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GROUND DIRECTIONAL OVERCURRENT RELAYS

S ~ TYPE

DESCRIPTION

Type JBCG relays are ground directional over-
current relays used primarily for the protection of
feeders and transmission lines. They are available

with inverse, very inverse, or exiremely inverse
time characteristics. :

They consist of three units, an instantaneous
overcurrent unit (iop} of the induction-cup type, a
time overcurrent unit (middle) of the induction-disk
iype, and an instantaneous power-directional unit
{bottom) of the induction-cup type. The directional
unit is either potential or current polarized and, by
means of its closing contacts, directionally controls
the operation of both the time overcurrent and in-

stantanecus overcurrent units. Allunitsare mounted - -
{large double ended) drawout case. -

in the L2,
APPLICATION

Type JBCG relays are used for ground fauit
protection of a single line. Phey have a low-range
time-overcurrent unit which may be rated 0.5/2 or
1.5/6 amperes, although the 4/16 ampere rating is
also available. The instantaneous overcurrent unit
may be rated according to the pickup ranges listed
in Table III. Within a given range, the relay
pickup is continuously adjustable. Because the
transient overreach of this unit is low, the in-
stantaneous unit may be set 10% above the maximoum
line fault current for a fault at the remote bus.

Under normal conditions, no current flows in
either the operating or current polarizing coils,
nor is there any voltage across the potential polar-
izing coils.

Figure 2 shows the external connections for the
single circuit type JBCG relays.

Figure 3 shows the external connections for the
double circuit type JBCG relays.

On some applications, system conditions may at
oné time be such that potential polarization is
desirable, and at other limes be such thal current

" polarization would be preferred. The type JBCG
relay, with its dual polarization feature, is well
suited for such applicaiions. The curves in Figure
4 compare the performance of the relay when dual

JBCG

polarized with its performance when either potential
or current polarized alone. The simultaneous use
of both sets of polarizing coils is advantageous on
applications where current and potential polarizing
sources are available and there is a possibility
that one or the other source may be temporarily
lost.

The differences between the various models
covered by this instruction book are shown in Table
1. Inverse time relays should be used on systems
where the fault current flowing through a given
relay is influenced largely by the system generating
capacity at the time of the fault. Very inverse
time and extremely inverse iime relays should.be

uged in cases where the fault current magnitude is

dependent mainly upon the location of the fault in
relation to the relay, and only slightly or not at
all upon the system generating setup. The reason
for this is that relays must be set to be selective
with maximum fault current flowing. For fauit
currenigs below this value, the operating time be-
comes greater as the current is decreased. If there
is a wide range in generating capacity, together with .
variation in short-circuit-currentwith faultposition,
the operating time with minimum fault current may
be exceedingly long with very inverse time relays
and even longer with extremely inverse time relay.
For such cases; the inverse time relay is more
applicable. :

TABLE I

Relay Time - gﬁ;g?ﬁt Internal

. Model '|Characteristic | - ontactg Connections
JBCGHIK Inverse One Fig. 10
JBCG52K Inverse Two Fig. 11
JBCGSE3K| Very Inverse One Fig. 10
1IBCGS54K| Very Inverse Two Fig. 11
JBCGT7K; Extr. Inverse | One Fig. 12
JBCG178K| Extr. Inverse Two Fig. 13

CURRENT CIRCUITS

The continuous and short time ratings of the
{ime overcurreni unit operating coil circuit are
shown in Table II. These same ratingsare applicable
to the direciional unit operating coil circuit except
that its continuous rating is independent of changes in
the time overcurrent unit tap setting. Hence, the

be referred to the General Eleciric Company.

These instructions do not purport to cover all defails 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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information associated with the agterisk under Tabl'e"'

1 ici.'loe-sl not apply to the directional unit operating
co

w»  have a continuous rating of 5 amperes and a one
-( (1) second rating of 150 amperes. Table Il shows

the ratings of the available ranges of the instan-

taneous overcurrent unit. Sinceall operating current
circuits are normally connecied in series, the oper-
ating coil ratings of all three units should be consid-
e;-ed 31 determining the rating of the entire operating
circu

TABLE II

RATINGS OF TIME GVERCURRENT UNIT
OPERATING COILS

Tap Tap *Cont. | One Bec. -
( Range Ratings Rating | Rating
(Amps) (Amps) (Amps) | (Amps)
0.5/2 | 0.5,0.6,0.8, 1.0 1.5 | 100
1.2,1.5,2.0 o
1.5/6 | 1.5,2,2.5,3,4,5,8, 5 200
) ‘ ;
' 4/16 | 4,5,6,7,8,10,12,16 | 10 220

*Applies to all taps up to and mcluding i’his
value.

taps is the same as the tap value,

‘ **Applies to the very inverse and exiremely in-
3 verse time relays only. The one second rating
of inverse time relays is 65 amperes.

TABLE 11

RATINGS OF INSTANTANEOUS OVERCURRENT
UNIT OPERATING COILS

-

Pickup Range Continuous One Second
(Amps) Rating (Amps) Rating (Amps)
2-8 5 150
4-16 5 150
10-40 5 220
20-80 ] 220
40-160 b 220
POTENTIAL COILS

The potential polarizing coils will withstand
( 120 volts continuously and 360 volts for 60 seconds.

SEAL-IN UNIT
The rating and impedance of the seal—m unit
for the 0.2 and 2 ampere taps are glven in Table

IV. The tap seiting used will depend on the current
drawn by the trip coil.

The 0.2 ampere tap is for use with trip coils

which operate on currents ranging from 0.2 up to

) 2.0 ampere at the minimum control voltage. I this

+- tap is used with trip coils requiring more than 2

amperes, there is. a possibility that the regigtance

( of 7 ohms will reduce the current to so low a value
that the breaker will not be tripped.

The directional unit current polarizing coils

_connections should be arranged so that the inductiopy

‘ :Carry-Tr{pping Duby

The continuous rating of higher currmt -
~will pickup - at 3.8 volf-a

“When current polarizéd, it

ization is typmed in: Figure &

“reset is 90% for imverse~tiime: relaye aid: ‘5‘& 1o
. very inverse and: emamely

time dial position is aﬂgﬂ:ﬂ
inverse time relays and smn#

'I'he 2 ampere mp should be used widzh trlp e
colls that take two amperes or more at mimmum‘
control voltage, previded tie current does not .-
exceed 30 amperes at the maximum control-vsltage. =
1f. the tripping current exceeds 30 amperes, the

unit contacts will operate an awsitary relay which "
in turn energized the trip ceil or ¢olls. Onsuch
an. application, it may be nécegsary to connect a
loading - resistor in parallel with the auxiliazy relay

ﬂeal in unit

-eoll to allow enongh eurrent to ma.te‘ the mrget )

,'{,
'f .

TA‘ELE v
SEAL-IN UNIT RATINGS

g AMF
PAR

' ".530 p.mm

Carry Continuausly
D-C Resistance: -
Impedance (60 gyciQs);i

IRl

PICKUP L
“'When pobenﬁal pﬁhﬂz&d, the. diyection
MPETES. L (e 1ha

torque angle of 60 Adegrees ag &:urmh’t o Atib

mately 0.5 ampere with' iheleper‘atﬂ, £ aoit-p
coils connected in seried, The parfinmaace:
unit with simultapeous  current aml fek

=

The current requtred ter clast« thét&ne wer‘ :

- gurrent unit contacts; will be. withio five-

of the tap screw setting ‘The pickup of the, mﬂt&nt-'
aneoug overcurrent unit. cah be ushed - uver a.
four-to-one range as indma&ed 40 Tu. mh r :

RESET (TIME EWEHCURHENT UN!‘H

~ The minimim pencen Tof- mhimuﬁ qlos
current at which the . time mrarcnrmat sk

Anverse- teme Folzy
When the relay ig de ;- e timeiagmived .
for the disk io cemplately rasnt to’ tha nekdber 10
-8 ‘seqonds_for.
r m-ginmrse-ﬁg'-

and extremely “lnverse ttmn r&iaya.

OPERATING TIME

The time curve for the direcﬁan&l umt is
shown in Figure 5, v

The time. curves of ‘the time overmrrent umt B
are shown in Figures 6, 7, and 8 reapectively for..
inverse, very inverse and extrernely inverse time
relays. For the same operating conditions, fhe
relay will operate repeatedly within one ar: two per-'.
cent of the game time. '

" The time curve' for the 1natantaneaus over-
current unit is shoum m thure 9
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BURDEN

. . The capacitive burden of the potential polar-
izing circuit of the directional unit at 80 cycles

and 120 volts is 10 volt-amperes at 0.86 power-

factor. Table V gives the current circuit burdens
of the directional unit. ‘

Table VI gives the total burden of the time

owietrcurrent unit plus the instantaneous overcurrent
unit. ‘

Ordinarily, the potential cireuit is in the open
corner of broken delta potential transformers and
the current circuits are in the residual circuits
of current transformers. The burden is, there-
fore, only imposed for the duration of the ground

fault and need be considered only for this brief
period.

TABLE V

DIRECTIONAL UNIT CURRENT CIRCUIT
BURDENS AT 60 CYCLES AND 5 AMPERES

CIRCUIT |Z (OHMS) VA |P.F. | WATTS
Operating 0.46 12,0 | 0.52 6.24
Polarizing 0.24 6.0 | 0.95 5.7

CALCULATION OF SETTING

TIME SETTING

The operating time of the time overcurrent unit
for any given value of current and tap setting is
determined by the time dial setting. This operating
time is inversely proportional to the current mag-
nitude as illustraded by the time curves in Figs.
6, 7 and 8: Note that the current values on these
curves are given as multiples of the tap setting.
That is, for a given itime dial setting, the time
will be the same for 80 amperes on the 8 ampere
tap as for 50 amperes on the 5 ampere tap, since
in both cases, the current is 10 times tap setiing.

I selective action of two or more relays is
required, determine the maximum possible short-
circuit current of the line and then choose a time
value for each relay that differs sufficiently to
insure the proper sequence in the operation of the
aseveral circuit breakers. Allowance must be made
for the time involved in opening each breaker after
the relay contacts close. For this reason, unless
the circuit time of operation is known withaccuracy,
there should be a difference of about 0.5 second (at
the maximum current) between relays whose oper-
ation is to be selective.

EXAMPLE OF SETTING

Assume that the relay is being used in a cir-
cuit where the circuit breaker should trip on a
minimum fault of 450 amperes, and that the breaker
should trip in one second on a short circuit of
2,250 amperes. Assume further that current trans-
formers of 60/1 ratio are used.

~ The current tap setting is found by dividing
minimum primary tripping current by the current

10

tro..sformer ratio, and then allowing a 50% margin
of safety. In this case, 450 amperes divided by 60
eqguals T7.b amperes, and 7.5 divided by 1.50 equals
5 amperes. Thus, the 5 ampere tap is used. To
find the proper time dial setting to give one second
time delay at 2,250 amperes, divide 2,250 by the
transformer ratio. This gives 37.5amperes second-
ary current which is 7.5 times the 5 ampere tap
setting. By referring to the time-current curves
Figs. 6, 7 and 8, it will be seen that 7.5 times
the minimum operating current gives a one second
delay for a no. 3.8 time dial setting on an inverse
time relay, a no. 5.5 time dial setting on a very
inverse time relay, and a no. 10 time dial setting
on an extremely inverse time relay. The above
results should be checked by means of an accurate
timing device. BSlight readjustment of the dial can
be made until the desired time is obtained.

Because of its low trangient overreach the
instantaneous overcurrent unit may be set 10%above
the maximum line fault current for a fault at the
remote bus ig 2,250 amperes. The instantaneous
current setting is found by dividing 2,250 amperes
by the current transformer ratio which is 60/1 and
then allowing a 10% margin. In this case, 2,250
amperes divided by 60/1 equals 37.5 amperes multi-
plied by 1.10 equals 41.25 amperes. Thus, rounding
off to = half ampere, 41.5 setting should be used.

The time and instantaneous overcurrent units
are conirolled by the directional unit. In general,
the current setting of the time unit is always below
the instantaneous current setting. It is desirable
to determine that, at the pickup of the time over-
current unit, the directional unit will cperate.
This can be readily done by calculating from
system fault data, the zero sequence currents at
the relay for a fault restricted to the pickup value
of the time overcurrent unit, With poteniial polar-
ization only, 3.6 va at the maximum torque angle
of 60 degrees lag (current times voltage) is required.
With current polarization only, 0.25 (I0x Ipolar. in
phase} is required. .

CONSTRUCTION
TIME OVERCURRENT UNIT

The inverse and very inverse time overcurrent
units consist of a tapped current operating coil
wound on a U-magnet iron structure. The tapped
operating coil is connected to taps on the tap block,
The U-magnet contains wound shading coils which
are connected in series with a directional unit
contact. When power flow is in such a direction
as to close the directional unit contacts, the shading
coils aet to produce a split-phase field which, {dn

‘turn develops torque on the operating disk.

The extremely inverse time overcurrent unit
15 of the wattmeiric type similar to that used in
watthour meters except as follows: the upper
portion of the iron structure hias two conceniric
windings on the meddle leg of the magnetic circuit.
One of these is a tapped current winding connected
to taps on the tap block; the other is a floating
winding which is connected in series with the direc-
tional unit contacts, a resistor, a capacitor and
the two coils on the lower legs of the magnetic

3
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TABLE VI
BURDENS OF OVERCURRENT UNITS (TIME AND INSTANTANEOUS)
AT 60 CYCLES |

. RANGE BURDENS AT MINIMUM PICKUP OF TIME UNIT | OHMS IMPEDANCE AT | VA
me
Character- Time Inst, Efi, Res. | React. | *Imped. +Volt- Power 3 Times 10 Times Atb
istic Unit Unit {Ohme) (Chms) | (Ohma} Amps Factor Min. P.U. | Min, P.1J, Amps
Inverse 0.5/2 All 7.90 19.7 21.1 5.3 0.37 12.6 1730 530
- Ranges - ) . . . e . )
Inverse 1.5/6 2-8 1.00 2.7 - 2.9 6,5 0.35 1.70 1.00 73
4-16 | _ '
Inverse 1.5/6 10-40 0.96 © 2.6 2.8 6.3 0.34 1.70 0.97 70
20-80 ‘ : )
Inverse 4/18 [ 0.23 0.41 0.47 " 7.5 0,49 0,28 0.16 o1y
Inverse 4/16 4-18 0.18 0.38 0.42 6.7 0.42 0.25 0.15 . T 105
Inverse a/18 | 2030 0.15 0.37 | 040 | 6.1 10.38 0.24 0.14 10,0
Very All -| . . :
Inverge 0.5/2 . | Ranges 2.10 ‘ 4.80 5.20 1.3 0.4(? . 4,90 4.20 130
Very . an ' B ‘
Inverse 1.5/6 2-8 0.32 0.60 0.68 | L5 0.47 0.64 . .55 1
Very 1.5/6 | 1040 | 0.28 0.51 0.57 1.3 .44 0.59 0.46 14
Inverse ‘ 20-80 - N * T - -
Very ’ : q . .
Inverae 4/18 2-8 .14 0.13 0.15 3.0 0.73 0.18 0.18 . 4.7
Very ‘ ) _ ' aE
Tverse 4/16 4-16 0.09 0.11 | 0.14 22 | 0.4 0.13 011 ~ 35
Very 10-40 g s . : . ‘
I:;verse 4/18 2080 ‘ 0.08 0,10 0.12 1.9 0.5(_) 0.11 ) 0.119 3.0
Extremely 0.5/2 Al Y . . ‘
Inverae Ranges 1,12 1.40 ‘ . 1.80 0.46 0.62 1,80 . 1."?9 7 46
Extremely . _ : 1 ' . .
Inverse 1.5/6 2 8 0.17 0.26 'y 0.31 . 070 0.55 0.3 0.30 .7 8
Extremely 1, 55 4-16 0.14 0.18 0.24 | 0.54 0.58 0.24 0.23 8.0
Inverse ‘
Extremely - 10-40 . !
Inverse 1.5/6 20-80 0,13 0.18 0.21 0.47 0.62 0.21 0.20 5.2
40-180 ' 7 :
Extremely - i 0. :
Inverse 4/16 4-18 0.045 0.065_ 0.078 1,26 0.57 0.078 0.078 1.98
Extremely » ' ' .06 . 5
Inverse 4/16 10-40 0.038 D.048 0.061 0.98 0.62 0 0 1 -0 060 1.53
Extremely ‘ _ . ' 1 .
Inyerse 4/16 20-80 0.036 0.042 | 0.055 0.88 0.65 0.05 ‘ 0.054 | 1.38

The impedance values given are those for the minimum tap of each relay. The impedance for other
taps, at pick-up current (tap rating), varies inversely approximately as the square of the current
rating. Example: for the type JBCGS1E relay, 0.5/2 amperes the impedance of the 0.5 ampere tap
is 21.1 chms. The impedance of the 1 ampere tap, at 1 ampere, i3 approximately {0.5/1)2 X 21.1 =

5.28 ohms.

Some companies list relay burdens only as the volt-ampere input to operate at minimum pickup.
This column is included so a direct comparison can be made. It should not be used in calculating

volt-ampere burdens in a CT secondary circuit, since the burden at 5 amperes is used for this
purpose. , : .

Calculated from burden at minimum pickup.

11
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circuit,. When power flow is in such a direction
as to close a directional unit contacts, the unit
develops torque on the operating disk.

The disk shaft carries the moving contact
which completes the {rip circuit when it touches
the statiomary contact or contacts. The shaft is
restrained by a spiral spring to give the proper
contact-closing current, and its motion is retarded
by a permanent magnet acting on the disk to produce
the desired time characteristic. - The varilable
retarding force resulting from the gradient of the

spiral spring is compensated by the spiral shape of

the induction disk, which resulis in an increased
driving force as the spring winds up.

ihe torque control circuits of both the time
overcurrent and instantaneous overcurrent units
are wired to terminals on the relay contact block.
These terminals are shorted together by internally
connected red jumper leads when the relays leave
the factory (See Figure 10 through Figure 13). If
external torque control is desired, these jumper
leads should be removed. :

DIRECTIONAL UNIT

The directional unit is of the induction-cylinder
construction with a laminated stator having eight
poles projecting inward and arrangemeni symmet-
rically around a stationary central core. The cup-

like aluminum induction rotor is free to operate in

the annular air gap between the poles and the core.

NSTANTANEOUS OVERCURRENT UKIT

Tnalanlaneomu Overcarrent Unil Pine Qo

The poles are fitted with current operating, current
polarizing, and potential polarizing coils.

The principle by which torgue is developed is
the same as that of an induction disk relay with a
wattmetric element, although, in arrangement of
parts, the unit is more like a gplit-phase induction
motor. The induction-cylinder constructionprovides
higher torgque and lower rotor inertia than the
induction-disk construction resulting in a faster
and more sensitive unit.

INSTANTANEOUS
OVERCURRENT UNIT

This unit is similar in construction to the
directional unit described above, differing only in
coil turns and connections. The four corner coils
consist of two windings, an inner winding consisting
of a large number of turns of fine wire, an an
outer winding having a few turns of heavy wire,
The outer windings of the corner coils, together
with the four side coils, are all connected in series
with the operating coil of the time overcurrent
unit. The inner windings of the corner coils are
al]l connected in series, and in turn are connected
in series with a capacitor and a contact of the dir-
ectional unit. This circuit controls the torque of
the instantaneous overcurrent unit. When thedirec-
tional unit contacts are open, the instantaneous
unit will develop no torque. When the directional
unit contacts are closed, the instantaneous unit
will develop torque in proportion to the square of

-
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J
$
Fig. A Fig. B
Fig. 14 Low Gradient Contact Assembly For The Directional Unit. Fig.' A (802301 ), Fig. B (8023399)
the current. ' CONTACTS "',

The instantaneous overcurrent unit develops
operating torque in a direction opposite to that of
the directional unit. This 'makes the relay less
susceptible to the effects of shock.

SEAL~IN UNIT

The seal-in units for both the time-overcurrent
and instantaneous-overcurrent contacts are mounted
on the middle units, as indicated in Figure 1.

The left seal-in unit operates in conjunction
with the time-overcurrent unit contacts and is
labeled "TIME", Its coll is8 in series and its
contacts in parallel with the main contacts of the
time-overcurrent unit so that when the main contacts
close, the seal-in unit will pick up and seal-in
around the main contact. |

The right seal-in unit, labeled "INST." operates
In conjunction with the instantaneous overcurrent
unit. Its coil is in series with the instantanecus-
unit contact and a contact of the directional unit,
and its contact is connetted to seal-in around these
two contacts when the unit operates.

Both seal-in units are equipped with targets
which are raised intc view when the unit operates.
These targets latchand remain exposed until manual-
ly released by means of the button projecting below
the lower-left corner of the cover. .

20

LOW GRADIENT CONTACT

The directional unit contacts (left front), which
control the time overcurrent unit, are shown in
Figure 14, They are of the low gradient type
specially constructed to minimize the effects of
vibration. Both the stationary and moving contact
burshes are made of low gradient material which,
when subjected to vibration, tend to follow one
another, hence, they resist contact separation.

The contact dial {A) supports the stationary
contact brush (B) on which is mounted a conical
contact tip (C). The moving contact arm (D) sup~
ports the moving contact brush (E) on which is
mounted a hutton contact tip (F). - The end of
the moving contact brush bears against the inner
face of the moving contact brush retainer (G).
Similarly, the end of the stationary contact brush
bears against the inner face of the stationary
contact brush retainer (H). The stationary contact
support (K) and the contact dial are assembled
together by means. of a mounting screw (L) and two
locknuts (M). '

BARREL CONTACT

The directional unit contacts (right rear) which
control the instantaneous overcurrentunit, are shown
in Figure 15. They are specially constructed
suppress bouncing. The stationary contact (G) .
mounted on a flat spiral spring {F} backed up by
a glightly inclined tube {(A). A stainless steelball (B)

)
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4

Fige 15 (ooyonn-2) Barrel Conlach Ansombly Tor
Dircctional Unil And Instantancous Overecurrent

Init.

_is placed in the tube before the diaphragm is as-
sembled. When the moving contact hits the station-
ary contact, the energy of the former is imparted
to the latter and thence to the ball, which is free
to roll up the inclined tube. Thus, the moving con-
tact comes to rest with subgtantially no rebound or
vibration. To change the stationary contact mounting
spring, remove the contact barrel and sleeve asa
complete unit after loosening the screw at the front
of the contact block. Unserew the cap (E). The
contact and its flat spiral mounting spring may then
be removed.

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. ITmmediately upon
receipt of a relay, examine it for any damage sus-
tained in transit. ¥ injury or damage resulting
from rough handling is evident, file a damage claim
at once with the transportation company and prompt--
ly notify the nearest General Electric Apparatus
Sales Office.

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

If the relays are not to be installed immed-
1ate1y, they should be stored intheir original cartons
in a place that is free. from moisture, dust and
metallic chips. Foreign matter collected on the
outside of the case may find its way inside when
the cover is removed and cause trouble in the oper-
ation of the relay.

ACCEPTANCE TESTS

Immediaiely upon receipt of the relay an IN-
SPECTION ANDACCEPTANCE 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 thatthe
model number and rating of the relay agree with the

CONLIE G e,

AT Hit ol

TLOWIL LT K

Ak
‘.

L9
TERMINAL 8LOCK
SHORTING BAR
NOTE AFTER ENGA{ING AUXILIARY BHIJSH,CONNEC.'I'ING PLUG
TRAVELS VA INCH BEINRL {NGAGING THE MAIN 8RUSH ON
THE TLHMINAL BLOGK

AUXILIARY BRUSH-

i, o (Meniaran) Crons Deebion OF Drawoul
Came Showlne st Lion 0 Auliliaey Brunh And
Shortiygs Boar.
requisition. !

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

roper location (s) and that they are properly formed
If See Figure 16). .

MECHANICAL INSPECTION
A, TOP UNIT (10C) .~

1. The rotating shaft end play should be 0.015 -
0.020 inches.

2. The contact gap should be 0.028 - 0.036
inches.

3. There should be no:noticeable friction in
the rotating structure.

4. With the relay well leveled and in its upright
position, the contact should be open and
resting against the backstop.

B. MIDDLE UNIT (TOC) :

1. The disk shaft end play should be 0. 005 -
0.015 inches.:

2. The disk should be centered in the air gaps
of both the electro magnet and drag magnet.

3. Both gaps should be free of foreign matter.

4. The disk should rotate freely.

5. The moving contact should just touch the
stationary contact when the time dial is at
the zero time dial position.

C. BOTTOM UNIT (DIR)

1. The rotating shaft end play should be 0.015 -
0.020 inches.

2. The contact gap should be 0.015 - 0.025
inches on the low gradient front contact.

3. The front contact should close approximately
0.005 to 0.010 inches before the rear contacts

D. TARGET SEAL IN UNIT

1. Both contacts should make at approximately
the same time.

2. The target should latch into view just as
the contacts make.

3. The contacts should have approximately .030
inch wipe.

E. ELECTRICAL TESTS

(To properly duplicate operating conditions all
electrical tests should be conducted with the relay
reasonably level and in its case.)

1, TOP UNIT (I0C)

a. Connect relay per Flgure A of Test Can-

21
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Fig. 17TA (0178A9035-0) Test Connections For

e.

Checking Pick-up Of I0OC Unit.

nections (Figure 17).

. Block directional unit contacts closed.

Unit should close its contacts within plus

or minus 5% of the minimum pickup cur--

rent range. .

. Apply the maximum current pickup of the

unit; it should not be necessary to wind
the control spring more than one turn
(360 degrees) to just balance the restrain-
ing and operating torques.

Reset the control spring for minimum

. pickup.

i. The clutch should not slip at six times

g.

pickup current. It may, however, slip at
eight times pickup current,

Open the directional unit contacts. At
20 times pickup current the instantaneous
unit should not operate.

2, MIDDLE UNIT (TOC)

a.

b.
‘c.

Conniect relay per Figure B of Test
Connections (Figure 17).

Block directional unit contacts closed.
Set tap screw in lowest tap and the time
dial at the 0.5 tlme dial position. The
unit should close its contacts within plus
or minus 5% of the tap value.

. In a like manner, each of the other taps

may be checked.

. To check the time curve, set the tap

screw in the minimum tap and the time
dial at the 5 time dial position. Apply
5 times pickup current, the operating
time should be: .

n o3 15 17 9
12 4 18 ¥ 3 ———
L L4 L . 120V,
RATED
TYPE XLA13 TEST PLUG FREQ.
] —0
TO TIMER
PETOP ] ,
© 7. RES.
1 *® ¢ o @
1 3 5 7 9
2 4 6 & 10
L ] ® L ] L] | ]
TYPE XLALZ TEST PLUG

2\
]

T0_TIMER
"START"

Fig. 17B (0178AS036-0) Test Comnections For
Checking TOC Unit.

Relay Type Oper. Time (seconds +5%)
Inverse 1.78
Very Inverse - 1.31
Extremely Inverse 0.93

f. Ogen the directional unit contacig. At
20 times pickup current the time-overcur-
‘ rent unit {'I‘(_I)C{J should not operate.
3ABOTTOM UNIT (Current Polarization)
a. Connect per Figure C of Test Connections
(Figure 17).. ‘
b. The unit should close its contacts within
5% of 0.5 ampere. The clutch should slip
between 8-18 amperes.
3B BOTTOM UNIT (Potential Polarization)
a. Conhnect per Figure D of Test Connec-
tionas. (Figure 17) ‘
b. With V get for 5 volts the unit should
close its contacts between 0.75-1.65 am-
peres. ‘ .
4. TARGET SEAL-IN UNIT
2. The unit should pickup between 85 and
100% of the tap value and drop out at 25%
or more of tap value,

INSTALLATION PROCEDURE

LOCATION
The location of the relay should be clean and
dry, free from dust, excessive heat and vibration,
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Fig. 170 (017BA9037-0) Test Comnections For Check-
' ing Pickup Of Directional Unit Using Current
Polarization. :

and should be well lighted to facilitate inspection
and testing. '

MOUNTING
The relay should be mounted on a vertical sur-

face. The outline and panel drilling dimensions are
shown in Figure 18.

CONNECTIONS . :

The Interpal Connections are shown in Figures
10, 11, 12 & 13.

VISUAL INSPECTION

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

Recheck the adjustments mentioned under Mech-
anical Inspection in the gection on ACCEPTANCE
TESTS.

ELECTRICAL TESTS
1. TOP UNIT (IOC)
a. Connect per Figure A of Test Connection
{Figure 17). o
b. Block the directional unit contacts closed.
c. Loosen the hexagonal clamping screw which
holds the contreol spring adjusting ring.
d. Adjust the control spring for the desired
pickup. :
e. Retighten the hexagonal clamping screw and
recheck pickup.
2. MIDDLE UNIT (TOC) .
a. Connect per Figure B of Test Connections
{Figure 17). ‘

[ ] [ ] - -
11 13 15 11 it

12 34 16 ] 20
L L] L] » ]
*TYPL XLAL3 TFST PLUG J

+ 1) -

o,

TYPL XLAY3 TFHD UG

Fig. 17D (0178A5038-0) Test Connections For Check-
© ing Pickup Of Directional Unit Using Potential
Polarization.

b. Block the directional unit contacts closed.
c. Set the tap screw in the desired tap and the
time dial at the 0.5 time dial position. Check
~‘that pickup is within 5% of the selected tap.
H it is desired to set pickup for some value
other than tap value, the control spring may
be adjusted for any Vvalue between taps.

d. Apply the calculated multiples of pickup and
get the time dial for the desired operating
time, .Fine adjustment of time may be ob-

‘tained by moving the permanentmagnet (drag
maghet) in or out along the supporting shelf.
3. - BOTTOM UNIT (Directional Unit)

a. Connect per Figure C of Test Connections
{Figure 117). :

b. Adjust the conirol spring for 0.5 Ampere
pickup if current polarized or dual polarized.

c. If potential polarized connect per Figure D
of Test Connections (Figure 17).

d. Adjust the control spring for 7.2 Volt amp-
eres (¥10%). ‘Twenty volts and 0.36 amperes
are recommended values for this test.

4. TARGET SEAL-IN UNITS

a. The unit should pickup between 85 and 100%
of the tap value and drop out at 25% or more
of tap value.

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 be followed. 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 in-

23
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dividual requirements it is suggested that the points
listed INSTALLATION PROCEDURE be checked at
an interva! of from one to two years,

CONTACT CLEANING

Check that the contacts are clean and burnish -

where necessary.

For cleaning 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
polishing action is so delicate that no scratches
are left, yet it will clean off any corrosion thorough-
ly and rapidly. TIis flexibility insures the cleaning
of the actual points of contact. Do not use knives,

files, abrasive paper or cloth of any kind to clean
relay contacts,

SERVICING

If it is found during the installation or periodic
tests that the unit calibrations are out of limits,
they should be recalibrated as outlined in the fol-
lowing paragraphs. It is suggested that these
calibrations be made in the laboratory. The circuit
components listed below, which are normally con-
sidered as factory adjustments, are used in recal-
ibrating the unitg. These parts may be located
from Fig. 1 and 2.

TOP UNIT (I0C)

The cluich adjustment is made by means of a
screw located on the right hand side (front view)
of the moving contact assembly. Turning the screw

in increases the value of current at which the clutch
will slip.

The control spring' adjustment for setting pickup
has been previously described in the Installation
section.

MIDDLE UNIT (TOC)
Extremely inverse relays only.

In addition to the control spring setting for
setting pickup, there is a resistor (R2) for adjusting
the torque level.

If the control spring has been replaced, the
" resistor must be readjusted as foliows:

1, Unwind the control spring until the moving

contact just "floats" at the 1 time dial posit-
ion,

. Wind the control spring two full turns (7200).
Set the resistor in its mid range.
Connect per Figure A of Test Connection
(Figure 17).
. Check pickup per acceptance tests.
Make adjustments in resistor setting to ob-
tain proper pickup,

BOTTOM UNIT {Directional) ‘
The contact construction has been previously
described in the "Construction" Section,

CONTACT ADJUSTMENTS
To facilitate adjustment of contacts, remove the
two red jumper leads from terminals 18, 19, and 20
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and use a neon indicating lamp in series withan
AC voltage supply across ferminals 18 and 19 and
19 and 20 to signify all contaci closures. Refer

to Fig. 15 and Fig. 14 for identification of barrel -

and low gradient contact parts respectively and
proceed as follows:

Loosen slightly the screw which secures the
barrel backstop {located at the right front corner
of the unit) to its support. This screw should be
only loose enough to allow the barrel to rotate in
its sleeve but not so loose as to allow the sleeve
to move within the support. Unwind the barrel
backstop so that the moving contact arm is per-
mitted to swing freely. Adjust the tension of each
low gradient contact brush so that 1-2 grams of
pressure -are required at the contact tip in order
to cause the end of the brush to separate from the
inner face of its respective brush retainer. Adjust
the spiral spring until the moving contact arm is
in a neutral position, i.e., with the arm pointing
directly forward. Loosen the locknut which secures
the low gradient stationary contact mounting screw
to the stationary contact support. Wind the mount-
ing screw inward until the low gradient stationary
and moving contact members just begin to touch.
Unwind the mounting screw until the stationary con-
tact brush is vertical with the stationary contact
brush retainer down, -Then tighten the locknut
which secures the mounting screw to the stationary
contact support.

Loosen slightly the screw which secures the
barrel contact to its support. This screw should
be only loose enough to allow the barrel to rotate
in its sleeve, but not so loose as to allow the
sleeve to move within the support. Wind the barrel
backstop in until the low gradient moving and sta-
tionary contact members just begin to touch. Wind
the barrel contact in until the barrel contacts
just begin to touch. Unwind the barrel contact 1/4
turn. Tighten the screw which secures the barrel
contact to its support. Make sure that this screw
is not so tight thai it prevents the ball from rolling
freely within the barrel. Finally, adjust the tension
on the low gradient stationary contact brush such
that, when the low gradient contacts are made and
fully wiped in, there is approximately an equal
deflection on each brush. '

'CAUTION: Whentheabove adjustments are complete,

be sure to replace the two red jumper leads.

BIAS ADJUSTMENT

Connect the current operating and current
polarizing coils in :series by connecting a jumper
across terminals 6 and 7. Apply current to ter-
minals 5 and 8 and adjust the directional unit spiral
spring so that the unit picks up at 0.5 ampere.

The core of the directional unit has a small
flat portion, the purpose 'of which is to minimize
the efiect of bias torques produced on the rotor.
Such torques can be produced by any one of the
operating or polarizing quantities acting alone with
the other two circuits de~energized. The adjustment
of the core is made at the factory, but may be
checked by observing that the unit responds as
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outlined below:

Short out the potential polarizingcoil (terminals
9 and 10), leaving the current polarizing coil
(terminals 7 and 8) unshorted. Supply 30 amperes
through the operating coll (terminals 5 and 6) and
check that the unit does not operate. '

H the unit does not satisfy the above condi-
tions, rotate the core to a position which causes
it to do so. The core can be turned by loosening
the large hexagonal nut at the bottom of the unit
and turning the core by means of the slotted bearing
screw. This screw should be held securely in
position when the nut is retightened.

Keep in mind that thirty amperes wiil cause
the current coils to overheat if left on too long.

26

Therefore, leave the test current on only for
short intervals and allow sufficient time between
tests for the coils to cool. '

S

RENEWAL PARTS

1t 18 recommended that sufficient quantities of
renewal parts be carried in stock to emable the
prompt replacement of any that are worn, broken,
or damaged,

When ordering renewal parts, adress the near-
est Sales Office of the General Electric Company,
specify quantity required, name of the part wanted,
and give complete nameplate data. U possible,
give the General Electric requisition number on
which the relay was furnished.

)j
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