Westinghouse I. L. 40-204
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIO NG

SOLID STATE
DIRECTIONAL COMPARISON UNBLOCK RELAY SYSTEM
(TYPE A2B1A, A2BIC, A2B2A, A2B2B)

INTRODUCTION

This instruction leaflet describes the solidWstate
directional comparison unblocking relay system.®, The unblocking
system is a permissive overreaching system which does not require
a trip signal to be received to clear a faulty, The communications
needed for this system is provided by freqéency’shift power line
carrier. Detailed descriptions for indiéyvidyal relays of the
system are presented in their respective,imstruction leaflets,

CAUTION: Before placing equipment im Service:

1. Secure the cabinets or panels to the floor before
working with the systemyfto, prevent tipping of the
cabinet or panel.

2. Be sure all printedhe@ircuit cards and multi-pin
connectors are well, seated in their receptacles.

3. Adjust equipment @and perform tests outlined under
"Installationg™

4., It is recommended that before proceeding to adjust the
system éme becomes familiar with the information in
this instruction book and the information in the
individualf relay instruction books.

APPLICATION

Basic System:

HighWspeed relaying is required for modern transmission lines
in order to improve transient stability, permit instantaneous
reclosing, and minimize conductor damage. By extending the basic
primciple of differential protection to line relaying, pilot relay
syistems provide high speed clearing for all internal faults and
reStraint for all external faults. The pilot channel provides the
ecommunication link which enables comparison of current or power
flow at all line terminals.
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The unblock system is a directional comparison system using
wide band (1.5 kHz) frequency shift power line carrier. This
system is an overreaching permissive scheme which is applicable
to long or short lines. The greater channel capability of
frequency shift carrier makes the unblock system attractive for
long lines where carrier attenuation and noise may be high. The
transmission of a constant blocking signal enables the system to
detect a carrier channel failure at the time it occurs,( and
block any relay system operation.

The distant relays need not have overcurrent superwvision to
prevent false tripping during loss of potential simceythey are
supervised by the carrier channel. However, if dinewside
potential sources are used with this system, itmis%wfecommended
that when the breaker is tripped from any souxce other than the
pilot system reclosing be blocked. This isgteo prevent false
reclose initiation when the line is deenergized-

The relay system has also been designed®to provide for field
conversion of the system to a three te¥minal line application.

System Options

There are several options _whic¢h)may be added to the basic
pilot relay system:

1. A common timer may“be“added to use the phase and ground
pilot trip relaysgforyzone two time delay trip. This
will provide backup for the carrier channel.

2. A second set of distance relays may be added to provide
a first zone of protection.

3. When zone“one %or zone two have been added to the system,
overcuryYent, relays should be added to supervise zone one
and zone\two time trip. Also available in the same
overcurrent relay are high set overcurrent units for
high speed direct trip on close-in faults.

4.4 Agchoice of distance or directional overcurrent relays
is available for ground fault protection.

5. For out-of-step relaying options the SKSU will provide

out-of-step blocking with delayed zone 1 trip on out-
of-step, and the SDBU-2, 0S-2 scheme provides out-of-step
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I. L. 40-204

blocking, controlled angle out-of-step tripping, and
out-of-step blocking of reclosing. These options are
explained in detail in I.L. 40-211.

6. Narrow band (220 Hz) TCF may be used providing the STU
relay transient block time is calibrated for 25 ms.

EQUIPMENT COMPLEMENT

The layout of components for the basic unblockWsystem is
shown in Figure 10.

The components for the basic system listedyfrom the top are
as follows:

Carrier Equipment

Type TCF 1 watt/10 watt transmittek.
Type TCF Receiver

Carrier Auxiliary Relay

Device 85 - Type STU Relay

Trip Output & Indication Relay

Device 95 - Type SRU Relay

System Test Facilities

Type FTU - FunCtilenal Test Panel

Fault Detecting Relays

Device 21R “=wType SKDU Relay

Deviceya2INP - Type SDGU-2 Relay or
Device 67N - Type SRGU Relay

Cabinet onPanel

Type SU Swing Rack Cabinet or

Type VU Panel
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The items listed below are options which may be added to
the basic unblock system. See Figure 1l. M

Fault Detecting Relays

Device 21-1 Type SKDU
Device 21N-1 - Type SDGU-2

Device 2 - Zone two timer mounted in the SRU.m Used with
21NP and 21P.

Device 50 - Type SIU Relay - The SIU mustybeadded to the
system when zone one or two options aremapplied. The
overcurrent units needed are Ip, Ic, & Ip.

Device 50 - Type SIU Relay - High setf{overcurrent units
Igu> Icn» & Ion-

Device 68 - Type SKSU or
Device 21B - Type SDBU-1 or

Device 21B1/21BO Type SDBU-2 for out-of-step relaying. o
If the unblock systemyis to be applied to a three terminal

line, a printed circuit card®must be added to the STU relay and

a second TCF receiver must be added to the system. Depending

on options supplied, the jadded equipment for three terminal lines

may require a second gabinét.

The type SRU pebhay contains the tripping thyristors to trip
two breakers, reclose initiate logic with two contacts for the
output, reclose block logic with two contacts for the output,
breaker failuré initiate output with either two contacts or two
transistor outputs, 0S-2 Out-of-Step relaying logic when used,
zone two timer when used, all system indication, and all system
alarms.

A choige of either a 90" swing rack cabinet or a 90" panel
is offeredd The 90" swing rack cabinet is a type SU with a total
mounting Space of 46 rack units. One rack unit equals 1 and 3/4
inches. Refer to Figure 12 for the cabinet outline. The 90"
panel (VU) has a total mounting space of 49 rack units, and
Figure 13 shows its outline dimensions.
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OPERATION

The unblock relay system is an overreaching permissive type
relaying system, and Figure 1 shows a simplified block diagram.
An output from either the phase distance or ground relay (distance
or directional overcurrent) will cause an output from OR 1. This
in turn keys the local transmitter to the unblock frequency “and
goes to one input of AND 1. If the relay system at th€ _remote
terminal has sent an unblock signal or a low signalycondition
has occurred at the time of the fault there will be, a%second
input to AND 1. Since both the local relays havefopéxated and a
trip signal has been received AND 1 will start the 4/0 timer. 1If
this condition persists for 4 milliseconds , a,pilet trip signal
will appear at the output of AND 2, providing,thegtransient
blocking circuit has not operated. Once a pilo%, trip output is
obtained, AND ? is sealed in through OR 2., That is, the pilot
trip may not reset until the fault detectingjrelays, 21P or 21NP,
have reset.

At this point it may be well toWcomsider the output logic of
the TCF receiver. Refer to Figure 2. “The '"l1'" and "O" marks at
the inputs of each logic block shew thé normal logic state when
a block frequency is being receiwed®, There are two methods of
satisfying the logic to obtain @ jtrip output at AND-3.

1. Loss of Block; ReGeiye Unblock; No noise (Normal
internal fault ceamdition).

The loss of the bleecking signal will cause the negated
input of AND @ toswitch to a logic C. This will cause

a trip output at)AND 3 since its other input satisfied
with a 1 condition indicating a good channel. The
reception®of the unblock signal causes the input conditions
of AND 14to"“be satisfied if noise has not been detected,
thus cdatising a 1 at the input of OR 2. This will maintain
the 0/150) timer energized, and the low signal will not
chanfge .to a O state. The trip output at AND 3 will be
presént until the unblock signal is removed and the
blecking signal received.

2. % Losés of Blocking; No Unblock Received

The loss of the blocking signal has the same effect as
it did in condition one. In this case, tlie unblock

signal is not received. Therefore AND 1 will not have
an output since its input conditions are not satisfied
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thus causing the output state of OR 2 to be O. The 0/150 timer
will begin to time out, and after 150 msec. the timer output
state changes to a O. This will cause a low signal alarm, and
will remove the trip condition at the output of AND 3. The
unblock TCF logic allows trip for only 150 ms after a low

signal condition has occurred. At this time the channel is
locked out. The output of the 0/150 timer is fed back to AND®1l.
Thus when lockout occurs a subsequent unblock signal casfot pick
up the loss-of-channel and trip outputs. The low signalf output
may only be changed to its normal 1 state after a blocking signal
has been received for 120 msec. The noise identififcation circuit
consists of OR 1 and block A. With low signal and high noise at
the input of the TCF receiver the output of the  diseriminator will
be erratic. The output will oscillate in a randomgmanner between
block, neither output, and unblock. When neitheroutput of the
discriminator is present the output of OR 1 _will be in a 1 state.
This picks up the timer in block A. The odtputy of block A changes
to a 1 state and removes the required O"Stategat the input of
AND 1. This will then cause the output of AND 1 to remain at O
even if. the discriminator output is inmythe)junblock state for a
short time due to noise. If the noiSe circuit were not present
the spikes of unblock output due tqflnoise would not allow the
0/150 timer to drop out, thus never @ausing a loss-of-channel
alarm.

There are several logie cicuits in the type STU relay which
function during special syStemiconditions. This logic will be
described by dividing it intoWsmall logical functions. The logic
diagrams in Figures 3, 4,(64% and 8 are for illustration only,
and may not correspond to the detailed logic of the system.

Loss of Potential

This logic isiishown in Figure 3. 1Its purpose is to protect
against a false p¥Fip @ccurring when an ac potential fuse blows.
The AND gate canfonly provide an output if the distance relays
operate and no”@arrier trip request is received. 1If the above
condition exists for 500 milliseconds it is defined as a loss
of ac poténtial and tripping is blocked and the alarm relay is
picked up in the SRU relay.

52b Unblock®Trip Control

This” circuit's function is to provide a second high speed
tripWif a permanent fault causes a loss-of-channel and the
breaker recloses on the fault. Refer to the logic in Figure 4.
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If a permanent fault occurs which causes a loss-of-channel, the
loss-of-channel input to the AND gate will be energized. When
the breaker trips, the 5?b input will be energized through the
0/150 timer. However, no output will appear since the negated
input to the AND is energized by 5?b. When the breaker closes,
the 52b contact will open and the input requirements of the AND
will be fulfilled for 150 milliseconds. Thus, if the channel is
lost the 52b will allow the pilot system a chance to g£rip, at
high speed when reclosing into a permanent fault.

Transient Blocking

Transient blocking is applied to the pilog, sy$tems to prevent
false tripping due to a power reversal in thempreétected line when
a parallel line is clearing or reclosing inte a “fault. Figure 5
shows a portion of the power system to illustrate the problem.
Assuming line A-B is the protected line amd a*fault F? occurs on
a parallel line, the initial fault powerhflew Ips will be into
the line at breaker B. With these genditions the 2?1 relay at
terminal B may operate and transmit aatrip signal to terminal A.

A trip will not occur since the reguirements to trip at A and B
are not satisfied. 1If breaker C oen the parallel line opens before
breaker D, there will be a powepmxeversal in the protected line
A-B. When this happens the 21 xelay at breaker A may operate.

If its operate time is 4 midliseconds (trip time in the STU) less
than the reset time of 7?1 ‘at B plus channel reset time a false
trip will occur at breakeryA.% A power reversal will also occur

if breakers C and D are peclosed at different times and the fault
on line C-D still exists.

Figure 6 shows the basic logic used for transient blocking.
All inputs to all Llegic blocks in Figure 6 are in the zero state
during normal conditions. If 21 operates or a trip is received
at OR 1, the 0/100Q timer is picked up. Since a pilot trip has
not occurred oxf the '18/0 unblock timer has not picked up, there
will be an output #£rom AND 3. The output of AND 3 will start the
18/9 block timer. If a pilot trip does not occur in 18 milli-
seconds, ‘txipping is locked out. Assuming an external fault did
occur bfeake®s C & D will clear the fault (see Figure 4), The
local €1 6r xeceived trip will now reset. However, the 0/1000
timer maint@ins the blocking of trip, so that a power reversal,
when breakers C & D reclose, does not cause a false trip.

If an internal fault occurs after transient blocking has
been initiated, the input to AND 2 (from the trip logic) is
energized. Since blocking had been set up, AND 2 will start the
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18/0 unblock timer. If this condition persists for 18 milli-
seconds the system will trip breakers A & B. Therefore, if an
internal fault occurs after an external fault, tripping is only
delayed by 18 ms.

The fast reset circuit on the 0/1000 timer is to keep
transient blocking from being initiated during the open cycle#®of
the protected line circuit breakers. This will insure ghat a
high speed trip can occur on reclosing into a permanentwfault.

The 18 ms transient block time will provide system
coordination for external faults with two cycle bxeakers applied
on adjacent line sections. The wide band TCF will pxovide the
channel speed needed in order to avoid transient block operation
during an internal fault. If two cycle breakers “are not used on
adjacent power circuits, the 18 ms transientableck time is not
needed. Therefore, an STU relay with the transient block time
increased to 25 ms may be used, and narrow bamd TCF may be
applied to conserve frequency spectrum.

52b and Channel Control of Transient)Bloeking

The unblock system allows the 52b contact of the circuit
breaker to key the transmitters toj/am unblock frequency. This is
to allow pilot relay trippingfwhenjoene end of the line is open.
The circuit shown in Figure <4/ blocks the operation of transient
blocking during 52b keying“so “that a high speed trip will be
obtained when a fault occugs.

The 52b input to the (AND gate blocks the channel trip from
starting transient blocking during the reclose cycle after
tripping for an interfital™fault. Therefore, a second high speed
trip will occur if the btreakers close into a permanent fault.
The 2500/0 timer imputhto the AND gate causes transient blocking
to be reset if th€ channel requests trip for 2.5 seconds. This
indicates that the remote breaker is open and transient blocking
need not be in/Service.

Checkbacké Logic

The¥unblock system has logic to check the channel in both
directions with personnel at one end only. The logic shown in
Figure 8 is controlled by the receiver at the remote terminal.
If the réceiver at the remote terminal detects a low signal Ffor
2.5 seconds and a check trip is then detected, the checkback
logic*will then key the remote transmitter to unblock for 2.5
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seconds. Figure 2 shows two trip outputs from the TCF receivers
The output used for relaying cannot occur if unblock is received
after a low signal condition; thus, the remote terminal rela¥ing
remains locked out during test. The check trip output from,the
TCF does not depend on 'block' return.

The checkback test is performed in conjunction with the
functional testing which will be described later.

It is is desired to follow through the detail ‘Ssystem logic,
Figure 9 may be used.

INSTALLATION

Acceptance Testing

It is desirable to acceptance test the*relay system
components to assure that no component ‘damage or calibration
change has occurred during shipmeng.

The acceptance test procedure,ofvthe individual relays
should be followed. These procedures®may be found in each relay
instruction leaflet. The testsmmayybe performed with the relays
in place by applying the ac_quantities to the Flexitest switches
provided on the system test paneld and the individual relay test
points. Currents in excess 6f the continuous rating of the
device should not be appMedyfor more than a few seconds.

An acceptance test/procedure for the relay system may be
performed by following® those procedures outlined under
Functional Testing.

Settings

The setting, 0f the unblock system requires adjusting the
fault detecting, relays for the proper pick up, adjusting the
carrier transmiitter and receiver levels, and tuning any carrier
coupling“equipment.

The fault detecting relays which must be set are 21P, 21NP
or 67N,3and 21-1, 21N-1, 50 when they are used. For the
procedure to follow refer to these relay instruction leaflets.



Pilot Relays

The 21P and 21NP relays should be set to overreach the
remote line terminal. The usual setting is 1507% of the line
impedance. If the pilot relays are used to operate a zone 2 timet
the 21P and 21NP must underreach any adjacent line zone 1 relay.

Zone 1 Relays

If zone 1 relays are applied as an option they must™be set
to underreach the remote bus. The SKDU phase relay/may be set to
reach 907 of the line impedance, and the SDGU-2 may be/set to
reach 857 of the line. However, the reach of the SBGU-2 should
be reduced to 757 where the PCA-5 or equivalent _peotential device
is used.

Overcurrent Fault Detectors for Zone b, & 2

IA and Ic in the SIU must be set below,the minimum phase
fault current but above maximum load current to supervise zone
1 and 2 trip. The Ip in the SIU mustfbeWset below the minimum
ground fault current but above the pgormad unbalance current flow.

High Set OvercurrentyRelays

The instantaneous over€urgent units Iy, Igy and Ipy must
be set high enough to avoidyoperating on faults beyond the next
terminal and for faults immed®ately ''behind" the protected line
terminal. Also they must /motybe allowed to operate on out-of-
step conditions.

Where the systemyfauwlt and out-of-step indicates the
fulfillment of thesejrequirements to be impractical, the option
should be elected to Imsert the phase units only for 50 milli-
seconds followinggbreaker closure. This is accomplished with
additional logic@in the SIU, device 50.

SDBU-2 Relay

Thé blindér units should be set so the inner blinder easily
accommodatés ghe 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 0S-2 logic time of 50 milliseconds.
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Out-of-Step Overcurrent Supervision

Ipo-0s 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.

If a zone 2 timer has been applied to the system, its $pick
up time will have to be adjusted. This can be done by*teferring
to the SRU instruction leaflet.

The TCF transmitter must have its output power ‘adjusted,
and the TCF receiver must have its sensitivity adjusted. The
receiver sensitivity cannot be adjusted until the ‘earrier has
been properly coupled to the power line and the “transmitter
adjusted. The adjustment procedures for the!TCF,transmitter
and receiver are in their respective instruct®en leaflets.

TCF Receiver Sensitivity
It is recommended that the receiver)sensitivity be set
15 db below the normal received signal.®% If a carrier level
indicator is supplied with the receive¥’, it should be adjusted

to alarm if the received signal falbs 10 db below normal.

The adjustment of thegcoupling equipment should be performed
by referring to the particélar manufacturer's instructions.

Routine Maintenance

The relay systemgfunctional test should be performed
periodically, at such({time intervals as may be dictated by
experience, to insuxe,that the relay system is operating
properly.

FUNCTIONAL TESTING

The directional comparison unblocking system is equipped
with a fufietignal test panel. The purpose of this panel is to
provide & simple procedure to check the complete relaying system
to insdredits proper operation, and provide a test that does not
require “any#special equipment.

Figure 9 shows two types of functional test panels. The
solid connections of figure 9 show a panel requiring any single
phase 60 Hz source. This panel will provide only a test simulating
afault in the forward direction. If the dotted connections of
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of figure 9 are used, the potential supply is the three phase

relay potential and the current source must be from Vo and V(.
However, this test panel is able to provide both a forward and
reverse fault simulation.

The procedure for preparing the system for functional test
is as follows:

1. Remove the cover from Flexitest switch TS2 amd open
all red handles.

2. Remove the cover from Flexitest switchgTS1l and open
black handles D, E, F, G, and H.

3. Place an insulating barrier in thelcuFxent test jaw
marked E on TS-1.

4, 1If a rotary switch TCO is suppliedsin place of TS2,
step one will be performed whem TCO is placed in the
test position.

5. If a rotary switch TCO i§ supplied, the functions of
steps 2 and 3 will be perfermed by the ''relay system
test'" switch.

When a single phase €ypel FTU has been supplied the
procedure for using the tést ‘panel is listed below.

Single Station Test

1. Prepare the(system for testing.

2. Place the channel simulate switch (CSS) in the block
position,

3. Placelthe relay system test (RST) switch in the test
position.

4 a) NIf a basic pilot system has been supplied, there
should be no indication on the SRU or test panel.

(b)Y 1If zone 1, zone 2 time, and high set have been
supplied, the light indication should be:

SRU: Zone 1, Zone 2 Time, High-set overcurrent
(depending on 50H setting), and breaker trip.
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FTU: Breaker trip, reclose initiate, and reclose
block if zone 2 time operates.

5. Return RST to normal, and then push the test reset
pushbutton on the SRU and FTU. All lights should
reset.

6. Repeat steps 2, 3, and 5 except with CSS infthe
unblock position.

7. The light indication should be:
SRU: Bkr. trip. pilot phase, and pidot ‘ground.
If supplied, Zone 1, Zone 2 pimey’and

inst. overcurrent.

FTU: Bkr. trip, reclose initiate, jand reclose block
if Zone 2 time operates.

8. Return RST and CSS to normal.
9. Reset all lights on the4SRU “and FTU.

10. If all lights remain off)the system may be returned
to normal.

Two Station Test

1. Prepare both lipeiterminals for functional test.

2. Place RST in test at one end only. A block signal will
be receivedyfrom the other terminal.

3. The ind¥eation at the terminal where RST is in test
will fbe the same as 4a and 4b under single station
test. % The other terminal should have no indication.

4. "Return RST to normal and reset all lights.

5. 4/ Repeat steps 1 through 4 except reverse the RST switch
position at those terminals.

6. If the above tests have been successful, place the RST
switch at both terminals in the test position.
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The indication at both terminals should be the same
as shown in step 6 of the single station test.

Return both RST switches to normal, and reset all
lights.

If all lights at both terminals remain off the systém
may be returned to normal.

When a three-phase type FTU is supplied, the proeedure
for using the test panel is listed below.

Single Station Test

1.

2.

Prepare the system for test.

Place the channel simulate switch (CSS) in the block
position.

Pull the RST switch to the “eut!)position and then
turn it to the reverse position.

No light indication should“appear.

Repeat step 3 withgthe GSS in the unblock position.
Again no light indication should appear.

Now place the CSS, switch in the block position.

Pull the RST switch to the "out' position and then
turn it to, the forward position.

8.(a) 1If a basic'pilot system has been supplied, there

9.

should, beyno indication on the SRU or FTU.

(b) 1If Zone 1, Zone 2 time, or high-set overcurrent

liasy been supplied, the light indication should be:

SRU: Zone 1, Zone 2 time, High-set overcurrent
(depending on 59H setting), and bki. trip.

FTU: Bkr. trip, reclose initiate, reclose block
if Zone 2 time operates.

Return the RST switch to the "Normal in' position, and
reset all lights.

-14-



L L. 40-204

10.

11.

12.

13.

14,

Place the CSS switch in the unblock position.

Pull the RST switch to the 'out" position andsthen
turn it to the forward position.

The following indication should appear.
SRU: Bkr. trip, pilot phase, pilot gpéund. If
supplied, Zone 1, Zone 2 timeY, and high-set

overcurrent.

FTU: Bkr. trip, reclose initiate, and reclose
block if zone 2 time operatess.

Return the RST switch and CSS switch to normal, and
reset all lights.

If all lights remain offy, the system may be returned
to normal.

Two Station Test

1.

2.

Prepare the systemafox test as described before.

Place the RST switeh at one line terminal in the
forward position, and place the RST switch at the
other line“terminal in the reverse position.

The indication at the terminal where RST is forward
should be the same as described in step 8a and 8b of
the singlestation test.

There shoeuld be no indication at the terminal where
RSTyis™in the reverse position.

Return both RST switches to normal, and reset all lights.

Repeat steps 2 through 5 except reverse the switch
positions at each terminal.

Place the RST switch at both line terminals in the
forward position.

The indication at both terminals should be the same
as step 12 of the single station test.
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9. Return both RST switches to normal.

10. Reset all lights.

11. If all lights remain off, return the system to normal.

If the system has been supplied with the SDBU-2 and 0S-2
out-of-step logic, the following procedure may be used té test
these circuits.

1. Prepare the system for testing.

2. Place the RST switch in test (single phaseYsystem)
or forward (three phase system).

3. Press the 0S-PB switch and hold.

4. The out-of-step trip light on the, SRU should light,
and the reclose block light on the™TU should light.

5. Release the 0S-PB pushbutton.
6. Return the RST switch tosaormal.

7. If the OS trip switch on the SRU is in the ON
position, the bkr.<4trip lights on the SRU and FTU will
now light.

8. Reset all lights{

9. 1If all lights xemain off, the system may be returned
to normal.

As an alternativeWhto the above two station tests, a complete
check of a terminal®”may be made by performing a single station
test and a carriex checkback test. The single station test will
test the local g#elays, and the checkback test will prove the
carrier can<4be ‘keyed to trip in both directions. The carrier
checkback g£esthprocedure is listed below.

1. "Prepare the system for testing.
2. Turn the channel test switch (CST) to the OFF position.

3. Leave CTS in the off position for at least 3 sec. This
will lockout the remote terminal.
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4, Turn the CTS switch to the test position. This will
cause a trip signal to be transmitted.

5. If the remote carrier is operating properly the
received trip will cause the remote transmitter to
be keyed for 2.5 sec.

6. The indication at the local terminal should'be:
SRU: Pilot phase, Pilot ground, and bkr. trips.
FTU: Bkr. trips and reclose initiates

7. Return the CTS to the normal position%

8. Reset all lights.

9. 1If all lights remain off, theysystem may be returned
to normal.

If the tests listed above are,performed and the system
responds as indicated it is operating¥properly. However, if
the system does not respond as dst Should, refer to the
trouble shooting section of this/ IwL.

TROUBEE SHOOTING

If there is an indication that the system is not working
properly, the following proeedure will help locate the trouble.

An output fromtany) relay is +20 VDC with respect to
negative when operated.

1. Check ‘the white light on the function test panel to
be sgre,DC is applied to the system.

2, Chegk, all SRU indication lamps by operating the lamp
resett on the SRU.

3.4 Check the 20 volt DC logic supply voltage of each
relay.

4, 1If all voltages are present place a scope or voltmeter
at the pilot trip output of the STU relay (TPl).
Operate the functional test to an internal fault
condition. If an output appears, the trouble is in the
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SRU relay logic. If there is no output from the STU
relay, proceed to step 5. P,

5. Place a voltmeter at the 21P input to the STU relay,
and perform an internal functional test. Do this
for 21NP or 67N when used, and the trip output of the
TCF receiver.

a) If all of the above three outputs are présent the
STU relay should be checked for trouble.

b) 1If one of the above fault detector inputs does not
operate, the relay involved should be checked.

c) If the TCF carrier does not give a trip output,
check to be sure a good channel s present. This
may be done by placing a voltmeterjpen the low
signal input of the STU relayy, Eor a good channel
the meter should read +20_VDC%

If a good channel indication“exists the TCF
receiver logic should bg cheéked.

If a good channel doeds mot exist, the RD input
voltage should befmeasuxed with a frequency
selective voltmeterfto be sure a signal of the
proper level isNh\beimg received from the remote
terminal.

If a signal gss being received the TCF receiver
is at fault\

When it is determined which relay is not operating
properly, refer to that ®elay's instruction leaflet for a trouble
shooting procedure #£6r “the relay.
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RECOMMENDED TEST EQUIPMENT
1. Oscilloscope O
2. Frequency Counter O
3. AC Vacuum Tube Voltmeter L 4

5. Carrier Frequency Signal Generator

4. TCT Test Meter Unit \%

6. Carrier Frequency Tuned Voltmeter

7. Plus the standard equipment in Sect®on 12 of the

"Applied Protective Relaying'" published
by Westinghouse Electric Cor ion.

&

N
903
&

L 4

S
o
&
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Fig. 7 52b & Channel Centrol of Transient Blocking.
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Fig. 8 Carrier Checkback Logic.
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Fig. 11 Unblock System Rack Arrangement with Options.
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Westinghouse I. L. 40-204
INSTALLATION e OPERATION o MAINTENANCE

INSTRUCTIO NG

SOLID STATE
DIRECTIONAL COMPARISON UNBLOCK RELAY SYSTEM
(TYPE A2B1A, A2BIC, A2B2A, A2B2B)

INTRODUCTION

This instruction leaflet describes the solid%state
directional comparison unblocking relay system.4,The*unblocking
system is a permissive overreaching system whi€h, dées not require
a trip signal to be received to clear a faulty, The communications

" needed for this system is provided by frequéncy%shift power line
carrier. Detailed descriptions for individuall 'relays of the
system are presented in their respective\Imstruction leaflets,

CAUTION: Before placing equipment in, Service:

1. Secure the cabinets or parflels to the floor before
working with the systemg£o, prevent tipping of the
cabinet or panel.

2. Be sure all printediecdrcuit cards and multi-pin
connectors are wellyse@ated in their receptacles.

3. Adjust equipment’ and”perform tests outlined under
"Installation 4"

4. It is recommended that before proceeding to adjust the
system ome becomes familiar with the information in
this instruction book and the information in the
individualqrelay instruction books.

APPLICATION

Basic SysStem

High“speed relaying is required for modern transmission lines
in order to improve transient stability, permit instantaneous
reclosing, and minimize conductor damage. By extending the basic
principle of differential protection to line relaying, pilot relay
systems provide high speed clearing for all internal faults and
restraint for all external faults. The pilot channel provides the
eommunication link which enables comparison of current or power
flow at all line terminals.

NEW INFORMATION EFFECTIVE DECEMBER 1968



The unblock system is a directional comparison system using
wide band (1.5 kHz) frequency shift power line carrier. This e
system is an overreaching permissive scheme which is applicableé
to long or short lines. The greater channel capability of
frequency shift carrier makes the unblock system attractive for
long lines where carrier attenuation and noise may be high. The
transmission of a constant blocking signal enables the system' to
detect a carrier channel failure at the time it occursy and
block any relay system operation.

The distant relays need not have overcurrent supekvision to
prevent false tripping during loss of potential sincegthey are
supervised by the carrier channel. However, ife4line) side
potential sources are used with this system, ity iSwrecommended
that when the breaker is tripped from any source ‘other than the
pilot system reclosing be blocked. This ismto prevent false
reclose initiation when the line is deenergized.

The relay system has also been desigmed to provide for field
conversion of the system to a three, teéxmInal line application.

System Options

There are several options which¥may be added to the basic
pilot relay system:

1. A common timer mayybejadded to use the phase and ground
pilot trip relaysmfor, zone two time delay trip. This
will provide backup for the carrier channel.

2. A second set 0f distance relays may be added to provide
a first zone“ef “protection.

3. When zone“gnevor zone two have been added to the system,
overcupfent ‘relays should be added to supervise zone one
and zone, two time trip. Also available in the same
overéurrent relay are high set overcurrent units for
high“§peed direct trip on close-in faults.

4. Afcheice of distance or directional overcurrent relays
is @available for ground fault protection.

5. For out-of-step relaying options the SKSU will provide
out-of-step blocking with delayed zone 1 trip on out-
of-step, and the SDBU-2, 0S-2 scheme provides out-of-step

-2- s



I. L. 40-204

blocking, controlled angle out-of-step tripping, and
out-of-step blocking of reclosing. These options are
explained in detail in I.L. 40-211.

6. Narrow band (220 Hz) TCF may be used providing the STU
relay transient block time is calibrated for 25 ms.

EQUIPMENT COMPLEMENT

The layout of components for the basic unblock™system is
shown in Figure 10.

The components for the basic system listedWfrom the top are
as follows:

Carrier Equipment

Type TCF 1 watt/10 watt transmitte®,
Type TCF Receiver

Carrier Auxiliary Relay

Device 85 - Type STU Relay

Trip Output & Indication Relay

Device 95 - Type SRU'Relay

System Test Facilities

Type FTU - Funétiemal Test Panel

Fault Detecting Relays

Device 21P, =wType SKDU Relay

DeviceN2INP" - Type SDGU-2 Relay or
Deyice 67N - Type SRGU Relay

Cabinet oryPanel

Type SU Swing Rack Cabinet or

Type VU Panel
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The items listed below are options which may be added to
the basic unblock system. See Figure 11.

Fault Detecting Relays

Device 21-1 Type SKDU
Device 21N-1 - Type SDGU-2

Device 2 - Zone two timer mounted in the SRUgm, Used with
21NP and 21P.

Device 50 - Type SIU Relay - The SIU must, bej*added to the
system when zone one or two options aremapplied. The
overcurrent units needed are Ip, Ic, &, Ip.

Device 50 - Type SIU Relay - High set oVercurrent units
Iu» Ichs & Iom-

Device 68 - Type SKSU or
Device 21B - Type SDBU-1 or
Device 21B1/21BO Type SDBU#2)for out-of-step relaying. .

If the unblock systempifs to be applied to a three terminal
line, a printed circuit cardWmust be added to the STU relay and
a second TCF receiver musSt be added to the system. Depending
on options supplied, thefadded equipment for three terminal lines
may require a secondgcabinet.

The type SRUgrelay contains the tripping thyristors to trip
two breakers, nmeclese initiate logic with two contacts for the
output, reclose’block logic with two contacts for the output,
breaker failur¥e imitiate output with either two contacts or two
transistor outputs, 0S-2 Out-of-Step relaying logic when used,
zone two timerg¢when used, all system indication, and all system
alarms.

A choiee of either a 90" swing rack cabinet or a 90" panel
is offered. The 90" swing rack cabinet is a type SU with a total
mounting space of 46 rack units. One rack unit equals 1 and 3/4
inches, Refer to Figure 12 for the cabinet outline. The 90"
panel (VU) has a total mounting space of 49 rack units, and
Figure 13 shows its outline dimensions.
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OPERATION

The unblock relay system is an overreaching permissive type
relaying system, and Figure 1 shows a simplified block diagram.
An output from either the phase distance or ground relay (distance
or directional overcurrent) will cause an output from OR 1. This
in turn keys the local transmitter to the unblock frequency and
goes to one input of AND 1. 1If the relay system at the zemote
terminal has sent an unblock signal or a low signal“eondition
has occurred at the time of the fault there will bega “second
input to AND 1. Since both the local relays have (opetated and a
trip signal has been received AND 1 will start the 4/0 timer. 1If
this condition persists for 4 milliseconds , aqpilot trip signal
will appear at the output of AND 2, providingmthéwtransient
blocking circuit has not operated. Once a pilotW%trip output is
obtained, AND ? is sealed in through OR 2.gaThat is, the pilot
trip may not reset until the fault detecting ¥elays, 21lP or 21NP,
have reset.

At this point it may be well to ‘eonSider the output logic of
the TCF receiver. Refer to Figure 25  The "1'" and "O" marks at
the inputs of each logic block show thé normal logic state when
a block frequency is being receiyed.® There are two methods of
satisfying the logic to obtain a gr@#p output at AND-3.

1. Loss of Block; Reteive Unblock; No noise (Normal
internal fault condition).

The loss of the( bloeking signal will cause the negated
input of AND 3*tomSwitcli to a logic C. This will cause

a trip output,at/AND 3 since its other input satisfied
with a 1 cendition indicating a good channel. The
reception“ef the unblock signal causes the input conditions
of AND I¥%o be satisfied if noise has not been detected,
thus cdausing a 1 at the input of OR 2. This will maintain
the 0/%50/timer energized, and the low signal will not
chapge’to a O state. The trip output at AND 3 will be
presént until the unblock signal is removed and the
bloeking signal received.

2. “Loss of Blocking; No Unblock Received

The loss of the blocking signal has the same effect as
it did in condition one. In this case, tlie unblock

signal is not received. Therefore AND 1 will not have
an output since its input conditions are not satisfied
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thus causing the output state of OR 2 to be O. The 0/150 timer
will begin to time out, and after 150 msec. the timer output o
state changes to a 0. This will cause a low signal alarm, and
will remove the trip condition at the output of AND 3. The
unblock TCF logic allows trip for only 150 ms after a low

signal condition has occurred. At this time the channel is

locked out. The output of the 0/150 timer is fed back to AND'1.
Thus when lockout occurs a subsequent unblock signal cannet pick
up the loss-of-channel and trip outputs. The low signal output
may only be changed to its normal 1 state after a blocking signal
has been received for 120 msec. The noise identification circuit
consists of OR 1 and block A. With low signal and high noise at
the input of the TCF receiver the output of thegdiseriminator will
be erratic. The output will oscillate in a ramdomsmanner between
block, neither output, and unblock. When neithe® output of the
discriminator is present the output of OR lawill be in a 1 state.
This picks up the timer in block A. The output of block A changes
to a 1 state and removes the required O\Statefat the input of

AND 1. This will then cause the output of 'AND 1 to remain at O
even if. the discriminator output is imythe) unblock state for a
short time due to noise. If the nolSe circuit were not present
the spikes of unblock output due te noi$e would not allow the
0/150 timer to drop out, thus never @ausing a loss-of-channel
alarm.

There are several logie,circuits in the type STU relay which
function during special syStemyconditions. This logic will be
described by dividing it imtogsmall logical functions. The logic
diagrams in Figures 3, 44 6, W and 8 are for illustration only,
and may not correspond gto the detailed logic of the system.

Loss of Potential

This logic isWyshown in Figure 3. 1Its purpose is to protect
against a false g£rip“occurring when an ac potential fuse blows.
The AND gate canjonly provide an output if the distance relays
operate and n6 farrier trip request is received. If the above
condition exists/for 500 milliseconds it is defined as a loss
of ac potential and tripping is blocked and the alarm relay is
picked &aip 4n the SRU relay.

52b Unblock” Trip Control

This circuit's function is to provide a second high speed
teip\if a permanent fault causes a loss-of-channel and the
breaker recloses on the fault. Refer to the logic in Figure 4.
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If a permanent fault occurs which causes a loss-of-channel, the
loss-of-chzannel input to the AND gate will be energized. When
the breaker trips, the 52b input will be energized through thé
0/150 timer. However, no output will appear since the negatéd
input to the AND is energized by 52b. When the breaker closes,
the 52b contact will open and the input requirements of the AND
will be fulfilled for 150 milliseconds. Thus, if the channel is
lost the 52b will allow the pilot system a chance to tripyat
high speed when reclosing into a permanent fault.

Transient Blocking

Transient blocking is applied to the piloty syStems to prevent
false tripping due to a power reversal in themprotécted line when
a parallel line is clearing or reclosing into a fault. Figure 5
shows a portion of the power system to illwstrate the problem.
Assuming line A-B is the protected line, andfaj*fault F2 occurs on
a parallel line, the initial fault power®flew Ipy will be into
the line at breaker B. With these cenditions the 2?1 relay at
terminal B may operate and transmit aWNtrip signal to terminal A.

A trip will not occur since the requirements to trip at A and B
are not satisfied. 1If breaker C om thé parallel line opens before
breaker D, there will be a powergmeversal in the protected line
A-B. When this happens the ?1 relay at breaker A may operate.

If its operate time is 4 mi¥lisecorids (trip time in the STU) less
than the reset time of ?1 at B plus channel reset time a false
trip will occur at breakerWA. A power reversal will also occur

if breakers C and D are reelosed at different times and the fault
on line C-D still existsk

Figure 6 showse the basic logic used for transient blocking.
All inputs to all legic blocks in Figure 6 are in the zero state
during normal comditions. If 21 operates or a trip is received
at CR 1, the 0/1000Q, t¥mer is picked up. Since a pilot trip has
not occurred orfthe 18/0 unblock timer has not picked up, there
will be an output_from AND 3. The output of AND 3 will start the
18/0 block timets If a pilot trip does not occur in 18 milli-
seconds,  twipping is locked out. Assuming an external fault did
occur breake®s C & D will clear the fault (see Figure 4), The
local 21 @r peceived trip will now reset. However, the 0/1000
timer maimtdins the blocking of trip, so that a power reversal,
when breakeérs C & D reclose, does not cause a false trip.

If an internal fault occurs after transient blocking has
been, initiated, the input to AND 2 (from the trip logic) is
energized. Since blocking had been set up, AND 2 will start the
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18/0 unblock timer. If this condition persists for 18 milli-
seconds the system will trip breakers A & B. Therefore, if an
internal fault occurs after an external fault, tripping is onky
delayed by 18 ms.

The fast reset circuit on the 0/1000 timer is to keep
transient blocking from being initiated during the open cycle? of
the protected line circuit breakers. This will insuregthat a
high speed trip can occur on reclosing into a permanent*fault.

The 18 ms transient block time will provide system
coordination for external faults with two cycle bgeakers applied
on adjacent line sections. The wide band TCF will “provide the
channel speed needed in order to avoid transieat ‘bliock operation
during an internal fault. If two cycle breakers%are not used on
adjacent power circuits, the 18 ms transieng, bhock time is not
needed. Therefore, an STU relay with the tramsient block time
increased to 25 ms may be used, and narxow band TCF may be
applied to conserve frequency spectrum.

52b and Channel Control of TransientiBloeking

The unblock system allows the 52b contact of the circuit
breaker to key the transmitters {tofam unblock frequency. This is
to allow pilot relay tripping when,6ne end of the line is open.
The circuit shown in Figure{/ blocks the operation of transient
blocking during 52b keyingWso“that a high speed trip will be
obtained when a fault occugs.

The 52b input to he( AND gate blocks the channel trip from
starting transient blocking during the reclose cycle after
tripping for an intermagl™fault. Therefore, a second high speed
trip will occur if €he breakers close into a permanent fault.
The 2500/0 timer Imputy to the AND gate causes transient blocking
to be reset if ti€ channel requests trip for 2.5 seconds. This
indicates that the remote breaker is open and transient blocking
need not be in ®ervice.

Checkback’ Logic

The{ unblock system has logic to check the channel in both
directions with personnel at one end only. The logic shown in
Figure 8 is controlled by the receiver at the remote terminal.
If the reéceiver at the remote terminal detects a low signal for
245 seconds and a check trip is then detected, the checkback
logic®will then key the remote transmitter to unblock for 2.5
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seconds. Figure 2 shows two trip outputs from the TCF receivepx
The output used for relaying cannot occur if unblock is received
after a low signal condition; thus, the remote terminal rela§ying
remains locked out during test. The check trip output from “the

TCF does not depend on '"block" return.

The checkback test is performed in conjunction with the
functional testing which will be described later.

It is is desired to follow through the detaids system logic,
Figure 9 may be used.

INSTALLATION

Acceptance Testing

It is desirable to acceptance test ‘the telay system
components to assure that no componentidamage or calibration
change has occurred during shipmentg

The acceptance test procedure“ef ‘the individual relays
should be followed. These proceduires may be found in each relay
instruction leaflet. The testsgmay be performed with the relays
in place by applying the ac guantities to the Flexitest switches
provided on the system tesf panel”and the individual relay test
points. Currents in excessSuof the continuous rating of the
device should not be applied for more than a few seconds.

An acceptance test procedure for the relay system may be
performed by following these procedures outlined under
Functional Testing$

Settings

The setting ©f the unblock system requires adjusting the
fault detectingwxelays for the proper pick up, adjusting the
carrier transmitter and receiver levels, and tuning any carrier
coupling egquipment.

The fault detecting relays which must be set are 21P, 21NP
or 67N, ‘and 21-1, 21N-1, 50 when they are used. For the
procedure to follow refer to these relay instruction leaflets.



Pilot Relays

The 21P and 21NP relays should be set to overreach the
remote line terminal. The usual setting is 1507 of the line
impedance. If the pilot relays are used to operate a zone 2 timer
the 21P and 21NP must underreach any adjacent line zone 1 relay.

Zone 1 Relays

If zone 1 relays are applied as an option they, must be set
to underreach the remote bus. The SKDU phase relay may, be set to
reach 907 of the line impedance, and the SDGU-2 may be’ set to
reach 857 of the line. However, the reach of the SDGU-2 should
be reduced to 757% where the PCA-5 or equivaleng, potéential device
is used.

Overcurrent Fault Detectors for Zone ¥ & 2

IA and I¢ in the SIU must be set below the minimum phase
fault current but above maximum load cur¥emnt to supervise zone
1 and 2 trip. The Ip in the SIU musfbeWset below the minimum
ground fault current but above theqnormal unbalance current flow.

High Set OvercurrentwRelays

The instantaneous ovef¥eurrent units IBH, Igcy and Igyg must
be set high enough to avoidyoperating on faults beyond the next
terminal and for faults immediately ''behind'" the protected line
terminal. Also they musti notvbe allowed to operate on out-of-
step conditions.

Where the system,fatilt and out-of-step indicates the
fulfillment of thesé@,requirements to be impractical, the option
should be elected “to Imsert the phase units only for 50 milli-
seconds following breaker closure. This is accomplished with
additional logicyin/the SIU, device 50.

SDBU-2 Relay

The plinder units should be set so the inner blinder easily
accommodatesfd 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
thegallowable 0S-2 logic time of 50 milliseconds.
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Out-of-Step Overcurrent Supervision

IA-0Ss 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.

If a zone 2 timer has been applied to the system, its pick
up time will have to be adjusted. This can be done byfreferring
to the SRU instruction leaflet.

The TCF transmitter must have its output powery adjusted,
and the TCF receiver must have its sensitivity adjusteéd. The
receiver sensitivity cannot be adjusted until the carrier has
been properly coupled to the power line and the twansmitter
adjusted. The adjustment procedures for theq{TCF%transmitter
and receiver are in their respective instruetiom leaflets.

TCF Receiver Sensitivity
It is recommended that the receilwe¥isensitivity be set
15 db below the normal received signal. WIf a carrier level
indicator is supplied with the receive?r, it should be adjusted

to alarm if the received signal falls, 10 db below normal.

The adjustment of theoupling equipment should be performed
by referring to the particulbap/manufacturer's instructions.

Routine Maintenance

The relay systemgfunetional test should be performed
periodically, at sueh time intervals as may be dictated by
experience, to insupe“that the relay system is operating
properly.

FUNCTIONAL TESTING

The digectional comparison unblocking system is equipped
with a funetional test panel. The purpose of this panel is to
provide & simple procedure to check the complete relaying system
to insuke fitsyproper operation, and provide a test that does not
require any/Special equipment.

Figure 9 shows two types of functional test panels. The
soldd connections of figure 9 show a panel requiring any single
phase 60 Hz source. This panel will provide only a test simulating
a fault in the forward direction. 1If the dotted connections of
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of figure 9 are used, the potential supply is the three phase

relay potential and the current source must be from Vp and V(.
However, this test panel is able to provide both a forward apd
reverse fault simulation.

The procedure for preparing the system for functional test
is as follows:

1. Remove the cover from Flexitest switch TS2, and/open
all red handles.

2. Remove the cover from Flexitest switchhaTSls/and open
black handles D, E, F, G, and H.

3. Place an insulating barrier in the cuf¥rent test jaw
marked E on TS-1.

4, 1f a rotary switch TCO is supplied’in place of TS2,
step one will be performed,when TCO is placed in the
test position.

5. If a rotary switch TCO is supplied, the functions of
steps 2 and 3 will begperformed by the ''relay system
test' switch.

When a single phase ‘“ypé FTU has been supplied the
procedure for using the tést ‘panel is listed below.

Single Station Test

1. Prepare thelsystem for testing.

2. Place the, channel simulate switch (CSS) in the block
position,

3. Placej\the relay system test (RST) switch in the test
position.

44(a) NIf a basic pilot system has been supplied, there
should be no indication on the SRU or test panel.

(b) 1I1f zone 1, zone 2 time, and high set have been
supplied, the light indication should be:

SRU: Zone 1, Zone 2 Time, High-set overcurrent
(depending on 50H setting), and breaker trip.
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FTU: Breaker trip, reclose initiate, and reclose
block if zone 2 time operates.

5. Return RST to normal, and then push the test reset
pushbutton on the SRU and FTU. All lights should

reset.

6. Repeat steps 2, 3, and 5 except with CSS in (the
unblock position.

7. The light indication should be:
SRU: Bkr. trip. pilot phase, and pilet ground.
If supplied, Zone 1, Zone 2 tdime, and

inst. overcurrent.

FTU: Bkr. trip, reclose initiatej and reclose block
if Zone 2 time operates.

8. Return RST and CSS to normal%
9. Reset all lights on the SRU and FTU.

10. If all lights remaim, 0ff the system may be returned
to normal.

Two Station Test

1. Prepare both liné terminals for functional test.

2. Place RST7in“test at one end only. A block signal will
be receivéd from the other terminal.

3. The indication at the terminal where RST is in test
will be the same as 4a and 4b under single station
teste Lhe other terminal should have no indication.

4. , Return’ RST to normal and reset all lights.

5a./Repeat steps 1 through 4 except reverse the RST switch
position at those terminals.

6., If the above tests have been successful, place the RST
switch at both terminals in the test position.
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The indication at both terminals should be the same
as shown in step 6 of the single station test.

Return both RST switches to normal, and reset all
lights.

If all lights at both terminals remain off the system
may be returned to normal.

When a three-phase type FTU is supplied, thegproeedure
for using the test panel is listed below.

Single Station Test

1.

Prepare the system for test.

Place the channel simulate switehf ((SS) in the block
position.

Pull the RST switch to the "out" position and then
turn it to the reverse poSition.

No light indication shéuld%appear.

Repeat step 3 with the €SS in the unblock position.
Again no light indi¢ation should appear.

Now place the GCS§ switch in the block position.

Pull the RSTfSwitch to the '"out'" position and then
turn it to,_the forward position.

8.(a) 1If a,basic pilot system has been supplied, there

shoul'd beé no indication on the SRU or FTU.

(b) 1f“Zone 1, Zone 2 time, or high-set overcurrent

hasy been supplied, the light indication should be:

SRU: Zone 1, Zone 2 time, High-set overcurrent
(depending on 59H setting), and bkt¥. trip.

FTU: Bkr. trip, reclose initiate, reclose block
if Zone 2 time operates.

Return the RST switch to the '""Normal in'" position, and
reset all lights.
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10. Place the CSS switch in the unblock position.

11. Pull the RST switch to the '"out' position andsthen
turn it to the forward position.

12, The following indication should appear.
SRU: Bkr. trip, pilot phase, pilot groumd. If
supplied, Zone 1, Zone 2 time,hand high-set

overcurrent.

FTU: Bkr. trip, reclose initiatéy, amd reclose
block if zone 2 time operates?

13. Return the RST switch and CSS§, switch to normal, and
reset all lights.

14, 1If all lights remain off,the system may be returned
to normal.

Two Station Test

1. Prepare the system™fory test as described before.

2. Place the RST switch at one line terminal in the
forward position, and place the RST switch at the
other line terminal in the reverse position.

3. The indicatiom at the terminal where RST is forward
should b€ the same as described in step 8a and 8b of
the single station test.

4. Thereyshould be no indication at the terminal where
RSTW%is,in the reverse position.

5. _Return both RST switches to normal, and reset all lights.

6. Repeat steps 2 through 5 except reverse the switch
positions at each terminal.

7. Place the RST switch at both line terminals in the
forward position.

8. The indication at both terminals should be the same
as step 12 of the single station test.
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9. Return both RST switches to normal.
o~

10. Reset all lights.

11. If all lights remain off, return the system to normal.

If the system has been supplied with the SDBU-2 and 0S-2
out-of-step logic, the following procedure may be used 0 test
these circuits.

1. Prepare the system for testing.

2. Place the RST switch in test (single phaseysystem)

or forward (three phase system).

3. Press the 0S-PB switch and hold.

4. The out-of-step trip light on the, SRU should light,

and the reclose block light jen the“FTU should light.

5. Release the 0S-PB pushbuttons

6. Return the RST switch togmormal.

Y

7. 1If the OS trip switéh on ‘tHe SRU is in the ON

position, the bkr.“trip lights on the SRU and FTU will
now light.

8. Reset all lights(

9. 1If all lights ‘remain off, the system may be returned

to normal.

As an alternative®to the above two station tests, a complete
check of a termindl may be made by performing a single station
test and a carriex, checkback test. The single station test will
test the localfrelays, and the checkback test will prove the
carrier can“be“Keyed to trip in both directions. The carrier
checkbacktestWprocedure is listed below.

1. "Prepare the system for testing.

2. Turn the channel test switch (CST) to the OFF position.

3. Leave CTS in the off position for at least 3 sec. This

will lockout the remote terminal.
—

-16-



I. L. 40-204

4. Turn the CTS switch to the test position. This will
cause a trip signal to be transmitted.

5. If the remote carrier is operating properly the
received trip will cause the remote transmitter to
be keyed for 2.5 sec.

6. The indication at the local terminal should bey
SRU: Pilot phase, Pilot ground, and bkys, trips.
FTU: Bkr. trips and reclose initiate4

7. Return the CTS to the normal positiwen.

8. Reset all lights.

9. 1If all lights remain off, theWsystem may be returned
to normal.

If the tests listed above areyperformed and the system
responds as indicated it is operating properly. However, if
the system does not respond as g%, should, refer to the
trouble shooting section of this/ I,L.

TROUBLKE SHOOTING

If there is an indieation that the system is not working
properly, the following( proeedure will help locate the trouble.

An output frem ‘any)relay is +20 VDC with respect to
negative when operated.

1. Check ‘the white light on the function test panel to
be s@reDC is applied to the system.

2. Chegkqall SRU indication lamps by operating the lamp
reset on the SRU.

3.4 Check the 20 volt DC logic supply voltage of each
relay.

4, 1If all voltages are present place a scope or voltmeter
at the pilot trip output of the STU relay (TPl).
Operate the functional test to an internal fault
condition. If an output appears, the trouble is in the
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SRU relay logic. If there is no output from the STU
relay, proceed to step 5.

5. Place a voltmeter at the 21P input to the STU relay,
and perform an internal functional test. Do this
for 21NP or 67N when used, and the trip output of the
TCF receiver.

a) If all of the above three outputs are présent the
STU relay should be checked for trouble.

b) If one of the above fault detector inputs, does not
operate, the relay involved should be checked.

c) If the TCF carrier does not give & trip output,
check to be sure a good channel 4is present. This
may be done by placing a voltmeterien the low
signal input of the STU relayy, Eor a good channel
the meter should read +20,VDC%

If a good channel indication“exists the TCF
receiver logic should be che€ked.

If a good channel does/not exist, the RD input
voltage should befmeasured with a frequency
selective voltmetexr to be sure a signal of the
proper level iSWbeimng received from the remote
terminal.

If a signal 4iss being received the TCF receiver
is at fault.

When it is determined which relay is not operating

properly, refer to that ®elay's instruction leaflet for a trouble
shooting procedure gf6r, “the relay.
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RECOMMENDED TEST EQUIPMENT O

1. Oscilloscope O

2. Frequency Counter

3. AC Vacuum Tube Voltmeter

.
4. TCT Test Meter Unit \%

5. Carrier Frequency Signal Generator @

6. Carrier Frequency Tuned Voltmeter Q

7. Plus the standard equipment in Section 12 of the

""Applied Protective Relaying'" published
by Westinghouse Electric Cer on.

N
903
&

L 4

S
o
&
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52b

CHANNEL
TRIP FROM

Q

2500/0

L

TCF

oZ>r

TO TRANSIENT

BLOCK START

876A927
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Fig. 8 Carrier Checkback Logic.
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