES CLOSES ENERGI2ED
23 STAYS Lo cse csp o TRIP
BKR. 3 ENERG| 2ES OE- THROUGH
CLOSED csp CLOSES CLOSES ENERG) ZED 2P & RRP
EXTERNAL GROUND FAULT
3 RRP & RRG
Tos ° €sG CsG RRH HELD OPEN
BKR. OPENS ENEQTILS CLCSES CLOSES ENERGIZED BY RRH
CSP CURRENT
0 CSP & CSP & RRP & RRG
Tos o CSG CSG RRH HELD OPEN
BKR. BrEns STAYS STAY STAY DENER- BY MAGNETIC
OPEN OPEN OPEN GIZED BIAS
INTERNAL GROUND FAULT
TRIP
Tos 0o cs6 cs6 i THROUGH
By OPENS ENERGI ZES CLOSES CLOSES ENERG1 2ED Do Io. &
(NOTE 2) €SG RRG
TRIP
Tos Do cs6 cs6 ol THROUGH
BKR. OPENS ENERGI ZES CLOSES CLOSES ENERG) 26D Do Ios &
(NOTE 2) €SG RRG

NQTE } RRH COIL IS ENERGIZED BY ITS OWN TRANSMITTER WHEN CHANNEL USES SINGLE FREQUENCY OPERATION.

THIS FEATURE 1S NOT ESSENTIAL TO PROPER OPERATION
NOTE 2 Tog OPERATION IS INEFFECTIVE SINCE CSG CONTACT CLOSES TO STOP BLOCKING SIGNAL.
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E xternal Ground Fault Operation

Refer to Table I. Since the ground overcurrent
units IOS' are not directional, theyoperate at both A&B
to open their contacts. At breaker A, Ios operation is
ineffective, since the stop lead is energized by CSG.
However, at breaker B, CSG and the stop lead are
not energized, so that the opening of .the IOS contact
results in transmission of a blocking signal from B.
Tripping at breaker B does not occur because D, re-
remains open.

At breaker A RRT coil is energized when D0
closes to operate CSG; however, tripping is prevented
by RRH coil current, which holds RRG open.

Internal Ground Fault Operation

Refer to Table I. Operation is the same at both
stations. Do closes, energizing CSG. CSG con-
tacts stop blocking signal transmission and ener-
gize the RRT coil. Since no blocking signal is
received. RRG is not energized; therefore, RRG
closes, and the breaker trip coil is energized through
85 CO contact 3-4, D, I, RRG and 52a contacts.

Out-of-Step Operation

KS relay distance unit, zos' is set to include the
ZP-3¢ unit R-X diagram circle as shown in Figure 3¢
A minimum separation of two secondary ohms 4s
recommended between the Z . and ZP-3¢ unit4gir-
cles. This separation provides the means for dis=
tinguishing between 3-phase faults and out-ofstep
conditions. When a fault occurs on the protected
line, the impedance seen by the relays changes sud-
denly from the prefault value, 21, 0adv to the fault
value, represented by the line O-F in Figy 3.""When
a swing or out-of-step condition occurs the¥»imped-
ance seen by Z o & ZP changes gradually, as the
voltage decreases and the current inereases. In
Fig. 3 the swing describes an @rc which intersects
the zos circle at point Q and ZP-3¢scircle, at point
P.

During an out-ofzStep ‘éendition the ZOS contact
in figure 2 opens before?ZP-3¢% contact closes. OS

unit is energized, and after 4 cycles, an OS con-
tact opens the ZP-3¢ trip-circuit. All this oceurs
before the swing reaches point, P, in Fig. 3.

During a fault, the ZP-3¢ contact closes almost
at the same instant that the ZOS contact opens in
Fig. 2. ZP-3¢ contact short-circuits the OS coil
to prevent OS from operating. Thus@ fault condition
results in a nearly simultaneoushoperation/of zos and
ZP-3¢; while an out-of-step conditiom” produces a
discrete difference in the operating “time of these
two distance units.

In some cases it is,preferable to block breaker
reclosing rather than blocking/ripping, when an out-
of-step condition occurs. A, make contact of OS shown
in Figure 2, is available for this purpose. Otherwise,
this OS contact snayybe ised for alarm purposes, as
shown by the,dotted connection in Figure 2.

RELAY SETTINGS

It is esSential that the local start units, which
initiatey blocking signal transmission, operate for
any/ external fault for which the remote tripping units
also /operate; otherwise undesired tripping of the
remote breaker will occur.

Phase

In Fig. 1, breaker A-ZS is set to reach further
than the breaker B-ZP units by the distance, M-N.
It is recommended that this distance be at least half
of N-P, as shown in Fig. 1. Unless ZS is used for
tripping as well as for starting a blocking signal, and
unless an undesirably large tripping area would other-
wise result, it is recommended that the ZS setting
be made at least as large as the remote ZP setting.

Ground

Set the remote I0 unit for a pickup at least 259
higher than the local IOS pickup to insure operation
of the I, for any fault which will also result in
I0 operation.
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INSTALLATION

Westinghouse L. 41-911A
OPERATION ¢ MAINTENANCE

INSTRUCTIONRNS

K-DAR DIRECTIONAL COMPARISON
BLOCKING SYSTEMS

INTRODUCTION

This leaflet describes the overall functioning
of K-Dar relays when used in conjunction with a
blocking channel (power line carrier, microwave or
pilot wire). Detailed description of operation,
as well as setting and maintenance recommendations
for individual relays of the K-Dar directional com-
parison blocking system are covered in the individual
relay instruction leaflets; the description here is
intended to supplement these relay instructions.

APPLICATION

Directional comparison blocking is employed ‘to
eliminate delayed clearing of end-zone life faults;
thus, high speed, simultaneous clearing of%all line
faults is accomplished. Protective relaysienergized
with current and potential from the pretected, line
are unable to trip both selectively and at/high speed
for line faults near the remote stationmBy (transmitting
a signal from the remote station (when$the fault is
external to the protected line, ¢he“leeal relays are
blocked from tripping. Without9this additional
means of intelligence, loeal relay tripping must be
delayed for internal faults_near .the remote station,
to insure against undesired tripping when the fault
is on an adjacent circuit‘nears{he remote station.

This system can 4be jutilized with minor differ-
ences with eitheryon=off or frequency shift type of
operation over pilot“wire tones, microwave or power
line carrier. channels. Bloeking of tripping is ef-
fected by either k€ying on or shifting the transmitter
frequency.

These @instructions contemplate the use of
separate primary and back-up relays, in line with
16eal ‘back-up philosophies. F'ig. 4 shows the details
of “this” arrangement. This contrasts to the previous
3-zone system where the zone 2 phase-distance units
provided carrier tripping as well as back-up. Never-

SUPERSEDES I.L. 41-911

*Denotes change from superseded issue.

theless, the underlying principles described here
apply whether or not“the back-up protection is inde-
pendent or commoén with the primary protection. Of
course, the reglaying complement will vary.

EQUIPMENT COMPLEMENT

K=Dar'isfthe designation for a group of relays,
whichjareyitemized below:

Directional Fault Detecting Relays

19— Type KD Directional phase tripping unit,
consisting of:

1 — Phase-to-phase unit (ZP-®®), which
operates for all three combinations of
phase-to-phase faults anywhere on the
protected line.

1 — Three-phase unit (ZP-3¢®), which operates
for 3 phase faults anywhere on the pro-
tected line.

1 — Indicating contactor switch (ICS).

1 — Type KD-1 Directional Phase Start unit, con-
sisting of:

1 — Phase-to-phase unit (ZS®®), set to
reach in the reversed direction to that

of ZP-p¢,

1 — Three phase unit (ZS-3%), set to reach
in thereversed direction to that of ZP-3 ¢,

1 — Indicating contactor switch (ICS).

1 — Type KRD (or KRC, or KRP, or KRQ) Di-
rectional ground tripping unit, consisting of:

1 — Directional unit, current polarized (Doc)

1 — Directional unit, voltage polarized (Dop)

1 — Instantaneous overcurrent unit (Io)

1 — Indicating contactor switch (ICS)

EFFECTIVE OCTOBER 1961
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*Fig. 1. Phase Relay Settings
°“BTL°%FKISNT§’ AL AUARM UNIT OF KA RELAY
(WHEN USED) PHASE TRIP GROUND TRIP CHANNEL CONTROL €S8 GROUND AUXILIARY UNIT OF KA RELAY
ros —} o +— Dy CSP MHASE AUXILIARY UNIT OF KA RELAY
8500 0 CURRENT POLARIZED DIRECTIONAL UNIT OF KRD
+ °¢  RELAY
¢9) o Doy  VOLTAGE POLARIZED DIRECTIONAL UNIT OF KRD
@s 244 b - RELAY
zp lzp 2 ICS  INDICATING CONTACTOR SWITCH OF KO & KRD
= - NOT
T 1CSTog i NOTE 2 @ RELAYS
0s A 'l I GROUND OVERCURRENT TRIP UNIT OF KRD RELAY
e I,s  GROUND START OVERCURRENT UNIT OF KA RELAY
1|88 Q (WHEN USED) WA MILLIAMMETER
co OI  OPERATION INDICATOR OF KA RELAY
RECEWVER 05 AUXILIARY UNIT OF KS RELAY
OouTPUT RRG, RRP  RECEIVER RELAY UNIT CONTACTS OF KA RELAY
01 . rRG RRH  HOLDING COIL OF RECEIVER RELAY UNIT OF KA
p NOTE | PB TO X'MT RELAY
L RRP L oy BLOCKINGRRT RRT  TRIPPING COIL OF RECEIVER RELAY UNIT OF KA
[] ( = Yo s SIGNAL RELAY
23 3 Loo 8 o, T TXZ3  TIMER START AUXILIARY UNIT OF TD-2 RELAY
°L % e M 205 DISTANCE UNIT OF KS RELAY
e Flos BLOCKING USED) ZP-§p  PHASE-TO-PHASE UNIT OF KD RELAY
£ 7S SIGNAL ZP-39 3 PHASE UNIT OF KD RELAY
%35 STOP
i sea b 25§49 PHASE-TO-PHASE UNIT OF KD-1 RELAY
1 T oa h ZS-39 3 PHASE UNIT OF KD-1 RELAY
32 s¢a CSP-GSG CSP 1-CSG 528 CIRCUIT BREAKER AUXILIARY SWITCH CONTACT-
}_I_IJ CLOSED WHEN BREAKER IS CLOSED
NEG—}— . . O " 52TC  CIRCUIT BREAKER TRIP COIL
85C0  CUTOUT SWITCH-IN_ “"ON" POSITION WHEN
85C0 ON-OFF SWITCH NOTES: CHANNEL 1S OPERATIVE

I. OPTIONAL CONNECTION, WHERE T3 CONTACT OF TD-2
IS AVAILABLE IN BACKUP CIRCUITS

2. OMIT Do IF KRP RELAY: OMIT Dgp IF KRC RELAY;
SUBSTITUTE D2 FOR Doc & Dgp IF KRQ RELAY

290B153

*Fig. 2.

Directional Comparison Blocking — Trip & Control Circuits.
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Auxiliary Relay & Accessories

1 — Type KA Carrier auxiliary relay, consisting
of:

1 — Receiver relay unit (RR), with a holding
coil, RRH, a tripping coil, RRT, and two
contacts, RRG & RRP

1 — Phase auxiliary unit (CSP)
1 — Ground auxiliary unit (CSQ)

1 — Instantaneous ground overcurrent start
unit (Ios)

1 — Operation indicator (OI)
1 — Alarm unit (AL)
1 — Type W On-off Switch (85CO)
1 — Test pushbutton (PB)
1 — Milliammeter (MA)

Out-of-Step Blocking (Optional)

1 — KS Out-of-Step blocking relay (Zyg), used to
block phase tripping or to block breaker [re-
closing, with auxiliary unit (OS)

Backup
2 — KD Phase distance relays (Zones 1°&,2)

1 — TD-2 Timing relay consisting of:
1 — Timing unit (T), with ¢ontaets, T2 & T3

1 — Auxiliary unit (TX), Wwith®two operating
coils, TXZ2 & TXZ3

1 — Indicating contacter switch (ICS)

* 1 — TD-4 Timing Relay (alternative to TD-2)

OPERATION

When an external ‘fault occurs, as shown in fig.
1, the transmitter at breaker B is keyed by the “start”
relays to blockifipping at breaker A. Breaker B is
not tripped because the fault power flow is not in the
proper direction to close the D,, ZP-¢¢ or ZP-3¢
contacts.

When an internal fault occurs, a blocking signal
isptransmitted from neither A nor B in fig. 1, in the
absence of blocking the tripping units at each sta-
tion (ZP-¢p or ZP-3¢ for phase faults, D, & I, for

ground faults) are permitted to trip. Succeeding
paragraphs will explain how this is performed:

Phase Fault Tripping

Distance units, ZP (ZP-¢¢ & ZP-3¢), operate
only when fault power flows into the,protected line,
as shown in fig. 1. They are set to reach beyond
the end of the line (overreaching setting), so that
faults anywhere on the pretecteddine will be detected
& cleared at high speed. ““These units such as at
breaker A, fig. 1 als@ operate for faults on the adja-
cent system; therefore, the ZP contacts must be
supervised by a contaet which does not close during
external faults. “This /supervising contact is RRP in
fig. 2. For internal faults the RRP contact closes to
permit one ofithe ZP contacts to energize the breaker
trip coil{ 52 T€. The trip path is from positive,
through(IGS ¢oil, ZP-¢¢ or ZP-3¢ & OS contacts,
85-COncontact 1-2, OI coil, RRP contact, 52a con-
tact, to the trip coil.

Fig. 2 also shows an optional time delay backup
path, through T3 contact which bypasses the RRP
contact circuit. T3 contact & TX-Z3 coil are from
the TD-2 timing relay, which is associated with an
independent 2-zone-distance backup circuit (not
shown). Operation of ZP energizes TX-Z3 coil,
whiclr starts the timer. If the fault, either internal
or external, is not cleared by other means, the breaker
will be tripped after time delay, T3, if the fault is
within the reach of ZP.

Ground Fault Tripping

Ground directional unit, Dy (Dye & Dop when
KRD dual polarized relay is used), closes only for
ground faults in one direction, as is the case for the
phase tripping units, ZP. The instantaneous unit,
IO, is set to pickup for a zero sequence current well
below the solid ground fault level, to insure high
speed tripping even with substantial fault resistance.
As with ZP, this overreaching setting results in
relay operation for external faults in the “trip direc-
tion.” To prevent breaker tripping for external
faults, the ground trip path must likewise be super-
vised. ‘RRG is the ground fault supervising contact,
which remains open during external faults, but closes
during internal faults to permit the ground tripping
relay, KRC, KRD, or KRP, to clear the fault.

Tripping from positive is through 85-CO contact
3-4, ICS coil, contacts D, IO, RRG, 52a, to the trip
coil. A backup ground relay is not shown in fig. 2.
It is recommended that this relay trip circuit be on a
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Fig. 3. Out-of-Step Blocking Operations.

separately fused supply, along with the phase back-
up relays.

Transmitter Control

Break contacts, ZS (ZS-¢¢ & ZS-39) & I 85
CO contact 7-8, and the test pushbutton break con-
tact, PB, in fig. 2, connect the transmitter “start®
lead to minus. When any one of these contacts opens;
the “start” lead is connected to positive through
resistor, R2. This positive potential will key{the
transmitter on (or shift the frequency, when a“fre-
quency shift channel is utilized), to block remete
breaker tripping, provided that the “stop? lead,is mot
tied to minus, through contact CSP or GSGW,.CSP &
CSG coils are energized by ZP & Dy contacts, re-
spectively, so that any time a fault is‘detected in the
trip direction the “stop” lead isftied t0 minus to
prevent transmission of a blocking\signal. Thus, the
stop lead has precedence overgthe start lead. If, for
example, the channel is beingfused for voice com-
munication at the instantfof “amngfinternal fault, the
stop circuit will interrupt transmission to permit
tripping, provided that either ZP or D0 operates.

A blocking signal is required from breaker B,
fig. 1, during an external fault because the phase or
ground tripping units would otherwise trip at breaker
A. At breaker B either the I, or the ZS contact
opens to putypositive voltage on the start lead; since
neither¢thewCSP nor the CSG contacts close at B
the stopWlead is not energized, and, therefore, a
blocking Signal is transmitted.

Receiver Relay Comparison Circuits

Receiver relay, RR, has an RRH holding coil and
an RRT tripping coil as shown in Fig. 2. RRH,is
energized by the receiver output when a blocking
signal is transmitted; RRT coil is energized when-
ever the local tripping relay contacts close in an
attempt to trip the breaker. RRH coid*current holds
the RRP and RRG contacts open;, RRT coil current
closes the RRP and RRG contacts imythé®absence of
RRH coil current. This is tHeJkey “point, which
produces the comparison function — the force pro-
duced by RRH current is strongerathan the opposing
force produced by RRT cutrent, so that the RRP and
RRG contacts will be .eloseduby RRT current only
when no blocking signal is received.

In Fig. 1, ZP or Do + I0 contacts close at breaker
A whether the, fault is' internal, or external to the
right of breaker“B; 1n either case, CSP or CSG is
energizedmand RRT, in turn, is energized. For the
external fault only, the transmitter at B sends a
blocking signaly which produces a receiver output at
A, which energizes the RRH coil to prevent RRP and
RRG_contacts from closing; thus, tripping is pre-
veéntedy, Conversely, for an internal fault, tripping
units operate at both stations to energize CSP or
CSG contacts to prevent transmission of a blocking
signal; another set of CSP/CSG contacts energize t he
RRT coil. Since neither station receives a blocking
signal, both RRH coils are deenergized; both RR
relays operate to close their RRP and RRG contacts
to permit either ZP or D, + I, contacts to energize
the trip coil.

A reactor is shown in series with the RRT coil
in fig. 2. This reactor is used only with audio tone
or frequency shift carrier channels, where the channel
delay time is abnormally large. This reactor delays
RRT coil current buildup long enough to compensate
for the RRH coil current buildup time occasioned by
the channel delay. Otherwise undesired tripping
might occur before a blocking signal can be received.

Operation will now be summarized.

External Phase Fault Operation

Refer to Table I, which tabulates external phase
fault functioning at the top. The external fault is to
the right of breaker B as shown in the upper left of
Table I.

At breaker B, Z'S contact opens and the ZP con-
tact remains open, so that CSP is not energized; the
start lead is at positive and the stop lead is open,

T,
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Table I. Summary of Operation.
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- __ Isma - RCVR, 7 @
EXTERNAL PHASE FAULT
BKR I3 STAYS ENE:&ZES csp csp RRH RRER:EtD
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so the transmitter sends a blocking signal. Tripping
does not occur because ZP is open.

At breaker A, ZP contact closes, energizing CSP.

CSP contact energizes RRT; however, RRP contact
is held open by RRH current.

Internal Phase Fault Operation

Operation is the same at both stations. Refer to
Table I. Z3 does not operate, since it is set to look
into the external system. ZP contact closes, ener-
gizing CSP. CSP contact closes to apply negative to
the stop lead, preventing blocking signaltransmission.
Another CSP contact energizes RRT, since there is
no signal to produce RRH coil current, RRT coil

External Ground Fault Operation

Refer to Table I. Since the ground overcurrent
units Ing: are not directional, they operate at both A&B
to open their contacts. At breaker A, Ios operation is
ineffective, since the stop lead is energized by CSG.
However, at breaker B, CSG and the stop lead are
not energized, so that the opening of the Ios contact
results in transmission of a blocking signal from B.
Tripping at breaker B does not occur because D, re-
remains open. .

At breaker A RRT coil is energized when D0
closes to operate CSG; however, tripping is prevented
by RRH coil current, which holds RRG open.

Internal Ground Fault Operation

Refer to Table I. Operation is the same at Both
stations. Dg closes, energizing CSG. 4 CSG_con-
tacts stop blocking signal transmissionh and ener-
gize the RRT coil. Since no blogking signal is
received. RRH 1is not energized;” therefore, RRG
closes, and the breaker trip coil i§ energized through
85 CO contact 3-4, D, I,, RRG and 522 contacts.

Out-of-Step Operation

KS relay distance snit, Zos is set to include the
ZP-3¢ unit R-X diagram gircledas shown in Figure 3.
A minimum separationf of gwo secondary ohms is
recommended between“the Zos and ZP-3¢ unit cir-
cles. This separation provides the means for dis-
tinguishing between 3-phase faults and out-of-step
conditions. ,When a"fault occurs on the protected
line, the impedance seen by the relays changes sud-
denly from, the\prefault value, Z1,0ad> to the fault
value, ¢represented by the line O-F in Fig. 3. When

a swing or out-of-step condition occurs the imped-
ance seen by zos & ZP changes gradually, asfthe
voltage decreases and the current increases, In
Fig. 3 the swing describes an arc which interseets
the Zos circle at point Q and ZP-3¢ circle, at point
P.

During an out-of-step condition the Z,s contact
in figure 2 opens before ZP-3¢%ontaét closes. OS
unit is energized, and after 4 cyecles, an OS con-
tact opens the ZP-3¢ trip-cir€uity, All this occurs
before the swing reaches point, P, in Fig. 3.

During a fault, the ZP-3¢ €ontact closes almost
at the same instant that the Zos contact opens in
Fig. 2. ZP-3¢ contact ‘Short-circuits the OS coil
to prevent OS from operating. Thus a fault condition
results in a nearly simultaneous operation of ZOS and
ZP-3¢; while an /out-of-step condition produces a
discrete difference “in the operating time of these
two distance units.

Inysomefeases it is preferable to block breaker
reclosing ‘rather than blocking tripping, when an out-
of-step, condition occurs. A make contact of OS shown
in"Figure»2, is available for this purpose. Otherwise,
this OS” contact may be used for alarm purposes, as
shown by the dotted connection in Figure 2.

RELAY SETTINGS

It is essential that the local start units, which
initiate blocking signal transmission, operate for
any external fault for which the remote tripping units
also operate; otherwise undesired tripping of the
remote breaker will occur.

Phase

In Fig. 1, breaker A-ZS is set to reach further
than the breaker B-ZP units by the distance, M-N.
It is recommended that this distance be at least half
of N-P, as shown in Fig. 1. Unless ZS is used for
tripping as well as for starting a blocking signal, and
unless an undesirably large tripping area would other-
wise result, it is recommended that the ZS setting
be made at least as large as the remote ZP setting.

Ground

Set the remote I0 unit for a pickup at least 25%
higher than the local Ing pickup to insure operation
of the Ios for any fault which will also result in
I0 operation.

WESTINGHOUSE ELECTRIC CORPORATION

RELAY DEPARTMENT

NEWARK, N. J.

Printed in U. S. A.
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INSTALLATION

Westinghouse I.L. 41-911C
OPERATION e MAINTENANCE

INSTRUCTIONS

K-DAR DIRECTIONAL COMPARISON
BLOCKING SYSTEMS

INTRODUCTION

This leaflet describes the overall functioning
of K-Dar relays when used in conjunction with a
blocking channel (power line carrier, microwave or
pilot wire). Detailed description of operation,
as well as setting and maintenance recommendations
for individual relays of the K-Dar directional com-
parison blocking system are covered in the individual
relay instruction leaflets; the description here is
intended to supplement these relay instructions.

APPLICATION

Directional comparison blocking is employed to
eliminate delayed clearing of end-zone linegfaults;
thus, high speed, simultaneous clearing of all dine
faults is accomplished. Protective relays energized
with current and potential from the proteéted “line
are unable to trip both selectively and at*high ‘speed
for line faults near the remote station. By transmitting
a signal from the remote station when thesfault is
external to the protected line,the{local relays are
blocked from tripping. Without, “this" additional
means of intelligence, local relay tripping must be
delayed for internal faults“néar ‘the remote station,
to insure against undesired, tripping when the fault
is on an adjacent circuit near the remote station.

This system cangbeputilized with minor differ-
ences with either on-off or frequency shift type of
operation overypilet, wiré*tones, microwave or power
line carrier/channels'®) Blocking of tripping is ef-
fected by either keyifig on or shifting the transmitter
frequency.

These instructions contemplate the use of
separate priffary and back-up relays, in line with
localWback-up philosophies. Fig. 4 shows the details
of (thisvarrangement. This contrasts to the previous
3=zone system where the zone 2 phase-distance units
provided carrier tripping as well as back-up. Never-

SUPERSEDES I.L. 41-911B

*Denotes change from superseded issue.

theless, the underlying/principles described here
apply whether or noty,the back-up protection is inde-
pendent or common with the primary protection. Of
course, the relayingycomplement will vary.

EQUIPMENT COMPLEMENT

K-Dap is the designation for a group of relays,
which ‘are itemized below:

Directional’Fault Detecting Relays

1 — Type KD4 Directional phase tripping unit,
consisting of:

1 — Phase-to-phase unit (ZP-$¢), which
operates for all three combinations of
phase-to-phase faults anywhere on the
protected line.

1 — Three-phase unit (ZP-3 ®),which operates
for 3 phase faults anywhere on the pro-
tected line.

1 — Indicating contactor switch (ICS).

1 — Type KD41 Directional Phase Start unit,
consisting of:

1 — Phase-to-phase unit (ZS®®), set to
reach in the reversed direction to that

of ZP-P¢,

1 — Three phase unit (ZS-3¢), set to reach
in thereversed direction to that of ZP-3¢.

1 — Indicating contactor switch (ICS).

1 — Type KRD (or KRC, or KRP, or KRQ) Di-
rectional ground tripping unit, consisting of:
1 — Directional unit, current polarized (Doc)
1 — Directional unit, voltage polarized (Dop)

1 — Instantaneous overcurrent unit (Io)

1 — Indicating contactor switch (ICS)

EFFECTIVE NOVEMBER 1968
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X MTR  (WHEN 205 DISTANCE UNIT OF KS RELAY
BLOCKING USED) IP-p9  PHASE-TO-PHASE UNIT OF KD-9 RELAY
5'55%‘,,'- ZP-3p 3 PHASE UNIT OF KD-4 RELAY
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- X
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*¥Fig. 2. Directional Comparison Blocking — Trip & Control Circuits.
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Auxiliary Relay & Accessories

1 — Type KA4 Carrier auxiliary relay, consisting
of:

1 — Receiver relay unit (RR), with a holding
coil, RRH, a tripping coil, RRT, and two
contacts, RRG & RRP

1 — Phase auxiliary unit (CSP)
1 — Ground auxiliary unit (CSG)

1 — Instantaneous ground overcurrent start
unit (Ipg)

1 — Operation indicator (OI)
1 — Alarm unit (AL)
1 — Type W On-off Switch (85CO)
1 — Test pushbutton (PB)
1 — Milliammeter (MA)

Out-of-Step Blacking (Optional)

1 — KS Out-of-Step blocking relay (ZOS), used to
block phase tripping or to block breaker re-
closing, with auxiliary unit (OS)

2 — KD4 Phase distance relays (Zonesl, &2)
1 — TD4 Timing relay consisting of:
1 — Timing unit (T), with contacts, T2 & T3

1 — Auxiliary unit (TX), ‘with®two operating
coils, TXZ2 & TXZ3

1 — Indicating contactor,switch (ICS)

OPERATION

When anfextemal fault occurs, as shown in fig.
1, the transmitter at breaker B is keyed by the “start”
relays to block ‘tripping at breaker A. Breaker B is
not tripped because the fault power flow is not in the
proper direction to close the D,, ZP-¢¢ or ZP-3¢
contaets.

When\an internal fault occurs, a blocking signal
isstransmitted from neither A nor B in fig. 1; in the
absence of blocking the tripping units at each sta-
tion (ZP-¢¢ or ZP-3¢ for phase faults, Dy & I for

ground faults) are permitted to trip. Succeeding
paragraphs will explain how this is performed:.

Phase Fault Tripping

Distance units, ZP (ZP-¢¢ & ZP-3¢%), operate
only when fault power flows into the protected line,
as shown in fig. 1. They are set to reach beyond
the end of the line (overreaching setting), so that
faults anywhere on the protected line will be detected
& cleared at high speed. “These units such as at
breaker A, fig. 1 also /operate for faults on the adja-
cent system; therefore,(the ZP contacts must be
supervised by a contaet, which does not close during
external faults. This supervising contact is RRP in
fig. 2. For internal faults the RRP contact closes to
permit one of‘the ZP"contacts to energize the breaker
trip coil, 452, TC» The trip path is from positive,
through ICS{coil, ZP-¢¢p or ZP-3¢ & OS contacts,
85-CQ “contaet” 1-2, OI coil, RRP contact, 52a con-
tact, totheytrip coil.

Fig. 2 also shows an optional time delay backup
path, through T3 contact which bypasses the RRP
contact circuit. T3 contact & TX-Z3 coil are from
the TD4 timing relay, which is associated with an
independent 2-zone-distance backup circuit (not
shown). Operation of ZP energizes TX-Z3 coil,
whiclr starts the timer. If the fault, either internal
or external, is not cleared by other means, the breaker
will be tripped after time delay, T3, if the fault is
within the reach of ZP.

Ground Fault Tripping

Ground directional unit, Dg (Doc & Dop when
KRD4 dual polarized relay is used), closes only for
ground faults in one direction, as is the case for the
phase tripping units, ZP. The instantaneous unit,
Io, is set to pickup for a zero sequence current well
below the solid ground fault level, to insure high
speed tripping even with substantial fault resistance.
As with ZP, this overreaching setting results in
relay operation for external faults in the “trip direc-
tion.” To prevent breaker tripping for external
faults, the ground trip path must likewise be super-
vised. RRG is the ground fault supervising contact,
which remains open during external faults, but closes
during internal faults to permit the ground tripping
relay, KRC, KRD, or KRP, to clear the fault.

Tripping from positive is through 85-CO contact
3-4, ICS coil, contacts D, I,, RRG, 52a, to the trip
coil. A backup ground relay is not shown in fig. 2.
It is recommended that this relay trip circuit be on a
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Fig. 3. Out-of-Step Blocking Operations.

separately fused supply, along with the phase back-
up relays.

Transmitter Control

Break contacts, ZS (ZS-¢¢ & ZS-39) & I, 85
CO contact 7-8, and the test pushbutton break cons
tact, PB, in fig. 2, connect the transmitter “start®
lead to minus. When any one of these contacts opéns,
the “start” lead is connected to positive through
resistor, R2. This positive potential will key the
transmitter on (or shift the frequency, when & fre-
quency shift channel is utilized), to block remote
breaker tripping, provided that the “stop~” lead is/not
tied to minus, through contact CSP or €SG:, CSP &
CSG coils are energized by ZP & DJ contacts, re-
spectively, so that any time a fault isydeteeted in the
trip direction the “stop” lead is™tied W0 minus to
prevent transmission of a blocking signal. Thus, the
stop lead has precedence ovepsthe “start lead. If, for
example, the channel is beingfused for voice com-
munication at the instanty ofiandinternal fault, the
stop circuit will interrupt “transmission to permit
tripping, provided that eitherZP or D, operates.

A blocking signal is required from breaker B,
fig. 1, during an external fault because the phase or
ground tripping units“would otherwise trip at breaker
A. At breaker B either the I g or the ZS contact
opens to put pesitive voltage on the start lead; since
neithery the, €SP nor the CSG contacts close at B
the ,stop) lead is not energized, and, therefore, a
blocking®signal is transmitted.

Receiver Relay Comparison Circuits

Receiver relay, RR, has an RRH holding coil and.
an RRT tripping coil as shown in Fig. 2. RRH is
energized by the receiver output when a blocking
signal is transmitted; RRT coil is energized when-
ever the local tripping relay contacts close“in an
attempt to trip the breaker. RRH coil”current holds
the RRP and RRG contacts open; RRT coil current
closes the RRP and RRG contacts“in thé" absence of
RRH coil current. This is ghehkey» point, which
produces the comparison funetion —'the force pro-
duced by RRH current is strongersthan the opposing
force produced by RRT current,| so that the RRP and
RRG contacts will begelosed¢by RRT current only
when no blocking signal is‘received.

In Fig. 1, ZP/or D0 + I0 contacts close at breaker
A whether the fault is internal, or external to the
right of breakerpB,“in either case, CSP or CSG is
energizedy,and ‘RRT, in turn, is energized. For the
external “fault®enly, the transmitter at B sends a
blocking,signal, which produces a receiver output at
A, which enefgizes the RRH coil to prevent RRP and
RRG coentacts from closing; thus, tripping is pre-
vented.. Conversely, for an internal fault, tripping
units /operate at both stations to energize CSP or
CSGcontacts to prevent transmission of a blocking
signal; another set of CSP/CSG contacts energize t he
RRT coil. Since neither station receives a blocking
signal, both RRH coils are deenergized; both RR
relays operate to close their RRP and RRG contacts
to permit either ZP or D0 + I0 contacts to energize
the trip coil.

A reactor is shown in series with the RRT coil
in fig. 2. This reactor is used only with audio tone
or frequency shift carrier channels, where the channel
delay time is abnormally large. This reactor delays
RRT coil current buildup long enough to compensate
for the RRH coil current buildup time occasioned by
the channel delay. Otherwise undesired tripping
might occur before a blocking signal can be received.

Operation will now be summarized.

E xternal Phase Fault Operation

Refer to Table I, which tabulates external phase
fault functioning at the top. The external fault is to
the right of breaker B as shown in the upper left of
Table I.

At breaker B, Z'S contact opens and the ZP con-
tact remains open, so that CSP is not energized; the
start lead is at positive and the stop lead is open,

Sy
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Table I. Summary of Operation.
x'MTR, START CsPBCSG COILS X'MTR. S TOP RRT COIL RRH COIL TRIP CIRCUIT
BKR.  BKA. + + I——'I' —®,70 + t2 LT
v e TO ZP Oc X MTR. @ ) z¢ :E:O
' ‘u ! ’ [ TRRP  TRR(
INT EXT XMTR, ! ] *—
T @ @ 1sp feso Flese 2,
z3 — —d £ ROM
- __ Ima - h—i RCVR, g
EXTERNAL PHASE _FARLT
2 RRP &
13 STAYS P csp csp RRH RRG HELD
o CLOSED ENEE%LZES CLOSES CLOSES ENERGI ZED OPEN BY
RRH CURRENT
RRP & RRG
CSP & csp & RRH HELD OPEN
BKR..8 i3 Zp STAYS CSG CSG DE- BY MAGNETIC
" OPENS OPEN STAY STAY. ENERG I ZED BIAS
OPEN OPEN (NOTE 1) (NOTE 1)
INTERNAL PHASE FAULT
bi
23 STAYS o CsP CsP RRH TRIP THROUGH
BKR. ENERGI2ES DE-
. IP & RRP
CLOSED Cep CLOSES €LOSES ENERGIZED
23 STAYS Lo gsp csp o TRIP
BKR. 3 ENERGI ZES OE- THROUGH
CLOSED Ccsp CLOSES CLOSES ENERG! 2ED P & RRP
EXTERNAL GROUND FAULT
» RRP & RRG
Ios CSG CSG RRH HELD OPEN
BKR. OPENS ENERUIES CLOSES CLOSES ENERG 1 ZED BY RRH
csp CURRENT
0 CSP & CSP & RRP & RRG
BKR Tos o CSG CSG RRH HELD OPEN
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TRIP
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TRIP
« Tos Do CsG Cse ggf THROUGH
aR. OPENS ENERGIZES CLOSES CLOSES ENERGI ZED Do, Io, &
(NOTE 2) CSG RRG
NOTE ) RRH COIL IS ENERGIZED BY ITS OWN TRANSMITTER WHEN CHANNEL USES SINGLE FREQUENCY OPERATION.
THIS FEATURE 1S NOT ESSENTIAL TO PROPER OPERATION
NOIE 2 Tog OPERATION 1S INEFFECTIVE SINCE CSG CONTACT CLOSES TO STOP BLOCKING SIGNAL. h070h02
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so the transmitter sends a blocking signal. Tripping
does not occur because ZP is open.

At breaker A, ZP contact closes, energizing CSP.

CSP contact energizes RRT; however, RRP contact
is held open by RRH current.

Internal Phase Fault Operation

Operation is the same at both stations. Refer to
Table I. Z3 does not operate, since it is set to look
into the external system. ZP contact closes, ener-
gizing CSP. CSP contact closes to apply negative to
the stop lead, preventing blocking signal transmission.
Another CSP contact energizes RRT; since there is
no signal to produce RRH coil current, RRT coil

E xternal Ground Fault Operation

Refer to Table I. Since the ground overcurrent
units Ing are not directional, they operate at both A&B
to open their contacts. At breaker A, IOS operation is
ineffective, since the stop lead is energized by CSG.
However, at breaker B, CSG and the stop lead are
not energized, so that the opening of the Ios contact
results in transmission of a blocking signal from B.
Tripping at breaker B does not occur because Do re-
remains open.

At breaker A RRT coil is energized when Dy
closes to operate CSG; however, tripping is prevented
by RRH coil current, which holds RRG open.

Internal Ground Fault Operation

Refer to Table I. Operation is the same at{both
stations. D, closes, energizing CSG.q. CSGg4con-
tacts stop blocking signal transmission ‘@nd ener-
gize the RRT coil. Since no bloeking signal is
received. RRH is not energized} “therefore, RRG
closes, and the breaker trip coil 4s energized through

85 CO contact 3-¢, Dy, Io, RRG and 52a contacts.

Out-of-Step Operation

KS relay distancegunit, Z0 g is set to include the
ZP-3¢ unit R-X diagramgeircléyas shown in Figure 3.
A minimum separation of s4fwo secondary ohms is
recommended between“the Zos and ZP-3¢ unit cir-
cles. This separation provides the means for dis-
tinguishing between 3-phase faults and out-of-step
conditions. , When a fault occurs on the protected
line, the impedance seen by the relays changes sud-
denly from “‘the) prefault value, ZLoad' to the fault
valuey répresented by the line O-F in Fig. 3. When

a swing or out-of-step condition occurs the imped-
ance seen by ZOs & ZP changes gradually, as®the
voltage decreases and the current increases. In
Fig. 3 the swing describes an arc which interseets
the Z4 circle at point Q and ZP-3¢ circle, at point
P.

During an out-of-step conditiongthe ZOS contact
in figure 2 opens before ZP-3@ycontdct closes. OS
unit is energized, and after 4 cyeles, an OS con-
tact opens the ZP-3¢ trip-circuity, All this occurs
before the swing reaches point, P, in Fig. 3.

During a fault, the ZP-3¢ eontact closes almost
at the same instant that ‘the ZOS contact opens in
Fig. 2. ZP-3¢ contactWshort-circuits the OS coil
to prevent OS from operating. Thus a fault condition
results in a nearly simultaneous operation of ZOS and
ZP-3¢; while an/ out-of-step condition produces a
discrete difference”'in the operating time of these
two distance units.

Imy@omeycases it is preferable to block breaker
reclesingyrather than blocking tripping, when an out-
of-step. condition occurs. A make contact of OS shown
in Figure 2, is available for this purpose. Otherwise,
this OS contact may be used for alarm purposes, as
shown by the dotted connection in Figure 2.

RELAY SETTINGS

It is essential that the local start units, which
initiate blocking signal transmission, operate for
any external fault for which the remote tripping units
also operate; otherwise undesired tripping of the
remote breaker will occur.

Phase

In Fig. 1, breaker A-ZS is set to reach further
than the breaker B-ZP units by the distance, M-N.
It is recommended that this distance be at least half
of N-P, as shown in Fig. 1. Unless ZS is used for
tripping as well as for starting a blocking signal, and
unless an undesirably large tripping area would other-
wise result, it is recommended that the ZS setting
be made at least as large as the remote ZP setting.

Ground

Set the remote Io unit for a pickup at least 25%
higher than the local IOs pickup to insure operation
of the Ios for any fault which will also result in
I0 operation.

WESTINGHOUSE ELECTRIC CORPORATION

RELAY-INSTRUMENT DIVISION

NEWARK, N. J.

Printedin U.S.A.

Wi





