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INTRODUCTION

The GCXY11A relay is a single phase, three
zone, step distance relay for phase fault protection
on transmission and sub-transmission lines. It is
comprised of a first zone reactance unit, a second
zone directional mho unit, a third zone offset mho
unit, an auxiliary unit(S) and a target seal-in unit all
in one L2 case. Three GCXY11A relays plus one
suitable RPM11D timing relay are required per
terminal to provide three zone, step distance pro-
tection for all multi-phase faults.

APPLICATION

The GCXY11A relays may be applied as illus-
trated in the elementary diagram of Fig. 1 for three
step distance protection of transmission and sub-
transmission lines. In such applications the third
zone OM3 unit may be connected tc look in the same
direction as zones 1 and 2 to obtain three forward
looking zones or it may be connected to look in the
reverse direction to provide a reversed third zone.
In either case this unit may be set with either 1 ohm
or zero offset. When the relays are connected for
three forward looking zones, three GCXY11A plus
one RPMI1D make up a complete terminal for
protection against all multi-phase faults. If the
relays are connected for reversed third zone opera-
tion, one rectifier assembly is required in addition
to the relays to complete the terminal. This is
illustrated in the elementary diagram of Fig. 1.

The GCXY11A relays are also applicable for
multi-phase fault protection in directional com-
parison and line transferred tripping schemes.
Instruction Book GEI-83950 provides information
on the application of the GCXY11A relay in direc-
tional comparison carrier schemes. Information
on transferred tripping schemes may be obtained
from the local district office.

Regardless of the protective scheme, the
GCXY1iA relay will perform best if the minimum
three phase fault current on the remote bus produces
at least 6 amperes in the relay with the 0.5-5.0 ohm
reactance unit. For the relay with the 0.25-2.5
ohm reactance unit, this minimum current is 8
amperes.

When applying this relay for the protection of
a given circuit, regardless of the scheme of pro-
tection, it is generally advantageous to select the
relay having the highest first zone ohmic range

that can accommodate the desired setting. This is
to provide units which operate at a higher torque
level than would units with the lower range. How-
ever, before selecting a range, all settings should
be calculated.

The curves of Figs. 2 through 5 indicate the
operating time of the relay for a first zone fault as
a -function of fault location and the fault current.
The data in Table A gives the minimum fault cur-
rent that is required to insure positive first zone
tripping on zero voltage faults with normal voltage
before the fault.

TABLE A

MIN. RELAY MIN. FAULT

RELAY REACH CUR. TO TRIP
GCXY11A | 0.25 OHMS 8 AMPS
GCXY11A | 0.50 OHMS 6 AMPS

The solid curves of Figs. 6 and 7 illustrate the
steady state current required to operate the M2 unit
for second zone time delay tripping as a function of
the impedance to the fault. Tt should be noted that
the M2 unit can operate to close its contacts only
momentarily on memory action for zero voltage
faults. This will be adequate to provide first zone
tripping in conjunction with the 01 unit for fault
currents in excess of those values given in Table A.
For second zone faults, the M2 unit is required to
remain closed to provide time delay tripping for
faults that are located on the line just inside the
end of the first zone reach to some distance beyond
the remotest line terminal. In this area, there can
be no zero voltage faults from the relays point of
view. The dash curves of this same Fig. 6 indicate
the minimum current required to operate the M2
unit on a transient basis with memory action. This
curve is used to determine the sensitivity of the M2
unit in directional comparison and fransferred
tripping schemes where this unit provides a high
speed trip circuit in conjunction with the pilot
channel. For these types of applications it is only
necessary for the M2 unit to close momentarily on
zero voltage faults to affect a trip.

The OM3 unit which has a 3-30 ohm range is
capable of being set with either zero or 1.0 ohm
offset. = When this unit is used in a protective
scheme, such as directional comparison, where it
is essential that it pick up and stay picked up

be referred to the General Eleciric Company.

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, 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
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for a prolonged period on zero voltage faults, it
must be set with the 1.0 ohm offset. With such a
setting this unit provides positive operation on zero
voltage faults for currenis in excess of 3 amperes.

The curves of Fig. 8 give the maximum transient
overreach characteristics of the first zone re-
actance unit, This curve should be consulted to
establish what percentage of the line it is safe to
protect on first zone. For information on settings
see the section on CALCULATION OF SETTINGS
which includes a worked example.

RATING

The GCXY11A relay has a rating of 115 volts,
5 amperes, 60 cycles and either 125 or 250 volts DC.
The reach of the units in phase to neutral ohms is
given in Table B.

TABLE B

01 OHM 0. | OM3| OMS3
RELAY | "ynrp | M2-607* | 750 x| oFFSET
GCXY11A | 0.25-2.5| 1-10 | 3-30 | 0/1
GCXY11A | 0.5 -5.0| 2-20 | 3-30 | o0/1

* Angle of maximum torque of the unit

The contacts of the GCXY relay will close and
carry momentarily 30 amperes at 250 volts DC for
tripping duty. However, the breaker trip circuit
must be opened by a breaker auxiliary switch or
other suitable means.

The target seal-in unit has ratings as indicated
in Table C.

TABLE C
TARGET SEAL-IN UNIT |
2 AMP TAP| 0.6 AMP TAP
D, C. Resistance 0.13 Ohms 0.6 Ohms
Min. Operating 2.0 Amps 0.6 Ohms
Carry Continuously [ 3.0 Amps 0.9 Amps
Carry 30 Amps For| 4.0 Sec. 0.5 Sec.
CHARACTERISTICS
OPERATING PRINCIPLES

OM3 Mho Unit

, The OMS3 unit when used without offset has a

circular impedance characteristic whichpasses thru
the origin as shown on Fig, 11. This unit is a four
pole induction cup relay with schematic connections
as shown in Fig. 10. The two side poles are en-
ergized with line to line voltage (E 1-3 for phase 1-2)
to produce the polarizing flux. The back pole is
energized by a percentage of this same voltage and
it produces a flux which reacts with the polarizing
flux to provide restraining torque which holds the
contact open. The front pole is energized with
difference of the currents in the two lines involved
(I1-Ig for phase 1-2) which is called the delta
current. The flux from the front pole interacts with

Reactance Distance Relay Type GCXY GEI-90812

the polarizing flux to produce the operating torque.
The basic equation for OMS3 unit is:-

- 100 - Q
ZR-me( 7 ) cos (0-175Y)
"~ Where:
Zp = relay reach in ohms
me = minimum relay setting
T = No. 3 relay tap setting in percent

4] =
759 =

angle of fault impedance
unit angle of maximum torque

When the relay characteristic is offset, the
center of the unit characteristic circle remains on
the 75° line but moves one ohm nearer the origin
as shown in Fig. 11. To offset the characteristic
the transactor secondary voltage is added to the
polarizing voltage and also part of it is added to the
restraint voltage. The basic relay equation at the
angle of the relay maximum torque then becomes:

= 1 - TR
IR =y, (190 - 7rm (IR
Where:
ZRr = relay reach in ohms
Zmin = minimum relay setting

ZTR = transactor impedance (offset ohms)

TR = transactor tap setting in percent

The OM3 unit reach can be set as desired by
changing the No. 3 relay taps (and if used the trans-
actor taps) in accordance with above equations.
Since ZTR is set at one ohm, if the OM3 unit is set
at its minimum reach (T equals 100) then

100, _ 4. o
3 ( 100) 1 = 2 ohms at 75

M2 Mho Unit :

The M2 unit is also a 4 pole induction cylinder
unit similar in construction and operation to the OM3
unit except that it has no transactor to offset its
characteristic and the angle of maximum torque is
60 degrees. The M2 minimum characteristic is
shown in Fig. 1. Thischaracteristic canbe expanded
by changing the autotransformer No. 2 taps toreduce
;he restraint voltage in accordance with the following

ormula.

ZR =

Zmin €08 (9 - g) 100
No. 2 Tap Setting (%)

Ohmic Reach =

Where:
0 = angle of maximum torque of the relay
g = angle of the line impedance
Z min = relay minimum impedance setting
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Thus we can obtain a family of characteristics
each of which passes thru the origin and has its
center on the 60 degree line.

The M2 unit provides directional supervision
for the first zone tripping, fault detection for second
zone tripping and if the OM3 unit is reversed it also
starts the RPM timer. The second zone tripping
occurs after the RPM timer has measured an
adjustable time delay and closed its T2 contact.
See Fig. 1 for illustration of connections.

Ohm Unit

The ohm unit is also a four pole induction
cylinder unit but it responds to line reactance
rather than impedance. It is used to provide
tripping for first zone faults. It is especially
suitable for protection of short transmission lines
since it is not affected by the arc resistance which
may be an appreciable part of the fault impedance
on a short line. Fig. 12 shows the schematic con-
nections for the ohm unit.

In this unit both the operating coil and the
polarizing coils are energized by the delta current
and produce the operating torque. The restraining
coil is energized by the phase to phase voltage and
it reacts with the polarizing flux to provide the
restraining torque.

The torque equation at pick up is:

KiZ - 1 ET Cos (0-8)

100

Where:

(o]
it

phase to phase voltage (E1-z)
impedance angle of the line
the delta current (I1-Ig)

= angle of maximum torque of the unit

=
]

design constant
%(fault impedance)

N
]

T = relay No. 1 tap setting in percent

Dividing thru by 12 and transposing reduces the
equation to '

Zcos(90-8) = or

K100
T

Z sine @ = Kl%

and we see this unit will operate when the fault
reactance is equal to or less thanM where K
will be minimum relay reactance setting.
X = Xmin (100)
R T
Where XR is the relay reach in ohms

10

BURDENS
CURRENT CIRCUITS '

The maximum current burden imposed on each

CT by a practical setting on a three-phase terminal

of three GCXY relays at 5amps andrated frequency.
TABLE D-1

TOTAL CURRENT BURDEN PER PHASE

GCXY RELAY WITH:

0.25 OHM 01 UNIT-1 OHM M2 UNIT
3 OHMS OM3 UNIT

Volt-

Freq.| Watts | Vars Amperes
With Offset 60 11.9 13.85 18.25
Without Offset| 60 5.25 7.5 9.3

GCXY RELAY WITH:
0.5 OHM 01 UNIT-1 OHM M2 UNIT
3 OHMS OM3 UNIT

Volt-
Freq. | Watts | Vars Amperes
With Offset 60 9.55 11.3 14.75
Without Offset 60 | 3.15 5.25 6.2

The above burden was measured under phase-
to-phase fault conditions which yield higher burden
readings than balanced three-phase conditions.

POTENTIAL CIRCUITS

The potential burdens will vary with the tap
settings used for the ohm and mho unit potential
coils, therefore, potential burdens should be cal-
culated from the following formulae. All burdens
are at 115 volts.

Ohm Unit:
VA = (a+jb) (No. 1 Tap/100)2

where a+jb is given in Table D-2. No. 1 tap is the
first zone setting in percent.

TABLE D-2

POTENTIAL BURDEN CONSTANTS

01 Restraint a+jb 23+j0

M2 Restraint c+jd 5.12+j 2.24
. M2 Polarizing e+jf 8.114+j 2.04
OM3 Restraint g+jh 5.23-j 9.88
OM2 Polarizing k+jl 8.42+j0

M2 Unit:
VA = (c+jd) (No. 2 Tap/100)2 + (e+jf)

where (c+jd) and (e+jf) are given in Table D-2.
No. 2 tap is the second zone setting in percent.



OM3 Unit - Without Offset
VA = (g+jh) (No. 3 Tap/100) + (k+j1)

where (g+jh) and (k+j1) are given in Table D-2.
No. 3 tap is the third zone setting in percent. The
terms (c+jd) and (g+jh) represents the burden of
the mho unit restraint coil circuits while the terms
(e+jf) and (h+jl) represent the burden of the mho
unit polarizing coil circuits.

OM3 Unit with Offset

VAMAX= (VAMAX of OM3 Without Offset)(1.17)

The maximum potential burdens will exist when
all taps are in 100 percent setting. At 115 volts the
maximum potential burdens are given in Table D-3

CALCULATION OF SETTINGS

The Table "E" illustrates qualitatively how to
set the three zones when the relays are applied in
straight distance schemes. For directional com-
parison carrier applications, see GEI-83950.

Assume that it is desired to use GCXYIl1A
relays to protect the two terminal, 5 mile, 69 KV
transmission circuit shown in Fig, i1.

CT Ratio - 600/5

PT Ratio - 69,000/115
~ CT Ratio
Zsec = Zprim PT Ratio

Z oo = 5 (0.14 + j 0.80) 120 _

8€
0.14 + j 0.80 ohnts"
= (o}
Zgeo = 0.813 /80"

Select the relay having a first zone range of
0.5 - 5.0 reactive ohms.

Reactance Distance Relay Type GCXY GEI-90812

From a system fault study, determine the mini-
mum secondary fault current at breaker #1 for a
three phase fault at bus B. Now determine the mini-
mum secondary fault current at breaker #2 for a
three phase fault at bus A. Boththese values should
exceed 6 amperes for the relay selectedabove.

The percent tap setting for the first zone re-
actance unit is obtained from the following equation:

T = (Xmin ) x 100

XL
Where:
T = #1 tap setting in percent
Xmin = Minimum ohms of reactance unit
Xj, = Desired reactance reach in second-

ary phase to neutral ohms

I we assume that it is desired to set the first
zone for 90 percent of the distance to the remote
terminal, then:

X, = 0.9 (0.80) = 0.72

For this relay:

Xmin = 0.50
Thus:
0.50
T = 073 X 100 = 69.4 percent

From the curves of Fig. 8, the transient over-
reach of the ohm unit on an 80 degree line and with
a tap setting near 70 percent willbeabout 5 percent.
If it is felt that the line reactance is known ac-
curately to within 5 percent of the 0.80 ohms given

TABLE D-3
MAXIMUM POTENTIAL BURDENS
FREQ. VOLTS IMPEDANCE P.F. WATTS VA
01 Restraint 60 115 575+j0 1.0 23 23
M2 Restraint 60 115 2180-j955 .92 5.1 5.6
M2 Polarizing 60 115 1530-j384 97 8.1 8.4
OM3 Restraint 60 115 553+j1045 .45 5.2 11.2
OMS3 Polarizing 60 115 1575+j0 1.0 8.4 8.42
Total Relay 60 115 260+j0 1.0 51 51

11
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TABLE E

UNIT

Settings on two terminal lines

Settings on three terminal lines

01

Set for 80-90 pércent of the
total line reactance.

Set for 80-90 percent of the reactance to the nearest
remote terminal. Do not include the effects of infeed.

M2

Set for at least 110 percent of
the total line impedance taking
the line impedance angle into

i‘With all three terminal breakers closed, calculate the

effective impedance seen by this unit for a three phase
fault at one of the remote terminals. Repeat for a fault at

consideration.

the second remote terminal.
both cases. Select the larger of the two impedances and set
this unit for at least 110 percent of this impedance taking the
angle into consideration.

Include the effects infeed in

back-up unit.

0oM3
bus.

on heavy loads or minor system swings.

Since the first and second zone units will provide complete coverage for the protected line and
possibly some back-up protection for adjacent lines and busses, the OMS3 unit is entirely a
If it is set to look in the same direction as M2, it will provide a measure of
back-up protection for lines fed from the remote terminal(s) busses. If offset is used, it will
also provide back-up protection for the local bus and some portion of'the lines fed from this
If the OM3 unit is set to look in the reverse direction, it will provide back-up protection
in that direction, The setting of this unit will depend entirely on the users philosophy regarding
back-up protection. However, its reach shouldnotbe set so large that it is subject to operation

above, then setting the relay to reach 90 percent of
the line is satisfactory. If thelinereactance is only
known to an accuracy of 10 percent, the first zone
ISho;‘tli? be set for no more than 85 percent of the line
ength.

Since the 69.4 percent calculated from the
equation above is not an integral number, use the
next highest #1 tap which is 70 percent.

The second zone M2 unit must be set to reach
beyond the far terminal. ¥ the relays are being
used in a directional comparison scheme for carrier
tripping as well as second zone back up protection,
both applications should be considered.

Assume that after due consideration it is de-

sired to set the second zone mho unit (M2) for a
reach of 0.42 + j 2.4 secondary ohms. This is:

(o)
Zgoe = 042 + § 2.4 = 244 /80

The percent tap setting on the M2 unit for such
a reach is:

Zmin
Zy,

T = x 100 Cos(ﬁOo-ﬂ)

Where T = #2 Tap setting in percent:

Zpin = Minimum reach of M2 unit as marked
on the nameplate

Zy, = Desired impedance reach in secondary
phase to neutral ohms

g
60°

Impedance angle of Z

[}

Angle of maximum torque of M2 unit

For this case:

2.0 o fa}
-' 544 x 100 Cos ( 60 80" )

T = 77 percent

. The third zone OM3 unit may be set to look
either in the forward or the reverse direction and
it may be set with zero or one ohm offset. If it is
to be set with zero offset, regardless of the di-
rection in which it looks, the required tap setting is
given by the following equation:

300 o
T = 71 Cos (75 -0)

Where:

T = #3 tap setting in perecent. Note this same
value must be set on both pairs of #3 taps

Z1, = Desired impedance reach in secondary
phase to neutral ohms

# = Impedance angle of Z7,
75° = Angle of maximum torque of the OM3 unit

If it is desired to set this unit for a reach of
4.5 secondary phase to neutral ohms at an angle of

- 60 degrees, the tap setting would be:

T - 300

25 Cos (75° - 60°)
T = 64.4 percent
Set both pairs of #3 tap for 65 percent.

Consider now the case where the 1 ohm offset
is to be used and assume that the same 4.5 ohms
reach at 60 degrees is required. Since the maxi-
mum torque and offset angle of this OM3" unit are
different from the 60 degree reach requirement, the
easiest method to determine the tap setting is
graphical. Fig. 9 illustrates how this is done.

13
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First draw the R-X diagram and a line EC at
an angle of 75 degrees passing through the origin.
This is the maximum torque line of the OMS3 unit.
Now draw the impedance angle line ODat 60 degrees.
On line OD, scale off a distance OP equal to 4.5
ohms. On line EC, scale off a distance OA equal
to the 1 ohm offset of this unit. Now draw a circle
with its center on line OB and passing through both
points P and A. The desired tap setting for the
OM3 unit may now be determined from the scaled
off diameter AB of the circle.

300
AB

T =

Where:
T = tap setting in percent
‘AB = secondary phase to neutral ohms

In this instance, ABis scaled off tobe 5.65 ohms.
Thus,

300

T = —/—— =

5.65
Set both pairs of #3 tap for 53 percent

53 percent

CONSTRUCTION

The elements which comprise the GCXY11A
relay are mounted in a standard L2 case and the
outline and panel drilling is shown in Fig. 14.

The relay is mounted in a cradle assembly
which is latched into a drawout case when the relay
is in operation but it can be easily removed when
desired. To do this, the relay is first disconnected
by removing the connection plug which completes
the electrical connections between the case block
and the cradle block. To test the relay in its case
this connection block can be replaced by a test plug.
The cover, which is attached to thefrontof the relay
case, contains the target reset mechanism and an
interlock arm which prevents the cover from being
,replaged until the connection plugs have been in-
serted.

The relay case is suitable for either semi-
flush or surface mounting on all panels up to 2
inches thick and appropriate hardware is available.
However, panel thickness must be indicated on the
felilyd o;-der to insure that proper hardware will be
ncluded.

Every circuit in the drawout case has an
auxiliary brush, as shown in Fig. 15, to provide
adequate overlap when the connecting plug is with-
drawn or inserted. By providing this overlap the
auxiliary brushes relieve the main brushes from
any arcing damage. Also on circuits which are
equipped with shorting bars (see Fig. 13) it is
especially important that the auxiliary brush makes
positive contact as indicated in Fig. 15 to prevent

the opening of C.T. secondary circuits or important
interlock circuits.
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RECEIVING, HANDLING AND STORAGE

These relays, when not included as 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 sus-
tained in transit. If injury or damage resulting from
rough handling is evident, file a damage claim at
once with the transportation company and promptly
ratztify the nearest General Electric Apparatus Sales

fice.

Reasonable care should be exercised in un-
packing the relay. If the relays are not to be in-
stalled immediately, they should be stored in their
original cartons inaplace thatis 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 relax 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 requisitions.

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

ght.

E12
TAPPED AUTOTRANSFORMER

TR R13
RES.

—-PHASE SHIFTING
1 WINDING FOR
CURRENT POLE

LEGEND
TR —TRANSACTOR
PR - PRIMARY
SEC-SECONDARY

Fig. 10 (0165A7713-0) Schematic Connections

Diagram for OM-3 Mho Unit
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M-3,: CHARACTER| ST 1C

o
3 OHMS-O OHM OFFSET

OM-3 CHARACTERISTIC
3 OHMS-1 OHM OFFSET.

REVERSED
OMg CHARACTERISTIC
3 OHMS-1 OiM OFFSET

Fig. 11 (0165A7716-0) Characteristic of the OM-3
Unit for Relay Type GCXY11lA

Check the location of the contact brushes on the
cradle and case blocks.

MECHANICAL INSPECTION

It is recommended that the following mechanical
adjustments be checked:

1. [Check Point |OM-3 Unit| M-2 Unit| 01 Ohm Unit
Rotating Shaft| .005 " to | .005" to | .005" to
End Play .008" .008" .008"
Contact Gap | .055" to | .005" to | .055" to

.065 .065" .065"
Contact Wipe| .004" to | .004" to .004" to
.006" .006" .006"

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

3. Make sure the control springs are not deformed
and spring convolutions do not touch each other.

4. With the relay well leveled in its upright position

the ohm and mho unit contacts must be open.

. The moving contacts of these units should rest
against their backstops lightly.

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

6. The armature of the telephone type auxiliary
relay should move freely.

Reactance Distance Relay Type GCXY GEI-80812

7. With telephone type relay auxiliary relay "S"
deenergized each normally open contact should
have a gap of 0.10" - 0.15". Observe the wipe
on each normally closed contact by deflecting the
stationary contact member towards the frame.
The wipe should be approximately .005".

The wipe on each normally open contact should
be approximately .005". This can be checked by
inserting a .005" shim between the residual screw
and the pole piece and operating the armature by
hand.  The normally open contact should make
before the residual screw strikes the shim,

ELECTRICAL TESTS

The electrical tests circuits described these
instructions in order to eliminate errors due to
meter calibration include the following portable
test equipment.

Two test plugs XLA12A1

One test box - Cat. #1021.201

One test reactor - Cat. #6054975G1

One non-inductive test resistor DL-6158546

The test reactor has some small amount of
resistance and Table F gives the reactor angle to
permit correction where necessary.

TABLE F

TAP ANGLE - COs (g-60)

0.5 78.0 .951

1.0 80.7 .935

2.0 83.0 .921

3.0 84.3 911

6.0 86.5 .895
12.0 87.0 .891
24 87.5 .887

Before making the electrical tests, connect
rated voltage to the potential coils and let them
warm up for about 15 minutes. This is to give
more accurate results since the relay tends to
underreach slightly when cold.

A. OM3 UNIT

1. Connect the OMS3 unit to look forward without
an offset and check its reach as follows. Make
connections as shown in Fig. 16 and choose a
test reactor tap which will given an impedance
somewhat larger than twice the relay reach setting
used and near the unit angle of maximum torque.
With about 10 amperes of current flowing, find the
test box autotransformer tap setting that will permit
the OM3 unit to just close its contact. This value
should be within two percent of the value given by
the following equation:

2
Tp= 2Zmin (100) cos (75°-4)
Zy T3
Where:
Ty = test box tap setting in percent
Z min = relay minimum reach setting

15
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Zt = test impedance in ohms
T3 = #3 relay tap setting in percent
/] = angle of the test impedance

By adjusting the DC current to relay stud 11 the
target will indicate when the OM3 unit has closed its
contact.

2. By checking the OM3 unit with this one im-
pedance value the unit reach can be checked. K
desired, the unit's characteristic can be checked by
using impedances with other angles. For example
if the test reactor alone is used as the test im-
pedance for one reach test and the test resistor
alone for another these three points will be sufficient
to establish the unit characteristic.

3. Connect the offset transactor in the circuit and
check the unit reach with the #3 taps at 100 percent.
Under these conditions the unit characteristic with
the offset is a circle three ohms in diameter with
its center on the 75° line one-half an ohm from the
origin in the positive direction (see Fig. 11). By
drawing this operating characteristic carefully on
polar coordinate paper the impedance at which the
relay should operate at any selected impedance
angle can be determined graphically. To do so,
draw the test impedance at its correct angle on
the offset unit characteristic. The point at which
this impedance line intersects the characteristic
will establish the maximum impedance value (Z}&i
which will permit the unit to operate with 10
unit tap setting.

Then the test box tap setting will be

Tg = —22R. (100)
Zr
Where:
Tg = test box tap setting in percent
Zr = maximum unit operating impedance
at test impedance angle
Z 1 = test impedance
B. M2 Unit

1. The M2 unit characteristic is similar to the
OM3 characteristic without offset except that the
angle of maximum torque is 60 degrees. The test
procedure should be the same as outlined under A-1
above and the test box tap setting is given by the
following equation.

2
2Zmin (100)

Tp= cos (60-0)
Ztr T2
Where:
Tp = test box tap setting in percent
Z71 = test impedance in ohms
T g9 = #2 relay tap setting in percent
@ = angle of the test impedance

16

AUTO TRANSFORMER

1
Je. /
120 |
= [ [ =
aol ool A
POLAR:
!! ! ! coiLS !! !!
OPERATING i
| RESTRANTMG b= oot s
= 7 woton \li"ﬁﬂ" l CIRCHT
} (L o |
\ UNIT / T
e = C[EE= *
l T
7 TL_]f7‘ﬂmuml—7;7f7F7====
coILS

Fig. 12 (0165A7712-0)  Schematic Connection
Diagram for 01 Unit

C. 01 Unit

Make the test connections as shown in Fig. 16
except omit the test resistor R using the reactor
alone as test impedance. Select a reactor tap to
give a test impedance slightly above twice the 01
unit reach setting used. Adjust the tap setting of the
test box so that the 01 unit will just close its con-
tacts. This tap setting should be within one percent
of the value given by the following equation.

2
2X . (100)
Zp Ty

Tp = gine @

-
w
i

test box tap setting in percent

Z1 = test impedance

T1 = relay #1 tap setting in percent
X = minimum relay reach

[/} = angle of the test impedance

During this test the #2 relay taps should be set
so that the M2 unit will alsopickup. Then by making
the DC connections to the relay studs 11 and 1 and
by adjusting the current thru this circuit to a value
above the target seal-in tap value used the target
opei':tion will show when the 01 unit has closed its
contact.

D. Check that the "S" auxiliary unit picks up at
80% or less of rated voltage. An indicating light
connected to relay stud 20 as indicated in Fig. 16
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%= HORT FINGER

NOTE A - IF STUD 11 POLARITY IS NEGATIVE, REVERSE POLARITY OF RECTIFIER
BY INTERCHANGING “A" & "B"* LEADS

Fig. 13 (0165A6060-0) Internal Connection Diagram (Front View) of the GCXY1lA Relay (125/250 V DC)
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will .give an indication when the "S" unit closes its
contacts.

The seal in unit should pick up at a current
equal to or less than the rating of the tap used.
This should be checked during the OM3 unit tests
described above.

INSTALLATION PROCEDURE

If after the acceptance tests the relay is held

in storage before shipment to the job site, it is
recommended that the visual and mechanical in-
spection described under the section on ACCEPT-
ANCE TESTS be repeated before installation.

Before making the following electrical tests
the relay should be in its case and well leveled in
a vertical position (preferably the relay should be
mounted in its permanent location). The relay
should be preheated for 15 minutes by having its
potential coil circuits energized atfull rated voltage.

Check the reach of the OM3, the M2 and the
01 units at the setting to be used in its permanent
location. Follow the procedure described under
ACCEPTANCE TESTS except connect the OM3 unit
for a reverse characteristic if it is to be used in
this manner. It should not be necessary to check
the unit characteristics at this time unless the unit
reach is outside the acceptable limits.

Check the target seal-in unit and the "S" unit
as described under ACCEPTANCE TESTS.

PERIODIC CHECKS 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 befollowed. Itis recognized
that the interval between periodic checks will vary
depending upon environment, type of relay, and the
user's experience with periodic testing. Until the
user has accumulated enough experience to select
the test interval best suited to his individual re-
quirements it is suggested that the points listed
under INSTALLATION PROCEDURE be checked at
an interval of from one to two years.

Check that the relay contacts are clean and
untarnished. ~

If any tests indicate that adjustments are re-
quired, refer to the SERVICING section.

SERVICING

For cleaning fine silver contacts, a flexible
burnishing tool should be used. This consists of an
etched roughened strip of flexible metal, resembling
a superfine file which removes corroded material
quickly without scratching the surface. The flexi-
bility of the tool insures the cleaning of the actual
points of contact. Never use knives, files, abrasive
paper or cloth to clean fine silver contacts. A
burnishing tool as described above can be obtained
from the factory.

Reactance Distance Relay Type GCXY GEI-90812

If any of the mechanical or electrical check
points described in the previous sections are found

to be out of limits the following points should be
observed in restoring them,

MECHANICAL

1. Friction - If a tendency to bind or excessive
friction is evident, check for obstructions to the
induction cylinder travel. Dirt or metallic particles
in the stator gap are the most frequent cause of
excessive friction.

2. End Play - End play in the shaft is adjusted
by means of 'ihe upper guide bearing. Loosen the
set screw and position the guide bearing so that
end play falls within the .005 to .008 inch limit.
Note that care must be taken not to disturb the
spring windup while the end play is being adjusted.

3. Contact Gap - The contact gaps of the normally
open ana norma%ly closed contacts are controlled by
positioning the stationary contact support on the

shelf. The recommended settings are illustrated in
Figs. 18 and 19.

4. _Clutch Slip - The clutch on both the mho-type
and ohm units is adjusted by means of the steel
collar at the upper end of the rotating shaft. To
adjust the clutch loosen the set screw in the collar,
and rotate the shaft through the number of half
turns necessary to obtain the correct pressure.
Turning the collar down increases the clutch pres-
sure, The pressure required to slip the clutch
should be 45 to 65 grams on the mho unit and as
given in Table E for the ohm unit. The pressure
required to slip the clutch should be measured by
means of a gram gage applied at the moving contact.

CONNECTING PLUG  MAIN BRUSH CONNECTING BLOCK

AUXILIARY BRUSH TERMINAL BL

SHORTING BAR
NOTE: AFTER ENGAGING AUXILIARY BRUSH, CONNECTING PLUG
TRAVELS /4 INCH BEFORE ENGAGING THE MAIN BRUSH ON
THE TERMINAL BLOCK

Fig. 15 (8025039) Cross Section of Drawout Case
Showing Position of Auxiliary Brush and Shorting Bar
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Fig, 16 (0116B6818-0) Test Connections for GCXY1llA Relsy



The collar should then be locked by means of the
set screw which seats in a groove on the shaft.
Care should be taken to set the screw in this groove
rather than tightening it against the threaded shaft.

5. Control Spring Adjustment

Make sure the relay is well leveled in its
upright position.
lock screw and rotate the control spring adjusting
arm so that the moving contact just touches its
backstop (when the backstop is removed the moving
contact should not move). Now tighten the lock
screw.

NOTE: - It is recommended that control spring
adjustments for the ohm and mho units be checked
with the relay set in its position on the panel.

ELECTRICAL
a. OMS3 Unit

Directional Characteristic - If the OM3 unit fails to
perform properly as outlined under ACCEPTANCE
TESTS, the inner stator or core must be readjusted.
Loosen the core lock on the bottom of the unit and
turn the core a very slight amount, lock the nut and
recheck the directional action. If it has not im-
proved, repeat the core adjustment in the opposite
direction. Very slight changes in core position are
~usually sufficient,

b. Ohm Unit
Reach and Angle of Maximum Torque Adjustment -

Loosen the upper shaft bearing

The minimum reach of the ohm unit is controlled
with Rgy. The ohm unit is a reactance measurin
device and its angle of maximum torque is 90 s
current lagging voltage. The angle of maximum
torque is controlled with Ryj.

R11, however, effects the reach of the relay
and Rgjp effects the angle of maximum torque.

BUS A

1 5 MILES

Reactance Distance Relay Type GCXY GEI-90812

With these factors in mind; should it become
necessary to recalibrate the ohm unit, use the test
circuit shown in Fig. 13 permitting the unit to heat
up for 15 minutes before starting the tests, Assum-
ing that the potential bias is correct the adjustment
of R2] resistor will rectify an incorrect ohmic
reach testing with reactance alone. R 11 shifts the
angle of maximum torque so that the unit will
measure only the reactive component of an im-
pedance. Since each of these adjustments affect
one another, check the calibration with and without
fault or arc resistance after both resistors are set.
The setting of the Ryy and Rgy is made with cur-
rents about 10 amps. 1I"urther ests should be made
using current ranges in Table E. Of course with
the arc resistance in the circuit use the maximum
current obtained from the 115 volt supply. During
the test to determine the flatness of the curve over
the wide range of currents it may become necessary
to resort to a minor core adjustment to bring the
unit within the tolerable range of measurement,
The turning up of the curve at low currents méans
the control spring resetting torque is excessive.

TABLE G
TEST CURRENT
MIN. OHMS RANGE AMPS
0.25 5-60
0.5 3-50

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
nearest Sales Office of the General Electric Com-
pany, specify quantity required, name of the part
wanted, and give complete nameplate data. If
possible, give the General Electric requisition
number on which the relay was furnished.

BUS B

Fig. 17 (0165A7715-0)

0.14 + J 0.80 OHMS/MILE

Typical Transmission Circuit
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Fig. 20 (8034213) GCXY11lA Relay Removed from Case (Front View)

TRANSACTOR

R11
c32

R2
C23
R3}

ci12
c22

R21

c21

(SR B ]

TAPPED
AUTO TRANSFORMER
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*t } x New York 10022 . .. . 641 Lexington Ave.
* Rochester 14604. . . . ... B9 East Ave,
*1 1 Syracuse 13206 .........3532 James St.

NORTH CAROLINA

*T % Charlotte 28207 . . ..

* Wilmington
Reigelwood 28456 . . .

. 141 Providence Rd.
.. P.O.Box 186

OHIO

*1 Cincinnati 45206,

*1 1 Cleveland 44104 .
1 Columbus 43229 . . . .. 1110 Morse Rd.
11 Toledo 43606, ..., . 3125 Douglas Rd.
1 Youngstown 44507. . . , . 272 Indianola Ave.

2621 Victory Pkwy.
. 1000 Lakeside Ave.

GENERAL ELECTRIC SERVICE SHOPS

These GE Service Shops will repair, re- ises. Latest factory methods and genuine GE renewal parts are used to
maintain performance of your equipment. For full information about these
services, contact your nearest service shop or sales office.

LOUISIANA
® Baton Rouge 70814 . . . 10955 North Dual St.
® * New Orleans 70114 ., . .. 1115 DeArmas St.
MARYLAND
® * Baltimore 21230. .. . 920 E. Fort Ave.
MASSACHUSETTS

x4 (Boston) Medford 02155
. 3960 Mystic Valley Pkwy.

MICHIGAN
® * A (Detroit) Riverview. ... 18075 Krause Ave.
® Flint485056 ....... 1506 E. Carpenter Rd.
MINNESOTA

® Duluth 55807 . . .50th Ave, W & St.Louis Bay
® * Minneapolis 55430 . ... 2025 49th Ave.,N.

MISSOURI
® * Kansas City 64120. . ... 3525 Gardner Ave,
® * St Louis 63110 ... ...... 1115 East Rd.
NEW JERSEY
® New Brunswick 08902 . . ... 3 Lawrence St.
NEW MEXICO
® Albuquerque 87109 . . . 4420 McLeod Rd. NE
NEW YORK
® Albany 12205 ,.... ... . 1087 Central Ave,

® * (Buffalo) Tonawanda 14150 . . 175 Milens Rd.
s (Long Island) Old Bethpage 11804
« 4« .o 183 Bethpage-Sweet Hollow Rd.
. (New York City) North Bergen, N. J. 07012
..... . 6001 Tonnelle Ave,
* (New York City) clmon, N.J. 07012
9 Brighton Rd.

* & Schenectady 12305 ....." .. 1River Rd,

® Syracuse 13208. ., .. 1015 E. Hiawatha Blvd,
NORTH CAROLINA

® * Charlotte 28208 .. ... ... 2328 Thrift Rd.

OHIO
® Akron (Canton) 44720

...... ««s .., 7900 Whipple Ave.N. W,
.= Cmcmnah 45202. .. ..... 444 West 3rd St.
®* A Cl and 44125, ., 4417 East 48th St.
® Co...abus 43229 ....... 6660 Huntley Rd,
* Toledo 43605 . .. .. .. . 405 Dearborn Ave.
#® Youngstown 44507, ., . 272 E. Indianola Ave.

, calf your neorest Installation & Ser-

OKLAHOMA
* 3 Oklahoma City 73106. . . 2000 Classen Blvd.

T Tulsa 74105. . P.O. Box 7646, Southside Sta.
OREGON

t Eugene 97401. ..,........ 1170 Pearl St.
*1 1 Portland 97210, ,.,... 2029 NW 29th Ave.
PENNSYLVANIA

Allentown 18102 ... . ... 1444 Hamilton St.

*t 1 Philadelphia 19102 . . . 3 Penn Center Plaza
* 1 Pittsburgh 15222 . /.. 300 6th Avenue Bldg.

SOUTH CAROLINA
1t Columbia 26204 . .. .. 2700 Middleburg Dr,
1 Greenville 20607. . 41 No. Pleasantburg Di.

TENNESSEE
*t Chattanooga 37411
..... - 5800 Bldg, Eastgate Center

1 Memphns 38130 ... .3385 Airways Blvd.
TEXAS .
* 1 Amarillo 79101 ., ... ..., .,303 Polk St
*t 1 Beaumont 77704 ........1385 Calder Ave
* 1 Corpus Christi 78401, , 205 N, Chaparral St.
1 Dallas 75222 . ... 8101 Stemmons Freeway
*+ El Paso 79945 . .. ... ++ .. 215 N, Stanton

1 Fort Worth 76102 . . . . . . 408 W. Seventh St.
* 1 1 Houston 77027 ...,.. 4219 Richmond Ave.

t San Antonto 78204 . . 434 8. Main St.
UTAH

T Salt Lake City 84111 .. 431 S. Third East St.

VIRGINIA

* 1 Newport News 23601 ...... 311 Main St.
t 1 Richmond 23230. ... 1508 Willow Lawn Dr.
1 Roanoke 24015. . ., . 2018 Colonial Ave,

WASHINGTON

- *T §  Seattle 98188

........ 112 Andover Park East, Tukwila
¥ Spokane 99202 . E. 1805 'h-ent Ave.

WEST VIRGINIA

*t Charleston 25328 . .306 MacCorkle Ave.,SE

WISCONSIN

* Appleton 54911, ., . 3003 West College Dr.
t 1 Milwaukee 53202 ... .. 615 E. Michigan St.

OKLAHOMA
® Tulsa T4145...... 5220 8. 100th East Ave,
OREGON
® Eugene 97402 ., ,....,.. 570 Wilson St,
® * DPortland 97210 . .. ... 2727 NW 20th Ave,
PENNSYLVANIA
® Allentown 18103 ...... 668 E. Highland St.
* (Delaware Valley)Cherry Hill, N.J., 08034
-+ .. .. 1790 E. Marlton Pike
* Johnstown ‘15802 . < ... 841 Oak St.
& Philadelphia 19124 . .. 1040 East Erie Ave.
e *

{Pittsburgh) West Mifflin 15122
© e e..... .. 4930 Buttermilk Hollow Rd.
* York 17403 ...... . .54 N, Harrison St.

SOUTH CAROLINA
. (Charlesmn) No. Charleston 28401
...... 2490 Debonair St,

TENNESSEE
Knoxville 37914
.+ ... 2621 Governor John Sevier Hwy.
L] Memph:s 38107, ... 708 North Main St.

TEXAS
® Beaumont 77705 . , . 1490 W, Cardinal Dr.,
® Corpus Christi 78401 . ..... 115 Waco St.
® * Dallas 75285 ..........3202 Manor Way
® Houston 77036 . . . , 5534 Harvey Wilson Dr,
* Houston 77036 . ... . 6916 Harwin Dr.
® Midland 79701 . ...... 704 S, Johnston St.
UTAH
® * Salt Lake City 84110 ... 301S, Tth West St.
VIRGINIA !

® * Richmond 23224 . ... ... 1403 Ingram Ave.
® Roancke 24013 ....., 1004 River Ave.,SE

WASHINGTON
® * Seattle 98134 . 3422 First Ave., South
® Spokane 89211 .. ... . . E. 4323 Mission St.

WEST VIRGINIA

® * Charleston 256328 . .306 MacCorkle Ave.,SE

WISCONSIN

® (Appicton) Menasha 54910 .
e Milwaukee 53207 . . .

. 1725 Racine St.
235 W. Oklahoma Ave.

tElectrical/Mechanical Service Shop * Instrumentation Shop

& Special Manufacturing Shop]

.64 GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA.
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