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GEK-49813

STATIC, THREE-PHASE DIRECTIONAL GROUND-DISTANCE RELAY
TYPESLYGS81A

DESCRIPTION

The Type SLYG81A relay is a three-phase, first- or second zéne static ground-distance, relay.
It is available with ratings of 60 hertz, 5 amperesj 50 “hertz, 5 amperes; or 50 hertz, 1
ampere. Five-ampere-rated relays are available with cemtinuously adjustable ohmic-reach
ranges of 0.1 to 4 ohms or 0.75 to 30 ohms. One-ampere rated relays are available with
continuously adjustable ohmic-reach ranges of 0.5,t0 20 ohms or 3.75 to 150 ohms. DC
power-supply voltages available are 48, 11050rF 125, A 250 volt rating is available with an
external pre-regulator. Contact outputs are provided for tripping (two contacts, each with
target) and there is contact connected“te positive for auxiliary functions. The relay is
mounted in a deep, large-size, double-endedidrawout (L2D) case.

The Type SLYG81A relay may be used in a*stepped distance" protection as the first, second
or third zone of ground protection{ It may also be used as an underreaching or
overreaching tripping relay in any of the directional-comparison scheme. If the directional-
comparison scheme uses ground;distance blocking relays, the Type SLYG82A blocking relay
(described in instruction book GEK=498 14) should be used in the scheme to coordinate with
the SLYG81A tripping relays

The SLYG81A has a "vdriablé mho" characteristic, which provides an optimum
accommodation of fault resistance.

The functional block diagram is shown in Figure 1. The internal connections are shown in
Figure 2 and the externalkconnections are shown in Figure 3.

These instruetions do not purport to cover all details or variations in equipment nor provide for every
possible contingency tofbe met in connection with installation, operation or maintenance. Should further
information be desired or should particular problems arise which are not covered sufficiently for the
purchaser’s purposes, the matter should be referred to the General Electric Company.

Togthe extent required the products described herein meet applicable ANSI, IEEE and NEMA
standards; but no such assurance is given with respect to local codes and ordinances because they vary greatly.
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APPLICATION

The SLYG81A utilizes a four-input phase-angle comparator for ground-distance
measurement for each phase. The four inputs for the phase-A-to-grounc measurement
are:

(a) (Ia = 10) Zri + Kolo Zro - T VAg.....Operating Quantity

(b) VBC Z90° . e #1 Polarizing Quantity_
V3

(c) CKOIOZRO = V0ueeeeeeeeieeeeeeeeeeeeeen. #2 Polarizing Quantity

(d) 1Y 4 TR Overcurrent Supervision

where:

Ia is the faulted phase current

lo is the zero-sequence component

ZR1 is the phase (positive- and negative-sequence) base reach tap with an
impedance angle 85°

ZRro is the neutral (zero-sequence) basé reach'with an impedance angle of 75°

TVac is the "adjustable” phase-to-ground restraint voltage

VRcZ£90° isthe "quadrature” voltagesshifteéd 90 leading

V3

Ko is a ratio tap compensate,for the magnitude ratio between the zero- and
positive-sequence linesimpedance

C is a design constant (3.5 per unit)

Vo is the zero-sequence voltage at the relay

The use of a four-input comparator produces many advantages over previous designs in
simplifying the application offa ground-distance relay for either first- or second-zone
applications. :

The first and second/inputs (a and b) to the comparator produce the well known
quadrature-polarizediground-distance unit with a "variable mho" characteristic. The
"variable mh@" chanacteristic increases in size as the source impedance increases, to
accommodate increasing fault resistance.

The use of the sécond polarizing quantity (c) restricts the distance measurement to the
faulted phase, thereby eliminating the need for checking the unfaulted phase unit for
incorrect directional sensing on unusual-sequence current-distribution factors, or
overreaching on heavy-load transfer.

Thewsecond polarizing quantity (c) also precludes the possibility of the distance unit
overreaching on a double-line-to-ground fault with high zero-sequence fault resistance.
Thehigh zero-sequence fault resistance can cause a fault beyond the reach of a relay to
appear within the operating characteristic of a relay when only the (a) and (b) inputs above
are used.
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The fourth input (d) provides overcurrent supervision to prevent operation on potential
failure or on the line de-energizing transients that are associated with lines with shunt
reactors. The line de-energizinﬁ transients present a problem if a relay operates on ‘the
transient voltages just prior to a high-speed reclosure.

In addition, the third and fourth inputs (c and d) act as a zero-sequence directional unit
that provides excellent directional integrity.

The SLYG81A has an adjustable characteristic that is adjusted by means of thetimer setting
on the characteristic timer. For short lines a circular characteristicis recomménded, but, for
longer lines, lines with unusually heavy-load transfer, or three-terminal“in€s where very
large reach settings are applied, a lens-shaped characteristic is recommended’.

RATINGS
GENERAL

The Type SLYG81A relay is designed for continuous operationsin ambient temperatures
between -20°C and + 55°C per ANSI standard C37.90-1978. (In/addition, these relays will not
malfunction nor be damaged if operated in an ambientup t0.65°C.

The current circuits of the relays that are rated 5@mperes rms will carry 10 amperes rms
continuously and will carry 250 amperes rms for 1isecond. The current circuits of the relays
that are rated 1 ampere rms will carry 2 ampegesy,rms continuously and will carry 50
amperes rms for 1 second. The potential circuitsiare rated 69 volts rms line-to-neutral and
can withstand 110% of this value continuously,

These relays are available with either shorter longimpedance ranges as shown in Table I.

TABLE |
AVAILABLE REACHES

CURRENT
TRANSFORMER Zr1:BASE REACH TAP IN Zr IMPEDANCE RANGE IN
RATING TYPE POSITIVE-SEQUENCE OHMS _ POSITIVE-SEQUENCE OHMS
0.1 ' 0.1 to 1.0
5 AMP SHORT 0.2 0.2 to 2.0
0.4 04 to 40
0.75 0.75to 7.5
5 AMP LONG 1.5 1.5 to 15
3.0 3 to 30
0.5 0.5 to 5.0
1 AMP SHORT 1.0 1.0 to 10.0
2.0 2.0 to 20.0
3.75 3.75to0 37.5
1AMP LONG 7.5 7.5 to 75.0
15.0 15.0 to0 150.0
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Selection of the desired base-reach tap (Zr1) is made by means of the four tap screws at the
lower rear of the relay (see Figure 4). All four tap screws (QA, OB, OC, and neutral) must be
in equal ohmic-tap positions.

The relay reach (Zg) of the relay is continuously adjustable, within the range shown/in
Table | for a particular tap, by means of a three-gang precision potentiometer at the lower
front of the relay (see Figure 5). The 10-turn dial of this potentiometer is calibrated in
percent restraint setting (T) and is adjustable from 10% (fully counterclockwise) to 110%

(fully clockwise). The maximum recommended setting is 100%. An enlarged™picture of the
dialisshown in Figure 15.

The relay reach is given by equation(1):

Relay Reach = Zg = 100 x Zg; (1)
T
where T = Restraint setting in percent

Zr = Relay reach in ohms
Zr1 = Base reach tap in position-sequence,ohms

The relay should be within 5% of the value giwen by equation (1) if the ambient
temperature is within the rated range of - 20°Cte@ + 55°C.

SURGE-WITHSTAND CAPABILITY

These relays will withstand ANSI C37.99A-1974 surge test without incorrect operation or
damage to any component.

POWER SUPPLY

Models are available with ratingssef 484volts DC (38 to 56 volts), 110 volts DC (88 to 120
volts), or 125 volts DC (100 to,140 volts). The power supply contains a DC-to-DC converter
to provide isolation between the DGinput control power and the solid-state circuitry of the
relay. On relays with DC contfol veltage in excess of 125 volts, an external pre-regulator is
used. Thisreduces the controlwoltage to 125 volts, suitable for input to the relay terminals.

CONTACTS

All three of the outp#tieontacts of the Type SLYG81A will make and carry 30 amperes for
tripping duty, buttheircontinuous-current ratings are limited by the target ratings as listed
in Table lll. Thesintegrupting ratings are given in Table Il
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TABLE Il
INTERRUPTING RATINGS OF OUTPUT CONTACTS
AMPS

ACVOLTS INDUCTIVEtt NON-INDUCTIVE

115 0.75 2.0

230 0.5 1.0
DCVOLTS

48 1.0 340

125 0.5 1.5

250 0.25 0775

ttThe inductive rating is based on an LR ratio of 0.04 second

TARGET

Targets having 0.6 and 2 ampere taps are provided for the output contacts between studs
11 and 12 and between studs 13 and 14. The ratings of each jof these targets are given in
Table lll.

TABLE IlI
TARGET RATINGS
0.6A'mp Tap 2.0 Amp Tap
Minimum Operating 0.6 amps 2.0 amps
Carry Continuously 1.2 amps 2.6 amps
Carry 30 Amps for 0.5 sec. 3.5 secs.
Carry 10 Amps for 5y secs. 30 secs.
DCResistance 0.78 ohm 0.18 ohm
60 Hertz Impedance 6.2 ohms 0.65 ohm

CHARACTERISTICS
OPERATING PRINCIPLES

The mho characteristiesin theé SLYG81 is obtained by converting relay currents into voltage
signals (1Z), combining thése IZ signals with signals proportional to the line voltage (V), and
measuring the,angles,bétween the appropriate combinations to obtain the desired
characteristic.

Currents are converted into IZ signals by means of transactors (Xa, X8, Xc, and X0) that are
air gap reactors with secondary windings. The transactors are tapped on the primary to
provide the basic ohmic tap selection of 0.1, 0.2 or 0.4 ohms for the 5 ampere short-reach
relay or 0.75, 5 or 3 ohms for the 5 ampere long-reach relay. The 1-ampere-rated relay
taps are0.5, 1.0, or 2.0 ohms for the short-reach relay and 3.75, 7.5 and 15 ohms for the
long-reach relay.
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The Z of the 1Z quantity isthe transfer impedance of the transactor and is equal to Voy /e
The transactor secondaries have loading resistors across them. These resistors provide the
desired angle between Voyrt and I|N. This angle determines the base reach of the relay.

Two additional quantities ("lopZro" and "cKoloZro-Vo") are also compared to prowide
security for faults other than single-line-to-ground.

The phase angle between the four signals is compared in a "Coincidence Logic" (CL) circuit
that puts out a rectangular voltage pulse when these signals are coincident. #the width of
this block of voltage is measured by an "Integrating Timer" (IT) circuit,which provides a
trip-signal output when the pulse width exceeds a preset duration. If the timer is set for 90°
(that is, 4.16 milliseconds in a 60 hertz system or 5 milliseconds in @ S50yhertz system), a
circular R-X characteristic is obtained. If the timer is set for less than 90°, an expanded
(tomato shaped) characteristic is obtained. If the timer is set for more than 90°, a
contracted circle (lens shaped) is obtained. Relays are shipped frem the factory with the
timer set for 90°.

The timing diagram for a typical condition is shown in Figure8,

If the 100% restraint setting is used and Ko is set equahto ‘the ratio of Z¢'/Z¢', phase-to-
neutral reach of the relay at the angle O is equal_to theWZ base-reach tap chosen. If a
voltage tap other than 100% is chosen, reach is increased in inverse proportion to the
voltage tap. For example, if the 50% voltage tap is.used, relay operation still occurs for the
same voltage applied to the measuring circuit, bug'since the actual line voltage is twice this
amount, the relay reach is twice as great.

Relay reach at the angle of maximum reach,¢an be calculated from the expression:

Zr = ZR1x 100
T
where: T = restraint settingin percent
Zr1 = base-réachitapsetting in positive-sequence ohms
Zr = relay-reach’in positive-sequence ohms

To set the relay for the desirédsreach, it is necessary first to select the proper "Base Reach
Tap". This tap should be the highest "Base Reach Tap" that is smaller than the desired
ohmic reach. The settingewef the "Base Reach Tap" is explained under the section titled
CONSTRUCTION in thisppaok. After the "Base Reach Tap" isselected, the "Percent Restraint
Setting" may nowsbe'¢hasen to produce the required relay reach.

OPERATING TIME

Operating time is%a function of the length of line being protected, the source impedance
and the location of the fault. Figure 9 shows the average operating time for a Type-
SLYG81A relaypywhen set for first zone protection of a typical 100 mile radial transmission
line with a source impedance equivalent to a 25 mile line. Figure 10 shows the average
operatingitime for the same line when the relay is set for second-zone protection.
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SENSITIVITY

Sensitivity is defined as the steady-state rms voltage or current (at the relay terminals)
required for a particular quantity to pick up the relay if all quantities are in the optimum
phase relationship. The nominal sensitivities for the sign in the SLYG81A relay“are as
follows:

1.  Polarizing #1 Sensitivity (Quadrature Polarizing)
Sensitivity is 10% of rated voltage

2.  Polarizing #2 Sensitivity
Sensitivity is 1.25 volts (- Vg + cKploZRro)

3.  Overcurrent Supervision Sensitivity 10Zro

3[02 0.2 _Zi amperes For Zgy = 3 ohms, 3|0 =0.2
R1

4. Operate Circuit Sensitivity

See Figure 11 for sensitivity in terms of Vi n (%T)
100

To determine current sensitivity, the ratio of lp to l;'mustibe known or assumed, and the
ratio of ZoL to Z1 must be known. The current sensitivityycan then be determined from the
formula:

6

(Ig-10) Zr1 + loKoZro =0.1
1-X
where

actual reach
nominal reach

3ZR1

For example, if Iy = 3lo and(KoZRro

then 2/3 15 Zr1 + lgZr1 #0.96
1-X

ifX = 0.8,
5/3 lgZR1NE 0.16 = 0.8
1-.8
lg = 0.48 ForZg1 = 3ohms, |y = 0.16 amperes
g = 220 ]
ZR4
BURDENS

The potential-€ircuit burden per phase at 69 volts rms line-to-neutral voltage is as follows:

0.2 volt-amperes
0.17 watts
0.10 vars
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The impedance of each current circuit, measured at its rated current, is shown in Table lV
below. The values are given in ohms.

TABLE IV
5 AMPERE RATED RELAY 1 AMPERE RATED RELAY
PHASE GROUND PHASE GROUND
4 0.030 0.018 0.210 0:160
R 0.027 0.018 0.200 0.150
X 0.013 0.002 0.065 0.050

The overall current drains of the DC control-power input (Studs 19'and/20) are as follows:

RATED VOLTAGE IN DC VOLTS RELAY K2 INPUT'CURRENT IN MILLIAMPERES

48 Dropped Out 200
48 Picked up 315

110 Dropped Out 90

110 Picked Up 175

125 Dropped Qut 80

125 Picked Up 155

250 Dropped Qut 260t

250 Picked Out 260t

t Input to studs A and Cof external pre-regulator.

CIRCUIT DESCRIPTION

The internal connections for thefType-SLYG81A relay are shown in Figure 2. The terminal
numbers at the top and bottom 'ef this diagram represent the external connections to the
relay. The external connections'ean be grouped asshown in Table V.

TABLE V
EXTERNAL CONNECTIONS

TERMINALCNUMBERS

DESCRIPTIONS

11 through 14
15 through 18
19 through 20

1 through8 AC Current Inputs
9 Contact (Other End Connected to #19)
10 Surge Ground

Contacts with Targets
AC Potential Inputs
DC Control Power Input

10
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The phase-to-neutral input voltages are connected to the primaries of 10:1 step-dows
transformers (TA, TB and TC). One secondary of these potential transformers is connected
to the signal processing (SP) card as well as to a three-gang precision potentiometers The
voltages on the sliders of the potentiometer are also connected as inputs to the SP dard.

A second set of secondaries on these potential transformers is connected in broken delta to
derive the Vgsignal required as an input to the SP card.

The input phase currents pass through the primaries of transactors (XA, XBfand, XC). These
transactors produce secondary voltages proportional to their pfimary currents in
magnitude; however, the secondary voltages lead their respective primagy currents by a
phase angle of 85°. The input zero-sequence current passes throughthe primary of a
transactor (X0) similar to XA, XB and XC except that the secondary_voltage of X0 leads its

primary current by 75°. The secondary voltages of all four transactors,aré’connected to the
SP card.

The SP card combines the above mentioned quantities to preduceswarious output signals
that are then fed as inputs to other cards. Table VI indicates the types of output signals
produced by the SP card, and which other card are fed by each signal.

TABLE VI

OUTPUTS FROMSP CARD
OUTPUT SIGNAL FROM SP CARD INPUT TO CARD
Van, VBN, VeN, = Van, = VBN, #VeN Quadrature Polarizing (QP)
cKoloZro - Vo Coincidence Logic (CL)
(la-1o) Zr1 + KoloZro — TVAN
(Is = lo) Zr1 + KoloZro - TVBN Operate Signal (0S)
(Ic=10) Zr1 + KoloZro +/TVeN

The "Quadrature Polarizing,' (QP) card produces a voltage Vgc £90° (j Vgc) by algebraic
summations of Vgn and Men. This j VBC is then filtered in an active band-pass filter with a
natural frequency (fp) equal to system frequency. Similarly-filtered jVca and jVaB voltages
are produced in the QR card and all three outputs are fed to the CL card as the main (1)
polarizing voltages.

The "OperateSignal*(0S) card filters its signals from the SP card in active band-pass filters
with naturaldrequencies equal to system frequency. Circuitry is also provided to bypass this
filtering for (IZ5IV) signals of large magnitudes. The outputs of the OS card are fed to the
CL card as operating signals.

Each phase of¢he CL card has four input signals and produces a high logic (+ 15 volts DC)
output signal whenever these signals have the proper instantaneous phase relationship.
Table®Mll shows the various input signals for one phase and where the signals are obtained.
In order for the output of CL to be?migh, inputs 1, 3 and 4 must have the same polarity and
input 2'must have an opposite polarity.

11
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TABLE VII
INPUTSTO CL CARD
INPUT NO. INPUT SIGNAL DERIVED FROM
1 Quadrature Polarizing QP Card
2 Operate Signal OS Card
3 cKoloZro - Vo SP Card
4 loZro Xo Transactor

The output of the CL card has a high logic value if any one, or mege, of its phases has the
proper phase relationship between its input signals.

The CL card output is fed to the integrating-timer (IT) cardfwhich measures the time that
the CL outputsignalis high. If the input signal to the IT.card is high for 4.16 milliseconds on
a repetitive basis (50 hertz relay - 5.0 milliseconds) (or%s.5milliseconds on a single-shot
basis) (50 hertz relay - 6.0 milliseconds), the output of theNT card will go to a high logic
value, which picks up a reed relay (K1) mounted on‘thé'pewer-supply (PS) card. A normally-
open contact on K1 energizes a telephone relay®K2)wounted on the front panel. Two
normally-open contacts of K2 are connected in series with the coils of targets to provide
the main tripping contacts (terminal numbers 1%to 12 and 13 to 14). In addition, a third
normally-open contact of K2 is connected betWeenvterminals 19 and 9, without a target,
for auxiliary functions.

The input DC control power (48, 110, @r 125 volts) is connected to the power supply (PS)
card, which contains a DC-to-DC converter., The outputs of the DC-to-DC converter are + 15
and -15 volts DC regulated, which supply, the necessary control power to the other cards.
The transformer in the DC-to-DC c¢onwerter provides isolation between the solid-state
circuitry of the relay and the input'DC ¢ontrol power (i.e. station battery). A yellow LED
monitorsthe output voltage from thisinternal power supply.

The internal connections andycard fayouts for each printed-circuit card are listed in Table
VIIl. The printed-circuit cards,have test points accessible from the front of the cards. Each
test point, except the referénceconnection "OV" on the PS card, is buffered by a resistor to
prevent a disturbance tosthe eircuitry if a test point is accidentally short-circuited. The test
points are labeled functionally; i.e., the A phase input to the integrating timer is labeled
"AIN". The internal cenneection drawings show the test points with the same label.

12
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TABLE VI
INTERNAL CONNECTIONS FOR CARDS

CARD CARD FUNCTION FIGURE NUMBER OF FIGURE NUMBER
DESIGNATION INTERNAL CONNECTIONS OF CARD LAYOUT

SP Signal Processing 16A 168B

QP Quadrature Polarizing 17A orB 17C

oS Operate Signal 18AorB 18C

CL Coincidence Logic 19A 19B

IT Integrating Timer 20A 208

PS Power Supply (125 Volts DC) 21A 22

PS Power Supply (48 Volts DC) 21B 22

PS Power Supply (110 Volts DC) 21C 22

CALCULATION OF SETTINGS

Assume that the line to be protected is approximatelywZ0*miles long and has primary
impedances as follows:

Zl =42 £83°, Z0 = 130 £78°

Assume CT ratio is 1000/5 and PT ratio is 2000/ 1«

10000/ 1
Z . sec = 42 ——J-——-=424%°
1 w5 2000

1000 1
Z_ sedf=1300— )| —— | =13278°
0 5 2000

FIRST ZONE RELAY SETTING

The first-zone relay can be¢set up to 85% of the line impedance for positive-sequence
impedance angles abovesZ5? and 80% for positive-sequence impedance angles above 70°.
For line angles lowef than 70°, refer to the local GE Sales Office. Hence the reach ZR =0.85

(4.2) =3.57 ohms!

(a) Select’Zr1 (phase base-reach tap). The highest tap should be selected that
is less than ZR, which, in this case, isthe 3 ohm tap on the long-reach relay.

(b) Select Zgro (neutral base-reach tap) and the KO multiplier such that:

KO ZRO ZRl
<

Zosec Alsec

13
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In general, Zrg will equal Zr1, and hence the Ko tap (2.5, 3.5, 4, 4.5) will be selected ta be
equal to orslightly less than Zgsec/Z1 sec, or, in this case, 13/4.2 = 3.09; select Ko = 3.

(c) Select restraint setting (10% to 100%). The restraint setting is obtained
from the formula:
Zg 3.0
T = —— (100%) = — (100) = 84.0%
Z, 3.57

NOTE: SEE THE CONSTRUCTION SECTION OF THIS BOOK FOR DEJAIS ON HOW TO
OBTAIN THE BASE REACH TAP AND RESTRAINT SETTING CALCULATED IN
THIS SECTION.

SECOND-ZONE RELAY SETTING

The second-zone relay is set in the same manner,as the first-zone relay except that a
different reach is required. Assume that the second*zene unit is used in a directional-
comparison scheme and a reach of 175% is desiredyZr =31.75 (4.2) = 7.35 ohms.

(a) Select Zry. Use 3 ohm base tap.
(b) Sellect Zroand Ko. Use Zrg_= 3 ghms and Ko = 3, the same as the first-zone
relay.
(c) Restraint Setting
VA

3
R0 ==—— (100) = 40.8%

Z1 7.35

NOTE: THE KoZRro SETTING SHOULD NOT BE GREATER THAN TWICE THE ZERO-
SEQUENCE IMPEDANCE OF THE LINE.

CONSTRUCTION

The t{lpe-SLYGmA relay is assembled in a deep, large-sized, double-ended (L2D) drawout
case having studsfat both ends in the rear for external connections. The electrical
connections between the relay unit and the case studs are through stationary molded inner
and outer blocks, between which nests a removable connecting plug that completes the
circuits. The éuter blocks attached to the case have the studs for the external connections,
and thejinner blocks have the terminals for the internal connections.

Every circuit in the drawout case has an auxiliary brush, as shown in Figure 12, to provide
adequate overlap when the connecting plug is withdrawn or inserted. Some circuits are
€quipped with shorting bars (see internal connectionsin Figure 2), and on these circuits it is
especially important that the auxiliary brush make contact, as indicated in Figure 12, with
adequate pressure to prevent the opening of importantinterlocking circuits.

14
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The relay is mounted in a steel framework called the cradle and is a complete unit, with=all
leads terminated at the inner blocks. This cradle is held firmly in the case with a latch at
both top and bottom and by a guide pin at the back of the case. The connecting=plug,
besides making the electrical connections between the respective blocks of the cradle and
case, also locks the latch in place. The cover, which is drawn to the case by thumbserews,
holds lt)he connecting plugs in place. The target reset mechanism is a part of the cover
assembly.

The relay case is suitable for either semiflush or surface mounting on all panels up to two
inches (2”) thick and appropriate hardware is available. However, panel thickness must be
indicated on the relay order to make sure that proper hardware is available. Outline and
panel drilling is shown in Figure 13. For DC supply voltages greatér than 125 volts it is
necessary to use an external pre-regulator.

The pre-regulator is packaged in a box made from compoundsplates’and perforated steel
siding. It can be mounted on the rear of the relay or at a eonvenient location near the
relay. The outline and mounting dimensions for the pre-regulater are shown in Figure 28.

A separate testing plug can be inserted in place of thé éennecting plug to test the relay in
place on the panel, either from its own source of current and voltage, or from other
sources. Or the relay can be drawn out and replacedby.another that has been tested in the
laboratory.

The potential transformers (TA, TB and TC) and:ithe transactors (XA, XB, XC and X0) are
mounted at the rear of the cradle as showmyin®Figure 4. The tap block below the
transactors is used to set the base reach to thexalue determined in the CALCULATION OF
SETTINGS section of this book. The fourdeads tagged A, B, Cand N should be connected to
the desired ohmic value labeled QA, @B, OC and NEUT respectively. For example, Figure 4
shows a base reach (Zr1) setting of 0.4,0h'mis and the leads are connected as follows:

lead C #%.-= » position 1
lead B &-4--772- + position 4
lead A" ---2s#---- + position 7
lead N -=------- + position 10

A base-tap indicator is provided on the nameplate. The knob should be rotated until the
number corresponding tothe base-reach setting is exposed.

Figure 14 shows a front view of the relay with the nameplate removed. This view shows
the targets, the telephone’relay and all adjustments other than the base-reach tap
described above.

The dial of the'restraint-setting potentiometer (T) is calibrated directly in percent with the
number in the window indicating the 10's digit and two digits on the dial indicating the
units and decimal digits. An example is shown in Figure 15 with a setting of 84% . The dial
can be adjusted*ffom 10% to 110%. The lock must de disengaged (by turning the lever
counterclockwise) in order to change the restraint setting, but should be engaged again
after the desired setting is made.

The value of "Ko" selected in the CALCULATION OF SETTINGS section is set by means of the
KO plug indicated in Figure 14. This plug should connect the horizontal jacks labeled "2.5",
"300",%"3.5", "4.0" or "4.5" on the SP card to obtain a Ko value of 2.5, 3.0, 4.0 or 4.5
respectively.
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The other adjustments indicated in Figure 14 are trim potentiometers located on printed-
circuit cards. These adjustments are set in the factory and should not normally require
readjustment. See the ACCEPTANCE TESTS section of this book for the recommended
procedures if readjustmentis required.

RECEIVING, HANDLING AND STORAGE

These relays, when not included as a part of a control panel, will be shipped in cartons
designed to protect them against damage. Immediately upon receipt of,a relay, examine it
for any damage sustained in transit. If injury or damage resulting from reugh handling is
evident, file a damage claim at once with the transportation company, and notify the
nearest General Electric Sales Office. .

Reasonable care should be exercised in unpacking the relay in order that none of the parts
are injured nor the adjustments disturbed.

If the relays are not to be installed immediately, they should“he stored in their original
cartons in a place that is free from moisture, dust and metallic chips. Foreign matter
collected on the outside of the case may find its way inSide‘'when the cover is removed and
cause trouble in the operation of the relay.

ACCEPTANCE TESTS

Immediately upon receipt of the relay an INSPECTION AND ACCEPTANCE TEST should be
made to make sure that no damage has been sustained in shipment and that the relay
calibrations have not been disturbed.

These tests may be performed as part ofithe installation or of the acceptance tests, at the
discretion of the user. Since operating companies use many different procedures for
acceptance and installation tests, thesfollewing section includes applicable tests that may
be performed on these relays.

VISUAL INSPECTION

Check the nameplate stampifig te. make sure that the model number and rating of the
relay agree with the nameyequisition.

Remove the relay from its case and that there are no broken or cracked molded parts or
othersignsof physical damage, and that all screws are tight.

MECHANICAL INSPECTION

Case and CradileBlocks

Check that the fingers on the cradle and the case agree with the internal-connection
diagram. Each cradle finger should be flush or project above the barrier between fingers.
Check that thére is a coil spring under each finger. The case fingers, if not held down by a
shorting'bar, should come within one-sixteenth of an inch (1/16") of touching a straight-
edge bridging the case block from side to side. If held down by a shortening bar, it should
reqlire;at least one pound force (450 grams) to open the electrical circuit between the
finger and the shortening bar. See Figure 12. Check that each auxiliary brush extends
aboverthe barrier fingers.
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Target Unit

The target unit has an operating coil tapped at 0.6 and 2.0 amperes. The relay is shipped
from the factory with the tap screw in the higher ampere position. The tap screw is the
screw holding the right-hand tap plate. To change the tap setting, first remove oné\screw
from the left-hand plate and place it in the desired tap on the right-hand plate. Next
remove the screw from the undesired tap (on the right-hand plate) and place it on the left-
hand plate where the first screw was removed. Following this procedure maintdins the
contact adjustments. See Figure 14. Screws should never be left in both taps.at the same
time.

TABLE IX
TARGET PICKUP CURRENTS
TAP PICKUP CURRENT IN AMPERES
0.6 0.35-0.6
0.2 1.15-@.0

The backing strip should be so formed that the forkedwend«front) bears against the molded
strip under the armature. Since mechanical adjustments may affect the Seismic Fragility
Level, it is advised that no mechanical adjustméntstbe made if seismic capability is of
concern.

Telephone Relay

With telephone relaysin the de-energized position all circuit-closing contacts should have a
gap of atleast 0.015 inch and all circuit*@pening contacts should have a wipe of 0.005 inch.
Gap may be checked by inserting a feeler,gage between the contacts, and wipe can be
checked by observing t%e amount of deflection on the stationary contact before parting
the contacts. The armature should.then be operated by hand and the gap and wipe again
checked asdescribed above (0.015" gap, 0.005” wipe).

ELECTRICAL TESTS, GENERAL

All alternating-current-operated devices (AC) are affected by frequency. Since non-
sinusoidal waveforms g£an _be analyzed as a fundamental plus harmonics of the
fundamental frequency, it follows that alternating-current devices (relays) will be affected
by the applied waveferm. “Fherefore, in order to test alternating-current relays properly it
is essential to usea sinewave source of current and voltage.

DIELECTRIC TESTS

1. Introduction

The surge capacitors used in the type SLYG relay do not have voltage ratings to
withstandAC hipot voltage; therefore, caution must be exercised when hipotting to
avoid damaging these capacitors.

it.is,srecommended that hipot tests be performed on a bench with the relay in its case.

If the relay is to be hipot tested together with other apparatus in an equipment, all
eéxternal connections to terminal 10 (surge ground) must be removed.
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The hipot test voltage should be 1500 volts rms, 50 or 60 hertz for new relays, or 2125
volts rms, 50 or 60 hertz for other relays. New relays are defined as those that' have
not been in service, that are not more than one year old from the date of shipment,
and that have been suitably stored to prevent deterioration. The duration of
application of the test voltage should be 60 seconds.

Hipot Tests

(@) Common-Mode Hipot Tests (All terminals to case):

Temporary connections should be made to tie to%ether all relay_temminals, including
terminal 10 together. Hipot voltage can then be applied bétween this common
connection and the relay case.

(b) Transverse-Mode Hipot Tests (Between circuits):

For hipot tests between circuits of the relay, the surge eapacitors must be temporarily
disconnected from the surge capacitor buses insidesthenrelay. The relay terminals
should be jumpered to provide the four groups

of circuits shown in Table X. Hipot voltage can‘then be applied between any two
groups of circuits-

TABLE X
CIRCUIT GROUPING FOR TRANSVERSE-MODE HIPOT TESTS
CIRCUIT GROUP JUMPERBETWEEN TERMINAL NUMBERS
AC Current 1,2,3,4,5 6,7and 8
AC Potential 15,16, 17 and 18
DC Control Power 9,19and 20
Output Contacts 11,12,13,and 14

An alternate test using,a 500 volt DC Megger™ can be performed between the circuit
groups of Table X withythessurge capacitors connected in their normal manner.
While this method do€s net test the relay to its full dielectric rating, it will detect
some cases of degradediipsulation.

Restoring Relay to Service

After the hipgt or megger™ testing is completed, the surge capacitors should be
reconnected to'the surge capacitor buses, and all external wiring to terminal 10
should be reconnected. The reach tests described under the ACCEPTANCE TESTS
sectiop’of this book should then be repeated.

DETAILED TESTING INSTRUCTIONS

1.

Required Settings

Make certain all the relay settings have been made. These should be in accordance
with the setting calculations. The settings are:

(a) Base reach (Zgr,) is set on the tap block at the rear of the relay. All three

phase settings should be the same. The "Neutral" reach will normally be
the same as the phase reach.
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Percent restraint (T) is set on the precision potentiometer on the front of the
relay.

Zero-sequence current compensation (Kg) is set by means of the Ko plughen
printed-circuit card "SP".

2. Relay Base-Reach Angle and Reach Check

The following procedure is recommended to check the base-reach angle (3) and the
relay reach setting (ZR).

a) Make the test connections shown in Figure 23 for the particalarsphase being
tested.
b) Adjustthe load box until the ammeter indicates the desiréd test'current (I7). See
Table XI for the recommended test current for a desiredyreachs
TABLE XI
RECOMMENDED TEST CURRENT
5 AMPERE RATED RELAY 1 AMPERE RATED RELAY
BASE REACH TAP RECOMMENDED BASE REACH TAP RECOMMENDED
MINIMUM MINIMUM
TEST CURRENT TEST CURRENT
0.1 201t 0.5 att
0.2 20tt 1.0 4att
04 10tt 2.0 2
0.7 8 3.75 1.6
1.5 4 7.5 0.8
3 2 15 0.4

tt The relay is not rated to carry thisicurrent continuously. It should not be applied longer

than five (5) minutes, with an off time ofatleast five (5) minutes.
Adjust the phase for themmominal base-reach angle of 80°.

Observe the waveferm at the following test point (on OS card) with an
oscilloscope.

1)  "AOUT"Yor phase A
2) "BOUT“forphaseB
3) "COUT for phase C

Lower the veltage VT to the value given in equation (2) below:

Z
RO
2+K0<—>

ZRl

IN Rl
37/100

n

V=

2)
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INn = operating current

Ko = zero-sequence current compensation tap setting (plug on SP catd)
T = restraintvoltage setting in percent

Vt = pickup voltage at the base-reach angle in volts rms

Zr1 = base-reachtapinohms

As the voltage is lowered, observe the waveform at the test point designated in
step d) above. At the point where the telephone relayy(K2) picks up, a slight
adjustment of the phase angle and input voltage will causéithe waveformto be
reduced to a null consisting of only third and fifth harmeni¢s. At this null point
(2)the angle onthe phase-angle meteristhe base-réach,angle, @, and should be
within two degrees (2°) of the nominal value of 80%\,The voltage V7 at this null
condition should be within five percent (5%) of théwalue calculated by equation

(2).

NOTE:

THE MEASURED PICKUP SHOULD AGREE WITH THE CALCULATED VALUE
WITHIN *5%.|F THE VALUES DO NOFAGREE WITHIN THESE LIMITS, ITIS
RECOMMENDED THAT THE TEST SETUP AND METER CALIBRATIONS BE
CHECKED BEFORE THE FACTORY SETIINGS ON THE RELAY ARE DISTURBED.
ONE GOOD METHOD OF CHECKING/THE TEST SETUP AND PROCEDUREISTO
REPEAT THE TESTS ON A DUPLICATERELAY.

If it is desired to readjuststhe reach so that measured pickup occurs at a value
closer to the calculated value,"this may be accomplished by means of the trim
potentiometers on the™SPYee~d. The potentiometer to be adjusted for each
phase is shown in Table XII) These potentiometersshould be turned clockwise to
increase the reach.

TABLE XII
REACH ADJUSTMENTS LOCATIONS

PHASE4JNDER TEST POTENTIOMETER POTENTIOMETER
DESIGNATION LOCATION
A P1 Top
B P2 Middle
P3 Bottom
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3. Testing Mho Characteristics

The complete mho characteristic (see Figure 6) can be measured by the same test
circuit (Figure 23) as used for the preceding Reach Tests. The procedure is similar
except that the phase shifter is adjusted until the phase-angle meter indicates’the
angle of interest. Reduce the voltage out of the variable autotransformer until the
relay picks up; value of V| at this point should be:

z

HVIN = |2+K<—ﬂ’)
o\ z

R1

| IINZR1

377100 ]cos(a—ﬁ) 3)

T Vshould not be more than 10% above the relay rated voltage: If Vis greater,
reduce | until Vis correct.

where a = angle read by phase-angle meter in degreés:
¢ = 80° = angle of maximum reach in degrees.

All other parameters are as defined under equation (2);

4. Alternate Test Method for Reach Tests

An alternate method of testing the relay characteristic is shown in Figure 24, where
the R-X test combination is employed. The circuit uses the test box (102L201), test
reactor (6054975) and test resistor (6158546) described in GEI-44236. Since a limited
number of resistor-reactor fault impedances are available, only a few points on the
relay characteristic can be checked.

5. Integrating-Timer Tests

The integrating timer (IT) card hasithree adjustments as indicated in Table XIII.

TABLE Xl
TIMERADJUSTMENT LOCATIONS

60Hz RELAY 50 Hz RELAY

POTENTIOMETER POTENJIOMETER FUNCTION FACTORY FACTORY
DESIGNATION LOCATION SETTING SETTING
MILLISECONDS MILLISECONDS
P1 Bottom Transient Pickup 5.5ms 6.6 ms
Time
P2 Top Steady State 416 ms 5.0ms
Pickup Time
P3 Middle Dropout Time 50ms 6.0 ms

These potentiometers have been factory set and should not be adjusted unless a plot of the
mho characteristic indicates an improper pickup-time setting. The timer has a 5.5,4/5 (50
Hz-66,5/6) time setting. The P1 potentiometer, used for transient operation, has been set
in coordination with the P2 potentiometer at the factory and sealed. Potentiometer P1
mst ‘not be readjusted. Potentiometer P2 is set for a 4.26 milliseconds (50 Hz-5.0
milliseconds) pickup time. The 4.16 milliseconds (50 Hz-5.0 milliseconds) time is important
immaking the 90° measurement and affects the shape of the mho characteristic; times
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characteristic. Turning the P2 potentiometer clockwise will increase the pickup time delay:
Potentiometer P3 is set for 5 millisecond (50 Hz-6.0 milliseconds) dropout-time deélay
Turning the P3 potentiometer clockwise will increase the dropout-time delay.

The test circuit of Figure 23 may be used to check the steady-state pickup time setting. A
dual-trace oscilloscope should be used, with channel "A" connected to test point "A|N" on
the IT card and channel "B" on test point "OUT" on the IT card. Connect unused inputs
"AIN","BIN" or "CIN" on IT card to "OV" test point on PS card. In order to observe the
pickup-time delay, the dropout-time dela% must be reduced by turning P3
counterclockwise so that the output resets each half cycle. Reduce VN 4intil the relay
picks up; the output (channel B) should go positive 4.16 milliseconds (50Hz-5.0
milliseconds) after the input (channel A) goes positive. After the pickupitime is checked, P3
should be turned clockwise until the output (channel B) produces @ continuous positive
signal. P3 should then be turned clockwise for one additional turn.

As a final check on the accuracy of the 4.16 milliseconds (50 Hz-5:0,milliseconds), the mho
characteristic may be rechecked and compared with the desired characteristic.

To check the transient pickup-time setting, the following pfocedure should be used:

(a) Remove the CL card.
(b) Connect the test circuit of Figure 25,
(c) With the oscilloscope trigger on positiveislope, open the normally-closed

contact. The Channel Two trace'should step positive 5.5 milliseconds (50
Hz-6.6 milliseconds) (0.1 millisécond) after the Channel One trace steps
positive.

INSTALKATION PROCEDURE
INTRODUCTION

The relay should be mounted on a vertieal surface. The outline and panel-drilling diagram
isshown in Figure 13.

The location should be clean; dry, free from dust or excessive vibration and well lighted to
facilitate inspection and testing!

The internal-connection diagram for the relay is shown in Figure 2 and typical external
connections are shown iiwFigure 3.

NOTE: PHASE(SEQUENCE IS CRITICAL FOR THE PROPER OPERATION OF THE TYPE
SLYG8TA,RELAY. PHASE SEQUENCE SHOULD BE CHECKED AT THE RELAY
STUDSNLO MAKE SURE THAT IT IS 1-2-3 AT RELAY STUDS 15-16-17
RESPECTIVELY.

SURGE GROUND AND RELAY CASE GROUND CONNECTIONS

One ofythe mounting studs or screws should be permanently connected to ground by a
conductor not less than No. 12 AWG copper wire or its equivalent. This connection is made
to grourtd the relay case. In addition, the terminal designated as "surge ground” on the
intermaltconnections diagram must be tied to ground for the surge-suppression networks
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in the relay to perform properly. This surge-ground lead should be as short as possible to
ensure maximum protection from surges (preferably 10 inches or less to reach a solid
ground connection).

With Terminal 10 connected to ground, "surge ground” is connected electrically,to the
relay case. The purpose of this connection is to prevent high-frequency transient potential
differences from entering the solid-state circuitry. Therefore, with Terminal 10 connected
to ground, the surge capacitors are connected between the input terminals and“the case.
When hipotting the relay, the procedure given in DIELECTRIC TESIS under the
ACCEPTANCE TESTS section of this book must be followed.

TEST PLUGS

The relay may be tested without removing it from the panel by using a¥2XLA13A test plug.
This plug makes connections only with the relay and does not disturbrany shorting bars in
the case. Of course, the 12XLA12A test plug may also be used. “Afthough this test plug
allows greater testing flexibility, it also requires current transformer shorting jumpers and
the exercise of greater care, since connections are made to,both the relay and the external
circuitry. Additional information on the XLA test plugs may'be obtained from instruction
book GEI-25372.

INSTALLATION TESTS

Since operating companies use many different,procedures for acceptance and for
installation tests, the section under ACCEPTANCE TESTS contains all necessary tests that
may be performed as part of the installation procedure, at the discretion of the user.

The minimum suggested tests are asfollows:

1. VISUAL INSPECTION

Repeat the itemsdescribed under ACCEPTANCE TESTS - VISUAL INSPECTION.

2. MECHANICAL INSPECHONAND ADJUSTMENTS

Repeat the items described'under ACCEPTANCE TESTS - MECHANICAL INSPECTION.

3. TARGETUNIT

Set the target unit tap screw in the desired position. The adjustment will not be
disturbed ifga screw is/first transferred from the left plate to the desired tap position
on the right tap’plate and then the screw in the undesired tap is removed and
transferred toithe left plate. Screws should never be left in both tap positions on the
right taprplate.

4. REBACH TESTS

a) Using the values selected in the CALCULATION OF SETTINGS section of this
book, set:

- Base reach (Zr1) on the back of the relay
- Percent restraint (T) on the front panel potentiometer

- Zero-sequence current compensation (Ko) on printed- circuit card "SP", the
lower right-hand card
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b) I\ﬂeaéu rekthe relay reach at 80° as described in the ACCEPTANCE TESTS section of
this book.

PERIODIC TESTING AND ROUTINE MAINTENANCE

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 ifiterval
between periodic checks will vary depending upon environment, type ofsfélay and the
user's experience with periodic testing. Until the user has accumulated enough eéxperience
to select the test interval best suited to his individual requirements it is suggested that the
points listed under INSTALLATION PROCEDURE be checked at an intefval, of*from one to
two years.

Check the items described under ACCEPTANCE TESTS - VISUALTINSPECTION and
MECHANICAL INSPECTION. Examine each component forssigns of overheating,
deterioration, or other damage. Check that all connections aretightiby observing that the
lock washers are fully collapsed.

CONTACTS

Examine the contacts for pits, arc or burn marks, €osrrosion, and insulating films. For
cleaning contacts, a flexible burnishing tool should,be'used” This consists of a flexible strip
of metal with an etch-roughened surface, resembling“in effect a superfine file. The
polishing action is so delicate that no scratches are leftfyet it will clean off any corrosion
thoroughly and rapidly. Its flexibility ensures the cleaning of the actual points of contact.
Do not use knives, files, abrasive paper or cloth/of @ny kind to clean relay contacts.

ELECTRICAL TESTS

The reach tests described under the ACEEPTANCE TESTS section should be repeated and
the results compared against the desired setting. 1f the measured value is slightly different
the from that measured at a previods time, this is not necessarily an indication that the
relay should be readjusted. The errers 6fall the test equipment are often additive and the
total error of the present setup may be of opposite sign from the error at the previous
periodic test. Instead of readjustingithe relay itis recommended that, if the apparent error
is acceptable, no adjustment bé made and that the error be noted on the relay test record.
After sufficient test data hassaceumulated, 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 one-
time drift in the characteristics of the relay.

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.

A recommended troubleshooting procedure is shown in Table XIV.
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TABLE XIV

TROUBLESHOOTING PROCEDURE

PROBLEM

PROBABLE CAUSE

TROUBLESHOOTING SEQUENCE

I. Relay picks up when
it should not.

1. Voltage missing or

wrong phase sequence.

1. Set balance input voltage:

Van = 69

VBN = 694 120

Ven =,69Z #1720

Check veltages at — Van,
~Venandi= Vcn on the QP
cardftestpoints, which should
bebalanced at 6.9 volts,
and'phase sequence Van,

Van, Ven.

2. Defective CL card. .Change CL card.
3. Defective reed »Change PS card.
relay (K1).
Il. Relay will not pick 1. +15 and/or -15 VDC .Check +15V and -15V test
up when it should is missing. points on PS card.

on any of the
three phases.

2. Defective telephone

relay (K2) or target (T1).

3. Defective reed relay(K1).

4. Defective IT card.

If either of both voltages:
are not between 14 and 16
volts,check the following:

. Check that rated DC

voltage (48 or 125 VDC)

ison PS card pin 40( +) to pin
24(-). If not, check input
terminals 19( + ) to 20(-).

.Remove PS card and jumper

pins 17 and 40 of the PS card.
If the relay does not pick up
when powerisrestored,
then K2 or T1 is defective.

.If the relay picks up with the

jumperinthe preceding step
(2),thenremove the jumper
andreinsert PS card. Remove
the CL card and the relay
should pick up.If not, K1
relay is possibly defective.
Change the PS card.

. If replacing the PS card in the

preceding step (3) does not
cause pickup (with the CL card
still removed), the IT card

is possibly defective.

Change the IT card.
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TABLE XIV

TROUBLESHOOTING PROCEDURE (Continued)

PROBLEM

PROBABLE CAUSE

TROUBLESHOOTING SEQUENCE

Ill. Relay will not pick
upwhenitshould
onone phase, but
picks up correctly
on another phase.

1. Defective card.

2. Incorrect wiring
and/or defectivecard.

1.

Change printed-circuit cards,
one atatime, in the
followingorder; IT, CL,

SP, QP, OS.

. Check witing'between all

magnetics and the SP card.
Checkywiring between all
PGgards® If an errorin
wiringss found and corrected
andithe relay still does not
pick up, return to preceding
step (1) to find defective

PC card.

IV. Out of specitication
in maximum reach
+ 30° tests.

1. Incorrect steady-
state pickup.

2. Defective Gard:

. Set steady-state

pickup-time pot
and time on IT card recheck
other phases

.Change printed-circuit cards,

one atatime, inthe
following order; SP, QP,
IT, CL, OS.
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RENEWAL PARTS

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

Should a printed-circuit card become inoperative, it is recommended that this card be
replaced with a spare. A special tool (see Figure 26) is available for removing the printed-
circuit cards from their sockets and this tool should always be used #6r_removal (See
Caution in SERVICING section). In most instances, the user will beanxigUtsito return the
equipment to service as soon as possible and the insertion of a spare“eardrepresents the
most expeditious means of accomplishing this. The faulty card can tfién be returned to the
factory for repair or replacement.

Although it is not generally recommended, it is possible with ¢he proper equipment and
trained personnel to repair cards in the field. This means thatsa treuble-shooting program
must isolate the specific component on the card that hag 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 which componentthasifailed. This, however, may be
time consuming, and if the card is being checked infiplace in its unit, as is recommended,
will extend the outage time of the equipment.

CAUTION

Great care must be taken in replacing components on the cards. Special soldering

equipment suitable for use on the gelicate solid-state components must be used

and, even then, care must begstaken not to cause thermal damage to the

components, and not to damage,of bridge over the printed-circuit buses. The

repaired area must be recoatedywith a suitable high-dielectric plastic coating to

grevent possible breakdowns across the printed-circuit buses due to moisture or
ust.

ADDITIONAL CAUTION

Dualin-line integrated Circuits are especially difficult to remove and replace without
specialized equipments Furthermore, many of these components are used on
printed-circuit{cards that have bus runs on both sides. These additional
complicatiofis retiuire very special soldering equipment and removal tools, as well
as additional skills and training, which must be considered before field repairs are
attempted.

When ordering renewal 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.
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DEFINITION OF SYMBOLS

total phase A currentin relay in amperes rms

total phase B current in relay in amperes rms

total phase C current in relay in amperes rms

total zero-sequence current in relay in amperes rms

relay currentduring test in amperes rms

relay voltage restraint setting in percent

phase-A-to-phase-B voltage in volts rms

phase-B-to-phase-C voltage in volts rms

phase-C-to-phase-A voltage in volts rms

phase-A—to-groUnd voltage in volts rms

phase-B-to-ground voltage in volts frms

phase-C-to-ground voltage in voltsirms

positive sequence of Vag véltage inwolts rms

positive sequence of Vgcwoltage in volts rms

positive sequence of Véaveltage in volts rms

relay voltage during test in volts rms

system positive-sequence phase-to-neutral impedance in ohms
line positive-sequénce phase-to-neutral impedance in ohms
source positive;sequence phase-to-neutral impedance in ohms
line nelgative-sequence phase-to-neutral impedance in ohms
source negative-sequence phase-to-neutral impedance in ohms
system impedance between relay location and fault location in ohms
relay reach in ohms

base-reach tap in positive-sequence ohms

base-reach tap in zero-sequence ohms

phase-angle meter reading during test in degrees

relay base-reach angle in degrees
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Figure 15 (8042986) Restraint-Setting Dial (Set for 84%)

43



4%

(dS) p4eD bBuissadoud-jeubis 104 suoidaUU0) [euIdU| (L L'YS $806D2510) V9L 3inbBiyg

CRE

¥RS0

59K
%RS1

—>CW
P2OKRS 4

10K

5K, 228K
1

3
CA4

RS2

Lcmxcm 23k

~>CW

P33 %R7 4
¥R7S

SK 28K
NIRRT

CAS
CR1D CR9 873k

1s51¢€

+15_vo 1l N T0 PIN 8

1

3

43—

A
\MFD LL 1cC8
v 0 VOLT

-E’w——) TO PIN 4 ALL ICS

PCB 0152C8438 P-1
ASM 018485427 G-1

¥ RESISTORS + 1% RNGOC

ALL RESISTORS 1/4 WATT*5 7,
CARBON
ALL 1.C.’S 1558

@B CAMBION CONNECTORS
(Q TEST POINT

€L86U-239



GEK-49813

1cA8
(SP)

it

R72

@m
o
— o

RS
R74
CRI10
S I\
R73 P3 -
O
7 0184B5427 (GR-

Figure 16B (0152C8438 Sh.1 3) Card Layout for Signal-Processing Card (SP)

45



GEK-49813

PCB 0152C8439 P-1
ASH 018485428 G-!

3« + 1S VOLT TO PIN B
"?' ——> alL IC5

cal
LO0.1 MFD
Tsov

0 voLT

1eS51

£

J c92
0.1 MFD
sov

43¢ 15 VOLT II?LFIKES‘

 RESISTOR VALUE| SELECTED IN TEST

¥ RESISTOR:(7. RNBOC
ACLIGTHER RESISTORS |/4 WATTIS 7, CARBON
ALL T.Bu’s 1558

@ TRIM POSTS

@©,JEST POINT

Figure 17A (0152C9086 Sh.1 1) Internal Connections for a 60 Hertz
Quadrature-PolarizingCard(QP)

A,

PCB 0152C8438 P-1
ASH 018485428 G-3

> 22

R37
100K |

9 ¢ » 15(voLT TO PIN.B
[ > ALL ICS
L 0,1 #FD
[sov

Q VOLY

1e51
’ cs2
L0.1 mFD
Tsov

"> 41 1Cs

& RESISTOR VALUE SELECTED IN TEST

* RESISTOR:1Y, RN60C
ALL OTHER RESISTORS 1/4 WATT3S 7, CARBON
ALL [.C.’S 1558

® TRINM POSTS

Q tesT POINT
ENGNOTE: Q-8

Figure 17B (0152C9086 Sh.3) Internal Connections for a 50 Hertz
Quadrature-Polarizing Card (QP)

46



GEK-49813

col o N of N [ ]
o — P ¥ 5 VI @ c92
b le Joe 0 | Lo for | L1 3
of
o~
Q-
Y
U::v[ml O
1 bR ~
ca3® w
i
‘f,’ (&3]
cs |  F s
‘{:}‘R‘x RS3 o
:E}: >
w
m
<r
'—' [o0]
—!:]— 5
;l;lgl
¥ o

(5]

(=]
RS1A
R518B

&35, O\l

Figure 17C (0152C8439 Sh.1 3) Card Layout for Quadrature-Polarizing Card (QP)

47



1 1<6—

1e51%E

L5513
R18
100K
Ar
+ 15 voLY TO PIN 8
9 < —— Z ALL ICS
TO PIN 4
> ALL ICS

GEK-49813

1a51¢

*R3I2
16.2K
6|

PCB 0152C8440 P |
ASM 018485429 G

Figure 18A (0152C9087 Sh.1 2) Internal €onnections for a 60 Hertz

cz flr
*rig |3 T

114

R1iB
] v 100K
@ 2 XQ [Ri3
& W P 18K
[ 2R AFIL
9¢ + 1S YOLT, TD PIN 8
To1 alL ics
0.1 MD
v

S0
0 vOLT
l.sx((—l,—m'—————«

| gs2
Lovi Mo
sov

-1§ vOLT TO PIN 4
2 5
jhs < ALL ICS

Operate-Signal Card (0OS)

CR21 ’

CR22 *R29
10K
lmbl =

0.33MFD
S0V

8. 06K)0,3 3MF D)\gle 45
T 50v T3 RS8
« T ix 100K
o <« = 23
5 Us .\. &l
v g = C¥ic
1451 ¢
ENGENOTE= Qs 1
a RESISFOR VALUE SELECTED IN TEST
% RESISTOR%1Y, RNGOC
ALL BIHER RESISTORS 174 WATTES 7 CARBON
ALL 1.C.’s 1558
@ TRIM POSTS
() TEST POINT
PCB 0152C8440 P-1
ASM 018485429 G-2
*R54
TR * R48 Cour
TO0K
R57
100K
! 5537
ics |
i
0.33MFD
Sov
ca> [JRS2%
19, 1K
RSO |C43 g
> 45

38—}
85300 |D.33MFD g

sov

4 *X
< E—o
= (=%
v ew
4 Z

| RS1B &

1sS1 <

ENG NOTE- G=1

a RESISTOR VALUE SELECTED IN TEST
* RESISTOR1Y, RN60C
ALL OTHER RESISTORS 1/4 WAYTHs 7, CARBON
ALL 1.C."S 1558
@ TRIM POSTS

(O TEST POINT

Figure 18B (0152C9087 Sh.3 1) Internal Connections for a 50 Hertz

Operate-Signal Card (OS)

48

At




GEK-49813

l’
5
S
a
18]
b
n
1
25
35
45
51'

| ]rg1 R10 — CRUE :

E—
. .
' < R4z RSS

R49
R53

m,,
©
1
©=’-
R14
ﬁz
~
©
2
w .
j
R34
jc

R12
Rl o o RS2
-G o - o
3 3 RS1

;

Ol ©
R31B G@‘O

l'\
wn
-

Z()80184B54289
O;O:j R- (0S)O

R

Qm@ﬂa
el
!
R
i
A
foNmms

Figure 18C (0152C8440 Sh.1 3) Card Layout for Operate-Signal Card (OS)

49



0S

(1D) p4ed 21607-3duUaPI1dUIOD 40§ SUOIFIIUUO)) |BUISIU| (L L'YS €806D2SL0) V61 94nbI4

20 <

PHASE A CIRCUIT

R25§
100K

R26
100K

o |

18<

43¢

32 ¢

PHASE B CIRCUIT

1%

qil

.
o
o
—
(Y
£}

22<¢

It <

43¢

R

PCB 0152C8436 =-1

PHASE/G.CIRCUIT  asm 018485425 6-1

47

43 <

(+15vy TO PIN 3
OF ALL 1CS

c1
0.1 MFD SOV
1.51 < OV) _ 510 com
c2
0.1 MFD 50V
g—lsvﬂo PIN 12
43 <

OF ALL 1CS

ALL RESISTORS 1/4 WATT%5%
CARBON

ALL 1CS LM238D

ALL TRANSISTORS 2N2222A
ALL DIODES 1N4148

€L86V-)39



GEK-49813

F'm ©agusd
]

(-]

[
+
o
O
al
%g
Q31
‘?:’R%%
CRB1 3 5
as1
Qd%

O
X
-
00
e
:mo+

7

q

e
il
oy
i

i

; =t =
12 I

o0 L0 =N 2. O
8906 78900

4 ] | I+ 84
: ' 2 (cL) -
o | 0184B5425GR- ©

Figure 19B (0152C8436 Sh.1 4) Card Layout for Coincidence-Logic Card (CL)

51



4
(11) paed sdwig-6uneibaluj jo) suoidauuo) jeulalul (g L'YS 8062251 0) VO 24nbi4

AN

R27
4.7K
PCB 0152C8437 P-1
,CR26 ASM 0184B5426 G-1
>t
* c21
g S—
13 2 i 2
PO ) o sy s
R 3|+ CR34
R?ll cr23Y ICAL PHASE A 3 x .
100K al i4
5 6 ™
R22 R26 CR24 ¢ =8 LR35 +15 VOLT
33K 4 1 <€
100K CR27 9 7 7 o
1e51< ca2 TO PIN 14 TO PIN 8 A
ALL ICD  ALL ICA P2
10MFD Q11
50V TO PIN 7 10K
R1 ALL 1CD RI11
0 VOLT 1.8K
15K 1551 < A
43¢
c3
'g%JFD T0 PIN 4
ALL ICA
CR46 | 43¢ B} _
=‘.c 1 -15VOLT
* 4
RASTL CRS 4
1815
1 : R42 z
23¢ é Ly CR4S 5@_"_
PHASE B TRSS ALL DIODES IN4t48
T X R244R25+R44,R45,R644R65
ARE * 19, RN60C

ALL OTHER RESISTORS
ARE 1/4 WATT+59%, CARBON

ICA 1558
ICD 9108
Q11 2N2222A
01+021.Q414061 2N2807
PHASE C C214C41.,C61 ARE
0.33 MFD+ 29 S0V
P1=TRANSIENT PICKUP TIME
P2=STEADY STATE PICKUP
TIME
P3=DROPOUT TIME

(O =TEST POINT

LCR74
L ouT
So: T
)
CR72 3_/"cr7s 3. CR3
| 11

13 mEnL2
2

43 <

gt

€1L86¥-)139



GEK-49813

T‘
S
15
a
18]
b
n
a
25
35
45
Sl'

Qi €2
—{
Cl1
CR
CR34
ICO1 CR __CE}_NC 21
R21
CR2
22
cnza_ﬂ-
23
{1
CR27 gl
ERZJ
Wy - Wal
1CD2 cRS) _.Cm_/QR“
R41
48
CR2 R42
ER44 R43
4 Ra 41
R6
Icoy CR7Y B2
61
62
R63
RE67 64
R63
CR1 Q6!
b ]
N [oh ]

*Figure 20B (0152C8437 Sh.1[6]) Card Layout for Integrating-Timer Card (IT)

*Revised since last issue

53



GEK-49813

PCB 01731C8709
ASHM 018485609 G-1

cr
025 MFD
2 i
P R R? s
criz| 5,0 100n Ve
2u
2 | LT 6 CRS 1 1B 100K 1/ 4k . W .
23 £, 1ca ; lee Terr
Yy 13 s LRE —[ Tmro ‘|‘mro
K Lﬂ—]
'y c2 5 1+51€0 VOLTS
9 CRS t 182,
_m_ncr@_ 5 =“ Tt {1 T SVt
3 CR10 OCJ*J
JT:K __j T e Tmro FOOK gt 43¢-15V0LTS)
c | ®
;:;3 T TEST POINT
4eris
R12
SR g,
lJ RLS
o1 ]I'.—zx
cRI 02
RE CR4 > 6
18n % cre ¥era T:n E{"[D' IN758A
2 1,51
o
IC1+1C240246A9338 P-18
01+02.024649212 P-3438 5 15
03.024649201 P-2222 K1
~0246A9202 P-2907
05-024849220 P-4221 T _ 57
*Figure 21A (0152C8465 Sh.1 [4]) Internal Connéetions for 125 VDC Rated
Input Power-Supply €ard(PS)
PCB 01716709
ASM 018495609 G-a
.vﬁiﬁx‘g«c

o V
.
CrR12 15
n Ic1 O
3 1 5 grs ot 100K 1/4W o (e15vOLTSY
23 i Lcs Tcs CR7 ov
1MFD lHFD
R3 3 £g CRS) T T oO—
[J] 58K &
R4 5 1¢51¢0 VOLTS)
ez,
i0n - 3 EKRE l '15V
»
Wi $ 10 Ic -LC" # R Q—(_—_r——’ N
RS 1MFD lHFD N
3. 9K ‘3 1 §Re 100K 1/an {3¢A5V0LTS)
c1 ¢
IMFD =<
200v TEST POINT
at
CR1 02
o L6
RE R7 CR4
IN7S8A
10n  ff CR2 rCRB 10n 58
172K
Ls2
24 5 1051

IC1=1C2-0246A9338 P-1S
G1:=02-0246A9212 P-1439
03:0246A9201 P-22R22
04:0246A9202 P-2907
05«0246A9220 P-4221

IU.OG!HFD
— 43

Figure 21B (0152C8465 Sh.2 2) Internal Connections for 48 VDC Rated
Input Power-Supply Card (PS)

*Revised since last issue

54



GEK-49813

PCB 0171C8709

c7 ASM 0184BS609 G-3
05 MFD
R2
40 «——E}:I—é‘—-—* e
criz| 51 A 100n BRI

2
- 11 O
2 e ] ! 5 _gps . L 100K 1/ 4w . W .
23 ! ll::ro 3T t|:r‘1ro T
e ==k 5—
R4 c2 5,01¢51(0 VOLTS]
7 s crs 1 B2 Clev
K 0.0tmFD 5 » T T R11
G 3 10 o 3 [l::FD]r CR10 O:)_l
3. 9K 4 11 CR9 T T TO0K i 43(-15V0LTS)

c1 s
1MFD <
200V TEST POINT
4 CRIS
R12
1M 1/4W
(13
at 2K
CRI 02
K
[
R6 CR4 >
o x, R7 IN7SBA
18a I CR2 eR3 {[ign E{LEDI
24 ¢ 151
43

1C1=1C2=0246A9338 P-15§
Q1«02+0246A9212 P-3439

> 1§
03-0246A9201 P-2222 ' K1
04-0246A9202 P-2907

05=0246A9220 P-4221 L,d)) 17

Figure 21C(0152C8465 Sh.3 2) Internal Connections for 110 VDC Rated
Input Power-Supply Card’(PS)

[

15
25
35
45

{03 (0% RS 't?‘_—li%"fhe
Cs ﬂﬁ ]:; (JR;—‘—E cs

Ice
1C1
3 & t—]_—nj'Ra

): o1

? 2 T

3 &

/ CcS
/‘) N NC R4 n

N\ -

— Dj B
CR1S

cs 11
-t
[+ 4
(&)

ov O—Jcrs  E01  [B&—p

K1 (0 — L
VSV 618485609 G- N\ ‘

l_ao

*Figure 22 (0171C8709 Sh.1 [8]) Card Layout for Power-Supply Card (PS)

*Revised since last issue

55



9s

$1S91 Yoeay 10} UNJD 1S3 (E-1819VLS20) £2 31nbiy

| AMPERE
VARIABLE AUTO T

RANSFORMER
) PHASE SHIFTER \ f\Rr_g_LgY UNDER TEST
1 1 - ST
Y20 VOLTS | > 2 2 @ v
3 PHASE
4 WIRE (P
eorz [>T 3 w
vT ®-
M 4
e On
PHASE INPUT VBUTAGE
SEQUENCE GAREACTOR | &0 INPUT ®)
1,2,3 Feaaal T 1 @
| 6054975
If RRENrEV NIER
! LOAD BOX
D ®
3 2 |
RELAY STUD NO. D.C,
8%8% CONNEGTED TO POINT POWER
TEST WEe SN Y 2 (&) L 2URPLY
A e N17 15 ) RgQSLA@F-'* 0-~250V
A 0.5A
] 17 15 16 3 TOR . *-T
C 1% 6 17 5 =
} SEE NOTE | RATED
% CONNEGTEQTQ/READ ANGLE THAT CURRENT LAGS VOLTAGE |Vr\(j)PLL1J'£GE

NOTE 1. PRE-REGULATORUSED FOR RATED INPUTS EXCEEDING 125VDC

}%,v‘

€L86V-)%39



LS

1015153y pue 1010eay
'x0g 1591 BuIsn N1 1591 InsuRRIRYD (L-£819VL520) ¥T 24nbly

REL AY UNDERTEST

r /N
' W CONTINUITY
6O VOLTS |2 —X) _ STER
3 PHASE _] _——__l | 2
4 WIRE
60HZ |3 iwsw”c“ 501 +
| / @rﬁ
- |
\ | | 102L201 O TEST
| TEST 0 VOLIAGE _ (4
PHASE O BOX ¥ 0O
SEQUENCE l 10
]r2’3 L"‘ _______ fz\ @
| XL RL N
CALIBRATED REACTOR o
RESISTOR COMBIMNATION
@ @9
3 2
HA RELAY/ STTUD NO.
P CONNECTED TO POINT PSWE R
TEST WL X Y Z ® , —SuPPLY
—_ PRE- [R)— o-
A 16 17 15 ] REGUL A- g ;—50\/
B 17 15 16 3 TOR - -oA
C % 16 17 5 (O—=
SEE NOTE | RATED
, INPUT
NOTE |: PRE-REGURATOR USED FOR RATED INPUTS EXCEEDING 125 VDC VOLTAGE

€186v-2139



GEK-49813 &

OO

L 4

3 THE “115V"TEST POINT HAS A J0OK OHM CURRENT G
RESISTOR MOUNTED ON THE “PS" CARD.

> SCOPE CHANNEL 1 AN[@E TRIGGER

SYRIRTAVAR (b

TEST POINT 1T CARD
ON,"PS‘A‘ CARD \
|NPUT§
@ 11 |—= SCOPE CHANNEL 2

NC ;E

CONTACT UT I

Y ’\ = SCOPE GROUND
“OV" TEST POINT

ON “PS" CARD

PIN No. OF CARD
INPUT T INPUT IT INPUT TIIT

12 23 36
23 12 26
36 12 <3

s Figure 25 (0257A6185) Timer-Card Test Circuit
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Figure 26 (8043016) Printed-Circuit-Card Extracting Tool
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igure 27 (0275A4336-1) Internal-Connections Diagram for External Pre-Regulator

$Revised since last issue
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Figure 28 (0275A4339) Outline and Mounting Dimensions for External Pre-Regulator
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