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tructions do not purport to cover all details or variations in equipment nor provide for every possible

e met in connection with installation, operation or maintenance. Should further information be

should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter
referred to the General Electric Company.

the extent required the products described herein meet applicable ANSI IEEE and NEMA standards: but
assurance is given with respect to local codes and ordinances because theyvary greatly.
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STATIC PILOT WIRE RELAY

TYPE SPD11A

DESCRIPTION

The Type SPD relay is a high-speed static pilot wire relayythat provides both phase-
and ground-fault protection for all three phases nof® two-or three-terminal
transmission lines. As shown in the block diagramgof “Figure 24, the relay includes
the following: a current-sequence network that combines®the currents from the three
line-current transformers into a single quantity, a%voltage-limiting unit to limit
the magnitude of signals impressed on the pilot*wiresy a power supply, an isolation
transformer, an electromechanical output relay, %a target/seal-in unit, and a
printed-circuit card.

The printed-circuit card includes voltage-§% and current-measuring functions, a
summing function, a Tlevel-detecting functions; a timing function and an output-
driving function.

The relay is packaged in the medium-$izey,double-ended (M2) drawout case.

APPLICATION

The Type SPD relays providé high-speed protection for two-or three-terminal 1lines.
A typical installation as shownyin Figure 33 for a two-terminal line consists of two
SPD relays, one at each “kine terminal, plus an interconnecting two-conductor
metallic pilot-wire circuity three current transformers (CTs) (one per phase) and DC
power sources at each end. . An AC pilot-wire current-measuring set consisting of an
AC milliammeter, switchi,and/meter transformer is supplied with the relay. It may be
installed to permit mowitoring of the pilot-wire currents on a periodic basis.

For a three-tesminal “line a typical installation consists of three SPD relays (one
at each termisal )y phus an interconnecting wye-connected pilot-wire circuit, padded
if necessaryjasofthat each branch has the same series resistance.

If the line to be protected is impedance grounded, the ground-fault current may be
relatively small, below the level of the most-sensitive ground-current tap. For
such installations, a ground-current sensor of proper ratio may be connected to
terminalsy 13 and 14 of the SPD relay, providing greatly-improved sensitivity to
ground=fault currents.

The maximum voltage for switchboard wiring is limited to 600 volts. The insulating
transformer that is included in the SPD relay is designed to withstand vol tages-to-
ground up to 600 volts rms at terminals 18 and 19. If voltages due to
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ground-potential rise or other causes exceed this value, measures should bestakensas
described in the Appendix (Pilot-Wire Protection) to reduce the voltage at {the ¥elay
terminals.

Additional application information is available in publication GET-6462.

RATINGS
TEMPERATURE
These relays have been designed for continuous operation inyambient temperatures
between -200C and +550C per ANSI Standard C37.90. In addition, these relays will
not malfunction nor be damaged if operated in an ambient femperature up to 650C.

DIELECTRIC STRENGTH (AC HIGH-POTENTIAL TEST)

For the purposes of dielectric tests, the SPDWrelaysis rated 600 volts. Per
ANSI/IEEE C(C37.90-1978, the high-potential test voltage is 2200 volts for one (1)
minute. As described in the standard, relays othérwmthan new should be tested at 75%
of this voltage. The surge-protective capacitorstused in the SPD relay have limited

AC-voltage ratings and the procedures des€ribed in ACCEPTANCE TESTS should be
followed to avoid damaging them.

SURGE-WITHSTAND CAPABILITY

The SPD relay passes the surge-withStand capability of ANSI/IEEE C37.90-1978.

CURRENT CIRCUITS

The current circuits of the type=SPD/relay are designed to carry 10 amperes at rated
frequency continuously.

The phase-current circuits Will withstand 250 amperes for one (1) second. The
ground-current circuits, ($tuds 8, 13 and 14) will withstand 125 amperes for one (1)
second. These limitations are due to heating in the network resistors.

DC_CIRCUITS

The type-SPD relay has) a dual-rated power supply designed to operate at either of
two DC control “woltageés. Models are available with ratings of 48/125 volts and
48/110 voltsd JThenyoltage range is selected by the DC-voltage tap located at the
left of the upper sap block. The relay will operate properly with 80% to 112% of
rated DC voltage. The 250 VDC relays use an external pre-regulator to reduce the
voltage from 250"to 125 volts. The relay, therefore, must be set on the 125 volt DC
links.

QUTPUT "EONTACTS

Themtype-SPD relay has two electrically-separate normally-open output circuits. The
output “circuit connected to studs 1 and 11 has a high-seismic target/seal-in
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unit. The output circuit connected to studs 2 and 12 has no target/seal#in unit.
Each output circuit has contacts that will make and carry 30 amperes forWtripping
duty and 3 amperes continuously. The interrupting ratings are given 1in the
following table:

TABLE I
INTERRUPTING RATINGS
AMPS

AC VOLTS INDUCTIVE** NON- INDUCTIVE
115 0.75 2.0

230 0.5 1.5
DC VOLTS

48 1.0 3.0

125 0.5 1.5

250 0.25 1.0

** The inductive rating is based on an /R ratio of 0.1 second.

The circuit with the target/seal-in unjt/will not attempt to interrupt if the
current is sufficient to keep the gtarget/seal-in picked up. In some cases the
characteristics of the target/seal4in unit will 1limit the current rating of the
circuit in which it 1is connectedy The ratings and characteristics of the
target/seal-in unit are given in Table N.

TABLE 11
RATINGS AND CHARACTERISTICS OF TARGET/SEAL-IN UNIT
TAP

0.2 2
DC Resistance ‘& 10% (Ohms) 7 0.13
Minimum Operatding (Amperes) 0.2 2.0
Carry ContWnuously (Amperes) 0.3 3.0
Carry 30 Amps for (Seconds) 0.03 4
Carny 10/ Amps for (Seconds) 0.25 30
60 Hz\Impédance (Ohms) 52 0.53
Minimum Dropout (Amperes) 0.05 0.5

SEISMIC CAPABILITY

The Seismic Fragility Level exceeds 3.59 ZPA when tested using a biaxial multi-
frequency input motion to produce a Required Response Spectrum in accordance with
ANSI/TEEEHC37.98-1978, Standard for Seismic Testing of Relays.



GEK-49794

CURRENT TAPS

These taps determine phase-current pickup. The current taps are located on the
right of the upper tap block. The taps are labeled in terms of the balanced three-
phase amperes required to pick up the relay (on tap C, with the pillot wire
disconnected). The taps are 4, 5, 6, 7, 8, 10 and 12 amperes.

PHASE TAPS

These taps determine sequence mix. Unless unusual circumstances’ exist, the C tap
should be used. The phase taps are located at the left of4the,dower tap block.
They control the sensitivity to positive-sequence three-phase €Gurrent with only a
small effect on the phase-to-phase sensitivity. The C_tapyprovides the 1lowest
three-phase pickup, tap B provides twice as much, and tap A makes the relay
insensitive to balanced three-phase current.

GROUND_TAPS

These taps determine ground-current pickup. The ground taps are located at the
right of the lTower tap block. Tap H provides ground®current pickup of approximately
one eighth (1/8) the setting of the currentitap.%» Tap G provides ground-current
pickup of approximately one fourth (1/4) the ,Settiwg of the current tap. The ratio
of ground-current sensitivity to current-tap Setting is slightly influenced by the
phase-to-phase tap. Tap F makes the relay/insensitive to zero-sequence current.

DC-CONTROL-VOLTAGE TAPS

The DC-control-voltage taps are located “at the left of the upper tap block. The two
taps are labeled according to the melayyrating. A movable dual link is used to set
the relay for either of the two (rateds voltages. Both screws must be tightened in
order to assure correct operations

TARGET/SEAL-IN UNIT PICKUP-CURRENTI<TAPS

The target/seal-in unitntaps, are located on the right side of the target/seal-in
unit and allow the selectieon of either of two trip-circuit pickup-current values.
By using the procedure/fdescribed in ACCEPTANCE TESTS the tap setting can be changed
without disturbing the mechanical adjustment of the contacts.

RESTRAINT TAPS

The restraint/ taps, Wl and LO, are located in the middle of the lower tap block.
The normal setting is the HI position, which is to the left.

PILOT WIRE
General

The pilob=wire loop resistance and shunt capacitance should be as low as possible
and maywnot exceed the 1imits given below.
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Two-Terminal Lines

The maximum pilot-wire loop resistance is 2000 ohms.
The maximum pilot-wire shunt capacitance is 1.5 microfarads.
For higher values consult the factory.

Three-Terminal Lines

The maximum pilot-wire loop resistance per leg is 500 ohms%, “Fhe three leg loop
resistances should be matched as closely as possible. Oneqpercent (1%) or less is
recommended. Any mismatch will increase the tendency of .the“scheme to trip falsely
on external faults. For example, a mismatch of 5% can,produce a signal in one or
more relays that is one quarter (%) of that required to ‘eause a misoperation. The
lower resistance legs may be padded if necessary wWithyseries resistors. Equal
resistance should be put in each wire of a pair. (hhe" sum 'of the resistances of both
wires between two locations is the Tloop resistance. The maximum total shunt
capacitance is 1.8 microfarads.

Signal Level

The signal supplied by the relay to the pilot,wire is limited to 60 volts by the
voltage-1imiting component. The pilot-wife/current produced by the SPD relay will
be below 100 milliamperes. This allows "al telephone line to be used as the pilot
wire.

CHARACTERISTICS

OPERATING PRINCIPLES

Pilot-wire relaying is a ‘formwf current-differential relaying. In current-
differential relaying the JCurrents entering and leaving the protected section are
compared. Any differenceé “mdicates that some current is entering or leaving the
protected section by anjgundesired path, that is, a fault. The currents are usually
compared on a per-phdase basis, with a separate relay for each phase. Current-
differential relaying can _be highly selective, sensitive, and fast in operation.

Pilot-wire relayingywas developed to extend the concept of current-differential
relaying to applieations where the distance between the ends of the protected
section is #oo #great to allow current-transformer (CT) leads to run to a common
location. Toyreduce the number of leads, all the currents at each location are
combined into aysingle signal. This signal is conditioned so that it is suitable
for application to a telephone-service-type wire pair (the pilot wire). The local
signal is compared to the signal on the pilot wire, which is the result of the
signalsqapplied by both 1ocal and remote relays, to determine if there is a fault in
the protected section.

In{thexSPD relay the input currents are combined by a network to produce a single-
phase voltage that is applied to the pilot wire. The static circuitry measures the
voltage and current in the pilot-wire circuit at the relay terminals.
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When an external fault occurs, the voltages produced by both relays are gqual in
magnitude but opposite in polarity (refer to Figure 23a). The voltages add, around
the pilot-wire loop, and a relatively large current flows. The voltage at the relay
ilot-wire terminals is low since the other relay opposes it. The static circuitry
is designed to restrain under these conditions of low pilot-wire voltage ‘and high
pilot-wire current. This is also the condition that occurs during nermal load flow,
except that both the voltage and current magnitudes are 1ower.

When an internal fault occurs, the voltage at one end increases/in magnitude, while
at the other end the magnitude increases but the polarity reverses,  (refer to Figure
23b). The two voltages now oppose current flow, and at eagh“wélay's pilot-wire
terminals there is a large voltage and a small current. 4The Ystatic circuitry is
designed to operate for this condition.

In the SPD relays the three-phase currents and ground curkents are combined into a
single signal by a network whose coefficients can be varied to suit the application.
It is desirable to be able to vary the relay's s@msitivity to balanced three-phase
(positive-sequence) current for two reasons.

First, load current tends to restrain the, relay for low-current faults. This
tendency can be reduced by decreasing theiagelay's sensitivity to three-phase
(positive-sequence) current. Of course, this .also”decreases the relay's sensitivity
to three-phase faults, but if three-phase fiaults are detected by another relay, or
if the three-phase fault current is alwayswhigh, some reduction in three-phase
sensitivity may be acceptable.

Second, 1in applications where the "us€r 1is concerned about the pilot-wire being
accidentally opened, which could cause “a false trip, the relay three-phase-current
pickup may be placed above maximum, full-load current. The phase taps allow the
three-phase-current sensitivity tQ beihalved or reduced to zero with only a moderate
effect on the phase-to-phase- and phase-to-ground-current sensitivity.

The effect of parallel (leakdge)wrésistance between the wires of the pilot-wire pair
is to increase the current'required to cause the relays to operate. In the extreme
case of a short circuity none of the relays can be expected to trip; a series
resistance in the pilot_wiwe,lowers the current required to pick up the relay. An
open circuit will cause the, relays to operate as overcurrent relays.

The tables on the féllowing page give the pickup of the relay for each type of fault
with each phasestapy@nd ground-tap setting in percent of the pickup for a three-
phase fault with “tap~C. The tap positions available on the three-phase pickup-
amperes tap block arev4, 5, 6, 7, 8, 10 and 12 three-phase amperes.
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TABLE III
PHASE FAULTS

The value in the table is the pickup in percent of the pickup for a three-phase
fault with tap C.

TYPE OF PHASE TAP POSITION
FAULT A B C
A-B 100 90 86
B-C 100 65 53
C-A 100 90 86
3¢ t 200 100
+ The relay will not respond to balanced three-phase“current in this tap.

TABLE 1V
GROUND FAULTS

For all single-phase-to-ground faults, pickup“en tap G is approximately 25% of
ground tap, pickup on tap H is approximately ‘12.5% of ground tap.

On the F tap the relay is insensitive,to“zero-sequence current, but will respond to
positive- and negative-sequence currents of‘ground faults.

The value in the table is the piekupyin percent of the pickup for a three-phase
fault with tap C.

THEE A B c + PHASE TAP POSITION

FAULT G H G H G H + GROUND TAP POSITION

A-G 23.4 12086  23.4 12.5 23.4 12.5
B-G 27.1 13.5 27 13.5 26.3 13.4
C-G 27 g 13.5 27 13.5 26.3 13.4

PRINTED-CIRCUIT ,CARD

Refer to Figuress5 and 25. The voltage across the primary of the isolation trans-
former, which ¥s proportional to the voltage at the pilot-wire terminals, is
connected to printed-circuit-card pins 1 and 4. IClA rectifies this voltage and one
half of IC3Aefilters it. The restraint current is connected to pins 1 and 6. It is
converted by R43 and R44 to a voltage that IC2A rectifies and one half of IC3A
filters.) The restraint and operate signals combine at the input of IC4A, along with
a bias, from P2. The second half of IC4A detects the polarity of the result. The
output of IC4 goes to timer ICS.
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The pickup-time delay is adjusted by P3 and the dropout-time delay is adjéisted by
P4. These are preset at the factory. The pickup- and dropout-time delays ‘are /both
5 milliseconds for the 60 hertz models, and 6 milliseconds for 50 hertz models. The
output of the timer appears at the base of Q3. Q5 and Q4 form a second timer, which
inhibits any output for 50 to 100 milliseconds after DC control power is®applied.
This circuit prevents misoperation during transitory removal of gthe DC control
power. This inhibit time is not part of the pickup time of theygrelay.) After this
inhibit time elapses, Q4 receives base drive and Q3 can pass current=to Q6, which
picks up the output telephone relay.

PICKUP TIME

The pickup-time-versus-mul tiple-of-pickup is shown in Figure s On heavy faults the
operating time approaches 16 milliseconds.

DROPOUT TIME

The dropout-time-versus-multiple-of-pickup is shown, “in “Figure 2. The dropout time
is always below 25 milliseconds.

PICKUP CURRENT VERSUS PILOT-WIRE LENGTH

The variation of pickup current as a funct¥en of pilot-wire length is shown in
Figure 3. This characteristic is based @n/number 19 wire for the pilot-wire pair
and on faul t-current infeed from one end, only., If there is a contribution from more
than one end feeding an internal fault, Figure 3 will give an estimate of pickup
current that is slightly greater than%the actual value.

BURDENS
The burdens given in the following,tables are measured with the pilot wire open or

shorted, whichever gives the hfighe® value. Burdens at all intermediate current taps
are below the burden shown fox that phase and ground tap. Burdens are in ohms.

10
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TABLE V(a): 60 HERTZ
THREE-PHASE FAULTS OR LOADS

11

PHASE A PHASE B PHASE C
TAPS R X Z ] R X Z ] R X L ]
AF 0.1 0.0 0.1 0 0.02 0.0 0.02 0 0.06 ©0.08% 0.1 50
AG 0.14 0.0 0.14 0 0.00 0.04 0.04 90 0.04%,0.05% 0.06 50
AH 0.14 0.0 0.14 0 0.00 0.02 0.02 90 0.04, 0005 0.06 50
BF 0.1 0.0 0.1 0 0.025 0.0 0.025 O 0:06'0.08 0.01 50
BG 0.18 0.0 0.18 0 0.0 0.08 0.08 90 0.10 40.20 0.22 65
BH 0.22 0.0 0.22 0 0.0 0.06 0.06 90 -0.3, 0.0 0.3 180
CF 0.1 0.0 0.1 0 0.04 -0.01 0.04 -15 0.07 0.07 0.1 45
CG 0.2 0.0 0.2 0 0.03 0.1 0.01 75 =0.16 0.12 0.2 145
CH 0.26 0.0 0.26 0 0.06 0.15 0.16 70 -0.08 0.00 0.08 180
PHASE-TO-PHASE FAULTS
PHASE A TO PHASE B PHASE B TO PHASE=C PHASE C TO PHASE A
R X Vi 8 R X L 8 R X 7 )
A1l 0.15 0.01 0.15 O to 10 0.1 0.1 “@.11 15 to 40 0.18 0.04 0.18 15
Taps
PHASE-T0- GROUND FAULTS
PHASE A TO GROUND PHASE B TO GROUND PHASE C TO GROUND
TAPS R X L ] R X Z ] R X L 8
AF 0.1 0.003 0.1 2 0.07 0.03 0.08 20 0.6 0.05 0.6 5
AG 0.5 0.08 0.5 10 0.6 0.16 0.6 15 0.5 0.3 0.6 30
AH 0.23 0.3 0.35 50 0.4 0.4 0.6 45 0.1 0.02 0.1 15
BF 0.1 0.004 0.1 5 0.08 0.02 0.08 15 0.6 0.1 0.6 10
BG 0.6 0.2 0.6 20 0.7 0.2 0.8 20 0.7 0.3 0.7 20
BH 0.5 0.6 0.7 50 0.6 0.8 1.0 50 0.5 0.6 0.7 50
CF 0.1 0.04 0.1 5 0.08 0.01 0.08 10 0.1 0.004 0.1 5
CG 0.7 0.2 0% 20 0.8 0.3 0.9 20 0.7 0.2 0.7 15
CH 0.8 0s8 12.2 45 1.1 0.9 1.4 40 0.8 0.4 0.9 30
STUDS 13-14: PHASE A TO GROUND
TAPS R X Z 8
AF, AG, AH| 0.5 0.3 0.6 30
BG, BG, BH| 0.7 0.4 0.8 30
CF, CG, CH| 1.0 0.6 1.1 30




GEK-49794

TABLE V(b): 50 HERTZ
THREE-PHASE FAULTS OR LOADS
PHASE A PHASE B PHASE C
TAPS R X Z ) R X JA 0 R X YA 0
AF 0.089 0 0.089 10 0.026 0.002 0.026 4o 0.073,0.0877%0.114 500
AG 0.143 0.006 0.143 2.50 0.002 0.044 0.044 870 0.04370,045.40.062 460
AH 0.142 0.003 0.142 10 0.0008 0.044 0.044 890 0.04420.045 0.062 45.70
BF 0.093 0.003 0.09 20 0.031 0.004 0.031 6.70 0.080 0.075 0.110 430
BG 0.175 0.023 0.177 7.50 0.003 0.075 0.075 870 0400504101 0.011 1150
BH 0.205 0.036 0.208 100 0 0.107 0.107 900 0.00%,0.005 0.008 1470
CF 0.095 0.005 0.095 30 0.039 0.003 0.039 50 02079 0.076 0.110 440
CG 0.194 0.045 0.199 130 0.021 0.096 0.099 77.50 0.004 0.101 0.011 1120
CH 0.238 0.087 0.253 200 0.289 0.153 0.156 79.30 0.054 0.014 0.056 1940
PHASE-TO-PHASE FAULTS
PHASE A TO PHASE B PHASE B TO “PHASE:C PHASE C TO PHASE A
R X A 0 R X VA 0 R X A 0
All 0.160 0.015 0.161 5.50 0.074 0.010 On126 540 0.182 0.038 0.186 120
Taps
PHASE=T 0=GROUND FAULTS
PHASE A TO GROUND PHASE B TO GROUND PHASE C TO GROUND
TAPS R X Z 0 R X yA 0 R X JA 0
AF 10.1036 0 0.1036 0o 0.092 0.024 0.09 14.80 0.104 0.032 0.109 17.10
AG 0.522 0.046 0.524 50 0.542 0.115 0.554 120 0.536 O 0.536 0o
AH 0.241 0.198 0.312 39.50,0.379 0.316 0.494 400 0.524 0.113 0.536 12.20
BF 10.1034 0 0.1034 00 0.094 0.021 0.09 12.40 0.104 0.031 0.109 16.70
BG 0.564 0.115 0.576 11 .50 0.598 0.191 0.628 17.70 0.534 0.150 0.535 1.60
BH 0.419 0.457 0.620 47%50 0.587 0.597 0.838 45.50 0.435 0.217 0.486 26.50
CF 0.104 0 0.104 0.30 0.096 0.016 0.097 90 0.019 0.268 0.112 13.80
CG 0.660 0.165 04680 140 0.705 0.225 0.74 17.70 0.567 0.039 0.568 400
CH 0.772 0.648 1.008 400 0.996 0.752 1.224 37.90 0.661 0.359 0.752 28.50
STUDS 13-14:
PHASE A TO GROUND
TAPS R X A 0
AF, AG, AH 0.324 0.166 0.364 27.20
BG, BG, BH 0.474 0.378 0.606 38.60
CF, CG, CH 0.769 0.537 0.938 34.90

12
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ONE-SECOND RATINGS

Three-phase 250 amperes for 1 second
Phase-to-phase 250 amperes for 1 second
Phase-to-ground 125 amperes for 1 second

Ground circuit
studs 13 and 14 125 amperes for 1 second

DC_CONTROL BURDEN

48-volt tap at rated votage

Normal (telephone relay dropped out) 120fmiT1iamperes 6 watts

Operated (telephone relay picked up) 220vmilliamperes 11 watts

110-volt tap at rated voltage

Normal (telephone relay dropped out) 85 milliamperes 10 watts

Operated (telephone relay pickedgup) 180 milliamperes 20 watts

125-volt tap at rated voltage

Normal (telephone relay dropped out) 85 milliamperes 11 watts

Operated (telephone relayspicked up) 180 milliamperes 23 watts

CALCULATION OF SETTINGS

There are six settings.that can be made on the relay. These are:

1) Three-phase "pickup amperes - 4,5, 6,7, 8, 10 or 12
2)  Phagésto=phase tap - A, B, or C

3) @round tap - F, G, or H

4) Restraint tap - High or low (normally set on high)

- 48 or 125V
- 48 or 110V
urrent tap - 0.2 or 2.0 amperes.

but in some cases it
open pilot wire
he desired tap

50 DC control voltage

Target/seal-in unit pickup-c
iti as possible,

i hould be as sensitive
A i y setting above full load, S0 thgt];gl A
R eate an undesirable trip. €
See Figure 35.

1% The three-phase

i to se
be desirable = load will not cr

in L wes_es“‘;? i\\ese considerations.
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MECHANICAL CHECK

Manually operate the target unit by raising the armature until it seats, 1n contagt
with the pole piece. The orange target should appear. When the armature 1S
released, the target should remain in view. Push in on the reset arm. Thedtarget
should drop from view.

Hold up the armature by hand. The target should not be at the end%of®™its travel.
Verify this by reaching in one of the windows of the target with @ sharp instrument,
such as a scribe or knife, and pushing upward. The target should move definitely
upward at least 0.015 inch. Remove the sharp instrument. Observe *the target while
releasing the armature. It should fall visibly downward at %east 0.010 inch before
being caught by the latch.

Mechanical adjustment of these units requires the correct, tools and some experience
for best results. The following points should be helpful. With an 0.015 inch shim
under the pole piece, both contacts should justimakews With current gradually
applied, the armature should pick up and seat itselfon the pole piece before rated
current for that tap is reached. This should occur™imha single motion, without two-
stepping. When the current is reduced to ratéd¢drepout value, the contacts should
move to the fully-open position.

ELECTRICAL TESTS - GENERAL

AN _a]ternating-current-operated (AC) devices are affected by frequency of the
applied signals. Since non-sinusoidal waveforms can be analyzed as a fundamental
plus haﬁmonics of the fundaméntal'y, frequency, it follows that operating
characteristics of alternating-current®devices (relays) will be affected by a non-

sinusoidal app] jed waveform Thenefore, in order to test alte i elay
. X N . » rnating-current
pr‘operly, it is essential to use_sine-wave currents and vol tages. ] relays

Similarly, relays requiring DL centrol i i
> T in power should be tested using well-filtered
and not unfiltered rectified® power. Unless the rectified supply %s well fi]teregc

the relay may not operate “properl A
Eatatn pore tha o D rigplg. Y. s a general rule the DC source should not

DIELECTRIC TESTS

Introduction

The surge capaCitorshused in this relay do not have volta

high-potential-tést yolt o | .
: i age; the ) ratings to with
avoid damaging“Ehesd Capacitors.refore’ caution must be exercised when hipo:E?:g Qg

It is recommended tha
and with the velay in a case. If

apparatus, in an equi
groundjmust be remo;Ldeent’ all external connections

t hipot tests be pPerformed on

h:Potted together with other
0 studs 7 and 17 (surge

The ¢Tpod test vol
other\relays . voltage should be 1500 volts AC

New relays are de for new rej

been 1 service, fined b ays or
vice, that are not more thap o;; ég§£<fﬁ;.go-1978 as thojgzihVO]ts AC fbr
rom ddte of dt
Shipmans ~."2V€ not
s dand
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that have been suitably stored to prevent deterioration. The dupation of
application of the test voltage should be 60 seconds. Refer to the RATINGS“section.

Points of Application of Voltage

Common-mode tests (all terminals to case). Remove the surge-ground seonnections to
terminals 7 and 17. Temporary connections should be made (to” tie all relay
terminals, including terminals 7 and 17, together. Hipot weltade can then be
applied between this common connection and the case of theg¥elays

Transverse-mode tests (between circuits). For high-potentialgteSts between circuits
of the relay, the internal surge capacitors must be, temporarily disconnected
from their surge-ground buses inside the relay. Temporary insulation should be
installed where needed to isolate surge-capacitor leads from each other and
from the bus. The relay-case terminals should be jumpered to make up the
groups of studs as shown in Table VI. Hipot ;woltage may then be applied
between any pair of groups.

TABLE Vi
CIRCUIT GROUPS FOR TRANSVERSE-MODE HIPQOT TESTS
CIRCUIT GROUP JUMPER"BETWEEN TERMINALS NUMBERED
Output Contacts 1, 2, 11 and 12
AC Current 3, 4,5, 6, 13 and 14
Pilot Wire 8, 9, 15, 16, 18 and 19
DC Control Power 10 and 20

insulation resistancé test (Megger ) can be performed between the
circuit groups of,Table VI withou t™disconnecting the internal surge
capacitors. While%this method does not test the relay to its full
dielectric rating, it Will detect some cases of degraded insulation. The
possibility of Wncorrect reassembly may make this the preferred test

method.

As an alternate to sthe transverse@de hipot test, a 500 volt DC

Restoring Relaysto Service

After the dWelectric testing is completed, the surge capacitors should be

reconnected to the surge-capacitor buses and all external wiring reconnected,
including the wires to studs 7 and 17. The electrical tests in ACCEPTANCE TESTS -

ELECTRICAL should be performed again.
TESTSCTQWERIFY SETTINGS

1.9 Verify that all settings have been made. These should be in accordance with
the section CALCULATION OF SETTINGS. The settings are:
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a. Target/seal-in-unit pickup-current tap located on the right-hand sfide of
the unit that is mounted at the upper left of the relay (front view)\

b. DC-control-voltage tap located on the upper tap block on the left side
(front view).

c. Three-phase pickup-amperes tap (current tap) located at, thegfight of the
upper tap block.

d. Phase-to-phase tap located at the left of the lower tap(b)ock.
e. Restraint tap located at the center of the lower tap, block.
f. Ground tap located at the right of the lower tap_ bloek.

2. Target/seal-in unit

Close the output telephone relay by hand and apply “tap value of DC current to
studs 1 and 11. The target should pickgup, Showing its orange target and
closing its contacts. Allow the output telephone relay to drop out. The
target should remain picked up. Pick up the output relay again and reduce the
DC current to 25% of the tap value. The um@t should drop out, opening its
contacts, but the target should remain visible. Allow the output relay to drop
out. The DC current should go to zerof f@). ¥ Note the telephone relays have DC-
control power across them.

3. DC-control voltage

Check that both screws in the tap block are tightened. Remove the relay
nameplate. Apply rated DC-contrel voltage through a milliammeter to studs 10
and 20. Measure the DC voltage /from pin 2 (negative) to pin 1 {positive) of
the printed-circuit-card c@nnegctor (pin 1 is on the left, front view). Read
+15 volts * 1 volt. Measuresthe DC voltage from pin 1 (negative) to pin 10
(positive). Read +15 wolts, ¥ 1 volt. Measure the voltage from pin 2 to pin
10. Read +30 voltsyt™2, volts. The DC current drawn by the relay should be
within the Timits shown, in®Table VII.

TABLE VII
DC CURRENT
Applied DC DC Current - Milliamperes

Tap Yoltage Minimum Nominal Maximum
48 48 105 120 135
110 110 70 85 100
125 125 70 85 100
125 250** 70 85 100

**The_ 260-VDC rating is accomplished with the use of an external pre-regulator,
0138B7511G-3. The regulator steps the DC voltage from 250 to 125 volts, which is
thewbasic rating of the relay. The regulator is designed to be mounted on the rear
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of the SPD relay on the four mounting studs that are normally used to surface-maount
the relay. The electrical connections are made as follows:

INPUT 250 VOLTS DC: (+) to terminal "A"
(-) to terminal "C"

OUTPUT 125 VOLTS DC: (+) from terminal "B" to stud 10 of#SPD relay
(-) from terminal "C" to stud 20%f SPD relay

4, Restraint Tap

For this test it is necessary to connect a 10 ufd capacitor between studs 15
and 16. If the monitor relay (type SPA) is available, “the 10 ufd capacitor in
it should be used by making the connections betwegnh ityand the SPD relay. It
is not necessary to energize the monitor with AC_oraDC control power; however,
if it is energized it need not be de-energized.

To reduce the test current required, and %to avoid the possibility of
overheating the network resistors, temporarily move the taps as follows:
Current tap-4, Phase tap-C, Ground tap-H, ,Restraint tap-HI.

The test 1imits given below are for the HI “Festraint tap. Since the restraint
is continuously adjustable on the LO, position, the person specifying the LO
restraint tap should also give the test himits.

With the pilot wire disconnected, connect a 0.75 ufd capacitor between relay
terminals 18 and 19. In parallelf with it, connect a non-inductive resistor of
1400 ohms.

Suddenly apply 30 amperes o/ studs 4 and 3 to simulate an A-to-ground fault.
The relay should operatesw Change the resistor to 800 ohms and repeat. The
relay should not operates

Return the taps to their ‘specified positions.

This test verifies Wthe transient operation of the relay for high-current
internal and externaly faults.

5. Current Test,fPhase Tap and Ground Tap

Refer to» Tables" III and IV and calculate the open-pilot-wire pickup of the
relay for gach™“type of fault.

Example -“Assume the tap settings are 7, B, G

For a phase-A-B fault and with the phase tap on B, the pickup is 90% of tap

90
Tpu = Itap x 15p-

] %0
= 7 X 150
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Ipy = 6.3 amperes "for A-B fault)

In the same manner, the pickup current for a B-C fault is 4.6 amperes and for a
C-A fault is 6.3 amperes.

For a phase-to-ground fault with the relay on tap G, the pickup is given by
Table III as 25% of tap.

Imi = 1 25
pu = ‘tap X To0

Ipy = 1.75 amperes

Apply DC control voltage to the relay. Now apply AC,curkent to studs 4 and 5
for phase A and phase B and check that the relay pickup agrees with the
calculated value * 10%. On phase C and A the toleramce is also 10%. As the
relay is calibrated on phases B and C, the tolerapce “for this phase pair is 5%.
For phase-to-ground faults the tolerance is 10%. “The three-phase test need not
be performed, but if the tester elects to do sog,both the magnitude and angle

of each current, and also the phase sequence, must be correct for the test to
be valid.

SYSTEM TESTS

Pilot Wire
NOTE: These tests require a test crew at each station.

The characteristics of the pilot wire,should be verified at initial installation and
periodically thereafter.

The following tests are suggested:( loop resistance, Resistive balance between the
two wires, Interwire capacitance, Gapacitance to ground of each wire, DC insulating

tests between wires and from, each” wire to ground; for three-terminal lines, Loop
resistance to the common point.

WARNING
WHEN TESTING PILOT  WIRES, TAKE PRECAUTIONS TO AVOID EXPOSING PERSONNEL TO
THE HIGH VOLTAGES'\THAT MAY APPEAR ON THE PILOT WIRES AT ANY TIME. THE
PILOT-WIRE PROTECTIVE SYSTEM PROTECTS EQUIPMENT AGAINST OVERVOLTAGES, BUT
IT IS NOT BDESIGNED) TO LIMIT VOLTAGES TO A LEVEL THAT IS NON-HAZARDOUS TO
PERSONNEL .» "FURTHERMORE, PART OR ALL OF THE PROTECTIVE SYSTEM MAY BE
BYPASSED/ANDyBECOME INEFFECTIVE DURING SOME OF THE TESTING.

LEASED PILOT/WIRES CAN CHANGE RESISTANCE OR CAPACITANCE ABRUPTLY DUE TO
REROUTING BY THE LESSOR.

THE, PILOT-WIRE PROTECTIVE SYSTEM SHOULD BE TESTED TO VERIFY THAT IT IS IN
WORKING ORDER.

Relay

Cheek each relay by applying B-C and A-G current with the pilot wire disconnected,
te see that it is in working order.
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Connect all relays to the pilot wire and disconnect the far relays f#om_ “their
current circuits. Measure and record pickup current for each relay with B=C and A-G
current in the near relay. Repeat for each relay. Record these values in a

permanent test record.

Current-Transformer Phasing

For the pilot-wire system to work correctly, the phase currentysupplied to stud 4
(phase A) must be derived from the same primary conductor ateald, stations. The
phases supplied to the other studs must also be the same @t/ e@ach station. The
following test procedure is designed to check this by firsteqchecking that the phase
sequence at the two ends is correct, and then checking thatWphase A current is in
phase at both ends. All1 taps must be set in the same posjitions in relays at all

stations.

These tests will yield best results when the load isfabover 50% of tap, balanced, and
is steady. It is convenient to run these tests_jusing’ Type-12XLA12A test plugs, and
test plug connection diagrams are shown in FiguresWl2%through 17. The 12XLA12A test
plug is further described in instruction book, GEI=25372. The relay's trip circuits
should, of course, be open during these tests,“as “shown in the diagrams.

Test Switch

A test switch and milliameter are providedywith each relay and may be installed for
convenience in reading the pilot-wire,curnents. The test switch has four positions:
local (LOC), normal (NOR), circulating (GIR), and remote (REM). In addition, the
meter sensitivity in any position ‘maysbe increased five times (from 25 milliamperes
full scale to 5 milliamperes fGWl 'secale) by pulling the switch handle out. The
normal (NOR) position connects the™ocal relay to the pilot wire and removes the
meter from the circuit. In thel1geal” (LOC) position, the pilot wire is shorted and
the 1local relay 1is separated (from the pilot wire and shorted through the
milliammeter. In the circuldting {CIR) position the local relay is connected to the
pilot wire with the milliammeter in series. The meter reads the current in the
pilot wire produced by the ‘¢éembined effect of both the local and remote relays. In
the remote (REM) positionythe”local relay is shorted and separated from the pilot
wire. The pilot wire #ig_shorted through the milliammeter, which reads the current
produced by the remote .relay. The meter is coupled to the circuit through a
transformer. Therefore the meter is not affected by the DC monitoring current.

The test switch is /Mesigned to short both the local relay and the pilot wire when
moving between%positions, to prevent incorrect tripping. A1l the test plug
drawings, Fiquies ™2 through 17, show the trip circuit open as an added precaution
and becaus@, tripping of one or both ends is expected in some of the tests. A lamp
(not shown 9n_the test plug drawings) may be used to indicate that the relay

contacts are closed.

Three-Terminal Lines

Threeé=terminal installations are tested by taking the stations in pairs, as though
thexe\were three two-terminal pilot wires. In doing this the first pair of relays
should™ be checked and current transformer connections changed, if necessary,

25



GEK-49794

before going to the second pair. When checking the second pair, only the gurrent
transformer connections at the third station should be changed, if needed. During a
test of a pair of relays the third relay should be disconnected from the pilotewire
and the pilot-wire terminals open circuited. The breaker at the third terminal must
also be opened.

The relay taps at all stations must be at 4, C, H and HI throughout theseMtests.
First Test - see Figure 12

This test applies normal current to both relays. Neither relay Should trip with the
meter test switch in the normal (NOR) position. Read and record the relay input
current as shown on the test ammeter in the figure. Also ‘read and record the AC
pilot-wire currents as indicated by the panel ammeter with™the test switch in the
local (LOC), remote (REM), normal (NOR) and circulating (CIR) positions. Take
readings at both terminals.

Second Test - see Figure 13

This test applies reverse-phase sequence to both “relays by interchanging phases B
and C. Neither relay should trip with the meter “test switch in the normal (NOR)
position. The Tlocal, remote and circulatingepilot-wire currents should be
approximately twice the value measured in the first test.

If the local current in this test is one-halfy”instead of twice, the local current
in the first test, then the phase sequénce ofwthe currents at the relay is reversed.

Third Test - see Figure 14

This test simulates a single-phasefto=ground, single-end-fed fault on phase A of the
local relay. The remote relay recegives no current from its current transformers.
If the load current is sufficients“both relays should trip. When the meter test
switch is placed in the remotey (REM) position, both relays should reset and the
meter should read zero (0) current. In the local (LOC) position, both relays should
reset and the meter should read a“"current as given by Figure 18.

Fourth Test - see Figures?5

This test simulates amphase-A-to-ground, single-end-fed fault, fed from the remote
station. The near reldyhreceives no current from its current transformers. If the
load current is, sufficient, both relays should trip. When the meter test switch is
placed in thelocal ™(LOC) position, both relays will reset and the meter will read
zero (0). Im the remote (REM) position, the meter will read a current lower than
that given by Figupe 18.

Fifth Test - see Figure 16

This testysimulates an external phase-A-to-ground fault. Neither relay should trip.
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Sixth Test - see Figure 17

This test simulates a phase-A-to-ground internal fault fed from both statiems’. The
local relay sees phase-A load current as though it were A-to-ground current, while
the far relay sees the same current reversed in direction. If the load ,current is
sufficient, both relays should trip.

When the auxiliary ground-current transformer is used, the pelarity should be as
shown on the external-connection drawing. This should be verified%by test.

PERIODIC TESTING AND ROUTINE MAINTENANCE

WARNING: HIGH VOLTAGES MAY APPEAR ON PILOT WIRES UNEXPECTEDLY AT ANY TIME.
USE APPROPRIATE CARE WHEN MAKING CONTACT “WITH PILOT WIRES OR
EQUIPMENT CONNECTED TO THEM.

The pilot-wire protective equipment, if installedy, iswdesigned to 1imit the pilot-
wire voltages to a level that will not damage the Wires or equipment connected to
them. It does not 1imit the voltages to ayTewel that is safe for unprotected
personnel contacting the pilot wires or%Connected equipment. THEREFORE, USE
APPROPRIATE CARE WHEN MAKING CONTACT WITH@PTROF WIRES, EVEN WHEN THE PILOT WIRE
PROTECTIVE EQUIPMENT IS IN PLACE.

In view of the vital role of protective relays in the operation of a power system,
it is important that a periodic test program be followed. It is recognized that the
interval between periodic checks wWillvary depending upon environment, type of relay
and the user's experience with ‘periodic testing. Until the user has accumulated
enough experience to select the “test interval best suited to his individual
requirements, it is suggested thatthe points listed below be checked at an interval
of from one to two years.

Check the items described under /ACCEPTANCE TESTS - VISUAL INSPECTION AND MECHANICAL
INSPECTION. Examine eachgcomponent for signs of overheating, deterioration or other
damage. Check that all “connections are tight by observing that the lockwashers are
fully collapsed.

CONTACTS

Examine the contacts ffor pits, arc or burn marks, corrosion, and insulating films.
For cleaning,contacts, a flexible burnishing tool should be used. This consists of
a flexible Strip ‘of metal with an etched-roughened surface, resembling in effect, a
superfine £ile. The polishing action is so delicate that no scratches are left, yet
any corrosion,_ i§ thoroughly and rapidly cleaned. The flexibility of the tool
ensures the cleaning of the actual points of contact. Do not use knives, files,
abrasive paper or cloth of any kind to clean relay contacts.

ELECTRICAL TESTS

Measuge the pickup of the relay, with the pilot wire open, for phase-A-to-ground and
phase-B-to-phase-C current. See Figure 19. Record these values in the test record.
Ityis not necessary to move the taps from the service positions for these tests.
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The measured value may be slightly different from that measured at a previous time,
This is not necessarily an indication that the relay should be readjusted. (The
errors of all the test equipment are often additive and the total error of, the
present setup may be of opposite sign from the error of the previous periodi¢ test.
Instead of readjusting the relay, it is recommended that if the apparent erwversis
acceptable, no adjustment be made, and that the error be noted on the relay test
record. After sufficient test data has been accumulated, it will become apparent
whether the measured errors in the setting are due to random variations in the test
conditions or are due to a drift in the characteristics of the relay.

PILOT WIRE

The test switch may be used to verify the integrity of the pilot wire without a test
crew at the other station and without opening the trip circuitsy, ‘A this procedure
the line current is used to provide the signals. At theqtimevof installation,
measure and record the local, circulating and remote pilet-wire€ currents and the
line current. At any desired later time these four currents may be read again.
While the values will in general be different, the ratjos ‘between 1line current and
each of the pilot-wire readings should be the same.

In particular, if the ratio of the local pilot-wire\cCurrent to the line current is
the same as at installation, but the ratio offmeemote pilot-wire current to 1line
current is lower than it was at installation,,theypitot wire may be either shorted
or open. If the ratio of circulating pilot-wirescurrent to 1ine current is the same
as or higher than at installation, a short circuit®is indicated; if lower, an open
circuit is indicated. When pilot-wire-monitoring relays are not used, this test may
be used at regular frequent intervals [to/“perform somewhat the same function
manually.

SERVICING

CAUTION

Remove ALL power from the relay”before removing or inserting any of the printed-
circuit boards. Failure to,obServe this caution may result in damage to and/or
misoperation of the relay.

GENERAL

The factory offers a repain and recalibration service, as do many GE Service Shops.
For further information contact your General Electric representative.

Should a printed-gircuit card become inoperative, it is recommended that this card
be replaced with a spare. In most instances, the user will be anxious to return the
equipment to, serviee as soon as possible and the insertion of a spare card
represents thetmost expeditious means of accomplishing this. The faulty card can
then be returned to the factory for repair or replacement.

Although it is» not generally recommended, it is possible, with the proper equipment
and trained personnel, to repair cards in the field. This means that a
troubleshooting program must isolate the specific component on the card that has
failed. By referring to the internal-connection diagram for the card, it is
possible " to trace through the card circuit by signal checking, and hence determine
whieh,component has failed. This, however, may be time consuming and if the card is
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being checked in place in its unit, as is recommended, will extend the outagé “time
of the equipment.

CAUTION:

Great care must be taken in replacing components on the cards. Special
soldering equipment suitable for use on the delicate solid.state
components must be used and, even then, care must be taken not to cause
thermal damage to the components, and not to damage or  bridgemover the
printed-circuit buses. The repaired area must be coated with _a’suitable
high-di-electric plastic coating to prevent possible breakdowns across the
printed-circuit buses due to moisture or dust.

ADDITIONAL CAUTTON:

Dual in-line integrated circuits are especially difficult to remove and
replace without specialized equipment. Furthermore, many of these
components are used on printed-circuit cards that have bus runs on both
sides. These additional complications require wvery special soldering
equipment and removal tools, as well as additional skills and training,
which must be considered before field repairs,are attempted.

RECALIBRATION OF MIXING NETWORK

1. Connect a jumper between terminals™jl5™and 16 and connect a low-voltage AC
voltmeter to 18 and 19. Set phaseltap at position A and ground tap at position
F.

2. Apply 10 amperes rated frequency-balanced three-phase positive-sequence to
terminals 4 (gA), 5 (¢B) and 6, (8C). Adjust the upper of the two movable taps
on the phase resistor untijd the voltage measured is a minimum. Use caution, as
this resistor may be hot.

If there is a sigmificant/harmonic content in the applied currents the null
will be indistinct and,broad. The harmonic-current content can be lowered by
using reactance, instead” of resistance to limit the current. The GE test
reactor 6054975G1,, a ‘part of the distance-relay test set, may be used. Three
reactors are regwired{ one per phase.

Alternativelysthesnull can be observed with a tuned voltmeter that will ignore
the harmonic gportions of the voltage. An oscilloscope can also be used to
judge when the fundamental-frequency component is at a minimum.

3. Withfthe'ground tap at position F, and the phase tap at position C, apply three
equal™¢urrents of 3 amperes, all in phase, to the three terminals, 4, 5 and 6.
A1l currents return through terminal 3. Adjust the lower movable tap of the
phase resistor for a minimum reading on the voltmeter.

Verifiication of Calibration

L. Lift the slider from the current-tap block. Connect an AC voltmeter from the
1ifted tap to terminal 13.

2. Apply 10 amperes AC to terminals 5 and 6.
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Measure voltage across the 1ifted slider and tap listed below. The position oFf
the phase tap will not affect the reading.

TABLE VIII
TRANSACTOR-OUTPUT VOLTAGE VS. TAP
TAP AC VOLTS
A 1.45 - 1.65 Recordathi's
B 2.54 - 2.8 measured
C 3.7 -14.1 value

If the voltages are outside these 1imits, the tranSdetor is defective.

Apply 10 amperes AC to terminals 14 and 13. Me@Surev the voltage from the
lifted slider to the tap listed below.

TABLE IX
VOLTAGE ACROSS GROUND RESTSTOR
TAP AGVOLTS
G /%2 - 8.4
H 13.7 - 16.0

Calibration of Printed-Circuit Card

1.

Apply rated DC to relay and measure DC voltage from printed-circuit-card
connector pin 1 to pin 2 (pin” 1 positive). The measured voltage should be 15
volts + 2 volts. Note: [Pingl"is on the left, front view. Measure the DC
voltage from pin 10 to pin I (pin 10 positive). The voltage should be 15 volts
* 2 volts. If these vpltages are incorrect, unplug the card and measure the
voltages at the connector again. If they are still incorrect, there is a
problem in the poweri‘suppby; if they are correct, there is a problem on the
card.

Offset adjust Plg(see™Figure 25 for location). Connect an oscilloscope to the
bottom of D11 with” neference connected to pin 1. Set taps for 4, C and H and
apply approximatelys0.5 ampere AC to terminals 3 and 4. Apply DC and increase
the appligd AC “Gurrent until a waveform appears on the screen. Reduce the
current dntil the waveform has rounded peaks without flat tops. The desired
waveform has @ peak every half cycle (8 milliseconds for 60 hertz, 10
milliseconds for 50 hertz), but in general the waveform that appears will have
a peak every full cycle. Adjust Pl and the current alternately until both sets
of peaks (@t the half and the full cycle) appear and are of equal height.

Pickup)Adjust P2

With relay taps set at 4, C and H, apply 2.12 amperes AC to studs 5 and 6.
Apply DC and adjust P2 until the telephone relay just picks up.
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4. Pickup-Delay-Time Adjust

Set a pulse generator to produce 4-volt negative pulses 6 milliseconds™¥ong (60
hertz models) or 7 milliseconds long (50 hertz models), repeating every 50
milliseconds. Turn generator off and connect reference to pin 1 4nd output
through a 1000 ohm resistor to top of R29 (D11 and R29 Junction). Connect a
dual-channel oscilloscope with reference on pin 1, channel Y om™bottom of D12,
and channel 2 on left of R39. Apply rated DC to relay and®turn_pulse generator
on. Using the external pulse-generator control, slowlymdecrease pulse width
from 6 to 4 milliseconds (60 hertz models) or from 7 (to %, milliseconds (50
hertz models).

The channel 2 pulse should disappear as the input pulise width passes through 5
milliseconds (60 hertz models) or 6 milliseconds (50yhertz models). Adjust P3
as needed to make pulses disappear at 5 milliseconds.

5. Dropout-Time-Delay Adjust P4

Using the same setups as in previous_ step,» set pulse width again to 6
milliseconds (60 hertz models) or 7 mil¥iseeends (50 hertz models). Adjust
P4 so that the channel 2 pulse stays upffory5 milliseconds (60 hertz models) or
6 milliseconds (50 hertz models) aftergtheychannel 1 pulse ends.

6. DC Supervision Time ‘not adjustable)

Connect a double-pole switch &S0 thatwone pole applies DC to the relay and the
other applies 2 amperes AC 4@ terminals 4 and 3. Set taps on 4, C and H.
Connect a dual-channel oscilloscope with reference to pin 1, channel 1 on pin
10 and channel 2 on left of_R39. " Suddenly close switch and measure time until
channel 2 goes up. Time should be 40 to 100 milliseconds.

7. Restraint Check
Connect pin 6 to pim INand measure pickup as described above in step 3. Pickup

Adjust P2, under Ca¥ibration of Printed-Circuit Card. The pickup should be 93%
1+ 2% of the pickupain Step 3.

RENEWAL PARTS

It is recommended “that sufficient quantities of renewal parts be carried in stock to
enable the gprompteseplacement of any that are worn, broken or damaged.

When ordering Jsfenewal parts, address the nearest Sales Office of the General
Electric Company, specify quantity required, name of the part wanted, and the
complete model number of the relay for which the part is required.

An order for a printed-circuit card should include the number on the front of the
card?
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APPENDIX
PILOT-WIRE PROTECTION
INTRODUCTION

Pilot-wire protection is a complex and active subject. The Institute offElectrical
and Electronic Engineers has published a continuing series of papersy guides and
standards on the subject. The following four are especially recommended:

IEEE 81-1962 Recommended Guide for Measuring Ground, Resistance and
Potential Gradients in the Earth.

IEEE 80-1976 Guide for Safety in AC Substation Greunding

IEEE 367-1979 Guide for Determining the gMaximum) Electric Power Station
Ground Potential Rise and Induced Voltage from a Power Fault

A Guide for the Protection of Wire LjinewCommunications Facilities Serving
Electric Power Stations. 79-487. Publishedy1979.

In many cases the communications utility supplying the pilot wire will supply the
protective equipment and its engineeringt The power system engineer should
carefully review the protective system supplied, to see that it meets his objectives
as well as those of the communicationsgutility.

As the pilot-wire protection is ay part of the relay system, its incorrect
installation or maintenance can reduce “the relay system's ability to protect the
power system. For this reason /ther pilot-wire protective system should be
periodically inspected and tested. When the pilot wire is provided by a
communications utility, a Jjoint pefiiodic inspection and test procedure should be
agreed upon.

As an example, when iselkation or neutralization is used, the shield of the
communication cable must notybe”grounded at any point within the zone of influence
(any point subject tof ground-potential rise due to the flow of ground-fault
current). The cable may%be dnstalled correctly, but as it is normal (communications
utility) practice to ground the shield whenever it appears, a subsequent inspection
and test will often find the shield grounded at some point.

Consideration mustebe“given to the safety of the personnel involved in the testing,
as high potential may appear on the pilot wire while the protective equipment is
undergoing test.

The SPD relay will withstand voltages up to 600 volts rms on the pilot-wire studs.
If the expected "maximum common-mode voltage at the pilot-wire terminals produced by
ground-potential rise, longitudinal induction, or other causes exceeds this value,
then external devices must be used to prevent this voltage from appearing at the
relay, terminals. Often the pilot wire itself cannot withstand the voltage and also
requires protection. Protection may also be required due to hazards to personnel.
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Mutual-Drainage Reactors

Mutual-drainage reactors are primarily used for protection against Tlongitudinal
induction. For the reasons described below their usage is generally limited to
installations where the maximum induced voltage is less than 1500 volts rms.

Neutralizing Reactors

Neutralizing reactors are recommended where station ground gam differ from remote
ground by more than 600 volts rms during power-system ground faults.

Mutual-drainage reactors and neutralizing reactors may “be used together or
separately as required.

MUTUAL-DRAINAGE REACTOR (see Figure 20)

Mutual-drainage reactors cause a current to flow over ) the pilot-wire conductors to
produce a voltage drop that will lower the voltage “at the relay to an acceptable
level. Mutual-drainage reactors are available, toyconnect the wires to local ground
without shorting out the desired pilot-wire ‘Signal. Gas tubes are used with the
mutual-drainage reactors to prevent drainage, cunrent from flowing continuously and
also so the monitoring relays are not sharted®wgut. The current in the pilot wire
should be compared with the short-time rating of the wire to make sure that it will
not be damaged. The mutual reactor forc¢esi'equal current flow through each wire. If
the wire resistances are not perfeetly (balanced, some of the longitudinal voltage
will be converted to transversé voltage, which can cause the SPD relay to
misoperate. A careful analysis, ofyall sources of unbalance must be made to ensure
that the maximum transverse voltage“produced will not affect the relay. Mutual-
drainage reactors must be installedyat more than one location to allow current to
flow.

Mutual-drainage reactors ane not intended for protection against ground-potential
rise. To avoid the effeetsnof’ ground-potential rise, the mutual-drainage reactor
gas-tube ground terminal ¢should always be connected to a remote ground point outside
the zone of influences

NEUTRALIZING REACTOR{(Zee Figure 21)

The neutralizingg¥@actor (often called a transformer) inserts a high impedance in
series with the ‘common-mode voltage by means of a two-winding reactor. The relay
voltage is differeftial mode and passes through the reactor largely unaffected. A
small amount 4of “Gommon-mode current is required to excite the reactor, and is
provided “bydexciting capacitors on the station side of the reactor. Everything
connected toWthe pilot wires on the line side of the reactor is at high potential
during a disturbance, and must be carefully insulated from local ground.

The , Jmpedance to ground from the pilot-wire side of the neutralizing reactor
consists of a network that includes 1) the distributed pilot-wire series resistance,
2) thendistributed shunt capacitance from the pilot wires to ground, and 3) the
néutralizing reactor(s) and exciting package(s) (if any) at the other terminal(s).
I't, should be determined whether or not this impedance is low enough to allow ample
ctrrent flow during a ground-potential rise; ample current being the current needed
to excite the core of the neutralizing reactor without causing excessive voltage

33



GEK-49794

rise on the pilot wire. If the impedance is not low enough, additional capdciters
may be added to bring the total capacitance of each pilot-wire-to-ground above 1
microfarad. A 1 microfarad external capacitor 1is available (see Figure 28).
External capacitors must be grounded to remote ground and are best connected at the
midpoint of the pilot wire. If it is decided that protection against 4ground-
potential rise is not needed at all terminals, a neutralizing reactor need be
installed only where protection is needed.

The voltage rating of the neutralizing reactor must be high enoughpsowthat it will
not saturate. If it saturates, its voltage-blocking ability will{ be reduced and the
vol tage at the relay terminals may rise to excessive levels.

The common-mode voltage may have DC offset. This is commeon “when the voltage is
produced by ground-potential rise due to a local ground,/faulit. The neutralizing
reactor must have sufficient voltage rating so that it wilWnot saturate under the
worst conditions of DC offset and residual flux in itsfcoke.” A gas tube should be
connected across the line terminals of the reacton, to/ protect against excessive
voltage if one of the pilot wires shorts to ground.™ The gas tube's ground terminal
must not be grounded in this application.

CONDUCTOR SHIELDING

A shield will protect against electrostatic .coupling in a zone if it is grounded at
least at one point. To avoid coupling ground-petential rise to the conductors, the
shield should be grounded at a point withwnegligible ground-potential rise.

A shield will protect against magnetic%eoupling in a zone if it is grounded at both
ends of the zone so that current can “flowythrough the shield. Shielding can be used
to good advantage when the pilot wipes ane parallel to power conductors, to minimize
effects of longitudinal induction. ( However, if the shield is continued to the power
station and grounded to the grouwnd(imat, it will be subjected to heavy currents
caused by ground-potential risel durfing ground faults. The shield can be sized to
withstand these currents or 4it"wean be ended and grounded outside the zone of
influence of ground-potential rise. In this case the section from the last ground
point into the station musty beyinsulated for the ground-potential-rise voltage. The
shield beyond the 1last_ gpound point provides no shielding against magnetic
induction. Decreasingf shield resistance will produce a Tless-than-proportional
increase in shield curgent due to inductance. A1l shield sections, even an
insulated one entering;’a station, should be grounded at some point to provide
electrostatic shielding., It is usually best to ground at a location with minimum
ground-potentialf rise,.

G E Company offiers afmutual-drainage reactor, a neutralizing reactor, and a gas tube
that are suitableffior many applications. Their characteristics are listed in tables

X, XI and XII. Their outlines and mounting information are shown in Fiqures 22 and
27.
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TABLE X :

Mutual-Drainage Reactor - Order as 0257A9787G4 (60 hertz) or G9 (50 hg

4
DC-Winding Resistance 8.0 Ohms %
each winding \
Leakage Inductance at rated frequency 0.004 H @
One-Second Rating 90 A C

each winding

Saturation Voltage @ts
each winding at rated frequency @
Exciting Impedance \ 24,000 to 48,000 Ohms
windings in series at 120 volt \
rated frequency %
High-Potential Test Q 4,000 volts AC
\'

rated frequency betwee

and each winding to f
Supplied with a Gas Prod@be

’a\ 0 Hz Model) 40 Pounds (20 Kilograms)
(50 H

gs

Weight Approxim

K z Model) 48 Pounds (22 Kilograms)

%,

&

L 4
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O

TABLE XI 0
Neutralizing Reactor - Order as 0257A9787G3 (60 Hz) or G8 (50 Hz)

. 4
DC-Winding Resistance 88 Ohms %
each winding %

Leakage Inductance at rated frequency 0.172 H

each winding

Total Impedance at rated frequency 22@
both windings in series opposing @
Vol tage Rating @1 Volts DC or Peak AC
Maximum Voltage Across Windings \ 4,000 Volts AC
windings in parallel, rated frequen \
Exciting Current Q® 0.015 to 0.030 Amperes AC

4,000 volts rated frequency
windings in parallel \

One-Second Rating @ 10 Amperes AC

Continuous-Current Rating 0.5 Ampere AC

High-Potential Test .&\ 10,000 volts AC

windings to fra

Induced-Voltage Tes ‘ 10,000 volts AC

windingﬂ\@llel for 1 minute
h

Supplied wit Protector Tube
Weight oximate (60 Hz Model) 80 Pounds (36 Kilograms)
(50 Hz Model) 96 Pounds (44 Kilograms)
4
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TABLE XII

Gas Protector Tube (Supplied with neutralizing transformer and mutua]-dr@e
reactor) Available separately - order 0257A9787 G005

¢
AC rms Breakdown Voltage 300-5%11:5
One-Second Current Rating 9

(;’h~‘i
Two-Second Current Rating @mres

>

Since the last edition, the CAUTION has been added at the beginning of the
SERVICING section.
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PICKUP VS PILOT WIRE LENGTH
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Figure 8 (8043289 and 8043333) Front View of Type SPD11A Relay
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Figure 9 (8043290) Rear View of Type SPD11A Relay

46



GEK-49794

N
.(,q’
S

L 4

s Figure 10 (0273A9053) Method of Connecting Surge Ground to Case

47



GEK-49794

SEE TABLE [ xC
XB Al XA Xl o H3
gc ©—<&— ——e— : VOLTAGE v ©

0
94 HI RESTRAINT
l” b REDUCING %S‘GNAL
388 | (OPERATE)
- RESISTOR
|“ 2ec TO PCB ha
$8()~< L PIN 4 )
Lo
|
HI
- - HIGH >_@
*
Lo [ CURRENT SENSE |~ RESTRAINT <
RESISTOR Low
ON PCB ‘2 "
i— — 18
— I
44 @—(& | W2 COMMON CURRENT
SIGNAY (8)
(RESTRATNIE)
RA TO PCB TO PCB
> F PIN I PIN &
TELEPHONE
RELAY
SURGE (:)—< >—(17) SURGE
® @ GROUND 7 GROUND
T&SI
% ‘ 0.005 MF 0.005MF
IKV 3KV
@_< @"@ CRADLEO_<<_”_‘ —¢ _>>_OCRADLE
POSITIONS POSITIONS
el 9 15,16, 18 & 19
LO5MF LO5MF
600V 600 v
CRADLE O~ :CRADLE
POSITIONS POSITIONS
TABLE |
1,2,3,4,5,6,10 111213 4,20
Al JA2[A3TA4 [A5 [ A6 A7 '
| AMP MODELS [08 [1.0[1.2 1.4 [1.6 [2.0]2.4
(SAMPMODELS| 4 |51 617 {8 |I0]t2
P2 PCB PiNIO
PCB PIN 2 50K (Hi5v
PCB PIN IO (-1 15V

)15V RS RII
1OK 10K

g e
Cc7

PCB PIN 2
(—)15V

PCB PINA
OPERATE

[

PCB PIN 6
RESTRAINT

R43
non

PCB
PCB PINI —_—
COMMON

L PRINTED CIRCUIT BOARD

|
|
|
|
|
|
|
|
|
|
|
|
|

Figure 11A (0136D1473-7) Elementary Diagram of Internal Connections

48



GEK-49794

—
| ON PRINTED CIRCUIT CARD

SEQUENCE vomxcei‘ |
TANETWORK[TLIMITING B ;
PHASE ||THREE |
Te— | TO || BHAsE ] |
0 PTHAPSS ADI\LE'E(RES VOLTAGE CURRENT . SO LATION TO PILO T/WIRE
cT's |[@o0]|fpeeesss MERL‘JTNG MEGit:?lNG | TRANSFORMER
Ic A B C AAA-\.‘-.‘..\I .
GRQUND 1234567 | "ESIZ“,'"T |
IN-—)1 .
Emen|! > ' —
T 5 1- H1 LO l
SEETABLE | OPERATE :RESTRAWT L l
SIGNAL SIGNAL —_—.—. TARGET AND
———. i SEAL-IN UNIT
POWER | SUMMING LEVEL TIMER| |CUTPUT
SUPPLY ‘ o = —JAMPLIFIER | [DETECTIRL | ML ||ORIVER
bl ‘ to3 HJ‘
szotace]l MWL WML Diing
=5 cg|' 4 ¢ W =
| vi e | P P2 P4 | SEE TABLE 2 \
<EE TABLE 2 , 2 { » .
T T T T T AT TN S8 RI
]2 /
oa— J 25w o
5 f mya e 5w ‘i vi
TABLE 2 BLOIK ZIABRSLM O
i i _ — 150 0
RINE7E BT 12w TO PCB PIN 10
4R 129 1000 s0C TELEP-ONE ($} 1SV
TS0 =00n /500 RE_AY @ i
100
TO 2C8 PING 82979 Bf
TC PCB PINI =100
loc-t Py
IN2979
)
0 PCB 21N 2. )] -0
(=)15v
| |
| a4
Lo, 2N 2907 |
LJ 2ex D8 5.0V
o— D25 |
27 IN2B26A
A ; 2CB PIN 8 |

I
> |

PCB PIN2
(=) 15v

|
|
—

Figure 11B (0136D1473-7) Elementary Diagram of Internal Connections

49



GEK-49794
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Figure 12 (0275A2016) TestyConnections Diagram for Test 1
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Figure 13 (0275A2017) Test Connections Diagram for Test 2
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SIMULATION OF PHASE A TO GROUND FAULT
AT NEAR END WITH FAR END BREAKER OPEN
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Figure 14 (0275A2018) J€st Connections Diagram for Test 3
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AT FAR END(WITH NEAR END BREAKER OPEN
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Figure 15 (0275A2019) Test Connections Diagram for Test 4

51



GEK-49794

SIMUILLATION OF PHASE A TO GROUND EXTERNAL FAULT

> P

B C
1.

L 11

UCEEICH
s B

D= A

RELAY

AL
Bl TEST PLUG
¢c| INSERTED IN <)
J"— BOTTOM BLOCK
i OF FAR END
ig E”E[ N RELAY @
A A
B
C

TEST PLUG >

| 3(o
INSERTED IN @ )L 509
BOTTOM BLOCK
OF NEAR END 5

=

& o F
& 10&

RS
!

Figure 16 (0275A2020) Test, Connections Diagram for Test 5
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Figure 17 (0275A2021) Test Connections Diagram
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T0 !
NEUTRALIZING

REACTOR TO PILOT WIRE
(iF USED) —_—

AND PILOT 4

WIRE RELAY
—————

CONNECT TO REMOTE GROUND —® -
OUTSIDE THE GPR ZONE OF

INFLUENCE WHEN THE MUTUAL
DRAINAGE REACTOR IS USED
WITH A NEUTRALIZING REACTOR.

MAY BE CONNECTED TO LOCAL
STATION GROUND WHEN NEUTRALIZING
REACTOR IS NOT USED AND MAXIMUM @

PEAK GPR IS LESS THAN 300 VOLTS
HOWEVER, CONNECTION TO REMOTE
GROUND IS RECOMMENDED.
SEE ELEMENTARY DIAGRAMS, FIGURES 4
FOR OVERALL CONNECTIONS
Figure 20 (0275A2039-1) External (Qt%iagram for Mutual-Drainage Reactor

% TO MUTUAL

TO PILOT DRAINAGE REACTOR
WIRE s (IF USED)

RELAY 2 AND PILOT WIRE

— BY
o
3

DO NOT GROUND

W

H

SEE ELEMENTARY DIAGRAMS, FIGURES 33 AND 34
FOR OVERALL CONNECTIONS

Figure 21 (0275A2040-1) External Connections Diagram for Neutralizing Reactor
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I LOAD 1 LOAD

TT T
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RELAY#1 | IRELAY¥2 ! |
|+ { :
| | |
| | |
)
(_.____J _____

. NORMAL LOAD FLOW (OR EXTERNAL FAULT)

b INTERNAL FAULT

Figure 23 (0275A2041) Simplified External Connections
Diagram Showing Relay Polarities

018485601 GR-

Figure 24 (8043291) Printed- C1rcu1t Card
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NOTE 3

NOTES
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AND
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c2 ot é?i%y IiNOTEG
, 1S 18 2 ! L
I~ AAAAAS -
NOTE 2 TO
PILOT
c2 WIRE
lr |S AYYYOYTY L 1S 4 3
NOTE 2
L NOTE 6
17 OR 7 l

MONITORING
1 RELAY

18 OR 8 T

WHEN MONITORING RELAYS ARE NOT USED CONNECT STUDS IS AND Ie TOGETHER WITH A JUMPER
C2 EXCITING CAPACITORS IuFD, ARE REQUIRED WHEN THE NEUTRALIZING REACTOR 1S USED
GROUND TO LOCAL STATION GROUND

GAS TUBE THIRD TERMINAL MUST NOT BE GROUNDED

THE CENTER TERMINAL OF THE GAS TUBE SHOULD BE CONNECTED TO LOCAL STATION GROUND
WHEN THE NEUTRALIZING4REACTOR IS NOT USED. IT SHOULD BE CONNECTED TO REMOTE GROUND
OUTSIDE THE ZONE OF INRRUENCE IF THE NEUTRALIZING REACTOR IS USED

EXCITING CAPACITORSIARE, REQUIRED ONLY IF THE NEUTRALIZING REACTOR IS USED AND IF THE
CAPACITANCE OF THE PAIRJTO GROUND IS NOT SUFFICIENT TO EXCITE THE NEUTRALIZING REACTOR,
THEY SHOULD BE CONNECTED TO REMOTE GROUND OUTSIDE THE ZONE OF INFLUENCE AND SHOULD
NOT BE LARGHER THANLREQUIRED TO EXCITE THE NEUTRALIZING REACTOR.
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Figure 27A (0275A2045, Sh. 1 1) Outline and Mounting Dimensions

for 60 Hertz Mutual-Drainage Reactor
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for 50 Hertz Mutual-Drainage Reactor
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CAPACITOR 0246A9023 POIOOA
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FRONNT VIEW
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¢

<D

S
/

e

re— 2,594 —
DRILLING PLAN

Figure 28 (0275A2047) Outline and Mounting Dimensions
for External Exciting Capacitor
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D
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CONNECT TO 3 AND 4

FOR 25MA FULL SCALE

CONNECT 7O 3 AND 5 FOR 5MA FULL SCALE

Figure 29

(0273A9068) Outline, Panel-Drilling Dimensions and Electrical

Connections Diagram for External AC Milliammeter Auxiliary Transformer
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NOTE-A &0 £OCAL SPD RELAY STUD I8
NOTE-B<TO LOCAL SPD RELAY STUD 19 AND VIA PILOT
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NOTE-C VIA PILOT WIRE TO REMOTE RELAY STUD I8

Figure 30

(0273A9070-1)

Connections Diagram for External AC Milliammeter Switch
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H#8-36 MOUNTING HARDWARE
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H Lé | MAX
et | 2 “’2"2* —et
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1 pia=HolEs 6 ﬁ

) |
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DRWLLING PLAN

Figure 31 (0273A9067 [1]) Outline, Panel-Drilling Dimensions and Electrical
Connections Diagram for External Neutralizing Transformer Exciting Package
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Figure 32 (0273A9083) Outline and Panel-Drilling Dimensions
for External AC Milliammeters
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-A¢ e o
— CIRCcUIT [N P ROTEGTED
— 8¢ BREAKER [T —
-4 ot
- 871s PILOT WiRE PROTECTION
= NOR AS NEEDED i
IT g (SEE NOTE ?) vl |
T 5 871s 8 1877510 1oc 9 877s ==
® 1 sl LT gc T CIR s CIR | 2 1
18775 87753 | | ] PILOTWIRE
7¢T REM oursc‘l‘ lg%s 12 g71s 3
I " REM LEe
S 12C7 REM“ Lens i
87M —10C
16 ne '
|
t
SURGE GROUMND 4 6Cl g71s 13 1L 87TS {
& 348 6T TOC t3C T REM | |
7|_I7j]. (SEE NOTE7) 9 SUBSTATION
L SEE NOTE 1| o SEE NOTEY BOUNDARY
RELAY HOUSE 0 L
GRTUNE 440000 it 1 400004
8s7T
87
SEE NOTE 3
SURGE
GPoUND _BST
lelzeT REACTOR
(+)
na87 10471 12 % I 9
T& S1 o7 \Lest -[‘25_7 1 851 =
§1 87 2] T pfuc 6c 1 6
I ——
! 87 TO ALARM CIRCUITS %QCI
52 PS
- T
52 =
(—1—1TC 20 10
SEE NOTE 6

NOTE4 THESE CAPACITORS'AND RESISTORS
REQUIRED ONLY'IF NEUTRALIZING
REACTORS ARE USED.

NOTE 4 CLOSE LINK FOR TWO TERMINAL LINES

NOTE § RESIDUAL GROUND C.T.-WHEN USED -FOR INCREASEG
THESE RESISTORS/AND CAPACITORS GROUND CURRENT SENSITIVITY
ARE SUPPIGhE DION EXCITING PLATE
332;;'957%7'”6730”3507““'Z'NG REACTOR  NOTE 6 LOCKOUT CIRCUIT FOR SPD RELAY-WHEN USED-TO
BE CONNECTED IN SERIES WITH 87 TRIP CIRCUIT
NOTE 7 CONNECT STUD 8 TO I8 AND 9 TO 19 OF SPD RELAY
EXTERNAL TO THE RELAY CASE
NOTE 2 SONTACTS | AND 2 ARE CLOSED WHEN SWITCH
HANCKE 1S IN THE IN POSITION. CONTACTS 3
AND4 ARE OPEN WHEN SWITCH HANDLE IS NOTE B EACH RELAY CASE SHOULD BE CONNECTED T2 THE

I'*ATHE IN POSITION. CONTACTS t AND 2 OPEN

AFTER CONTACTS 3 ANC 4 CLOSE WHEN

HANCLE IS PULLED OUT.

RETURNS
AND

SwiTCH SPRING

70 THE NORMAL FOSITION

TC THE

IN POSITICN.

NCTE3 WHEN MONITORING RELAYS ARE NOT USED,
CONNECT &7 STUD 5 TO 87 STUD 16

Rigure 33A (0138D2454 [4]) Typical Elementary Diagram of External Connections
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RELAY HOUSE GROUND WITH A SEPARATE #®#12 CR
LARGER COPPER CONDUCTOR OF MINIMUM LENGTH
CONNECT STUD 7 TO 17 OF SPD AND STUD 6 TO I§
OF SPA EXTERNAL TO THE CASE AND TO RELAY
HOUSE GROUND WITH MINIMUM LENGTH #12 OR
LARGER COPPER CONDUCTOR
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LEGENO

OEVICE 1NC
RaCE Tvee JNS, DESCRIPTION

PILOT WIRE RELAY

NETWORK

o OPERATE FUNCTION

R RESTRAINT FUNCTION

IT  INSULATING TRANSF

T&ST TARGET AND SEAL IN

PS POWER SUPPLY

AC CONNS. TEST Sw

[34.] AC CONNS METER

87M TRANS TRANSF FOR METER

8ST SPAI1A MONITOR REL TRANSMIT ENO
UC UNDER CURRENT UNIT
OC OVER CURRENT UNIT
< 6ROUND DETECTOR UNIT
PS POWER SUPPLY

8SR SPAI2A MONITOR RELAY RECEIVE END

UC UNOER CURRENT UNIT
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N

87TS-
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Figure 338 (0138D2454[4]) Typical Elementary Diagram of External Connections
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NOTE 3
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REACTORS AREAUSED:

THESE RESISTORS,AND CAPACITORS
ARE SUPPRLTED ONEXCITING PLATE
SUPPLIED WITHINEUTRALIZING REACTOR

0257A97876003

CONTACTS | AND 2 ARE CLOSED WHEN SWITCH HANDLE
ISUN, THERIN FOSITICN. CONTACTS 3 AND 4 ARE OPEN
WHENMDSNITCH HANDLE 1S INTHE IN POSITION.
QENTACHS t AND2 CFEN AFTER CCNTACTS 3 AND ¢
CLCSEWHEN HANDLE tS PULLED OUT,

SYITEPR SFRING RETURNS TO THE NTRMAL
FOSATION ANG 7O THE IN POSITION

NOTE ¢ wHEN MONITORING RELAYS ARE NOT USED

Figire 34A (013802455 [4])

CONNECT 37 STuD 15 TO 87 STUD 16

RESIDUAL GROUND CT.-WHEN USED-FOR
INCREASED GROUND CUPRENT SENSITIVITY

NOTE €

NOTE 7 LOCKOUT CIRCUIT FOR SPD RELAY WHEN
USED TQ BE CONNECTEC IN SERIES WITH

87 TRW CIRCUIT

NOTE 8 CONNECT STUD 8 TOIBAND 9 TO 19 OF SPD

RELAY EXTERNAL TO THE RELAY CASE

EACH RELAY CASE SHOULD BE CONNECTED
TO THE RELAY HOUSE GROUND WITH A
SEPARATE #12 OR LARGER CCPPER
CONDUCTOR OF MINIMUM LENGTR,
CONNECT STUD 7 TO 17 OF SPC AND STUD
6 TO 16 OF SPA EXTERNAL TO THE CASE
AND TO RELAY HCUSE GROUNC wiITH
MINIMUM LENGTH # 12 OR LARGER
COPPER CONDUCTOR

NOTE 9

Typical Elementary Diagram of External Connections

for Three-terminal Lines
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PICK UP VS PILOT WIRE LEWGLH
FOR A PILOT WIRE OPEN AT FAR,END
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