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DIRECTIONAL DISTANCE (REACTANCE) RELAYS
TYPE GCX17

INTRODUCTION

The Type GCX17 relay is a high-speed direc-
tional distance relay intended for the protection of
transmission lines, It contains two basic units, the
ohm unit and the mho directional unit, The ohm
unit operates on reactance and is therefore par-
ticularly applicable to short lines because itis
unaffected by arc resistance, This relay is used
to protect transmission lines, either single or
parallel, from phase-to-phase, three-phase, or
double -phase-to-ground faults,

APPLICATION

For three-step distance protection of trans=
mission lines, the Type GCX17 relay is used in
conjunction with a Type RPM11 timing relay, Fig.
16 shows a stepped time-impedance characteristic
for severaltransmissionline sections. The instan-
taneous or first zone operates with no intentional
time delay while the second or intermediate zone
and thethird zone operate through the Type RPM11
timing relay. Typical external connections for
such a protective system are shown in Fig. 4. The
Type RPMI11 timing unit uses the power from a
discharging spring which is wound by a rotary
solenoizf.1 The time is regulated by an induction
drag element, The device contains two time-delay
momentarily-closing contacts which close in two
independently adjustable times, These contacts
provide the necessary time delay for the second
and third steps of transmission-line protection.

The Type RPMI11 timing unit also contains an
auxiliary element (TX) whose contacts control the
timing Unit rotary solenoid, This auxiliary ele-
ment is a telephone-type relay and two of its nor-
mally-open contacts in series are used to control
the solenoid.

Instruction book GEI-25364 gives detailed
{nformation on the Type RPM11 timing relays.

The Type GCX17 relay is also readily appli-
cable tothe three step distance protection of trans~
mission lines using carrier current relaying.

The average operating times, both with and
without bus side PT's for the 0.35 ohm, 0.5 ohm
and 1,0 ohm relays are shown in Figs. 18, 18, 20,
21, 22 and 24, -

OPERATING CHARACTERISTICS

Both the mho and ohm units are supplied with
current fromtwo phase conductors andthe potential
between them, The schematic connections for these
two units are shown in Fig, 3. The mho unit has
its side poles energized by the potential to produce
the polarizing flux, The front pole is energized by
current to produce a directional torque dependent

~ OHM UNIT

upon the phase angle between this current and the
polarizing voltage, The back pole provides the
restraining torque.

In the ohm unit, the front and back poles pro-
duce the polarizing flux by means of current colls,
The flux in the right hand or current pole is made
to lag its current by about 90 degrees and, in con~
junction with the polarizing flux, produces an oper-
ating torque. The left hand or potential pole flux
acting in conjunction with the polarizing flux pro-
duces a restraining torque, The potential coll
produces a restraining torque nnly when the voltage
on its circuit is leading the polarizing current,

MHO UNIT

The mho unit has a circular impedance cha-
racteristic that passes through the origin and has
its center on the line of the angle of maximum tor-
que (see Fig, 1), The ohmic reach of the mho unit
can be adjusted to a minimum of 2.5 ohms phase-
to-neutral, The ohmic reach can be extended by
reducing the percentage of the voliage supplied to
the restraint circuit through the E< taps &ee Fig.
10). The diameter of the mho unit circular charac-
teristic is the ohmic reach of the unit and can be
determined from the equation:

250 cos (A -8)
E? tap setting (%)

where 8 is the angle of maximum torque of the unit
and P is the angle of the line, For an E2 tap setting
of 100 per cent, the ohmic reach is 2,5 ohms when
the angles # and B are equal,

The primary purpose of the mho unit in the
Type GCX relay is to provide directional discrimi-
nation which is necessary since the ohm unit is
inherently nondirectional, The mhounit directional
characteristic is such that it will operate correctly
for both forward and reverse faults at voltages
down to 2 per cent of rated voltage over a current -
range of 6-60 amperes, A secondarypurpose of the
mho unit is to measure fault impedance for the
third zone of protection,

The operating time of the mho unit is a func~
tion of fault current, fault impedance, and reach,
Operating time characteristics for the mho unit are
shown in Fig, 2, : :

Ohmic reach at line angle =

The ohm unit is located near the top of the re-
lay, directly beneath the ohm unit transfer auxiliary,
OX, (see Fig.7), It is an induction-cup type unit
with one circuit-closing contact,” The purpose of
the ohm unit is to measure the distance to the fault
and to close its contacts if the fault is within the
zone protected by the relay,

The ohmic reach or zone protected by the ohm
unit is adjustable by means of taps on the tap block,

be referred to the General Electric Company.

These instructions do not purport to cover all delails 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 crise which are not covered sufficiently for the purchaser's purposes, the matter should | 3
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The tap setting of the two taps marked No, 1 deter-
mine the instantaneous zone and the tap setting of
the two taps marked No, 2 determine the interme-
diate zone,

The tap setting required to protect a zone X
ohms long, where X is the positive-phase-sequence
(phase-to-neutral) reactance expressed in secondary
terms, is determined by the following equation:

Output Tap Setting = ilnout ta e“,‘{’ Min, Ohms

The minimum ohms of the ohm unit can be found on
the relay nameplate, The input tap setting is dis-
cussed below, The input tap leads (see Fig, 10) are
owated under the hexagonal tapped head screws in
the 90 per cent and 10 per cent tap. In late model
relagi only the lead in the 10 per cent tap may be
moved,

If X is not known itcan becalculated as follows
if the primary phase-to-neutral reactance (xp“) is

known:
- CT Ratio
X =Xpri X BT Ratio
or as follows If the three-phase (line-to-neutral)
reactance in per cent, X%) is known,

x = 10KVY2 X% & CT Ratio

KVA PT Ratio
where KV = line-to-line voltage in kilovolts and
KVA = base upon which X% is given,

VERNIER ADJUSTMENT FOR LOW TAP SETTINGS

The input is usually set at 100 per cent but with
a high secondary reactance, where the No. 1 taps
would be 2 low percentage, the input may be varied
by the vernier method to obtain closer settings.
For instance, with a 1,2 ohm line anda 1,0 ohm
minimum relay, the input would be 100 and the out-
put tap setting would be 100/1.2 or 83.3 which can
be set within 0.4 per cent. But in the case of a 12
ohm line the output setting should be 100/12 or
8.33. The nearest output setting would be 8 which
is 4 per cent off. To correct this, the input can be
changed to 86 in which case the output tap setting
should be 96/12 or 8, which can be set exactly.
Setting the relay taps by calculations will give
operation on the desired ohmic values within:4
per cent, For closer seitings the relay should be
set by test under the desired conditions,

For a numerical example of the relay settings,
together with a discussion of potential transfor-
mer connections, refer tothe Appendix of this book,

The impedance pick-up characteristic- of the

ohm unit is shown in Fig. 1. Since the character-

istic Is a straight line and parallel to the R axis,
the unit responds to a constant component of line
{rnpedance, This component is the reactance com-
ponent, During normal conditions when load is
being transmitted over a transmission line, the
voltage and current supplied to the relay present
an Impedance which lies rather close to the R axis

since load will be very near unit power factor as
compared withthe reactive KVA which{lows during
fault condition, Reference to Fig, 1 indicates that
an impedance near the R axis will lie in an area of
the ohm unit characteristic where its contact will
close, No harm can result fromthis since to cause

Directional Distance Relays Type GCX17
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Fig. 3 Schematic Connections For Mho And Ohm Units

tripping the directional unit must also be closed
(See Fig, 4).

The operating time of the ohm unit is, as with
the mho unit, a function of fault current, fault im-
pedance, and relay reach, Time characteristics
are shown in Fig, §.

On lines which have highly lagging impedances
there is a small tendency for the ohm unit to over-
reach owing to the transient offset of the current,
Fig. 8 shows the overreach characteristic of the
ohm unit for maximum transient offset, This of
course, assumes the inception of the fault will be
at a point, inthe voltage cycle wheretransient offset
is 2 maximum, From Fig, 81itis seen that the
overreach is not objectionable for most lines,

OHM UNIT TRANSFER AUXILIARY

The ohm-unit transfer auxiliary, OX, is a
telephone-type .relay whose coil and contacts are
shown inthe internal connection diagram of Fig, i,
The unit is mounted at the top of the relay and is
used tochange thesetting of the ohm unit to provide
a second step of transmission-line protection. Its
operation is controlled by the Type RPM timly unit-
as shown by the external connectiondiagram of Fig,
4. The normally-closed contacts of the transfer
auxiliary providethe circuit for instantaneous trip-
ping used for faults in the first step of line protec-
tion, If the fault is beyond the first zone of protec-
tion, the transfer auxillary 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 ohm-unit potential restraint wind-
ings. This extends the ohmic reach of the ohm unit
and enables it to operate for faults in the second
zone of transmission-line protection,

CONTACT CO-ORDINATION

Since the nfho unit is polarized the fault
voltage, it may reset somewhat slowly when a sec-
ond or third zone fault is cleared beyond the pro-
tected line section, To prevent incorrect tripping

5
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on such occurrences, an auxiliary co-ordinating
element (S) is supplied on the GCX relay, This co-
ordinating element operates in conjunction with the
auxiliar
external connection diagram
contact ogens the first zone trip circuit about 0,030
second (2 cycles) after the mho unit has operated,
To restore first zone tripping for faults near the
end of the ohm unit reach, the 8 contact closes if
the mho unit remalns closed for 0.015 second (1
cycle) after the ohm unit has closed, The one cycle
delay in clearing first zone faults is only incurred
in cases where the trippingtime would normally be
three cycles or more,

RATINGS

The Type GCX17 relay is available for 115
volts, 5 amperes rating with d-c control voltage of
24/4é or 125/250volts, d-c, The ohm-unit minimum
ohmic setting is available in 0.25, 0.5, or 1,0 ohm
phase-to-neutral, The maximum relay reach
would be 10 ohms phase-to-neutral, The mho unit
is available in a minimum ohmic setting of 2.5
i)hms at an angle of maximum torque of 60 degrees

ag. .

The contacts of the relay will close and carry
momentarily 30 amperes, d-c, The breaker trip
eircuit, however, should always be op ened by an
auxiliary switch or other suitable means; it cannot
be opened by the tripping relay contacts, or by the
contacts of the units, The combination target and
seal-in element has a dual rating of 0.8/2.0am-
peres for 125/250 volt d-c control circuits. For
24/48 volt d-c control circuits, the target and seal-
in element has a rating of 2,0 amperes. The lower
d-c control voltage should be connectedto the lower
numbered stud, See Fig. 4.

The tap setting used on the target and seal-in
element is determined by the current drawn by the
trip coil, The 0.6 ampere tap is for use with tri
colls which operate on currents ranging from 0,
to 2.0 amperes at the minimum control voltage,
while the 2.0 amperes tap should be used when trip
currents are greater.than 2,0 amperes, it is not
good practice to use the 0.6 ampere tap when the
trip current is greater than 2,0 amperes since the
0.8 ohm resistance of the 0.8 ampere tap will cause
an unnecessarily high voltage drop which will re=-
duce the voltage at the circuit-breaker trip coil,
If the tripping current should exceed 30 amperes it

is recommended that an auxiliary tripping relay be

used,

Amperes to close first contact at 1% voltage .
at maximum torque,.......eoe.00 4°
Resistance fault (in phase) ....... 89
Reactance (80 to 90 degrees)..... 4.5-6

TARGET SEAL-IN UNIT

for the timing unit (TX) as shown by the .
Fig. 4, The TX

Directional Distance Relays Type GCX17

BURDENS

The current burdens at 5 amperes for the ochm
and mho units are given in Table I, -

TABLE]
CURRENT BURDENS PER PHASE
Unit Freq./Amps [Imp.|P.F.| VA

Mho 60 5 0,32{0,621 8.03
Ohm

0.5 or 1.0 ohm)| 80 5 0.741 0681185
0.25 ohm) 80 5 0.19{0,58 | 4.75
ITotal Rela.

0.50r 1.0 ohm)| 60 5 1.08{0.61 [28.5
0.25 ohm) 80 | 8 0,310,681 12.8
'Mho 50 5 0.27{0.62 | 6.89
‘Ohm

zo.s or 1.0 ohm){ 50 5 0.6210.61|15.4
0.25 ohm) 50 5 0.16/ 059 3,98
Total Rela

0.5 or 1.0 ochm)| 50 5 0.89|0.6122,09
0.25 ohm) 50 5 0.43/0.,81{10,85
Mho 25 5 0,19{08682| 4.85
Ohm

20.5 or 1.0 ohm)| 25 5 0.5410.83 13,5
0.25 ohm) 25 5 022|061 5.4
Total Relay

50.5 or 1.0 ohm)| 25 5 0.73/0.62 1183
0.25 ohm) 25 5 0.41}0.61/10.25

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. 1tap/100)2
where (a + jb) varies with frequency rating of the
relay and is given in Table II, No, 1 tap is the first
zone setting in per cent,

Mho Unit: :

- yA = (E2 tap/100)3 (c + 1) + (e + §0)
where (¢ + jd) and (e + jf) vary with the frequency
rating of the relay and are given in Table . E<«
tap is the third zone settingInper cent, The term
(c + jd) represents the burden of the mho-unit re-
straint-coil circuit while the term (e + jf) repre-
sle:tsﬂthe turden of the mho-unit polarizing-coil
circuit, - -

2

TABLE I

POTENTIAL BURDEN CONSTANTS
Frequency Rating 60 50 25

_ Amperes, A-c or D-¢ Ohmgestraint a+jb 335107 0 34,112?6081 l$g+jig 6
t o Restraint c+jd;8.3-47. -6 .0-j0.
FUNCTION A i | (0.6 ohmay mo Polarizing e+]f |7.88+1.945648.]19810.3+]0
Carry for tripping duty 30 15 The maximum potential burdens will exist when
Carry continuously 4 0.8 both the No. 1 taps and the E2 taps are in the 100
Min, Target Operating 2 0.8 per cent setting, At 115 volts the maximum po-
Current tential burdens are given in Table III.
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TABLE 1
MAXIMUM POTENTIAL BURDENS

FREQ. | VOLTS IMPEDANCE | P.F,- | WATTS |*VA
Ohm Restraint 80 115 576410 1.0 23 23
Mho Restraint 60 115 940 + j 1043 | 0.67 8.3 9.4
Mho Polarizing 60 115 1692 - j 208 0.99 7.8 1.7
Total Relay 80 115 351 +)56.9 | 098 36.8 37.5
Ohm Restraint 50 115 547+ j0 1.00 242 24.2
Mho Restraint 50 115 963 + j 1073 | 0.67 8.2 9.2
Mho Polarizing 50 115 1864 - j 570 | 0.96 6.5 6.8
Total Relay 50 115 354+ 46,3 | 0,99 36.8 311
Ohm Restraint 25 115 952 +j0 1.00 13.9 13.9
Mho Restraint 25 115 943 + § 997 0,69 8.6 9.8
Mho Polarizing 25 115 1285+30 1.0 10.3 10.3
Total Relay 25 iid 407 + j 86.5 | 0.98 1.1 318

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 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 notify the nearest General Electric
Apparatus Sales Office,

Reasonable car e 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 nat to be installed immedi-
ately, they should be stored in their original car-
tons in a place that is free from moisture, dust and
metallic chips, Foreign matter collected on the
outside of the case mayfind its way inside when the
cover isremoved andcause trouble in the operation
of the relay,

DESCRIPTION

The Type GCX17relay is of standard construc-
tion, Its drawout case has studs at both ends for
the external connections, The electrical connec-
tions between the relay units and the case studs
are made through stationary molded inner and outer
blocks betweenwhich nests a removable connecting
plug which completes the circuits, The outer blocks
attached to the case have the studs for the external
connections, and the inner blocks have theterminals
for the internal 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 topand bottom and bya guide pinat the back
of the case., The connecting plug, besides, making
the electrical connections between the respective
blocks of the cradle and case, also locks the latch
in place, The cover, which is drawn to the case by
thumbscrews, holds the connecting nlug in place,

To draw out the cradle, the cover must first be
removed, Then the plug can be drawn out. In so
doing, the trip circuit is first opened, then the cur-
rent transformer circuits are shorted and finally
the voltage circuits are opened, After the plug has
been removed, the latch can be released and the
cradle easily drawn out, To replace the cradle, the
reverse order is followed,

A separatetesting plugcan beinserted 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 contains three major units; the mho
starting unit, at the bottom, which is directional and
which detects the presence of faults within the zone
covered by the relay; the ohm unit, in the center,
which measures the distance to the fault; and the
ohm unit transfer auxiliary, at the top, which
changes the setting of the ohm unit for the longer
distance for back-up protection.

A combination target and seal-in element is
also mountedat thetop ofthe relay and is connected
in series with the tripping circuits, The target
1; rlesﬂet by a button at the bottom of the cover at
the left, . :

The auxiliary co-ordinating element (S), a
telephone-type relay, is mounted at the top of the
relay on the front right-hand side,

Figs. 7 and 8 show the relay removed from its
drawout case.and the locations of the major and
auxlliary units,

' RELAYS WITH EXTERNAL CAPACITORS FOR 25

CYCLES ,

When external capacitors are furnished with
relays they are identified by means of serial num-
bers, The purpose of these numbers is to insure
that each relay, when installed, will be provided
with the same auxiliaries with which it was cali-
brated at the factory,

The reason for this precaution is to eliminate
the variation in calibrations of the relays which
would otherwise result from the variation in elec-
trical properties of the auxiliaries,
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INSTALLATION

LOCATION

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

MOUNTING

The relay should be mountedon a vertical sur-
face, The ocutline and panel drilling dimensions
are shown in Fig. 9.

CONNECTIONS

Internal connections for the 50 cycle and 80
cycle relays are shown in Fig, 10, Internal con-
nections for the 25 cycle relay are shown in Fig,
11, Typical external connections are shown
schematically in Fig, 4, For exact external con-
nections reference should be made to the drawings
for the particular requisitions on which the relays
were furnished,

One of the relay mounting studs or screws
should be permanently grounded by a conductor not
less than No, 12 B&S gage copper wire, or its
equivalent,

ADJUSTMENTS AND TESTS

The following adjustments and tests are those
which we suggest at the time the relay is first put
into service, The purpose of these tests is to sat-
isfy the purchaser that no changes in calibration or
adiustments haveoccurred since the relays left the
factory and to insure that the relay characteristics
are correct for the particular settings and condi-
tions under which they will operate inthe field, The
electrical tests in this section may also be
made at six month intervals to insure continued
satisfactory operation of the relays,

_ADJUSTMENTS ON INDUCTION UNITS

"1, The lead-in spring of the ohm unit should.
barely hold the contact against the backstops. The

Jead-in spring of the mho unit should hold the con-

tacts definitely open,

2, See that the cup assembly moves without
noticeable friction,

3. The chm-unit stationary contact and the
upper contact of the mho unit should rest against
their felt backstops. .

4. The mho-unit lower stationary-contact stop
should be slightly behind the upper stationary felt
contact stop.

18
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§. The mho-unit lower stationary contact
should have approximately 1/32 inch wipe, The
contact gap as measured from the lower stationary
contact should be 0.1 inch, e

. he. The ohm-unit contact gap should be 1/18
nch,

ELECTRICAL CHECK TESTS ON INDUCTION
UNITS

The manner in which reach settings are made
for the ohm and mho unit is briefly discussed in
the introduction of these instructions, Examples
of calculations for typical settings are given in
the Appendix, It Is the purpose of ihe electrical
tests in this section to check the ohm and mho-
unit ohmic pickup at the settings which have been
made for a particular line section,

To eliminatethe errors which may result from
possible instrument fnaccuracies a test circuit has
been selected which requires no instruments, Such
a circuit is shown in Fig, 13, In Fig. 13 Rg + jX
is the source impedance, Sg is the fault switch an
Ry + ] X1, Is the impedance of the line section for
which the relay is being tested, The autotrans-
former, TA, which is across the fault switch and
line impedance is tapped in 10 per cent and 1 per
cent steps so that the line impedance Ry, +lj X1
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 sinceit is not feasible toprovide
the portable test reactor, X1, and the test resistor
with enough taps so that the combination may be
made to match any line,

For convenience in fieldtesting thefault switch
and tapped autotransformer of Fig, 13 have been
arranged in a portable test box, Cat, No, 6052978
which is particularly adapted for testin directional
and distance relays, The box is provided with ter-
minals to which the relay current and potential
circuits as well as the line and source impedances
may be readily connected, For a complete des-
cription of the test box the user is referred to
GEI-8370, . .

a, Testing the Ohm Unit

To check the calibration of the ohm unit, it is
suggested that the portable test box, Ca‘. No,
6052978; portable test reactor, Cat, 6054975; and
test resistor, Cat, 8158546 be arranged with Type
XLA test plugs according to Fig, 12, The circuit of
the test box and connected equipment is similar to
that shown In Fig. 13 except that the source im-
pedance, Rg+jXgis replaced with a load box
which serves to give the source voltage drop and
to control the level ai the fault current,

Use of the source impedance, Rg+ j Xg, Is
only required when the relay is being tes*eds for
overreach and contact co-ordination, Such tests
are not considered necessary at the time of instal-
latlon or during periodic testing, Tests of this
nature are described later in the section on SER-
VICING,
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Fig. 13 Test Circuit

Connected between terminals A and B of the
test box is an auxiliary relay and resistor which
are arranged in such a way that, when the contacts
of the ohm and mho units close, sufficient trip cur-
rent will be drawn to operate the Type GCX target
seal-in, After the Type GCX seal-in has had an
opportunity to operate, the auxiliary relay opens
the resistor circuit which draws the trip current,
Since the seal-in is operated it will be necessary
to open the test-box switch, S3, which opens the
d-c supply and allows the seal-in to reset, This
arrangement eliminates the necessity of providin
an indicating lamp and also checks the operation o
the target seal-in element,

Since the relay is to be tested for the ohmic
reach that it will have when in service, the value
of X1, to select will be the portable test-reactor
tap nearest above twice the relay phase-to-neutral
ohmic reach., Explanation of the twice factor is as
follows: The relay as normally connected (V i-z
potential and Ij~I3 current)measures positive
sequence phase-to-neutral reactance. For a phase-
to-phase fault, the fault current is forced by the
phase-to-phase voltage through the impedance of
each of the involved phases, Inthe test circuit,
the line impedance, Z,, is in effect the sum of the
impedance of each of the phase conductors and
must be so arranged in order to be equivalent to
the actual fault condition, Since the impedance of
each phase must be used to make up the line im~-
pedance in the test circuit its value will be twice
that of the phase-to-neutral relay reach, The per
cent tap of the test box autotransformer, which
should cause the ohm unit to jusi close its contacts -
with the fault switch closed is given by:

- _z_(;__mj)_ i‘(loo)
L

For this test the value of Ry, may be made zero
since the ohm unit responds only to a reactance
quantity, The load box however may be adjusted to
give a fault current of approximately 10 amperes
or whatever fault current is expected during three-
phase and/or phase-to-phase fault conditions,

To illustrate the above the 1.0 minimum ohm
phase-to-neutral relay, set zone 1 at 88 per cent
and zone 2 at 58 per cent, used in Example 1 of the
Appendix will be used,
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X

REACH AT TEST
REACTOR ANGLE

Fig. 1% Reach Of Mho Unit At Angle Of Test Reactor

XRelay =2 (lgg.) = 2.3 ohms,

Therefore use reactor nominal 3.0 ohm tap, As-
sume now that the reactor calibration curve has
been referredto and that reactance of the 3.0 tap at
the current level to be used is 3.2 ohms., From
this and the above, the test-bax autotransformer
percent tap at which the ohm-unit contact will

close is:
q, tap = %-g- (100) = 712%

The ohm unit should therefore close its contact
with test-box autotransformer taps set at 72 per
cent and remain opened with the percent taps at

73 per cent.

To deter minethe phase angle of the ohm unit's
‘reactance characteristic, if {8 only necessary to
observe the effect of a2dding resistance in series
with the line reactance, This Is the resistance,
Ry, which should be noninductive and in magnitude
5to 8 times as large as the line reactance ﬁ,
Either the calibrated test resistor Cat,No, 8158548
or the tapped fault resistor included in the test box
may be used as the line resistor, R1,. When the
pick-up test 1s made with this line resistance in the
circuit, the load box used as source impedance
should be readjusted such that approximately the
same fault current flows as did in the first test,
With the fault switch closed, the ohm unit should
close its contacts at the same test-box autotrans-
former per cent tap as before, For phase angle
meter readings see Fig. 25,
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A check of the ohm unit's second zone reach

may be made in the same manner except that the
transfer relay, OX, should be energized by ¢on--

necting a jumper between relay studs 3 and 12 and
by connecting the nefauve return lead to relay stud
2 rather than stud I, (See Fig, 12), For polarity
test see Fig, 24, ‘

b, Testing The Mho Unit

The mho unit is tested in 2 manner very simi-
lar to the ohm unit above, the major difference
being inthe manner inwhichthe test-box autotrans-
former per cent tap setting for pickup is deter-
mined, This difference results from the fact that
unlike the ohm unit, the impedance pick-up charac-
teristic of the mho unit on an R-X diagram is a
circle passing through the origin, The diameter
of the circle which is the relay angle of maximum
reach Is at an angle of 80 degrees with the R axis,

(See Fig, 1),

Since the reactance of the test reactor may be
very accurately determined from its calibration
curve, it is desirable tocheck relay pickup with the

fault reactor alone, due account being taken’

and relay angle of maximum reach, As in the case
of the ochm unit, the line reactance, X1 , selected,
should be the test reactor tap nearest above twice
the mho unit reach with account being taken of the
difference inangle of the test reactor tap impedance
and the relay angle of maximum reach, From Fig,
14 it is seen that twice the relay reach at the angle
of the test reactor impedance is:

Zmin ohms
2Z =2 =3~ —— cos (B-0) where
Relay E® tap set (0 - 6) wher
§ 1s the angle of the test reactor impedance and 8
is the relay angle of maximum reach, The test-
box autotransformer percent tap for the mho-unit
pick up is given by:

27
% tap = EL&‘?J— (100)

To illustrate theabove the relay setting in Example
1 of the Appendix will agajn be used. Reference to
the example shows the E¢ tap settinf to be 61 per
cent, The minimum ohmic reachof all Type GCX17
mho units is 2,5 ohms with the relay angle (8) of
maximum reach at 60 degrees, In determining the
reactor tap setting to use, it may be assumed that
the angle (8) of the test reactor impedance is 80
degrees, From the above twice, the rejay reach at
the angle of the test-reactor impedance is:

-

22p g1 =2 253 cos (80-60) = 7.7 ohm

Therefore, use the reactor 12 ohm tap., Twice the
relay reach at the angle of test reactor impedance
should be recalculated using the actual angle of the
reactor tap impedance rather than the assumed 80
degrees, Table IV shows the angles for each of the
reactor taps,

the
angular difference between the line reactancé, X,

AMJ



TABLE IV
Tap Angle
24 88 0.883
12 87 0.891
6 86 0.809
3 85 0.9
a 83 0.921
1 81 0.934
0.5 78 0.951

From the table it is seen that the angle of the im-
?edance of the 12 ohm tap is 87 degrees, There-
ore:

_ 925 .
2ZRelay = 241~ cos (87-60) = 7.3 ohms

The calibration curve for the portable test -

reactor should again be referred to in order to
determine exact reactance of the 12 ohm tap at the
current level being used, For the purpose of this
illustration assumethat the reactance is 12,2 ohms,
Since the angle of the impedance of the 12 ohm tap
is 87 degrees, the impedance of this tap may be
calculated as follaws:

Zp=Xp/eos 3= 12 - 1523 ohms

From this calculation it is seen that the re-
actance and the impedance may be assumed the
same for this particular reactor tap, Actually the
difference need only be taken into account on the
reactor 3, 2, 1 and 0.5 ohm taps,

The test-box autotransformer tap setting re-
quired to close the mho-unit contacts with the fault
switch closed is:

% = —'1’42% (100) = 59.79%

If the ohmic pickup of the mho unit checks
correctly according to the above, the chances are
that the angle of the characteristic is correct, The
angle may, nowever, be very easily checked by
using the calibrated test resistor in combination
with various reactor taps, The calibrated test
resistor taps are pre-set in such a manner that
when used with 12 and 8 ohm taps of the specified

test rezztor, impedances at 8 degrees and 30 -

degrees respectively will be available for checking
the mho-unit reach at the 80 degree and 30 degree
positions, The mho-unit ohmic reach at the zero-
degree position may be checked by using the cali-

brated test resistor alone as the line impedance, -

The calibrated test resistor is supplied with a data
sheet which gives the exact impedance and angle
for each of the combinations available, The test-
bax autotransformer per cent tap for pickup at a
particular angle is given by:

2(2.5) cos (60-a
% Tap - 2(3.5) cos (60-3) 14
P &% ap) 2y

where a is the angle of the test impedance (Z1),
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Z1, 1is the 60 degree, 30 degree or zero degree im-
pe&ance value gkex{ fromg{he calibrated resistor
data sheet and E2 {5 mho unit restraint tap setting
expressed as & decimal, As in the case of the pre-
vious tests, the load box which serves as source
impedance should be adjustedtoallow approximately
10 amperes to flow in the fault circuit when the
fault switch is closed, - '

When checking the angle of maximum reach of
the mho unit as lncf(cated above, there are two fac-
tors to keep in mind which atlect the accuracy of
the results, First, when checking the mho unit at
angles of more than 30 degrees off the maximum
reach position, the error becomes relatively large
with phase angle error. This isapparent from Fig,
14 where itis seen, for example, atthe zero-degree
position that a two or three degree error in phase
angle will cause a considerable apparent error in
reach, Secondly, the effect of the control spring
should be considered since the mho unit can only
have a perfectly circular characteristic when the
control-spring torque is negligible, For any nor-
mal level of polarizing voltage, the control spring
may be neglected but intesting the unlt as indicated
above it may be necessary to reduce the test-box
autotransformer tap setting to a point where the
voltage supplied to the unif may be relatively low,
This reduces the torque level since the polarizing
as well as the restraint will be low with the result
being that the control-spring torque will no longer
be negligible, The result o? the control spring at
low polarizing voltages is to cause the reach of the
mho unit to be somewhat reduced,

In order to see the affect of the above in their
true proportion, it is suggested that reach charac-
teristic as determined from testing be plotted on
an impedance diagram such as the mho character -
istic shown in Fig. 1 Obviously, the apparent
error in reach resufting from phase angle error at
angles well off the maximum-reach position, are in
4 reglon where a fault impedance vector will not
lie, Concerning the spring torque error, itis
pointed out that the mho unit is not the measuring
unit for primary protection but rather is only 2 di-
rectional unit and, therefore, its directional res- .

-ponse is the most important consideration, ¥or

the third-zone back-up protection, the mho unit is
the measuring unit, but for the remote faults, the
voltage at the relay is not apt to be low, Further-
more the accuracy of a third-zone back-up unit is

. not as jmportant as that of a first-zone unit,

In addition to the above tests on the mha unit,
it may also be checked for directionai action with -
the test-box circuit as shown in Fig. 12, The fault
resistor, Ry, may be zero, the test reactor should
be set on the 6,5 ohm tap, With the test-box switch
83, in the trip position, the mho-unit contact should
remain closed for a current range of 6-60 amperes
with 2 per cent rated voltage applied, A voltmeter
should be usedto read the voltage at studs 17-18 of
the relay, The voltage over the §-80 ampere-
current range is adjustable by means of the test-
box autotransformer tap switches, When switch,
S2, of the test box is thrown tothe reverse position,
the mho unit contacts should remain open for the
same conditions as above described,
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‘¢, Other Check Tests

In addition to the calibration checks for ohm
and mho units as described above, it is desirable
to make the following additional tests on the relay

in general:

1. Use the test circuit as shown In Fig, 12
except connect the nezgattve return lead to rela
stud 4 rather than 1, 2 or 3 for the zone 1, zone
or zone 3 tests, Then close the chm and mho-unit
contacts manually, The target seal-in element of
the relay should operate, Reference to the Type
GCX {internal connection diagram (Fig, 10) indicates
that tripping in this test is through the'S" relay
contact and therefore the test serves as a check on
the operation of the"S" relay.,

2. I the relay being tested is a Type GCX17B
relay which includes an overcurrent unit, its pickup
may be checked by adjusting the fault current level
by means of the load box, Calibration points of the
overcurrent unit are marked on the relay name-
plate, Normally, the overcurrent unit is set at the

factory on its lowest pickup,

INSPECTION

Before placing the relay into service, inspec~
tion of miscellaneous items should be made to in-
sure that no change has taken place in mechanical
adjustment during shipment or storage period, It
i{s suggested that the following items be examined,

The armature and contacts of the target-seal-
in element should operate freely by hand,

There should be a tap screw in only one of the
taps above the right-hand stationary contact of the
target-seal-in element, A spare tap screw is pro-
vided in the tap hole above the left-hand stationary
contact which should be used when it is necessary
to change the tap, When it is desirable to change
the target-seal-in tap, the spare tap screw should
be inserted in the new tap and tightened be~
fore the existing tap screw is removed, This
procedure will maintain the right-hand stationary
contact position, since it is held fixed only by the
tap screw.

The target should reset promptly when the re-
set button at the bottom of the cover is operated,
with the cover on the relay. i

There should be no noticeable mechanical fric~
tion in the rotating structure of the units and the

moving contacts should return to their back;topsr

when the relay is de-energized,

There should be approximately 1/64 inch end
play in the shafts of the rotating structures, The
lower -jewel screw bearing shouldbe screwed firm-

ly into place and the top pivat locked in place by its

set screw,

If there is reason to belleve that the jewel is

cracked or dirty, the screw assembly may be re-
moved from the bottom of the unit and examined

under a microscope, or the surface of the jewel

may be explored with the point of a fine. needle,
When replacing the jewel screw, care should be
taken to engage the upper pivot in the shaft before
screwing in the jewel screw, o

All nuts and screws should be tight with parti-

cular attention being paid to tap plugs, ™

CAUTION: Examine the tap block with great care
to make sure the tap lead terminals do not come in
contact with adjacent terminals, tap-hole shoulders,
mounting screw heads or other grounded parts,
Even on those relays provided with tap lead-sleeve
insulation, it is possible to mechanically puncture
the sleeve insulation by forcing the tap lead termi-
nal against some nearby part, The punctured in-
sulation may cause a portiocn of the tapped auto-
transformer to be shorted or grounded, the result
from this being eventual faflure of the transformer,
As a good general practice, it is recommended that
the tap leads beplaced horizontally on the tap block
with the leads coming out rather than in toward the

relay,

The felt gasket on the cover should be secure-
ly tiemented in order to maintain an effective dust
seal,

The contact surfaces should be clean,

MAINTENANCE :

PERIODIC INSPECTION

At six month intervals an inspection of the
relay shouid be made covering those items listed
under INSPECTION in the preceding INSTALLA-
TION section,

PERIODIC TESTING

At the same time the periodic inspection is
made, the check tests described in the INSTALLA-
TION section should be made., These tests may be
made very quickly if the test-box autotransformer
settings for each relay terminal are determined
ahead of time in which case it is only necessary to
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Insert the test plugs in each relay in succession
and cbserve relay contact operation when the fault
switch 1s closed. Frequent calibration tests are
not considered necessary since the calibration of
this relay does not change appreciably with time,
If it is found that the relay does not test correctly
according to the above, readjustment may be made
according to the procedure set forth under SER-
VICING In this section, o

CONTACT CLEANING

Silver contacts should never be handled or
touched by bare hands because dampness on the
hands may cause the formation of silver salts which
have high resistance,
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For fine silver contacts, a flexible burnishing
tool should be used, This consists of a flexible
strip of metal with an etched-roughened surface
resembling in effect a superfine file, The polish-
ing action 1s so delicate that no scratches are left
yet it will clean off an{nscorroslon thoroughly and
rapidly. Its flexibility ures the cleaning of the
actual points of contact, Sometimes an ordinary
file cannot reach the points of contact because of
obstruction offered by some relay part, but the
flexible burnisher can be drawn through the con-
tacts while they are held together, thus cleaning
bothl:t simultaneously and at the correct contact
polnts,

Knives, files, and abrasive paper or cloth, etc,,
produce scratches on fine silver and, of course,
the abrasive medium may be left imbedded in the
surface of the silver and prevent subsequent con-
tact. A contact cleaned with one of these devices
may arc and requirecleaning again in perhaps one-
tenth of the time taken by a new contact to deterio-
rate to the same condition, This is because the
minute raised sides of the fine scratches, made in
cleaning the contact, form tiny arcing points which
melt, become sticky and get bigger with each con-
tact operation; a new contacthas a smooth surface
and there is no place where the current density is
Freat enough tomelt the silver and roughenthesur-
ace, thereby starting the process of deterioration,

SERVICING

If it is found that the calibrations do not check
during installation tests or periodic tests, recali-
bration should be made by adjusting as necessary
elements normally calledfactory adjustments, The
adjustments arelisted below, These may be located
from Figs. 7 and 8,

Rji - Ohm Unit Characteristic Phase Angle
Adjustment

Raq - Ohm Unit Charagter\istlc Reach Aéjust:

ment

Ry3 - Mho Unit Characteristic Reach Adjust-
ment

Rg3 - Mho Unit Characteristic Phase Angle
Adjustment

Core Adjustments - Stray Torque

LABORATORY TESTS

Should it ever be necessary to replace an ohm
or mhounit or If the basic factory adjustments have
been for some reason disturbed, it is advisable to
make the following tests which are of a laboratory
nature,

a, Ohm Unit

To compensate for slight manufacturing dis-
symmetries, the iron core inside the induction cup
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of the ohm unit has been machined to have a flat
surface on one side, By loosening the core posi-
tion locknut on the bottom of the unit, the core ma

- be rotated until the desired position is reached,

The usual position for the flat, as assembled by the
iactor;‘, is toward the rear left-hand corner of the
unit, The exact position for the flat may be de-
termined as well as other adjustments from the
following tests:

1. Pickup, Phase Angle, Core Position

Use the test circuit shown in Fig, 12, Adjust
the control spring so that the moving contact just
rests against thebackstop, With the number 1 taps
in 100 per cent and the fault switch open, loosen
the core locking screw slightly and rotate the core
clockwise (viewed from the top) until the contacts
close, Then rotate the core counterclockwise until
the moving contact just rests against the backstop,
This adjustment tends to compensate for any stray
torques which might cause the contacts to close on
voltage alone, Note that it should be unnecessary
to rotate the core more than 30 degrees in either
direction,

Before making pickup or phase-angle adjust-
ments, the unit should be allowed to heat up for
a{:proxirnately 15 minutes, energized with voltage
alone, Determine the test-box autotransformer
setting for pickup and the test reactor tap as des-
cri in the section covering installation tests,
With the fault switch closed and the source imped-
ance (Fg) set to allow approximately 10 amperes to
flow, a just(R? )so that the contacts just close,
Then insert Ilne resistance (R;) approximately
three times the line reactance (X1,) in the test cir-
cuit, readjust the source impedance ) to again
allow 10 amperes to flow, and adjust (Ry1) so that
the nhm-unit contacts just close at the same test-
box autotransformer tap setting as before, This
procedure presents an impedance to the relay
whose angle is approximately 20 degrees, H the
relay pickup is thé same for the 20 degree imped-
ance as {t is with reactance alone, the relay angle
of maximum reachwill be at 90 degrees or the unit
will measure reactance alone, The pickup and
phase-angle adjustments of the ohm \unjt are to a
slight extent interdependent. For this reason it is
necessary to go back and check the pick-up adjust-
ment (Rgq) after the phase-angle adjustment (R 11)
has been made and alternately set each until eac
is correct,

TABLE V
Min, | Calibration Clutch Adjustment
Ohms Range ‘
: - Grams | Amps with Zero
Restraint
0.25 5-75 Amps | 17-21 23-30
0.50 | 3-60 Amps | 27-33 14-20
1,00 | 2-40 Amps | 27-33 10-15

Table V shows current calibrating ranges for
ohm units of different minimum ohmic ratings,
With the test circuit arranged as above, the ohmic
pickup may be checked at different current levels
by changing the amount of source impedance (Rg)
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The pickup should not vary more than 3 per cent
above or below the set value over the calibrating
range, If it is higher at high currents, the core
may be shifted slightly ina counterclockwise di-
rection but the pickup and phase-angle adjustments
should be repeated I it is necessary to shift the
core, If the pickup is lower than 3 per cent of the
set value at low values of current, the control
spring tension may be slightly decreased although
not to such an extent that the contacts close when

the relay is de-energized,
2. Overreach

Overreach is the tendency of a distance relay
to operate on an impedance greater than that for
which it has been set during the transient stage of
the fault, Reference to Fig, 8 indicates that the
percent overreach varies with fault current mag-
nitude and angle of the line impedance. To check
the overreach of the ohm unit, the test circuit
shown in Fig. 12 may be used except the source
impedance which has heretofore been a load box
should now bea reactor, This is necessary in
order to obtainthe full offset which can be expected
during field conditions, The test-box autotrans-
former tap setting are determined as before. The
reactor which replaces the load box as the source
impedance may be a standard test reactor, Cat,
6054975, The angle of the line impedance, Ry, +
§ X1, should be set varying RL, since X,
fixed on the basis of the relay setting and rslay
minimum ohmic rating, The angle should be set by
means of a phase-angle meter and should of course
be the same as the line angle since that is the con~
dition under which the relay will operate, Accord-
ingly, the fauit current level now adjusted by Xg
should be in the same order of magnitude as the
maximum fault current expected, Since maximum
overreach occurs when the inception of the fault
is at apoint inthe voltage cycle where the transient
offset is greatest, the fault switch should be closed
ten successivé times in determining the test box
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autotransformer setting above that calculated fo
pickup, One of the ten trials will be near the poir
where maximum transient offset occurs, The dif
ference between the test-box autotransformer ta
setting required to keep the contacts open on:
transient is and the tap setting which will kee
the contacts openon a steady state basis expresse
as a percentage of the latter is the per cent tran
sient overreach of the ohm unit,

b, Mho Unit
The mho unit in the Type GCX17T relay is pri-

. marily intended as a directional unit since the ohr

unit s inherently nondirectional. It also serves
as the third-zone backup distancé-measuring ele-
ment, The mho unit may be tested using the test
circuit shown in Fig. 15, The correct directional
action on 2 mho unit may be adjusted by varying
the position of the iron core within the induction
cup, Unlike the core of the ochm unit, the mho unit
core Is perfectly round, However, it is mounted in
the mho unit in such a way that'it may be moved
from side to side within the structure, Adjustment
is made by first loosening the laniination clamping
screw at the back of the unit one full turn and'thén
by turning the core-bracket ad}usting screw which
is located at lower rear side of the mho unit, Ac-
cess to the adjusting screw head is from the right-
hand side of the unit, Make sure the lamination
clamping screw is tightened one full turn before
measuring electrically the correctness of the ad-
justment, The directional action is checked at a
high current and low voltage both at the relay angle
of maximum reach and at 180 degrees from the
relay angle of maximum reach., This simulates a
fault just off the bus on the protected line and a
fault on the bus, With the test circuit arranged as
shown in Fig. 15, apply lé)er cent rated volts (1.15
volts) and 60 amperes at 60 degrees lag, This test
is made with the E2 taps in 100 per cent. At the
80 degree lag position the mho unit contacts should
close, With the phase angle shifted to 240 degrees
lag, the contacts should remain open when current
and voltage are applied, By turning the adjusting
screw clockwise a torque will be introduced in the

‘contact closing direction,

The suggested way of determining the mho unit
angle of maximum reach is by approaching the
characteristic from either side until the points are
found where the contacts just close, Half way be-
tween the two angles where the contacts just close
is the mho-unit angle-of-maximum reach, This
test may be made by the test circuit shown in Fig,
15 with the voitageadjusted to 55 volts and the cur-
rent at 15 to 20 amperes, The phase angle of the
mho unit is adjusted by two resistors designated
R23 one of which is tapped and the other variable,
These may be located from Figs, 7 and 8, For the
80 degree position of the mho unit characteristic
the tapped resistor is not used, If the relay appli-
cation is such that it is desirable to have the mho
characteristic at 2 more lagging angle, it may in
some instances be necessaréto insert a portion of
the tapped resistor. This done by moving the
bolted connection on Rg3 fixed from the lower to
the middle tap, The relay isadjusted at the factory
to have a 80 degree lagging characteristic, Note
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that the ohmic reach of the mho unit is not inde-
pendent of the phase-angle adjustment, Where the
reach is adjusted for 2.5gohms phase-to-neutral at
60 degrees lag, it will be approximately 3.2 ohms

Phase-to-neutral at 75 degrees lag.™

The reach of the mho unit is adjusted by Ri3
which may be located in Fig, 8. With the test cir~
cuit as shown in Fig. 15, set the phase angle of 60
degrees lag and the voltage at 55 volts. The mho-
unit contacts should close when the current is in-
creased to 11.0 amperes, After the pickup of the
mho unit has been set, it is desirable to again check
its directional action and angle of maximum reach,

“c. Ohm and Mho Unit Contact Co-ordination

In the section headed OPERATING CHARAC-
TERISTICS, the"8" relay was described as the co-
ordinating element which. prevents tripping if the
mho and ohm unit contacts were closed at the same
time after an external fault is cleared. For the
reverse situation 1.e,, where the ohm unit is closed
on load anda fault occurs just beyond the protected
section, no auxiliary element is required to obtain
satisfactory co-ordination, The contact co-ordina-
tion for this condition may be checked by arranging
the test circuit as shown in Fig. 12 except that a
resistor and capacitor series connected should be
placed across the fault switch., The capacitor
should be of such magnitude that it cancels the in-
ductive reactance of the line impedance, The re-
sistor should allow approximately 4.5 amps to flow
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with the fault switch open, The line impedance, Ry,

-+ ] X1, should be slightly greater than that of the

protected -section and should be selected such that
the impedance presented to the relay by virtue of
the test-box autotransformer tap setting will be
done so, with the tap settings as high as possible,
This will make the potential on the relay before
the fault switch is closed nearly 115 volts, which is
of course a normal operatin condition, The source
impedance should be made up of reactance as in
the case of the ohm-unit overreach test and again
should be of such magnitude that maximum antici-
pated-fault current will flow when the fault switch
is closed. The ohm and mhounit settings are those
which will be used in service. For successive
closures of the fault switch with the d-c circuits
energized, the seal-in unit should not set up if co-
ordination is satisfactory,

d. Clutch Adjustment - Ohm and Mho Units

To improve contact action, ohm and mho units
are provided with friction clutches which slip when
the contacts areclosed with high torqueand prevent
contact bounce, The tension on the clutch spring
which is concentric with the shaft, may be vari
by loosening the set screw in the clutch spring col-
lar which may then be rotated to increase or de-
crease the clutch spring tension. Clutch settings
for ohm units aregiven in both grams and amperes
at zero restraint in Table V., The mho-unit clutch
should slip with approximately 50 grams force
applied, This corresponds to approximate%y 30
amperes at the angle of maximum reach and E tap
settings at zero per cent,

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, specifying the quantity requiredand describing
the parts by catalogue numbers as shown in Renewal
Parts Bulletin No, GEF-2508,

APPENDIX

CALCULATION OF RELAY
SETTINGS
Following is a discussion of and examples of
calculations of relay settings. Factors affecting

relay settings such as infeed and potential trans-
former connections will be considered,

Proceed as follows in determining relay set-
tings:

1. Calculate the primary phase-to-neutral
reactance in ohms of the line to be protected from
the formula

10KV2 x%,

Xpri =~ Kva
where Xpri = primary phase-to -neutral reactance
in ohms,

KV = line-to-line voltage in kilovolts

X% = phase-to-neutral line reactance in pere
_ cent -

KVA = KVA base upon which X% is given.

2. Calculate the secondary phase-to-neutral -
reactance

CT ratio
Xsec = Xpri PTratio

3. The instantaneous zone (zone 1) is set by
the two tap leads on the tap block marked No.1 and
usually covers 80 per cent to 90 per cent of the
line section, If it is assumed that 90 per cent of
the line section is to be covered, the No, 1 tap set-
ting is given by:
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Fig. 16

NO. 1 Tap = (input tap) X mm.
P 90 X,

where No, 1 tap = Number 1 tap setting in percent
' Input tap = Input tap setting in percent

Xmin = Minimum phase-to-neutral re-

actance reach of the relay the

value of which is given on the

relay nameplate,
X = Phase-to-neutral secondary re-
actance of the first line section,

4. Thetap setting'; for the second zone (No. 2)
and the third zone (E&) depend upon system con-
figuration and the amount of infeed fault current
supplied from the bus at the end of first line sec~

tion,

Referring to Fig. 16, the second zone of the
relay at A must reach beyond B and yet must not
reach far enough to overlap the second zone of the
relay at B, Similarly, the third zone of the relay
at A should not overlap the third zone of the relay
at B and yet should not overlap the third zone of
the relay at B and yet should reach beyond station
£ g

The second zone should reach to cover the last
10 percent of zone one to provide back-up pro-
tection., Thus, with the first zone of the following
section set to cover 90 percent of its section,
ideally this zone 2 setting could be fixed at 80 per-
cent of the section, This can be regarded as the
upper limit for zone 2, The lower limit for zone 2
is around 20 percent of the second section which
assumes that the third zone setting for the pre-
ceding station can be set to fall within this 20 per-
cent,

The major factor which determines the accu-
racy with which the zone 2 and zone 3 can be set is
the determination of infeed current from the buses
at the ends of the protected-line sections, For ex-
ample, in Fig. 16 current infeed at station. B and
C cause voltage drops in the line between their
respective buses and the fault, These drops cause
the elements at A to underreach for faults in the
backup zones unless the infeed currents are taken
into consideration when the settings are made, To
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| Voozone ¢ l

Zone Setting Diagram, 2nd And 3rd Zone Reach

better understand these drops, we must picture .
current I, at station A and current Ip, infeed at

station B, Now if we imagine a fault"somewhere

between stations B and C we can set up an equation-

to show what the relay sees at station A

1o = Current at station A,

Z A = Impedance of line A,

IB = Current infeed at station B,

Zp = Impedance from station B to fault,

Relay sees = lAzA;’ (1o+1p) 2p
A

= Zp+2Zpg+ Ip Zp
A
As we can see, the relay will see the true im-
pedance Z, and Zp but will be falsely misled by
Ig Zg. This is the section that has to be taken

In

into consideration when settings are made. It has
been shown that the impedance of the section be=~
yond B as it appears to the back-up elements at A
is increased by the ratio of fault current in the
sec:)_nd section to the fault current in the first
section,

 However, the primary functions of zone 2 is to

obtain end-zone protection for the remainder of the
line section protected by zone 1, Unless this is a
tapped line with infeed from the tap, there should
be no necessity for considering infeed for end-zone
protection,

As a rough guide In determining back-up set-
tings, set zone 2 to cover 50 per cent of the adja-
cent line section under conditions of maximum
infeed. Set zone 3 ten per cent beyond the end of
the adjacent section,

The phase-to-neutral secondary reactante of
zone 2 is calculated in the same manner as for
zone 1, Assuming reach is to be 50 per cent into
the second section the No, 2 tap setting can be cal-
culated from

(Input tap) X,

No.2tap= ¥ 4 0.5 K, X,

AnNTY
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where No. 2 tap = Number 2 tap setting In per cent
Input Tap = Input tap setting per cent -

Xmin = Minimum phase-to-neutral re- "=
actance reach of the relay )

X; = Phase-to-neutral secondary re-
actance of the first line section

Ka = ratio of fault current in second

section to the fault current in
the first section for a fault 50
per cent into the second section
X9 = Phase-to-neutral secondary re-
actance of the second line section

The third zone is protected by the mho unit
which as seen from Fig. 1 is responsive to an
impedance at an angle. This is unlike the ohm
unit which is responsive to reactance alone, 8ince
the reach of the mho unit varies with the angle of
the fault impedance the determination of the E2
tap setting which controls the mho unit reach must
take into account the difference between the angle
of the fault impedance and the angle of maximum
reach of the mho unit, The angle of maximum
reach of the mho unit, as set at the factory, is 60
degrees lag and the minimum phase-to neutral
ohmic reach is 2.5 ohms, Impedance rather than
reactance alone are used in calculating the reach
required for the third zone, The impedance of the
sections to be protected is determined in 2 manner
similar to the determination for zones 1 and 2 ex-
cept th:é impedance rather thanreactance quantities
are used,

Assuming the reach of the third-zone element
is to be 10 per cent beyond the end of the second
section, the B2 tap setting may be calculated from

2 . {Input Tap) 2,5 cos (#-60
Eftap="""10 (2, » K3 25

where
E tap =E tap setting in per cent
Input tap = Input tap setting in per cent
B = Angle of protected line imped-
ance
= Phase-to-neutral secondary im-
pedance of the first line section
= Phase-to-neutral secondary im-
pedance
= Ratio of fault current in second
line section to fault current first
line section for a fault of the end
of the second line section,

i AN

Example 1

As an example let us consider a 154 KV line with
1.81 + j 6 per cent impedance on a 50,000 KVA base
and an adjoining section of 2,68 + j 10 per cent im~-
pedance with 300/5 CT's.

CT ratio = lgl = 80/1

PT ratio = 1—541‘,9'522= 1340/1

Directional Distance Relays Type GCX17

oy 10KV XB
cXor® T KVA T

S 10UME X8 | gy 5 ohmg pen

. T ratio . 80 _ '
Xsec = - .QPW{E =28.5x 1340 = 1.3 ohms,

It will be assumed that no current is fed into the
second section at the Intervening station, (i. e,

K3 =Ky =1).

Use a relay with 1.0 ohm minimum phase-to-
neutral reach and set zone 1to cover 80 per cent
of the protected section,

No. 1 tap = (1)‘)3—;1139 = 85,5 per cent so thatthe 86

per cent tap should be used,

The second or intermediate time zone is usu-
ally set to cover about one-half of the next section.
The reactance of the second section is 10 per cent
or 10/8 x 1.3 = 2.17 ohms secondary.

= 100x10 . _ 100 _
No-2To < 13409 217 © 738 T 420%

Zone 2 taps should therefore be set on 42 per cent,
covering the protected section and approximately
50 per cent of the next adjacent section, The time
setting should be the tripping time of the next
breaker plus say 10 cycles margin,

To set the third zone of protection, the line
characteristic angle must be known, These are
determined fromthe impedances of thetwo sections

to be protected,

1st section 1.61 +j 6%: 6.22% at 75 degrees lag
2nd section 2,68 — § 10% =10,35% at 75 degrees lag

The total impedance for the two sections is 18.6 at
75 degrees lag., The primary impedance in ohms

, ‘
zprl =110 Tssg, 16.6) _ 78.8 ohms at 75°
The secondary impedance in chms is
Zsge = 18.8 9% = 3.53 oh :
sec = 19.8 74Zg = 3.53 ohms 2t 75 degrees

The third zone is set by the E2 tap settings and
is 10 per cent greater than the first and second

line sections.

Ez tap set = 100 21.51 C3O.S 75-680 = 62.1%

The E2 taps should thereforebe set on 62 per cent,
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RELAY SETTINGS WHEN ]
POTENTIAL IS TAKEN FROM LOW
SIDE OF POWER TRANSFORMER

When a line is terminated in a transformer
and nosource of potential for linerelaying is avall~
able on the line side, it is necessary to use low
side potential and take into account the power
transformer ratio, the phase shift which occurs in
a delta-wye power transformer and the impedance
of the transformer itself, The 30 degree phase
shift in the delta-wye power transformer may be
compensated for by selecting phase-to-neutral
rather than phase-to-phase voltage from the sec~
ondary of the wye-wye connected potential trans-
former or byusing an auxillary wye-delta potential
transformer. The latter method is preferred since
the phase-to-neutral voltage of the former method
is affected by ground faults on the low voltage sys-
tem, When the auxillary potential transformer is
required, Cat. YT'1557M may be used. Using low
side potential means the relay will see the trans~
former reactance as a part of the protected sec-
tion, Since the relay first zone isto be set to cover
80-90 per cent of the protected section which in-
cludes the transformer, it will cover a relatively
small section of the line if the transformer react-
ance is high compared to the line reactance. U
instantaneous tripping is required over a greater
portion of the line section than can be covered by
the Type GCX relay, some form of pilot relaying
not using the distance principle should be investi-
gated, When the potential transformer ratio has
been properly selected from the application stand-
point, the overall PT ratio may be considered as:

Bigh side line-to-line voltage
relay voltage (115)
Example 2

Consider a 154 KV line with two adjolning
sections of 12 per cent and 10 per cent reactance
respectively on a 50,000 KVA base, Line angles
are 70 degrees, A power transformer at the end
for which relay settings are being determined is
13.8 XV delta connected on the low side and 154
KV wye connected on the high side, CT's on the
line side are connected in wye and have a ratio of
150/5. Three PT's connecte wge-wye on low side
of the power transformer have PT ratios of 120/1,
An auxiliary potential transformer connected for
a rating of 115 volts wye primary to 115 volts delta
secondary. The gower transformer has 5 per cent
reactance on 2 40,000 KVA base, Assume that {for
a fault in the middle of the second section Kg = 1,7
and for a fault at the end of the adjacent section

that Kg = 1.5,
The relay settings are determined as follows:

Line Reactances:

2
1st Section -——‘3—-6%6—-105154 12 = 57.0 ohms
2
10 (154 10
2nd Secti —-5(6_0'&5__ =
nd Section X 47.5 ohms
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Transformer Reactance:

2
10 (154 § = 29,6 ohms

Overall PT ratio:

154,900 . 1340/1

CT Ratio:

Secondary Reactances:

X, =57.0 (ngv} 1.27 chms

30
X, =415 '1320‘)= 1.06 ohms

Xy =29.8 (13—3%3-) = 0.66 ohms
Secondary Reactances and Impedances:b

Assume transformer has 85 degree phase angle,

X 1.27
®1 = @np T mamo - 048

Zy 0.46 +j 1,27 = 1,35 ohms at 70°

X3 1.08
Rz = tan = tan 76 = 0.38,

2g = 0,38 +§ 1,08 = 1,13 ohms at 709

X 0.68
R = 2Trans 7. = 058
Trans = 0 tan 859 ’

ZPrang= 0.058 + | 0.66 = 0,68 ohms at 85°

Zone 1 Setting.Assuming 90 Per cent Coverage an
One Chm Relay '

No.1 tap= 11°° x+1 = 519

Zone 2 Setting Assuming 50 Per cent Coverage o
Adjacent Section : .

100X 1 '

No.2tap= am ' 38) s 05X TTx 1,08 - 5°%
Zone 3 Setting
Zl + zTrans = 0518 + j 1.83

Ky Zg = 1.5 (0.38 + § 1.08) =

0,57 + 11,59 _
1.088 + ] §.53 - 3.69 ohms at 730

100 x 2.5 cos (73-60)
i1ix3.60 = 80%

E? tap -



There are occasions when the backup ;
be satisfactorily obtained with the three zone
method as outugied above, This can occur whena
large generating station feeds power to an inter-
m te point in a line,

In Fig. 17 for a fault as shown, if breaker 2
fails to operate, normally breaker 1 would operate
on backup, If, however, the generators at A supply
a large amount of current to the fault there may
be many times as much current in line 2 as in line
1. To J)rovide backup, the relay at B would require
a third zone setting correspondinglgularge com=
pared with the first zone setting, ch settings
will make the relay susceptible to power swings.

A solution is to use an auxiliary timing unit
in conjunction with the tripping circuits for the line
breakers at the station A, If these breakers fail
to open in a definite time after their trip colils have
been energized, the timing unit operates an aux-
tliiaxl-)y relay to trip all the breakers connected to

e bus,

In short line sections it may be difficult to pre-
vent the third zones from overlapping, since the

cannot
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STATION &

STATION 8

Fig. 17 Zone Setting, Effective Of Infield
minimum reach of the mho unit is 2.5 ohms, It
will be necessary to grade the time settings to
obtain selectivity,

Where a protected line terminates in a bus
from which a number of lines are radiating 1t is
common to set the backup steps for the longest
line, This will result in overreaching on backup
for faults in the shorter lines, Selectivity maybe
obtained by grading the time settings,

a8
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) 330-[ 15- [60- | 105-|150- | 195-1 240-] 265=
S|X¥ToAa YrToe 15 | 601105 | 150 195 | 240 | 285 | 330
—[ 30- [ 75- 1120-T165-1210- | 255-] 300-] 345
glrroc yreo 75 | 120 1165 |210 [255 |300 | 345 |”30
g FHASE SEQUENCE 1-3-2
S 30- | 75- [120- [ 165-]210- | 255~ 300-]345"
~| X TOA Y708 75 | 120 [165 | 210 |255 |300 | 345 | 75
= ' 330-| 15- | 60- ] 105-]150- [195-1 240-1 9865
&l XT0¢ Y700 15 | 60| 105]150 | 195 | 240 285 | 330

THE ABOVE RANGES OF PHASE ANGLE METER READINGS ARE THE ANGLES BY
WHICH THE CURRENT LEADS THE VOLTAGE WITH THE DESCRIBED CONDITIONS
OF POWER (KW) AND REACTIVE FOWER (KVAR) FLOW w
CONSIDERED AS THE REFERENCE |N ALL CASES,
CAUTION: MAKE CORRECT|ONS FOR METER ERRORS O
IN SOME PHASE-ANGLE METERS.

- Fig. 25

Connections And Reading For Phase An

ITH THE STATION BUS
LOW CURRENTS, INHERENT

gle Test
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