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DIRECTIONAL GROUND DISTANCE RELAY
TYPE GCXGS51

INTRODUCTION

The GCXG51A relay is a three-zone high speed
directional ground distance relay that is intended
for step type protection of transmission and dis-
tribution circuits. The first two zones of this
relay are provided by a reactance measuring type
of unit while the third zone starting unit is of
the mho type.

These relays are used to provide single-
phase-to-ground fault protection only. For each
terminal of straight ground distance protection,
three GCXG51A, one RPMI11D or SAMI4B, and
one NAA15E relays are required plus one auxiliary
compensating current transformer catalog no.
0367A0266.

APPLICATION

The reactance or ohm unit of the GCXG51A
does not have directional characteristics while the
mho type starting unit does. For this reason, first
and second zone tripping is accomplished through
contacts of the ohm unit in series with those of
the starting unit. Third zone tripping is initiated
by the starting unit alone.

The external connections to the GCXG51A are
illustrated in Figure 3. From the D.C. connections
it will be noted that each one of the three GCXG
starting units is associated with an auxiliary unit
in an NAA relay. Thus, when a relay starting unit
closes its contacts it picks up the associated A
auxiliary in the NAA. The contacts of the Al, A2,
and A3 units of the NAA are interlocked so that
they permit first and second zone tripping through
the ohm unit contacts when only one starting unit
is picked up. If more than one starting unit picks
up, first and second zone tripping is blocked. Third
zone tripping is not limited in this way. However,
the zero sequence ground fault detector I0C in
the NAA relay will block tripping of all zones
for faults that do not involve ground.

Summing up, the scheme provides first and
second-zone protection for single-phase-to-ground
faults plus third-zone protection for single-phase
to-ground and double-phase-to-ground faults.

Operation of the scheme may best be described
by assuming a phase-1 to ground fault. When the
fault occurs, the phase-1 starting unit contacts
close. This picks up auxiliary unit A1 which closes
its contacts. If this is a first zone fault, the
breaker is tripped through the starting unit in
series with the I0C contacts, the normally open
contacts of Al, the normally closed contacts of A2
and A3, the ohm unit contacts, the normally closed
contacts of OX plus the zone-one target (T1) in
the RPM.

If the fault were in the second zone, instantaneous
tripping would not occur because the ohm unit
contacts would not be closed. However, after
21G/SU picks up, the TX unit of the RPM is energized
and this in turn energizes the TU (timing units
of the RPM. When the timing unit times out
to second-zone time, the TU-2 contacts close and
energize the OX transfer units. The contacts of
the OX units extend the reach of the ohm units by
reducing the restraint (See the potential circuits
of the GCXG in Figure 3). The ohm unit contacts
now close and the breaker is tripped through the
second-zone target of the RPM.

For a third-zone fault the operation is the
same except that the ohm unit contacts never close
and the breaker is eventually tripped in third-
zone time through the starting unit contacts.

It will be noted from Fig. 3 that the potential
circuits of the relays require three wye-connected
potential transformers with a secondary voltage of
115 volts line-to-line.

The auxiliary compensating transformer 0367A -~
0266 serves two purposes. First, it compensates
for the zero sequence current flowing in the pro-
tected line section. Second, it compensates for
zero sequence mutual impedance between the pro-
tected line and other parallel circuits on the same
right of way. While Fig. 3 only illustrates the
connections for zero sequence mutual compensation
between two parallel circuits, it is possible to
provide compensation when the protected line is
paralleled by more than one other circuit. For
example, Fig. 4 shows how it is possible to com-
pensate the GCXG relays for zero sequence mutual

‘between it and two other lines.

These instructions do not purport to cover all details or variations in equipment nor to provide for
every possible contingency to be met in connection with installation,
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.

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

operation or maintenance. Should

IEEE and NEMA standards;
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* Fig.3 (0116B9302 Sh.1 [5] and Sh.2 [3] Typical External Connection Diagram For Three-Step
Ground Distance Protection Of A Transmission Line Using Type GCXG51A, NAAISE And RPML1D Relays.

* PRevised since last issue
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The reactance, or ohm, unit of the GCXG
measures the posltive sequence reactance from the
relay location To the fault. When properly com-
pensated by means of the auxiliary compensating
transformer 0367A0266 it does this quite accurately.
However, because it is generally not possible to
calculate the zero sequence impedance of a line and
the zero sequence mutual effects of parallel lines
to a high degree of accuracy and because it is not
possible to compensate completely for these effects,
it is recommended that the first zone unit be set
for a maximum of 80 percent of the protected line

length.

The starting unit of the GCXG relay, because
it is uncompensated and because it has only one
current coll, is not an accurate distance measuring
unit except for 3-phase faults. However, this
is not critical because, aside from acting as a
directional unit, it provides only ‘third-zone back-
up protection.

Before the GCXG relay is applied on the trans-
mission lines of a power system, it is necessary
to determine whether or not the system is ""homo-
geneous'. In general terms, a homogeneous system
is one composed entirely of overhead transmission
lines. In such a system the positive and zero
sequence impedance of the lines are all at about
the same angle.

A '"non-homogeneous'" system is a system that
includes cable transmission circuits as well as
overhead lines. While the GCXG can be applied on

non-homogeneous systems as well as on homogeneous
systems, the i orr}x’latlon in this book cove%s only

the case of the homogeneous system. Application
of the GCXG on non-homogeneous systems and resis-
tance grounded systems requires specilal considera-
tion and should be referred to the local district
office of the General Electric Company.

In the application of the GCXG relay on a
homogeneous system there are several points that
must be checked in order toassure proper operation,
These points are listed below:

1. The starting units pgiust be set with a reach
that 1is long enough to detect single-phase-to-
ground faults anywhere on the protected line section.
Appendix II illustrates how the maximum permis-
sible tap setting (minimum reach setting) of the
starting unit may be established.

2. The starting units on the unfaulted phases
must not pick up for single-phase-fo-ground faults
in elther the tripping or the non-tripping direction.
Appendix III illustrates how the minimum safe
tap setting (maximum reach setting) of the starting
units may be determined.

Thus, the starting units must be set some-
where between the limits established by Appendices
IT and IIL.

3. For a single-phase-to-groundfault, the first-
zone ohm unit on the faulted phase must not reach
beyond the desired setting. Appendix IV illustrates

1 PHASE SEQUENCE 1-2-3

T

A

OTHER RELAYS AND METERS
I IA

._,l
’_111

—
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3 2 1

==
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Aoy,

PRSI N

?
T

OTHE. «ELAYS AND MET! (S
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L
b

_.l
»lll

o A
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1
r T
CIRCUIT CIRCUIT
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[

3 2 2 2
LINE #2 LINE #3
AUX.
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- oRIM
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1 Wbt
100 MMM o
SECO*Y

=Y
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100 0
036740266
AUX. CT. 5/5h 100 288R00RR
sEco'vq_, J [ 0
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100 VR ) b
TSN 3 !
0367A0266 3 |
AUX. CT. 5/5A | 100 M ¢ fuf. CT. 5/54 |
| ‘ ssco'v, é ‘

Fig. 4 (0116B6921-0)

Current Coil Connections For Zero Sequence Mutual Impedance Compensation When

The Type GCXGS51A Relay Is Applied On Three Parallel Transmission Lines.
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how this may be checked for a variety of system
conditions. This includes situations where zero
sequence mutual compensation is not employed or
where it is lost when a parallel line breaker is
tripped.

4, For a single-phase-to-ground fault, the
second-zone ohm unit on the faulted phase must
reach at least to the far bus. Appendix IV il-
lustrates how this may be checked for a variety of
system conditions.

5. The overcurrent unit in the associated
NAA15E relay must be set with a pick-up that is
low enough to detect all single-phase-to-ground
faults for which protection is desired.

6. For best overall results always use the
highest basic minimum tap setting that will accom-
modate the desired reach settings. This applies
to both the mho and reactance units.

RATINGS

The Type GCXG51A relays covered by these
instructions are available with a rating of 120 volts,
60 cycles on the polarizing circuit of the starting
unit and 70 volts, 60 cycles on the restraint circuits
of the starting unit and ohm unit. The operating
circuits are rated 5 amperes continuous, with a
1-second rating of 225 amperes.

* The auxiliary transfer unit (OX) has a multiple

D-C voltage rating of 24/48/125 or 48/125/250
depending on the model number. The specific rating
is selected by means of a link setting on the front
of the relay.

The basic minimum reach settings and adjust-
ment ranges of the ohm and starting units in the
short reach, standard reach, and long reach forms
of the relay are given in Table 1.

It will be noted that for each relay three
basic minimum reach settings are listed for the
ohm unit and two for the starting unit. Selection
of the desired basic minimum reach of the ohm unit
is made by means of two captive tap screws on a
tap block at the front of the relay. Selection of
the desired basic minimum reach of the starting
unit is made by means of a link on a terminal board
located at the rear of the starting unit (See Fig. 2).

The reach settings of the ohm and starting
units can be adjusted in one percent steps by means
of auto-transformer tap leads on the tap block at
the right side of the relay. First-zone reach of
the ohm unit is determined by the No. 1 leads,
second-zone reach by the No. 2 leads, and the reach
of the starting unit by the E2 leads.

The contacts of the GCXG51 relays will close
and carry momentarily 30 amperes DC. However,
the circuit breaker trip circuit must be opened by an
auxiliary switch contact or other suitable means
since the relay contacts have no interrupting rating.

The 0.6/2 ampere target seal-in unit used in
the GCXG51 relays has ratings as shown in Table II.

TABLE II
TARGET SEAL-IN UNIT

0.6 Amp Tap |2.0 Amp Tap
Minimum Oper;elting 0.6 amps 2.0 amps
Carry Continuously 1.5 amps 3.5 amps
Carry 30 Amps for 0.5 secs. 4 secs.
Carry 10 Amps for 4 secs. 30 secs.
DC Resistance 0.6 ohms 0.13 ohms
60 Cycle Impedance 6 ohms 0.53 ohms

TABLE I
OHM UNIT STARTING UNIT
BASIC M. RANGE BASIC M- RANGE #** ANGLE OF
RELAY | g-N oHMs) | @-NOHMS) || (4 X Gums) | (P-N OHMS) MAX. TORQUE
onort 0.1/0.2/0.4 0.1/4 1/3 1/30 60°
Standard | ,35/0.5/1.0 0.25/10 1/3 1/30 60°
pong 0.5/1.0/2.0 0.5/20 2/6 2/60 600

*** Angle by which the operating current lags the phase-to-neutral restraint voltage.

** In selecting the basic minimum reach tap or link setting always use the highest basic minimum
reach compatible with the required reach setting of the unit. For example, the 1-ohm basic
reach tap of the starting unit should notbe used with restraint tap settings less than 33 percent.
If the desired reach setting requires a restraint tap setting less than 33 percent with the 1-ohm
basic reach tap, use the 3-ohm tap instead with appropriate restraint setting.

*Indicates revision
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OPERATING PRINCIPLES
STARTING UNIT

The starting unit of the Type GCXG51A relaysis
of the four-pole induction-cylinder construction
(see Fig. 19) with schematic connections as shown
in Fig. 5. The two side poles, which are energized
by the phase-to-phase voltage in quadrature with
the phase-to-neutral voltage of the protected phase,
produce the polarizing flux. The flux in the front
pole, which is energized by a percentage of the
phase-to-neutral voltage of the protected phase,
interacts with the polarizing flux to produce re-
straint torque. The flux in the rear pole, which
is energized by the line current of the protected
phase, interacts with the polarizing flux to produce
operating torque.

The torque at the balance point for the phase-
A starting unit can therefore be expressed by the
following equation:
]
Torque = 0 = KI; Epc cos ec-30) - TE;ll Epc sirzl?
where: K= design constant
E, = Phase-A-to-neutral voltage at the
, relay location. . v
Ejc = Phase B to Phase C voltage (Ep*- E¢)
, atthe relay.
I; = Phase A current,at the relay location
oC = Angle by which Ia1 leads Eb?
B= Angle by which E3 leads Epc (90° for
balanced 3-phase condition).
T = Restraint tap setting

OHM UNIT

The ohm unit of the GCXG51A relays is also of
the four-pole induction-cylinder construction (see
Fig. 19) with schematic connections as shown in
Fig. 5. The front and back poles, energized with
line current, produce the polarizing flux. The side
poles are energized with a voltage equal to the
difference between the operating quantity IZT and
the restraint voltage E, where I is the line current
and ZT is the transfer impedance of the transactor.
Torque on the unit results from interaction between
the net flux in the side and the polarizing flux in
the front and rear poles and at the balance point
can be expressed by the following equation for the
phase-A relay:

Torque=0=kI;'1(IQZT— E;'l)sinA (2)
where: k = design constant

E, = Phase A-to-neutral voltage at the
relay location.

I = Line current at the relay location.

Z1 = Transfer impedance of the trans-

actor (design co'nstantz. \ \
A = Angle between I and (I Zp — E;)

By means of trigonometric relations the above
equation can'be reduced to:

kI3 (I;Z7) sinf —k 1, (E;) sin@=0 (3)

10

1
where: @ = Angle between I.; and I, Z T (i.e. the
transactor angle, a des gn constant).
@ = Angle between E,; and I, (i.e. the
angle of fault impedance)

Since Z7 for a particular transactor tap set-
ting is also a design constant, the equation becomes:

k' (I;)2=KI,E, sin@ (4)

.£'= K"= —-E—:a sin @
k Ip

K'"=Z 8in 0 = Xp

Thus the unit will operate when the fault
reactance Xp is less than a constant determined by
the transactor characteristic and tap setting.

CHARACTERISTICS

The operating characteristics of the reactance
(ohm) and starting units in the GCXG51A relay may
be represented on an R-X impedance diagram as
shown in Fig. 6. It should be noted that these are
steady-state characteristics and are for rather
specific fault conditions as described below.

STARTING UNIT

The starting unit has a circular characteristic
which passes through the origin of the R-Xdiagram.
The diameter passing through the origin defines the
angle of maximum torque of the unit, which occurs
when line current (I; for example) leads the quad-
rature polarizing voltage (Epc for example) by
300. Since there is essentially no phase shift in
the line-to-neutral voltage for a single-phase-to-
ground fault, this maximum torque angle ( i.e.
maximum reach angle) occurs when the line current
lags the phase-to-neutral voltage by 600, which is
the condition represented in Fig. 6.

The diameter of the impedance circle would
normally be considered as the ohmic reach of the
unit, which would be the basic minimum reach
(See Table I) with the E< tap leads on 100 percent.
However, since the starting unit is not compensated
it is not an accurate distance measuring unit
except on 3-phase faults, or for the special case
of single-phase-to-ground faults where the zero-
sequence impedance to the fault is equal to the
positive sequence impedance to the fault. Instruc-
tions are given in Appendices II and III for selecting
a reach setting.

The ohmic reach of the starting unit can be
extended by reducing the percentage of the fault
voltage applied to the restraint circuit, that is
by setting the E2 tap leads on a lower percentage
position on the tap block:

(Zmin) 100
E2 Tap Setting (%)

The ohmic reach obtained from equation (5)

Ohmic Reach = (5)
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Fig. 5 (0116B6922-0)  Schematic Connection Diagram Of Ohm And Starting Units In The Type GCXGS51A Relay.
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Fig. 6 (0178A9113-0) Characteristics of the Ohm And
Starting Unit Of The GCXGS51A Relay Represented On An
Impedance Diagram.

assumes that line angle and maximum torque angle
are equal (600). The reduced reach at line angles
other than 600 can be obtained by multiplying the
reach obtained from equation (5) by cos (60-g),
where @ is the line angle.

Equation (5) also assumes an input tap setting
of 100%. In some cases the input tap will be set
less than 100% to obtain better accuracy on the
ohm unit reach (See section on "Vernier Adjust-
ment"). The reach of the starting unit at a lower
input tap setting can be obtained by multiplying the
reach obtained from equation (5) by:

Input tap %
100

The primary purpose of the starting unit in
the GCXG51 relay is to provide the directional
discrimination which is necessary since the ohm
unit is inherently non-directional. The starting
unit directional characteristic is such that it will
operate correctly for either forward or reverse
faults at polarizing voltages down to 4 percent of
rated voltage over the current ranges listed in
Table I for the various basic minimum reach
settings shown.

12

TABLE III

CURRENT RANGE FOR CORRECT DIRECTIONAL
ACTION AT 4 PERCENT OF RATED POLARIZING

VOLTAGE
BASIC MIN. CURRENT
REACH RANGE
1 ohm 4.5 - 60A
2 2.3 - 60
3 1.5 - 60
8 5 - 30

A secondary purpose of the starting unit is to
measure fault impedance for the third zone of pro-
tection. Since the unit is quadrature polarized, on
single-phase-to-ground faults the polarizing voltage
for the unit on the faulted phase will be at full
value. Hence the reach of the unit, as determined
in Appendix II, will be substantially independent
of fault current down to the values listed in Table
IV for the various basic minimum reach settings.

TABLE IV
BASIC MIN. MIN.
REACH CURRENT
1 ohm 1.5A
2 0.75
3 0.5
6 0.25

OHM UNIT

The ohm unit characteristic when represented
on the R-X diagram (Fig. 6) is a straight line
parallel with the R-axis. The unit will operate for
fault impedances lying below its characteristic and
hence is non-directional. During normal condi-
tions, when load is being transmitted over the
protected line, the voltage and current supplied to
the unit present an impedance which lies close to
the R-axis. And since an impedance near the R-axis
will lie below the ohm unit characteristic, the ohm
unit contact will be closed. This will not cause
tripping, however, since the contact of the direc-
tional starting unit will not be closed for this
condition (see Fig. 6).

As explained in the section on APPLICATION
the ohm unit when properly compensated provides an
accurate measurement of the positive sequence
reactance from the relay location to the fault.
The method of obtaining proper compensationis des-
cribed in a later section, RELAY AND COM-
PENSATING AUXILIARY CT SETTINGS.

The overreach of the ohm unit from transient
offset of the fault current is very small, even
with highly lagging line impedances, and can be
neglected for relay settings within the recommended
ranges.

The basic minimum reach of the ohm unit as
listed in Table I under RATINGS is obtained when
the restraint tap leads are on 100 percent. The
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ohmic reach can be extended by setting the restraint
tap leads on a lower percentage position on the tap
block. The setting of the two tap leads marked No.
1 determines the reach of the instantaneous or first
zone, and the setting of the two tap leads marked
No. 2 determines the reach of the intermediate or
second zone. The reachcanbe expressedas follows:

(Xmin) 100
Ohmic Reach =

Tap Setting (%)

where: Xmin = basic minimum reach (Table I)
Tap Setting = No. 1 or No. 2 tap setting

For a numerical example of the determination
of the ohm and starting unit settings, refer to the

section on SAMPLE CALCULATIONS FOR SETTINGS.

At reduced values of fault current the ohmic
reach of the ohm unit will be somewhat lower than
its calculated value. Table V lists minimum values
of line current for a single-phase-to-ground fault
which will insure that the reach will be 90% or
more of the calculated value.

TABLE V
MINIMUM FAULT CURRENT (1¢-G) FOR REACH
OF 90% OR MORE OF CALCULATED VALUE
BASIC MIN.
RELAY MIN. REACH CURRENT
Short 0.1 5.5A
oot 0.2 3.5
0.4 2.2
Stand. 0.25 2.8
Aand. 0.5 1.8
1.0 1.2
Long 0.5 1.8
Rong 1.0 1.2
2.0 0.75

Vernier Adjustment For Low Tap Settings

The input leads to the tapped autotransformer
are normally set a 100 percent, but with a high
secondary line reactance where the No. 1 tap leads
would be set at a low percentage, the input con-
nections may be varied by a vernier method to obtain
a closer setting. This is described in detail in
the section on RELAY AND COMPENSATING
AUXILIARY CT SETTINGS.

OHM UNIT TRANSFER AUXILIARY

The ohm unit transfer auxiliary, OX, is a
telephone-type relay whose coil and contacts are
shown in the internal connection diagram of Fig. 7.
The unit is mounted at the top of the relay and is
used to change the setting of the ohm unit to provide
a second step of transmission line protection. Its
operation is controlled by the Type RPM or SAM
timing relay as shown by the external connection

diagram of Fig. 3. The normally-closed contacts of
the transfer auxiliary provide the circuit for in-
stantaneous tripping used for faults in the first
step of line protection. If the fault is beyond the
first zone of protection, the transfer auxiliary
changes the setting of the ohm unit by switching to
the No. 2 taps on the autotransformer from which
a smaller potential is supplied to the unit potential
restraint windings. This extends the ohmic reach of
the ohm unit and enables it to operate for faults
in the second zone of transmission-line protection.

OPERATING TIME

The operating time characteristics of the chm
and starting units in the GCXG51A relay are de-
termined by a number of factors such as the basic
minimum reach setting of the unit, fault current
magnitude, and the ratio of fault impedance to the
reach of the unit.

Typical time curves for the starting unit are
shown in Fig. 8 for several ratios of fault impedance
to unit reach. These curves are fora single-phase-
to-ground fault where the fault impedance ZFAULT)
seen by the unit can be calculated as described in
Appendix TI. Note in the figure that the fault
current scale changes with the basic minimum reach
setting.

Typical time curves for the ohm unit are shown
in Figures 9, 10, and 11 as tabulated below:

Basic Min.
Fig. No. Ohm Unit Reach Setting
9 0.1/0.2/0.4 0.2
10 0.25/0.5/1.0 0.5
11 0.5/1/2 1.0

In each instance the time curves are for the
intermediate basic minimum reach setting of the
unit. Operating times for the other basic minimum
reach settings can be approximated by multiplying
the current scale (abscissa) by a factor inversely
proportional to the basic reach taps. For instance
in Fig. 10 if operating time for the 0.25 ohm
basic minimum reach setting is desired, multiply
the current scale by 2.

As will be apparert from the typical elementary
diagram in Fig. 3, the trip chain for a first zone
single-phase-to-ground fault includes contacts of
the instantaneous overcurrent unit and auxiliary
unit (A3, A9, or A3) in the associated NAA reiay,
as well as the starting unit and ohm unit contacts.
Operating time for the instantaneous unit can be
obtained from the time curve in the NAA instruction
book. The pickup time of the auxiliary unit at
rated DC voltage is less than 6 milliseconds. For
most fault conditions the operating time of the ohm
unit will be greater than the time of the instan-
taneous unit, or starting unit plus auxiliary unit,
s0 as a general rule it can be assumed that the
ohm unit time will determine the overall operating
time of the Type GCXG scheme on single-phase-to-
ground first-zone faults.

13
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BURDENS

“he current burden at 5 amperes imposed
on one CT for a single-phase-to-ground fault is
listed in Table VI.

TABLE VI
Current Burdens
Amps Cy Watts V-A
5 60 6.5 7

The data is for the standard reach relay set on
its maximum basic reach tap. The burden for its
lower basic reach taps or for the short reach relay
will be slightly lower. The current burden for the
long reach relay will be slightly higher.

Complete potential burden data w’éth the no. 1
taps of the ohm unit (0.U.) and E<4 taps of the
starting unit (S.U.) on 100 percent, and with input
taps on 100 percent are given in Table VII.

The burdens listed in Table VII are maximum
values. The burdens imposed by the ohm unit
potential circuit and starting unit restraint circuit
will decrease as the tap setting is reduced and
can be calculated from the following formulae:

Ohm Unit: + 2
T VAL (a + jb) |NO: 1 Tap Setting (%) (6)
Input Tap Setting (%) |

Starting Unit: -9
VA = (c + ja) | E2 Tap Setting (%) o
l Input Tap Setting (%)_

The terms (a + jb)and(c + t)d) in the above equa-
tions represent the burdens of the ohm and starting
unit restraint circuits expressed as Watts + j Vars
at 70 volts. The total burden imposed on each
potential transformer by a terminal installation
of three GCXG51A relays canbe determined by adding
the values of Watts +j Vars obtained from the above
equations to the Watts +j Vars of the starting unit
polarizing circuit (e + jf), converting the resulting
sum to volt-amperes. The values of these terms
for 60 cycle relays are given in Table VIII.

TABLE VIII
Circuit Terms Watts +j Vars
OU Potential | a +jb 7.3 +j2
SU Restraint ¢ +jd 2.7 +34
SU Polarizing e + jf 15.7 +j21.5

The input tap setting in the above formulae
is normally 100 percent. In some cases, however
the input tap may be set at some point between 96
and 100 percent (see "Vernier Adjustment for Low
Tap Settings" in the CHARACTERISTICS section).

RELAY AND COMPENSATING
AUXILIARY CT SETTINGS

There are four and possibly five settings
that must be made for each GCXG51A relay. These
are:

- Zone 1 ohm unit percent tap setting.
- Zone 2 ohm unit percent tap setting.

. Zone 3 starting unit percent tap setting.

B W N =

. Primary of 0367A0266 auxiliary curent trans-
former percent tap setting (K'},.

5. Secondary of 0367A0266 auxiliary current
transformer percent tap setting (K').

If compensation for zero sequence mutual im-
pedance between the protected line and other lines
is not required, then setting number 5 above is not
required and the secondary of the auxiliary current
transformer 0367A0266 is left open circuited.

The various considerations involved in obtaining
the desired settings are outlined in Appendices 11
through IV. Typical calculations for setting the
GCXGS51A relays are illustrated under "SAMPLE
CALCULATIONS FOR SETTINGS". The following
information indicates how the relay is set after
the desired settings have been established. The
GCXG measures positive phase sequence secondary
ohms so the first step is to convert primary ohms
to secondary ohms.

CT Ratio
PT Ratio

Secondary Ohms = Primary Ohms x

TABLE VII
Maximum Potential Burdens
Circuit Freq. Volts Impedance Watts VA
0.U. Pot'l, 60 70 625 +j 175 7.3 7.6
S. U. Restr. 60 70 570 +j 840 2.7 4.8
S.U. Polar. 60 120 325 +j 450 15.7 26.5

16
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OHM UNIT SETTING

Xmin

Percent Tap = x Input Tap (8)

where:
X

min minimum ohms of the ohm unit as
*  stamped on the nameplate

X = desired reach in secondary reactive

ohms

Note that the same equation applies to both
first and second zone settings. The input tap is
normally set for 100 percent. However, the input
tap may be set for any value between 90 and 100
percent to obtain more precise settings. For ex-
ample, assume that a 0.25 ohm unit requiresa reach
setting of 2.16 secondary ohms. With a 100 percent
input tap setting and an 11 percent tap setting the
reach will be 2.27 ohms. With the same input but a
12 percent tap setting the reach will be 2.08.
However, with a 95 percent input tap setting and an
11 percent tap setting the reach will be 2.16 ohms.

It should be recognized that the input tap
setting will affect all three zone settings the
same way.

COMPENSATING AUXILIARY CT SETTING

The compensating CT has two settings. One
setting is on the primary side and is called K'.
The other is on the secondary side and is called
K". The latter setting is only required when zero
sequence mutual impedance between parallel lines
must be compensated for. The former setting is

always required. ' '
k-%-X1 x 100 (9)
3}(1

|
e 30 MILES - ——
136KH g OMLEs ]

W)} ~———7§_@_W_

500/5 600/5
1 Fa

/) t=12 MILES -~

F2 Iol
WGy

4
oors LiNE# 2/ i

138Kh

(—=Fy

1368 KH

* Fig.12 Portion Of A Transmission

Line.

(016547622 [2])

* Revised since last issue

where:

K' = the primary tap setting in percent

L

X, = zero sequence reactance of the protected
line in secondary ohms.

X1' = positive sequence reactance of the pro-
tected line in secondary ohms.
2 S

g - 2om®2  (CTRP) , 449 (10)
3X181 (CTR)

where:

K" = the secondary tap setting in percent

X = total zero sequence mutual reactance

om between the protected line and the parallel

line in secondary ohms

S1 = first zone reach setting in per unit of
protected line length. Thus, if first zone
is set for 75 percent of the line, S;
would be 0.75.

Sg = the per unit of total Xom which is ef-
fective between the relay and the first
zone balance point.,

(CTRP) = CT ratio on the parallel line
(CTR) = CT ratio on the protected line
Note that the compensating auxiliary CT has

only 10 percent steps.
nearest tap available.

It should be set to the

STARTING UNIT SETTING

The proper setting for the starting unit is
discussed in Appendices II and IIL.

SAMPLE CALCULATIONS
FOR SETTINGS

In order to illustrate the calculations required,
assume the portion of a transmiasion system shown
on Figure 12,

Consider the protected line to be line #1
having the following characteristics:

Z1 = 24.0 /790 primary ohms

Zg = 72.0 /750 primary ohms
Zom = 14.4 /750 primary ohms
CT Ratio = 600/5
PT Ratio = 1200/1
Z] = 2.4 /790 = 0.47 + j 2.36 secondary ohms
Zg = 7.2 /750 = 1.9 + j 6.95 secondary ohms
Zom = 1.4 /759 = 0.36 + j 1.35 secondary ohms

17
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Consider the relays at breaker A. The zone-
1 unit should be set for a maximym of 80 percent
of the reactive component (X{) of 27’

0.8(2.38) = 1.89 ohms

Use the 1.0 ohm basic minimum tap. The
first zone tap setting will be:
T = L0 x 100 = 53 percent
1.89 From Eq. (8)
K' = 8:95-2.36 100 . 65 percent
3(2.38) From Eq. (9)

Since K' can be set in 10 percent steps, set
K' for 60 or 70 percent. The higher setting will
cause the relay to reach slightly farther than de-
sired. The lower setting will shorten the reach
slightly. For 70 percent setting set on taps 0

z;rolg 70. For 60 percent setting set on taps 40 and

K" = 2135, 400 4 100 -31.8 (%)
3(2.36) (0.8) 600 From Eq. (10)

Set K" for 30 percent (taps 10 and 40).

The factor 400/600 appears because the CT's
on the protected line are 600/5 while those on the
parallel line are 400/5. The factor 0.8 appears
in the denominator because only 80 percent of Xj
exists between the relay and the balante point
while 100 percent of Xom, is effective. If the two
lines were parallel all the way, then the factor
0.8 would appear in both the numerator and the
denominator and would cancel.

Zone 2 should be set beyond the end of the
line, say 150 percent of X;. Thus, the second zone
tap setting will be:

Twa 10 x 100 = 28 percent From Eq. (8)

1.5(2.36)

Having set zones 1 and 2, it i8 now necessary
to consider zone 3. Appendix III of this book pro-
vides the information that is necessary to deter-
mine the minimum permissible tap setting (maximum
permissible reach setting). Consider first a single
phase-to-ground fault at F; in Figure 12. or
this fault assume that a system study yields the
following system constants:

C =0.73

Co = 0.88

Zy = 0.875 /820 secondary ohms

Z, = 1.05 /780 secondary ohms

Now, for a fault at F9 in Figure 12 the following
system constants apply ?rom the previous assum-
ptions.

C = 0.27

Co = 0.11

Z; = 0.875 /82° secondary ohms

Z, = 1.05 /78° secondary ohms

. Assuming the 3.0 ohm basic minimum tap set-
ting and evaluating equations IIl-a, III-b, III-c,
II-d and III-e of Appendix III the minimum per-
missible values of T are tabulated below (Table IX).

As explained in Appendix III, the identical
results obtained for single-phase-to-ground faults
at F1 and Fg are not coincidental but should be
expected.

TABLE IX
QUANTITY FAULT AT F; FAULT AT F3y
Z3 0.875 /820 0.875 /820
Zo 1.05 /780 1.05°/780_
2o/Z1 1.2 1.2

Co 0.89 0.11

C 0.73 0.27

Kg 100 100

A 123 degrees 123 degrees

e 82 degrees 82 degrees
T(Equation III-a) -10.5 percent --
T(Equation III-b) -17.9 percent --
T(Equation ITI-c) -- -10.5 percent
T(Equation III-d) -- -17.9 percent
T(Equation III-e) -- -14.5 percent
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Since all the values of T in the abovetable
are negative, these equations impose norestrictions
on the third zone tap setting. Thus, the third
zone may be set as low as 10 percent as noted in
Appendix III.

Now it is necessary to determine the maximum
tap setting for third zone to insure detection of a
single phase-to-ground fault at the remote bus. The
method for obtaining this value of T is given in
Appendix II, equation II-b. From a system study the
following quantities are obtained for the relays at
Terminal "A" with the fault at F3 .

Co = 0.17
C = 0.20

1

I, = 13.7secondary amperes based on 600/5CT's

0 =79 degrees

" =-0.88 secondary amperes based on the
protected line CT ratio of 600/5. Note
the negative sign because I flows in the
opposite direction in line #2 from that in
which I, flows in line #1.

Substituting these values into equation TI-b
of Appendix II and recalling the values of:

Zom = 1.4 secondary ohms
Zy = 7.2 secondary chms
Zl' = 2.4 secondary ohms

K = 300 for the 3.0 ohm basic minimum tap of
the starting unit,

we obtain for T a maximum permissible settingof 61
percent. Thus, the third zone unit may be set any-
where between 10 and 61 percent. However, it
should be noted that the third zone starting unit will be
sensitive to load current and will measure effec-
tive load impedance in the same accurate manner in
which it measures three-phase fault impedance. For
this reason the tap setting should not be made so
low that load impedance is inside the relay charac-
teristic unless the zero sequence fault detector is
used.

Now consider the relays at Terminal "B".
Since there is mutual impedance between Line #1
and Line #2, that cannot be compensated for at
Terminal "B", the secondary of the 0367A0266
auxiliary current transformer will be left open
circuited. For this condition the reach of the ohm
unit of the GCXG51A at Terminal "B" will be some-
what in error. In order to evaluate this, equation
IV-c of Appendix IV will give the reactance seen
by the ohm unit at Terminal "B" for single phase-
to-ground fault at Fg in Figure 12. Since there
i8 no mutual compensation at Terminal '"B", the
last term in the denominator of equation IV-c
is zero.

The primary setting of the compensating auxil-
fary CT (K') at Terminal "B'" will be the same as
that setting for Terminal "A".

K' = 70 percent

From the system configuration and the location
of the fault we have:

Xl' = 2.36 secondary ohms
Xém = 1.35 secondary ohms
51 =1.0

S3 = 1.0

From a board study of the system:

]

I, = 15.4 sec. amps. based on 600/5 CT's
I(') = 2.7 sec. amps. based on 600/5 CT's
I, = 1.6 sec. amps. based on 600/5 CT's

Substituting these values into equation IV-c
of Appendix IV, the reactance seen by the relay is
2.47 secondary ohms. Since the actual positive
sequence reactance from the relay to the fault is
2.36 secondary ohms, the ohm unit underreaches by
about 4.6 percent as a result of the lack of mutual
compensation. Because the uncompensated mutual
causes underreaching in this case, the first zone
may be set at 80 percent of the line length. The
second zone must be set for at least 104.6 percent
of the line length. Actually the second zone should
i)e gstgt for 125-150 percent of the protected line
ength.

Having set Zones 1 and 2, it is now necessary
to consider Zone 3. Appendix III of this book pro-
vides the information that is necessary todetermine
the minimum permissible tap setting (maximum per-
missible reach setting)., Consider first a single
phase-to-ground fault at F3 in Figure 12. or
this fault assume that a system study yields the
following system constants.

C=0.20
Co = 0.17
Z1 = 0.72 /820 secondary ohms

Zo = 1.33 /180 secondary ohms

Now for a fault at F4 in Figure 12 the following
constants apply from ghe previous assumptions.

C =0.80

Co = 0.83

Zy = 0.72 /820 secondary ohms

Z, = 1.33 /780 secondary ohms

Assuming the 3 ohm basic minimum tap on the
relay and evaluating equations IIl-a, MHI-b, III-c,

MMI-d and TII-e of Appendix III the minimum per-
missible values of T are tabulated below:
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Quantity Fault at F4 Fault at F3
Z 0.72 /820 0.72 /820
Zp 1.33 /780 1.33 /780
Zo/Z1 1.85 1.85
Co 0.83 0.17
(o 0.80 0.20
Ks 70 70
A 130 degrees 130 degrees
0 82 degrees 82 degrees
T(Equation IT-a) ~1.4 percent --
T(Equation III-b) -2.8 percent --
T(Equation III-c) -- ~1.4 percent
T(Equation ITI-d) -- -2.8 percent
T(Equation ITI-e) -- -2.1 percent

Since all the values of T in the above table
are negative, these equations impose norestrictions
on the third zone tap setting. Thus, the third
zone may be set as low as the minimum value
of 10 percent as noted in Appendix III,

Now it is necessary to determine the maximum
tap setting for third zone to insure detection of
a single phase-to-ground fault at the remote bus.
The method for obtaining this value of T is given
in Appendix II, equation II-b. From a system study
the following quantities are obtained for the relays
at Terminal "B'"" with the fault at Fy.

Co = 0.11

C=0.27

I, = 15.4 sec. amps. based on 600/5 CT's
0 = 79 degrees

" = 1.55 sec. amps. based on the protected
line CT ration of 600/5.

Substituting these values into equation II-b
of Appendix IT and recalling the values of:

Zom = 1.4 secondary ohms
Z'l = 2.4 secondary ohms
Z(', = 7.2 secondary ohms

K = 300 for the 3.0 ohm basic minimum tap
on the starting unit

we obtain for T a maximum permissible setting of
67.5 percent. Thus, the third zone unit may be
set anywhere between 10 and 67 percent. However,
it should be noted that the third zone unit will
be sensitive to load current and will measure effec-
tive load impedance in the same accurate manner in
which it measures three-phase fault impedance. For
this reason the tap setting should not be made so
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low that load impedance is inside the relay charac-
Ierlstic unless the zero sequence fault detector
8 used.

CONSTRUCTION

The Type GCXG51 relays are assembled in the
standard large-size, double-end (L2) drawout case
having studs at both ends in the rear for external
connections. The electrical connections between the
relay units and the case stdds are made through
stationary molded inner and outer blocks between
which nests a removable connecting plug whichcom-
pletes the circuits. The outer blocks attached to
the case have the studs for the external connections
and the inner blocks have the terminals for the in-
ternal connections.

The relay mechanism is mounted in the steel
framework called the cradle and is a complete unit
with all leads being terminated at the inner block.
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 res-
pective blocks of the cradle and case, also locks
the latch in place. The cover, which is drawn to
the case by thumbscrews, holds the connecting
plugs in place.

A separate testing plug can be inserted in
place of the connecting 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 replaced by another
which has been tested in the laboratory.

The relay is composed of three major sub-
assembly elements:

1. The bottom element includes the atarting unit
and associated circuit components. This unit
is directional and detects the presence of
faults within the zone covered by the relay.
It also initiates operation of the zone timer
for faults within its reach.

2. The middle element includes the ohm or re-
actance unit and associated circuit components,
This unit provides accurate first or second zone
distance measurement.

3. The top element includes the ohm unit transfer:
auxiliary (OX), the combination target and
seal-in unit, the transactor associated with the
ohm unit potential circuit, and the tapped auto-
transformer which determines the reach of the
ohm and starting units. The tap block as-
sociated with the autotransformer is mounted
along the right side of the relay.

Figs. 1 and 2 show the relay removed from its
drawout case with all major components identified.
Symbols used to identify circuit components are the
same as those which appear on the internal con-
nection diagram in Fig. 7.
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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 rough handling is evident, file a damage claim
at once with the transportation company and
promptly notify the nearest General Electric Ap-
paratus Sales Office.

Reasonable care should be exercised in un-
packing the relay in order that none of the parts
are injured or the adjustments disturbed.

If the relays are not to be installed immediately
they should be 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 IN-
SPECTION AND ACCEPTANCE TEST should be
made to insure that no damage has been sustained in
shipment and that the relay calibrations have not been
disturbed. If the examination or' test indicates that
readjustment is necessary, refer to the section
on SERVICING.

VISUAL INSPECTION

Check the nameplate stamping to insure that
the model number and rating of the relay agree with
the requisition.

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

MECHANICAL INSPECTION

1. It is recommended that the mechanical adjust-
ments in Table X be checked.

2. There should be no noticeable friction in the
rotating structure of the ohm and starting
units.

3. Make sure control springs are not deformedand
spring convolutions do not touch each other.

4. With the relay well leveled in its upright posi-
tion the ohm wunit and starting unit contacts
must be cpen. The moving contact of the ohm
and starting units should rest against their
backstops.

5. The armature and contacts of the seal-in unit
should move freely when operated by hand. There
should be at lease 1/32" wipe on the seal-in
contacts.

6. Make sure the armature of telephone-type relay
(OX) is moving freely.

7. Check the location of the contact brushes on the
cradle and case blocks against the internal
connection diagram for the relay. Make sure
that the shorting bars are in their proper
location on the case block.

TABLE X

CHECK POINTS|STARTING UNIT

Rotating Shaft
End Play

Contact Gap
Contact Wipe

OHM UNIT

.010-.015 inch | .010-.015 inch

.120-.130 inch
.003-.005 inch

.035-.045 inch
.003-.005 inch

ELECTRICAL CHECKS

Before any electrical checks are made on the
ohm and starting units the relay should be connected
as shown in Fig. 13 and allowed to warm up for
approximately 15 minutes with the potential circuits
alone energized at rated voltage (i.e. 120 volts
across studs 19-20 3nd T0 volts across gtuds
17-18) and with the E4 and No. 1 tap leads set at
100%. The units were warmed up prior to factory
adjustment and if rechecked when cold will tend to
underreach by 3 or 4 percent. Accurately cali-
brated meters are, of course, essential.
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Fig. 13 (0178A9118-0) Test Circuit For The Starting
Unit Of The Type GCXGS51A Relay, Using A Phase Shifter
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It is desirable to check the factory settings
and calibrations by means of the tests described in
the following sections. It is assumed that these
electrical acceptance tests will be made in the
laboratory so the test diagrams in the section on
ACCEPTANCE TESTS have been prepared on this
basis. The ohm and starting units were carefully
adjusted at the factory and it is not advisable to
disturb their settings unless the following checks
indicate conclusively that the settings have been
disturbed. I readjustments are necessary refer to
the section on SERVICING for the recommended pro-
cedure,

Before proceding with the electrical checks on
the ohm and starting units be sure that the relay
is level in its upright position.

STARTING UNIT CHECKS

a. Control Spring

With the relay connected as shown in Fig. 13
disconnect and short out the restraint circuit (studs
17-18). With the polarizing voltage (19-20) at 120
volts and the current set at 5amperes, set the phase
shifter so that current leads voltage by 300. Now
reduce the voltage to 5 volts and the current to
‘zero, Gradually increase the current until the
starting unit contact just closes. This operating
point' should fall within the limits shown in Table XI.
Be sure that the link at the rear of the starting
unit is set for basic minimum reach listed in the

’a
fo
. |

(5]

CENTER TAPPED
TRANSFORMER

Fig. 1k (0178A9119-8) Test Circuit For The Ohm Unit
Of The Type GCXG51A Relav. Using A Phase Shifter.

c. Angle of Maximum Torque Check

The preceding check of ohmic reach was made
at the angle of maximum torque of the unit, that is
operating current leads polarizing voltage by 300°.
If the operating currents fall within specified limits,
the angle of maximum torque is probably correct.:
The angle of maximum torque can be checked if
desired by means of the same test circuitof Fig. 13.
With the EZ taps still on 100%, with the restraint
voltage at the value shown in Table XIII, and with the
polarizing voltage at 120V, check pickup with the cur-
rent displaced by 300 from the nominal maximum
torque position, first in the lead and then in the lag

direction.
rection TABLE XIII
Maximum ‘Torque Angle Check (SU)

i

table.
TABLE XI
Control Spring Check (SU)
Basic Min. Closing
helay Reach Current
Short Reach 3 ohms 1.4-1.8 amps
Std. Reach 3 1.4-1.8
LE.ong Reach 6 0.7-0.

b. Ohmic Reach

With the relay still connected as shown in Fig.
13 remove the jumper from studs 17-18 and recon-
nect the restraint circuit as shown. With the E2
taps still in the 100% position, polarizing voltage
(19-20) setat 120 volts, and current leading polarizin
voltage by 300, set the restraint voltage (17-18%
at the value listed in Table XII for the relay to be
checked. Increase the current until the starting
unit contacts just close. This should occur within
the limits shown in Table XII.

TABLE XII
Ohmic Reach Check (SU)

Basic Min. | V17-18 Pickup

Relay Reach Set At Amps
Short or 3 ohms 60V. 19.4 - 20.6
Std. Reach 1 20 19.4 - 20.6
Long 6 60 9.7-10.3
Reach 2 20 9.7-10.3

Rela Basic Min.| V17-18]{Test Angles| Pickup
_ y Reach Set At | (I leads Vp) Amps
* Short or 0 g 0O -
Std. Reach 3 ohms 60V 60°&0 22-24A
Lorig Reach|{ 6 60V | 60°&0° 11-12

"OHM UNIT CHECKS

a. _Control Spring Adjustment

Using the connections shown in Fig. 14, leave
the potential circuit of the relay disconnected and
short out studs 17-18. The No. 1 tap leads should be
in the 100% position and the basic reach taps should
be in the middle position. Increase the current grad-
ually until the ohm unit contacts just close. This
should occur within the limits shown in Table XIV.

TABLE XIV

Control Spring Check (OU)

Relay Reaen Setting Cunmons
Short Reach 0.2 ohm 1.1 - 1.6A
Std. Reach 0.5 0.4 -0.9
Long Reach 1.0 0.2 - 0.5
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b. Ohmic Reach and Angle of Maximum Torque

Since the ohm unit i8 a reactance measurin

divice its angle of maximum torque occurs at 90%,
current lagging voltage.
1. To check the ohmic reach use the connections
shown in Figure 14 with the No.1 tap leads on 100% and
the basic reach taps in the intermediate position. With
the voltage across studs 19-20 set for 120 volts and the
voltage across studs 17-18 set at 70 volts and the current
at 5 amperes, set the phase shifter so that the current
lags the voltage by 90°. Now set the current at the value
shown in Table XV for the relay to be checked and re-
duce the voltage across studs 17-18 until the point is
found where the ohm unit contacts just close. Table XV
shows the theoretical pickup voltage for the intermedi-
ate basic reach setting of each unit. A variation of 3%
is permissible. Note that with the test connections of
Figure 14 both the operating winding (5-6) and the com-
pensating winding (7-8) are connected in series with the
result that the reach of the unit in the test circuit is
twice the nameplate stamping.

TABLE XV
Ohmic Reach Check (OU)

- ,
o . | Operating Points (V17-18)
Relay Basic Min. ‘ No. 1 ‘ Current I lags V by:
i Reach Setting i Tap t Set At 900 i 300
Short Reach ! 0.2 0hms | 100% | 15A 6V T 12V
Std. Reach | 05 5 100% 154 | 15V | aov
Long Reach | 1.0 | 100% wA | 20V | aov

2. To check the angle of maximum torque use
the same connections and settings as in (1) above
except now set the phase shifter so that current
lags voltage by 300. Again vary the voltage across
studs 17-18 until the point is found where the
contacts just close. The nominal values are listed
in Table XV for the three forms of the relay in the
column headed 30°. A variation of *3% is per-
missible.

Note that the relays are normally shipped from
the factory with the basic minimum reach adjust-
ment taps in the intermediate setting, that is 0.2
ohms for the short reach form, 0.5 ohms for the
standard reach, or 1.0 ohms for the long reach.
If the units are set in either of the remaining two
basic minimum reach taps (see Table I) the reach
of the units will be within t4% of the tap plate
marking.

Other Checks and Tests

In addition to the tests on the ohm and starting
units, it is recommended that the following general
tests and checks be made as a part of the AC-
CEPTANCE TEST routine.

a. Ohm-Unit Transfer Relay (OX)

The ohm-unit transfer relay, identified as
OX in Fig. 7, is provided with a voltage selection
link to adapt it for application on 48, 125, or 250
volt DC control. The unit should be checked for
correct operation on each link position. Apply a

* Revised since last issue

variable source ot D-C voltage across studs 12-13
and check that the OX unit picks up at 80 percent or
less of the nominal tap voltage for each link position.

b. Target Seal-in Unit

The target seal-in unit has an operating coil
tapped at 0.6 or 2.0 amperes. The relay is shipped
from the factory with the tap screw in the 0.6
ampere position. The operating point of the seal-
in unit can be checked by connecting from a D-C
source (+) to stud 11 of the relay and from stud 3
through an adjustable resistor and ammeter back to
(-). Connect a jumper from stud 15 to stud 3 also
so that the seal-in contact will protect the starting
unit contact. Then close the starting contactby hand
and increase the D-C current until the seal-in unit
operates. It should pickup at tap value or slightly
lower. Do not attempt to interrupt the D-C current
by means of the starting unit contact.

If it is necessary to change the tap setting,
say from 0.6 to 2.0 amps, proceed as follows:
Remove the tap screw from the left-hand contact
strip and insert it in the 2.0 amp position of the
right hand contact strip. Then remove the screw
from the 0.6 amp tap and put it in the vacant posi-
tion in the left hand plate. If this procedure is
follgvged the contact adjustments will not be dis-
turbed.

INSTALLATION PROCEDURE

LOCATION

The location of the relay should be clean and
dry, free from dust, excessive heat and vibration,
and should be well lighted to facilitate inspection
and testing.

MOUNTING

The relay should be mounted on a vertical
surface. The outline and panel drilling dimensions
are shown in Fig. 20.

The outline panel drilling and internal con-

nections for the auxiliary compensating transformer
are shown in Fig. 21,

CONNECTIONS

The internal connections of the GCXG51A relay
are shown in Fig. 7. An elementary diagram of
typical external connections is shown in Fig. 3.

VISUAL INSPECTION

Remove the relay from its case and check that
there are no broken or cracked component parts
and that all screws are tight.

MECHANICAL INSPECTION

Recheck the seven adjustments mentioned under
Mechanical Inspection in the section of ACCEP-
TANCE TEST.
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STARTING UNIT OR OHM UNIT

GEXG-19 =20

6
GCXG

19 GCXG-17

10% GexG-18

Fig. 15 (017849120-1)
Electrical Check Tests On Induction Units

The manner in which reach settings are made on
the ohm and starting units is briefly discussed in
the section titled SAMPLE CALCULATIONS FOR
SETTINGS. Examples of the calculation of typical
settings are given in that section. It is the purpose
of the electrical tests in this section to check the
ohm and starting unit ohmic pickup settings which
have been made for a particular line section.

To eliminate errors which may result from in-
strument inaccuracies the test circuits shown in
schematic form in Fig. 15a for the ohm unit or Fig.
15b for the starting unit are recommended. In
these figures Rg + jXg (when used) is the source
impedance, Sy is the fault switch, and Ry, + jXi,
is the impedance of the line section for which the
relay is being tested. The autotransformer Tp
which is across the fault switch and line impedance
is tapped in 10 percent and 1 percent steps so
that the line impedance Ry, + jXJ, may be made to
appear to the relay very nearly as the actual line
on which the relay is to be used. This is necessary
since it is not feasible to provide the portable
test reactor Xy, and the test resistor with enough
taps so that the combination may be made to match
any line.

For convenience in field testing, the fault
switch and tapped autotransformer of Fig. 15 have
been arranged in a portable test box, Cat. No.
1021201, which is particularly adapted for testing
directional and distance relays. The boxisprovided

24 *Indicates revision

Schematic Diagrams Of Test Circuits For Field Testing The Type GCXG51A Relay.
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*Fig. 16 (0178A9121-4) Connections for Field Testing
the Ohm Unit of the Type GCXG51A Relay Using
the Type XLA Test Plugs.
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with terminals to which the relay current and poten-
tial circuits as well as the line and source imped-
ances may be readily connected. For a complete
description of the test box the user is referred to
GEI-389717.

a. Testing the Ohm Unit

To check the calibration of the ohm unit it is
suggested that the portable test box, Cat. No.
1021201, portable test reactor, Cat. No. 6054975
and test resistor Cat. No. 6158546 be arranged with
Type XLA test plugs as shown in Fig. 16, These
connections of the test box and associated equipment
are similar to the schematic connections in Fig. 15a
except that the Type XLA test plug connections
are now included.

In the circuit of Fig. 16 it will be noted that
the test current is passed through both the operat-
ing circuit (5-6) and the compensating -circuit
(7-8) of the ohm unit. This is equivalent to 100%
compensation and causes the reach of the unit to be
twice the line-to-neutral positive-phase-sequence
ohms it normally measures. Making the reach
test in this manner provides a check of both operating
and compensating circuits of the unit, but it must
be remembered that the apparent reach of the unit
will be twice normal for the taps in use.

For any particular ohm unit tap setting the
value of test reactor ohms (Xp) to select will be
the portable test reactor tap nearest above twice
the uncompensated (or positive sequence) reactance
setting as determined by the basic reach tap and
No. 1 (or No. 2) tap settings.

When testing the ohm unititis necessary to keep
Rg ohms as low as possible in order to get the
correct balance point. Rg should only be used to
make fine adjustments of the current. Xg should be
chosen to limit the current to 14 to 16 amperes,

The unit characteristic should first be checked
near the 90° point by using the test reactor XL
alone, with Ry, at zero. The percent tap setting of
the test box autotransformer, which should cause

the ohm unit to just close its contacts, is given by
equation (11).

2 {Xou)
XL
To illustrate the above assume that a standard-
reach relay is being tested and that the ohm unit
range selection taps have been set for a basic
minimum reach of 1.0 ohm. Further assume that
the No. 1 taps are set at 53 percent providing a
zone-1 reach of 1.89 ohms. These values were used

in the section SAMPLE CALCULATIONS OF SET-
TINGS.

%Tap = (11)

2Xoyu = 2(1.89) = 3.78 Ohms

Therefore, it will be necessary to usethe 6 ohm
test reactor tap for Xy since this is the nearest
tap above twice the unit reach. Assume now that
the calibration curve for the particular test reactor
in use has been checked and that the reactance
of the 6 ohm tap at the 15 ampere current level to
be used inthetestisactually 6.25 ohms. The percent

*Indicates revision
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Pig. 17 (0178A9122-1) Connections For Field Testing
The Starting Unit Of The Type GCXGS51A Relay Using
Type XLA Test Plugs And a 3-Phase, 4 Wire Source.

tap of the test box autotransformer at which the
ohm unit contact will just close can thenbe calculated
as follows from equation (11):

%Tap = 3-78 (100) = 60.5%
6.25

The ohm unit should, therefore, theoretically
close its contact with the test box autotransformer
taps set at 60 percent and remain open with the
taps at 61 percent. A range of 59 to 62 percent is
acceptable,

The phase angle of the ohm unit reactance
characteristic can be readily checked by adding
resistance Rjp, in series with the line reactance Xp,
in the test circuit Fig. 16. This resistance Ry,
should be non-inductive and about 3 to 4 times as
large as the line reactance Xj,. The source
impedance should also be readjusted so that when
the pickup point is checked the fault current will
be approximately the same as in the previous test
with reactance alone. When the fault switchis closed
the ohm unit should close its contacts at the same
test box percent tap setting as in the previous test.

A check of the ohm unit second zone setting may
be made in the same manner, except that the transfer
relay OX must be picked up by applying rated DC
voltage between studs 12 and 13 &e sure the DC
voltage selection link position agrees with the
voltage to be used). It may also be necessary to
use a different test reactor tap setting.
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STARTING UNIT

a. Control Spring Adjustment

Using the test connections shown in Fig. 13
disconnect and short out the restraint circuit (studs
17-18). With the polarizing voltage (19-20) set at

120 volts and

phase shifter so that curre

the current

at 5 amperes, set the

ot leads voltage by 30°.

Now reduce the polarizing voltage to 5 volts and set
the current at the value shown in Table XVII for the
relay to be tested. Also be
rear of the starting unit is

gure that the link at the
set for the basic mini-

mum reach shown in the Table.

TABLE XVII
Control Spring Setting (sU)

Rel Basic Min. Set Current
elay Reach At
Short Reach 3 ohms 1.6A
Std. Reach 3 1.6
Long Reach 6 0.8

Insert the blade of a thin screwdriver into one
of the slots in the edge of the spring adjusting

ring (see Fig.

tacts just close.

below the set

19) and turn

current in

the ring until the con-

If the contacts were closing

Table XVII turn the

adjusting ring to the right. If they were closing

above the set
the left.

point, turn

the adjusting ring to

b. Ohmic Reach Adjustment

The basic minimum reach of the starting
usted by means of rheostat Rg which
Fig. 1. Increasing Rg by turning the
adjustment in a counterclockwise

unit can be adj
is identified in
screw driver

direction increases

the reach of the unit.

Using the connections shown in Fig. 13 remove

the jumper from s
straint circuit as sh

tuds 17-18 and regonnect the re-
own. With the E

taps on 100%,

polarizing voltage (19-20) set at 120 volts, and
current leading polarizing voltage by 300, set the

restraint voltage at the
for the relay in test.

value listed in Table XVIIL
Adjust Rg so that the start-

ing unit picks up within the current limits shown

in Table XVIIL.

TABLE XVIII
Ohmic Reach Setting (SU)

Basic | vy7-18 | Picku
Relay Min. P
Reach Set At Amps
Short Reach | 3 ohms 60V 19.8-20.2
Std. Reach 3 60V 19.8-20.2
Long Reach | 6 60V 9.9-10.1

c. Angle of Maximum Torque

The procedure used in setting the angle of
maximum torque of the starting unit is to adjust the
rheostat R4 so that the pickup amperes, with a
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Fig. 19 (8034958) Four-Pole Induction Cylinder
Unit Typical Of The Ohm Unit And Starting Unit
In The Type GCXG51A Relay.

specified restraint voltage on studs 17-18 will be the
same at angles leading and lagging the nominal max-
imum torque angle by 300. The test angles, set
restraint voltages, and the pickup amperes are
shown in Table XIII. The test connections shown
in Fig. 13 should be used with the polarizing voltage
at 120V, the E2 tap leads on 100%, and the basic
minimum reach set as shown in Table XTIL.

With the restraint voltage (V17-18) set at 60
volts, record the pickup current with the current
first in phase with the polarizing voltage, and then
leading the polarizing voltage by 60°. Then adjust
R% until the pickup current at these two test angles
(0b and 600) is the same within ¥4%. Now the reach
of the unit at its nominal angle of maximum torque
should be checked and readjusted if necessary as
described in paragraph (b) and Table XVII. Then
recheck the pickup currents at 00 and 600. Pickup
should fall within the limits shown in Table XI11.
Touch up R4 if necessary, and continue this "cross
adjustment” of reach and angle of maximum torque
until both are within limits.

d. Cluteh Setting

The clutch of the starting unit should slip when a
force of 45-65 grams is applied to the moving contact.
The cup assembly must be held securely with a special
wrench (0246A7916, 1/2 inch wrench, 1/32 inch thick)
placed between the front coils and contact lead. The
clutch pressure is varied by loosening or tightening the
self-locking nut (3/8 inch) at the top of the cup shaft.

TABLE XIX
OHM UNIT

a. Control Spring Adjustment

Using the test connections of Fig. 14 leave the
potential circuit to the relay disconnected and short
out studs 17-18. With the No. 1 tap leads in the
100% position and the basic reach taps in the middle
position of their range, set the operating current
at the value shown in Table XIX.
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TABLE XIX
Control Spring Setting (OU)
Basic Min. Set
Relay Reach Setting Current At
Short Reach 0.2 ohms 1.35A
Std. Reach 0.5 0.65
Long Reach 1.0 0.35

Instert the blade of a thin screw driver into
one of the slots in the edge of the spring adjust-
ing ring (see Fig. 19) and turn the ring unti] the
contacts just close. If the contacts were closing
below the set current in Table XIX turn the adjust-
ing ring to the right. If they were closing above
the set point, turn the adjusting ring to the left,

b. Before adjusting the ohm unit make sure that
the starting unit polarizing circuit effect has been
neutralized. This is done by energizing the starting
unit polarizing circuit only at rated voltage and
measuring the induced voltage at studs 17-18, This
should be less than 0.4 volt. If itis not, adjust
for a minimum by turning the core of the Tm
transformer until a null voltage has been obtained.

¢. Reach and Angle of Maximum Torque Adjustment

The basic minimum reach of the ohm unit is
controlled by rheostat R1, and its angle of maximum
torque (90° current lagging voltage) may be adjusted
by means of rheostat R2, It should be noted,
however that these adjustments are not independent;
that is an adjustment of R2 will have some effect
on the reach of the ohm unit, and adjustments of
R1 will affect the angle of maximum torque.

To calibrate the ohm unit place the No. 1
taps in the 100% position and use the connections
shown in Fig. 14. Follow the procedure outlined
below:

Step 1:

With current set at 5 amps and voltage at
70V adjust the phase shifter so that the current
lags voltage by 90°. Then set the current for
the value shown in Table XV for the basic reach
to be checked and the voltage for the value listed
in the column headed ''90°', For example, for the
0.2 ohm basic minimum reach, the current would
be set at 15 amps and the voltage at 6V. Adjust
R1 rheostat until the ohm unit contacts just close.
Now  raise the voltage and again lower it
slowly until the ohm unit contacts just close,
The voltage at the operating point should be within
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+1% of the voltage listed in Table XV in the column
headed "90%". Readjust Rj until the operating
voltage is within the +1% limit,

Note that the relay operating circuit should not
be left energized with the test current of Table XV
for more than a few seconds at a time.

Step 2:

Reset the phase shifter so that current lags
voltage by 30°, and with the same current used
in Step 1 set the voltage at, the value listed in
column headed "30°'., Then “adjust R2 until the
contacts just close. Now raise the voltage and
reduce it slowly until the contacts just close.
The voltage at this operating point should be within
+1% of the value in Table XV under the "30°"

column. Modify the R2 setting until the operating
voltage is within this +1% limit.
Step 3:

Recheck Step 1. The ohm unit contacts should
close within +2% of the voltage listed in the "90*"
column, I the ohm unit contacts do not close
within these limits, repeat steps 1 and 2 until the
unit contacts close within the limits specified.

d. Reduce the current to that listed in Table V,
The reach should not reduce more than 10%. K it
is more, readjust the core of Tm so that it is only
a 10% drop and repeat steo c.

d.  Clutch Setting

Short the potential circuit (studs 17-18). With the
basic ohm tap in the middle position, apply current to
the current circuit and check the level at which the
clutch slips.

Middle Tap Clutch Action
of ohm unit
1.0
0.5

0.2

Clutch slips between 18 and 25A
Clutch slips between 34 and 44A
Cluteh slips above 60A

Adjust the clutch slipping value by loosening or
tightening the self-locking nut at the top of the cup

shaft. 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.

When ordering renewal parts, address the near-
est Sales Office of the General Electric Company
specify quantity required, name of part wanted,
and give complete nameplate data. I possible,
give the General Electric requisition number on
which the relay was furnished,
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APPENDIX 1|
DEFINITIONS OF SYMBOLS

In the following appendicies, and throughout
other portions of this instruction book, the symbols
used for voltages, currents, impedances, etc. are
consistent. Note that all of the parameters listed
below are secondary quantities based on the CT and
PT ratios on the protected line terminal.

A - Voltage

E; = Phase A-to-neutral voltage.
Ep = Phase B-to-neutral voltage.
E. = Phase C-to-neutral voltage.
Eap = (Ea - Ep)
Epc = (Ep - Ec)

Eca = (Ec - Ep)

E, = Zero sequence phase-to-neutral voltage.

E; = Positive sequence phase-to-neutral
voltage.

E9 = Negative sequence phase-to-neutral

voltage.

Note that when one of the above symbols is
primed, such as Ea, it then represents the voltage
at the location of the relay under consideration.

B - Currents
L, = Total phase A current in the fault.
I, = Total phase B current in the fault.
I, = Total phase C current in the fault.
I, = Total zero sequence current in the fault.
I; = Total positive sequence current in the fault
Is = Total negative sequence currentin the fault
Note that whep one ,of the above symbols is
primed, such as I; or I,, it then represents only

that portion of the current that flows in the relays
under consideration.

Io_ Zero sequence current flowing in a line that
is parallel to the protected line. Taken as
positive when the current flow in the parallel
line is in the same direction as the current
flowing in the protected line. While this
current flows in the parallel line, the sec-
ondary value is based on the CT ratio at the
protected line terminal under consideration.

I0 = The same as Ij except that it is the current
flowing in another parallel line.
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Note, that I represents the zero sequence

utual currents that will be compensated for.

I0 represents the zero sequence mutual currents
that will not be compensated for.

C - Distribution Constants

C = Positive sequence distribution constant.
Assumed equal to the negative sequence
distribution constant.

1
c-1_-12
I1 12
Cy = Zero sequence distribution constant.
A
Co=12
Iy

D - Impedance

Z, = System zero sequence phase-to-neutral
impedance as viewed from the fault.

Z1 = System positive sequence phase-to-neu-
tral impedance as viewed from the fault.

Z9 = System negative sequence phase-to-neu-
tral impedance as viewed from the fault.
Assumed equal to Zj.

Zy = Zero sequence phase-to-neutral imped-
ance of the protected line from the relay
to the remote terminal. Z3 = Rg + jX,

Z1 = Positive sequence phase-to-neutral im-
pedance of the protected line from the
relay to the remote terminal.

Zl = Rl + ]Xl

Z9 = Negative sequence phase-to-neutral im-
pedance of the protected line from the
relay to the remote terminal. Equals Zy

Zom = Total zero sequence mutual impedance
between the protected line and a parallel
circuit over the entire length of the
protected line. Zgy = Rom + i Xom

Zom = Same a§ Zopy except fqr another parallel
line. Zom = Rom + j Xom

Note, that Zom represents the zero sequence
mutual impedance for which compensation will be
provided. Zgpn, represents zero sequence mutual
impedance for which there will be no compensation.

gm»;ﬂégfgha
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Miscellaneous

¥*

T = Relay tap setting in percent.

«,A,B,0 & @ = Angles in degrees as defined
where used.

Si, S9, & S3 = Ratio of distances as defined
where used.

Ko = X(;/ Xl‘
Km = Xom/xé
Kg = Constant depending on the ratio of Z2o/Z1.

K = Design constant of starting unit and it
depends on the basic tap setting.

100 for the 1 ohm basic minimum tap set-
ting of the starting unit.

300 for the 3 ohm basic minimum tap set-
ting of the starting unit.

K' = Percent tap setting on primary winding
of 367A0266 auxiliary CT.

K" = Percent tap setting on secondary of 367A-
0266 auxiliary CT.

CTR = Current transformer ratio on protected
line terminal.

CTRP = Current transformer ratio on parallel
line terminal for which mutual com-
pensation is being used.

APPENDIX I
MINIMUM PERMISSIBLE REACH SETTING FOR THE STARTING UNIT

The starting unit will measure distance ac-
curately on three-phase faults. However, onsingle-
phase-to-ground faults its reach is generally fore-
shortened. The operating equation for the phase A
starting unit is given below. For the phase B and
phase C units, similar equations apply except that
different potentials and currents are applied.

T E, Epc Sin B = KI Epe Cos (X-30)  II-a
where:
T = Tap setting in percent.

K = Design Constant
100 for the 1.0 ohm basic minimum tap.
* 200 for the 2.0 ohm basic minimum tap.

E, = Phase A-to-neutral voltage applied to the
relay.

Epc = Phase B-to-C voltage applied to the relay
I, = Phase A current in the relay.
B = Angle by which E, leads Eypg.
oC = Angle by which I leads the voltage Epc.

The relay will operate to close its contacts
when the operating torque (righthand side of equa-
tion II-a) exceeds the restraint torque (left-hand
side of the equation). For balanced 3-phase faults
E, will lead Epc by 90 degrees and Sin B will equal
1.0. The angle O hecomes 90-8, where 9 is the
angle by which Iz lags Ea; this is the impedance
angle of the protected line. For this type of fault,
the reach of the starting unitin secondary-phase-to-
neutral positive-sequence ohms for any line imped-
ance angle as a function of tap setting is given by:

7 = X cos (60 - )
T

*Indicates revision

Conversely, the tap setting in percent required
to reach a given secondary ohms at a given angle is

T = X Cos(60-8)
Z

For single-phase-to-ground faults the reach
of the starting unit is pulled back. The effective
impedance as seen by the starting unit on the
faulted phase for a fault at the far end of the
line becomes:

2]+ (Zg - Z1) Co , Zomly
2C + Cq I
where:
Zl' = Positive sequence impedance of the pro-
tected line.
Z(', = Zero sequence impedance of theprotected

line.

Zom = Total zero sequence mutual impedance
between protected line and parallel line.

I = Zero sequence current in the parallel
line, taken as positive when the current
flow in the parallel line is in the same
direction as the current in the protected
line.

I, = Phase A current in the relay.

C = Positive sequence distribution constant
I]_/ Iy.

Co = Zero sequence distribution constant I(')/ I5.

To insure that the starting unit on the faulted

phase picks up for a fault at the remote bus, the
maximum percent tap setting permissible is:

II-b
T = K Cos (60° - 6)
1.25 [zl' + {20 21)Co Eﬂmla_J
2C + Co I,
33
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APPENDIX IV

EFFECTS OF UNCOMPENSATED ZERO SEQUENCE

MUTUAL REACTANCE ON

THE REACH

OF THE OHM UNIT

The ohm or reactance unit of the GCXG51A relay,
when properly compensated, will measure correctly
the positive sequence reactance from the relay to a
single-phase-to-ground fault. However, occasions
arise where it is not possible or not practical to
compensate for zero sequence mutual reactance be-
tween transmission lines on the same right-of-way.
For example, consider a transmission line from
Station A to Station B. Assume a second trans-
mission line originating at Station A and running
parallel with the first line, on the same right-of-way,
for a considerable distance and then branching off to
terminate at Station C. It is not possible to com-
pensate the ohm units of the GCXG51A relays at
either Station B or C for the zero sequence mutual
coupling between the two lines. For this sort of
reason it is of interest to know how uncompensated
zero sequence mutual coupling will affect the reach
of the ohm unit. There are several different sets
of system conditions that should be considered and
these are discussed one at a time below.

A. Uncompensated Mutual Due to an Open Circuit

Breaker

Consider two similar parallel lines on the same
right-of-way as illustrated in Figure IV-1,

STATION STATION
C D
RELAY LOCATION
_m LINE A @__
LOAD
NO
GENERATION
OPEN
3 : LINE B @
F1

* Fig. IV-1 (016547421 [1]) Parallel Transmission

Iines Wita Lround Fault.
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Assume that the auxiliary compensating CT
367A0266 is used at all terminals to provide the
proper mutual compensation. If a single-phase-to-
ground fault were to occur at F1 andcircuit breaker
#3 were to trip on first zone, the current in cir-
cuit breaker #3 would instantly go to zero. The
protective relays at breaker #1 would lose the zero
sequence mutual compensation. However, since the
fault current flows down line A and back over line
B there will be a mutual effect which would tend to
cause the ohm unit at breaker #1 to overreach. The
ohm unit at breaker #4 will still have its compen-
sation so it will not overreach. For these conditions,
it is important that the overreach of the ohm
unit at breaker #1 does not result in a lack of
co-ordination with the relays at breaker #4.

The reactance as seen by the ohm unit at
breaker #1 for a fault at F1 with breaker #3 open
and no infeed from Station D is given by the follow-
ing equation.

2 + Ko = ZKmKQ

XR:Xi 2+K
o

1+ 83

>
-
i

Positive sequence reactance of the pro-
tected line, A.

Xo = Zero sequence reactance of the protected
line, A.
Ko = x(:';/ Xl'

Xom = Total zero sequence mutual reactance
between line A and line B.

Km = Xom/Xo

S3 = The ratio of the distance from breaker

#4 to the fault - to the total length of
Line A or Line B,

There are two points to consider. First, the
first-zone ohm unit at breaker #1 should not reach
into the first zone of the relays at breaker #4 for
a phase-to-neutral fault on Line B with breaker #3
open. Next, the second-zone ohm unit at breaker #1
should not reach into the second zone of the relays
at breaker #4 for a phase-to-neutral fault on line B
with breaker #3 open.

The most severe condition of overreach will
occur for the larger values of Kpand Ko, On actual
systems, K, will have a maximum value of about 0.7
but will generally be about 0.5. Kg will average
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about 3.5 but may be as high as 5.5. A check of
equation TV-a will show that the reactance seen by
the ohm unit at breaker #1 for a fault anywhere on
line B will always be greater than the reactance
setting of the first zone which should never exceed
80 percent of the line length. Thus, the first zone
unit of the relays at breaker #1 will never reach
to the far bus.

The maximum second zone ohm unit reach setting
at breaker #1 must be established to insure that it
does not reach beyond the first zone unit at breaker
#4. Assuming that the first zone units are set for
80 percent of the line length, then the second zone
units at breaker #1 should not see faults on line B
beyond 50 percent of the distance to breaker #3.
For this fault S3 = 0.50.

Referring to equation IV-a and assumingKpy, = 0.5
and Kg = 3.5,wegetXp = 1.18Xj. Thus, for the con-
ditions assumed, a single-phase-to-ground fault on
line B half-way from breaker #4 to breaker #3 with
breaker #3 open and no infeed from Station D, the
second zone ohm unit at breaker #1 will see a reac-
tance which is 118 percent of the protected line
length. For these conditions, the reach setting of
the second zone ohm unit at breaker #1 should not
exceed 118 percent of the positive sequence reac-
tance of the procected line section.

Note that system constants (Ko and Ky,) which
are different from those assumed will lead to a dif-
ferent safe maximum reach setting. Also, any de-
pendable infeed from Station D will permit a longer
second zone reach setting at breaker #1. Equation
IV-b below gives the reactance as seen by the ohm
unit at breaker #1 for single-phase-to-ground faults
on line B with breaker #3 open and infeed from
Station D.

Xp =X; [+ S8 (x +2-C+KK;J
R=7 [ 2C + KnCy o+ JKuko
V-b

where:

C = Positive sequence distribution
constant 11?11

Co = Zero sequence distribution
constant Iy/1,

Equation IV-b applies to the configuration of
Figure IV-1 except that infeed is present at Station
D. Since we do not wish the second zone ohm units
at breaker #1 to reach beyond a point half-way from
breaker #4 to breaker #3, assume a fault at the
midpoint of line B. For this fault S3 = 0.5. As in
the previous example, assume Ky = 0.5 and Kg =
3.5. Assume that the infeed from gltationD is rather
weak so that C;, = 0.7and C = 0.8.

Substituting these values in equation IV-b we
get:

XR = 1.31X;

LINE
C

I
i
- — EITHER
w COMNECTIOH
Iy |
it
e -
RELAY
LOCATION
xw ’
1 - Ia® LINE A .
—— 1o’ F1 F
MUTUAL O
(O cowptmsarion Xou
STATION I STATON
A - To* 5 [}
UINE B I"“‘4'_—"
! EITHER

1™ COMNECTION
v

Fig. IV-2 (0165A7620-1) Transmission System
With Lines Terminating At Remote Stations.

Thus, to the relay at breaker #1 this fault
will appear to be at a point 31 percent of the dis-
tance from breaker #4 to breaker #3. If it is desired
to limit the reach of the breaker #1 second zone
unit to a point midway on line B, it is necessary
to limit the set reach of the unit to 131 percent
of the protected line length.

B. Uncompensated Mutual Due to Partial Parallel
Circuits

When it is not possible to compensate for zero
sequence mutual reactance between twoparallel cir-
cuits because they do not terminate at the same
stations, it is of interest to know how this lack of
compensation affects the reach of the ohm units.
Consider the system illustrated in Figure IV-2.

Line A is the protected line under consideration
and the relays associated with breaker #1 are
being studied. Line B is a parallel circuit with
one end terminating at Station A and the other end
terminating at Station B or some other remote sta-
tion. Since both breakers #1 and #4 terminate at
Station A, compensation for the zero sequence mutual
reactance between lines A and B is possible for the
relays at breakers #1 and #4. In the following
analysis this is assumed.

Line C does not terminate at Station A. It may
or may not terminate at Station B. Zero sequence
mutual exists between lines A and C but the relays
at breaker #1 cannot be compensated for this, While
zero sequence mutual will exist between lines B and
C, the magnitude is not required for these calcu-
lations once the fault currents have been obtained.
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There are two situations to be investigated.
First, the reactance seen by the relays for a fault
at the set reach of the relay. It is important
that the effects of the uncompensated mutual between
lines A and C do not cause the first zone ohm unit
to overreach the setting (Fj). Next, it is impor-
tant to 'insure that the effect of the uncompensated
mutual does not result in a pull back in the reach
of the second zone unit so that it fails to see a
fault at the far end of the line (F2).

Note that the effects of the uncompensated
mutual will cause both first and second zones to
overreach or underreach. It cannot cause one to
overreach and the other to underreach. The direc-
tion of the current flows (I§ and Ij') as assumed
in Fig. IV-2 will cause both zones to underreach,
K I, flows in the opposite direction this will
cause both zones to overreach.

For a fault at the first zone set balance
point (Fj1), equation IV-c gives the reactance as
seen by the relay.

IV-c
——1, g S3Xom Io'
X1

1,+0.03 K'I+0.015)° K" Ty

Xp=X1| Sq+

Positive sequence reactance of the pro-
tected line.

"
-
i

Zero sequence reactance of the protected
line.

Xom = Total mutual reactance between line A
and line C.

K' = Compensating auxiliary CT primary set-
ting.

K" = Compensating auxiliary CT secondary set-
ting.

S1 = Ratio of the distance from breaker #1
to the fault - to the length of line A,

S3 = Per unit of the total Xom that is involved
in the fault.

I, = Phase A current in the protected line at
the relay location.
Ié = Zero sequence current in the protected

line at the relay location.

Zero sequence current in the parallel line
which can be compensated (line B). Taken
as positive when flowing in the same
direction as I,.

I, = Zero sequence current in the parallel
line which cannot be compensated (line C)
Taken as positive when flowing in the
same direction as I,.
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The summation inthe numerator of equationIV-c
applies in the event that there is more than one
circuit similar to line C for which compensation
cannot be or is not applied. The summation in the
denominator applies when there is more than one cir-
cuit similar to line B for which compensation is
applied.

As an example in the use of equation IV-c
assume the system illustrated in Fig. IV-2. Assume
that neither line B nor line C terminate at Station
B. Check the ohm unit fdt a fault at the set reach
of the first zone ohm unit. Let this be a fault at
Fi in Fig. IV-2, 80 percent of the distance to
breaker #2. Assume now the following system con-

stants, fault currents, and compensator CT settings.
K' = 80
K" =10
I, = 50 secondary amperes
I, = 15 secondary amperes g%.sg;‘gg
Ip = 5 secondary amperes gi. 2§eak—
I,' = -4.16 secondary amperes
Xém = 0.6 X1
S = 0.8

Since the entire mutual of line C will be in-
volved in this fault, S3 = 1.0.

Substituting these values in equation IV-c and
noting that the negative sign associated with Ig'
indicates that Ij' is actually flowing in a direc-
tion opposite to that assumed in Fig. IV-2, we
obtain:

XR = 0.771 X

Thus, the first zone unit will see a reactance
which is 96 percent of the actual positive sequence
reactance to the fault. Or, stated in other words,
the first zone unit will overreach about 4 percent
for the condition assumed.

For an end zone fault at Fy equation IV-c may
be used again except that now the currents will be
slightly different. Also, the S constants will change.
For example, for a fault at Fy:

S1 = 1.0

S3 1.0

For the conditions assumed, the second zone
unit will see a reactance that is slightly smaller
than the actual reactance to the fault. However,
since the second zone is set to reach beyond the
far bus, this slight overreach is of no practical
importance. On the other hand, if the current I’
had been assumed in the opposite direction, a slight
underreach would result. In this case it would be
necessary to insure that the setting of the second
zone would be sufficiently long so that it sees a
fault at the remote bus despite the small underreach.

N%
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Note that equation IV-c is quite general and
may be applied to almost any system configuration
for a fault in the protected line section. For
example, if there were nozero sequence mutual com-
pensation between the relays at breakers #1 and #4,
then the last term in the denominator of equation
IV-c is zero. Also, the summation inthe numerator
would then include the effects of line B and I.

If line B did not exist at all, then the last
term in the denominator goes to zero and there is
no Iy term to consider in the numerator.

All voltages, currents and impedances in the
above equations are in terms of secondary quantities
based on the CT and PT ratios emplo'yed on the pro-
tected line. This includes I;' and I as well as I,
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