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INSTALLATION o OPERATION e MAINTENAKNCE

INSTRUCTI

TYPE HCB PILOT WIRE RELAY SYSTEM

CAUTION Before putting protective relays into
service, remove all blocking which may have been
inserted for the purpose of securing the parts during
shipment, make sure that all moving parts operate
freely, inspect the contacts to see that they are clean
and close properly, and operate the relay to check
the settings and electrical connections.

APPLICATION
The type HCB relay is a high speed pilot wire

relay designed for the complete phase and ground

protection of two and three ferminal transmission
lines. Simultaneous tripping of the relay at each ter-
minal is obtained in ahout 1/60 of a second for all
fanlts. A complete installation for a two terminal
line consists of two relays, two insulating transform-
ers, and an interconnecting pilot wire circuit. For a
three terminal line, three relays, three insulating
transformers, and -2 wye-connected pilot wire circnit

with branches of equal series resistance are required. |

CONSTRUCTION

The relay consists of 2 combination positive and
zero phase sequence filter, @ saturating auxiliary
transformer, two full wave rectifier units, a polar type
relay unit, a neon lamp, and an indicating contactor

" switeh (ICS), all mounted in a single case. The ex-
tetnal equipment normally supplied with the relay
consists of an insulating transformer, 2 milliammeter
and test switch, The construction of these compo-
nents is as follows: ’

SEQUENCE FILTER

The sequence filter consists of a three-legged
jron. core reactor and a set of resistors designated R1
and R, The reactor, lecated near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged Ry tap con-
pections in the front of the relay. The Rq tap links
alse connect to the Rq resistor (looped resistance
wire). Rp consists of three tube resistors located
‘above the reactor. The taps on these resistors are
wired to the circularly arranged R, tap connections
in the front of the relay. ‘The 0,02, 0.03, and 0.05 Rq
taps are on the Ry resistance wire rather than on the
tube resistors.

SUPERSEDES LL. 41.971.1D

*Denotes change from superseded issve.

SATURATING TRANSFORMER

The output of the sequence filter connects to a
two-winding saturating transformer in the fop rear of
the relay. The primary (bottom) winding is tapped
and wired to a tap plate, T, located in the front, above
the RB1 and Rp connections. The secondary (top)
winding is connected to the neon lamp and from a
fixed tap to the relay coil circuits.

RECTIFIER UNITS

The left~hand (rear view) full-wave rectifier sup~ -
plies a d-c output for the operating coil. The right-
hand rectifier supplies the restraint coil.

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
erescenf-shaped permanent magnet bridge the mag-
netic frame. The magnetic frame consists of three
pieces joined in the rear with two brass rpds and
silver solder. These non-magnelic joints represent
air gaps which are bridged by two adjustable mag-
netic shunts. The operating and restraint windings
are copcentrically wound around a magnetic core.
The armature is fastened to this core at one end and
floats in the front air gap at the other end. The mov=
ing contact is connected to the free end of & leaf spring.

TEST LINKS AND RESTRAINT TAFP

Two test links are located at the top front of the
relay. The left-hand (front view) link provides a tap
connection to the restraint coil. The link, when in

- the left-hand position, is connected tc the resiraint

coil tap for minimum restraint, With this link in the
right-hand position, maximum restraint is provided.
The right-hand (front view) link is connected in the
operating coil circuit.

INDICATING CONTACTOR SWITCH UNIT (ICS) .

The d-c indicating contactor switch is 2 small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic corg upon energization of the switch,
When the switch closes, the moving contacts bridge
two stationary contacis, bypassing the main relay
contacts. Also during this operation, two fingers on
the armature deflect a spring located on the front of
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Fig. 1 Internal Schematic of Type HCB Relay in FT-42

Case.

the switch, which allows the operation indicator tar-
get to drop, The target is reset from the outside of
the case by a push rod located at the bottom of the
COVEr,

The front spring, in addition to holding the target,
provides restraint for the armature, and thus controls
the pick-up valne of the switeh.

OPERATICON

The compesite sequence filter converts the three-
phase current input into a single-phase voltage output
cf a magnitude which is an adjustable function of the
phase 1 positive and zero sequence current. This
voltage is impressed on & saturating transformer, This
transformer and a neon tube across its secondary serve
to limit the energy input to the pilot wire. The satu-
rating transformer output voltage, Vg, (in Figure 2),
~ is connected to the relay coils and to the pilol wire
through the insulating transformer.

During an external fanlt, assuming maiched relays,
the magnitude of Vg at both stations will be the same,
The relative polarities of the Vg voltages will be as
shown in Figure 2. Since the voltages add, most of
the current will eirculate through the restraint coils
and the pilot wire, with & minimum of operating coil
current. The relative effects of fhe operating and

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse, BSince the Vg voltages now oppose each
other, most of the curent flowing in the restraint
coils is also forced through the operating coils with
a minimum of current in the pilot wire. This increase
in operating current overcomes ihe restraining effect
angd both the relays operate.

Within limits, as defined in Figure 5 and under
“Characteristics,” all the relays will operete for an
internal fault regardless of the fault current distribu-
tion at the varipus stafions. The nominal pickup
(total internal fault current) of the relaying system
is ‘equal to thé minimum trip of a single relay multi-
plied by the number of relays. For example, if the
pickup of each relay, with the pilot wire open, is
6 amperes, a two terminal line system has a nommal
pickup of 2 x 6 =12 amperes.

PILOT WIRE EFFECTS

In Figure 2, it can be seen that a short-circuited
pilot wire will short circuit the relay operating coils.
Depending on the location of the short, at ieast one
of the relays will fail to irip dering an internal faulf.
If the pilot wire is open circuited, almost all the re-
straint coil' current will flow through the operating
eoil and the relay operates as an over-current device,

Excessive pilot wire series impedance will ap-
proach an open-circuited condition and the relays
will operate during external faults. Excessive pilot

" wire shunt capacitance will approach a short-circuited

_condition and the relays will not operate.

OPERATING UNIT THEQRY

The polar unit flux paths are shown in Pigure 3.
With balanced air gaps, the permansnt magnet pro-
duces flux flowing in two paths, one through the front
gaps and one through the rear gaps. This fiux pro-
duces north and south poles, as shown. By turning
the left shunt in, some of the flux is forced through
the armature, making it a north pole. Thus, reducing
the left-hand rear gap wil! produce a force tending to
pull the armature to the right. Similarly, reducing the
right-hand gap will produce a force tending to pull the
armature to the left.

CHARACTERISTICS

The voltage Vw, impressed by the filter upon the
saturating transformer is:

Vg = 2I11R1 + I10 (B1 + 3Rg) volls: (1

where R1 and Ry are the positive and zero sequence
tap values, respectively;

T11 and I are the positive and zero sequence
phase 1 current inputs, respectively, in amperes.
These are vecior gquantities.

SINGLE RELAY PICKUP (PILOT WIRE OPEN) I,

Bingle relay pickup, I_, is defined as the pha.se
current required fo operat% one relay with the pilot
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wire side of the insulating transformer open circuited

(H1-H4). The single relay pickup point in terms of
filter voltage.is:

Vi = 0.2T {(2)

where T is the saturating transformer tap value.
Single relay pickup is defined by eguating (1) & (2):

0.2T =2 Ill R'l + 110 (13:1 +3R,) {3)

Cuwrent I

varies with the type of fault, For-
example, for a 3 phase faul, IS = I,,, since only
positive sequence cwrrent iz présent. ” Substituting

Iz =113 in Eq. (3) & rearranging; the 3 phase fault
pickup is:

- 62T _ T
L= I = 2Ry 10H] (3 phase fanlt) ()
¥Ry=01R =16&T=4:
S~ 10Ry 10X0.1 ™ D. (3 phase fault)
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For a phase 1 to ground fault, if I1 =119 =1y
(I19 is the phase 1 negative sequence current):

0.2 = 2131 Ry + I3 Ry +3Rg)
__02r _
1= g, v By - 110
Bub: Iy =I31 + 113 tIgg
=311y
—— _0.aT .
8o: Iy =333 —-——'——R1+Ro (1-G fault) (5)

If Ry =0.1Ry=1.6&T=4&

L .0:2T _0.2x4
S "RitRy  0.1+1.6

=-‘;-—§{= 0.471 amp. (i-G fault)

NOMINAL PICKUP (ALL RELAYS)
The nominal pickup, Inom, is defined as
Inom = KIS (6)

where Ijom = total internal faull current

K = number of relays (2 or 3)

Ig = single-relay pickup with pilot wire dis-

: connected (see above)
For example, foraphase-1-to-groundfault, &Iy = Iyp
with the pilot wire open circuited, the single-relay
plekup was previously determined as Iy = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
& phase-i-to-ground fault (R. = 0,1; Ro = L.6; T = 4)
is:

Inom (1 to @) = 0.471K = 0.471 x 2 = (0.942 ampere.

MINIMUM TRIF (ALL RELAYE)

With equal inputs to'all relays and zero pilot-wire
shunt capacitance, the relays will operate at their
nominal pick-up point.” The minimum trip points will
vary somewhat from nominal value, depending on the
pilot~wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input cuwrent to the
near relay, only.

An example of the characteristics with various
current distributions is shown in Figure 5. The filter
output voltage, Vg, of each relay, as defined by
equation (1) must be in phase or 180 degrees out of
phase, in order for Figure 5 to apply.

INSULATING TRANSFORMER

- Unless otherwise noted, all characteristics pre-
sented inciude an insulating transformer with each
relay. Two ratios are available: 4/1 and 6/1. The
high voltage side is connected to the pilot-wires.

PILOT-WIRE REQUIREMENTS

The relays shouid not be applied with pilot-wire
series resistance aor shunt capacitance exceeding the
following values: .

TABLE I
Insulating Transformer Ratio
No. of 4/1 6/1
Relays AL, Cs Re s
2 2000 | 1.5 - -
3 500/LEg| 1.8 |1000/LEG | 0.75

Ry, = series loop resistance in ohms.
Cg = total shunt capacitance in microfarads.

Where the shunt capacitance exceeds the ahove
amount, it mey be feasible in some cases to provide
shunt reactors to compensate for the excessive ca-
pacitance. The amount of capacitance which can be
compensated is limited and varies depending upon
the magnitude of the pilot-wire distributed effect.

A shielded, twisted pilot wire pair, preferably
of #19 AWG or larger, is recommended; however, open
wires may be used if they are frequently transposed
in areas of exposure to power circuit induction. The
voltage impressed across either insulating transformer
(H-1 to H-4) as a result of induction or a rise in sta-
tion ground potential, should be less than 7.5 volis
to prevent undesired relay operation.

For three-terminal applications, the loop resist--
ance of all legs of the piiot wire must be balanced-
within 5 percent, with variable resistors as shown in
Figure 6. The pilot wire resistance to be balanced is
divided by 16 and 36 for the 4 to 1 and 6 to 1 ratio
insulating transformers respectively, since the
balancing resistors are located on the relay side of

 the insulating transformers.

Induced voltages and rises in station-ground pe-
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tential may be handled by the following means:

2) Neutralizing reactors may be connected in
series with the pilot wire to hold the terminal egquip-
ment at the local ground potential. The neutralizing
reactor will also hold the pilot wire close to the re-
mote ground potential, unless the wires are raised
above remote ground potential by an induced voltage.
The neutralizing reactor is effective in protecting
terminal equipment in the presence of a rise in sta-
tion-ground .potential, but may not limit pilot-wire
voltages to safe values in the presence of induced
voltages. When using the neutralizing reactor, fhe
pilot-wire sheath should be insulated from station
gromnd tp minimize sheath-to-pair pptential in the
presence of a rise in station-ground potential. All

other pairs in the cable which are connected to sta~

tion ground should also be protected with neutralizing
reactors to minimize pair-to-pair voltages.

b) Drainage reactors may be connected across
the pilot wire and to ground through a EX642 protector
tube. The drainage reactor is particularly effective
in Hmiting pair-to-ground voltage in the presence of
an induced voltage. When the tube flashes, both
wires are comnected to ground through the drainage
reactor windings which offer a low impedance to
ground but maintain s high impedance to an a-c veli-
age across the wires. Thus, the HCB system will
operate normally even though the protector tube has
flashed over. The drainage reactor will maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire circuit to safe values in the presence of a sta-
tion-ground potential rise.

¢) The neuvtralizing and drainage reactors may be
utilized together. If the neutralizing reactor is to be
of any value, the drainage reactor through the KZ642
protector tube must be comnected to remote ground.

TRIP CIRCUIT

The main contacts will safely close 30 amperes
at 250 volts d.c., and the seal-in contacts of the in-

dicating contactor switch will safely carry this cur-

rent long enocugh to trip a circuit breaker.

The indicating contactor switch has two taps that
provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of & secrew connection.

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

0.2 ampere tap; 6.5 ohms d-c resistance
2.0 ampere tap; 0.15 ohms d-c resistance

- BURDEN DATA

The voli-ampere burden of the type HCB relay is
practically independent of the pilot-wire resistance
and of the current tap nsed. The following burdens

were measured at a ba.la.nced three-phase current of
5 amperes:

For tap 4, Rq = 0,075 and Ry = 0,35

Phase A . 1.25 volt-amperes 0
Phase B (.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°
Portap 4, Rq1=0.15and Rq = 1.6
Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-amperes 285°
Phase C 5.8 volt-amperes 45e

The angles abhove are the degrees hy which
the current lags its respective voltage.

 The two-second overload ratings of the re-
lay are 150 amperes phase and 125 amperes
ground currents,

PILOT-WIRE ENERGY

The current and voliage impressed on the pilot
wire do not exceed 100 millimmperes and 60 volts.
The wave form and magnitude of the pilot-wire current
are such that telephohe interference is within the

limits allowed by the Bell Telephone Company. This

permits the use of leased ielephone lines as a pilot-
wire channel.

TAPS
There are four setting taps in the relay:

1) Restraint tap — maximum or minimum
Connections are made by links in the top
front of the relay.

2) Upper tap, T — 4, 5, 6, 8,10, 12, and 15
Connections are made {o a tap plate in
the front of the relay,

3) Rjtap — 0.075, 0.10, 0.15
Connections are made to circularly arranged
taps in the front of the relay. (The 0.075
tap is actually marked 0.07).

4) R tap — 0,025, 0.033, 0.05, (.39, 0.51, 0.68,

©.90, 1.2, and 1.6.
Connections are made to eircularly arranged
taps in the front of the relay. (The 0.025
and 0.033 taps are actually marked 0.02
and 0.03, respectively.y

SETTING CALCULATIONS

. The HCR relay has four sets of taps: Ry, T, R,
and restraint taps. The following discussion estab-
lishes limits for the various tap setiings under dif-
ferent operating conditions. If should be kept in mind
that settings to obtain operation on mipimum internal
fault conditions are based on the total fault current
that flows into the protected line from all terminals.

TERMS
R1, T, Rp — Reley taps

Igp — total minimum 1nterna.1 3-phase second-
ary fault current fed from all ferminals,
divided by the number of ferminals
-(20r3)




TYPE HCB RELAY.

I, — maximum secondary load current flow-
ing through the protected line.

I — total minimum secondary ground fault
current fed into the protected line from
all ferminals, divided by the number

of terminals,

Ipom,(P-P) — nominal internal phase to phase fault
sensitivity,

Ihom, (P~G) — nominal internal line to ground fanlt
sensitivity,

Re(I), Ro(Il) — current transiormer ratio at Station I
and II respectively.

PHASE FAULT SENSITIVITY

The phase fault pickup is determined by the Ry
and T taps. In order to operate on the minimum line-
to-line fanlt current, the Ry and T taps should be set
for not more than:

T
BL- = 5Izp N

In order to prevent operation on load current if the
pilot wires become open circuited, the Ry and T taps
should be set for not less than:

R—T1= 100, (8
‘The available taps are:

Ry: 0.075, 0.10, and 0.15

T: 4,5,6,8,10, 12, and 15 -

Where sufficient fault current is available, it is
recommended that the relays be sef as follows:

T
R_I = 1,25 » 1001, = 12.51;, (9
The required T/Rj ratic may be obtained by any
comhbination of T and R4, However, the T tap must
be set the same at all stations, The Rj taps may be
utilized to -compensate for different CT ratios with
two-terminal lines if the pilot-wire loop resistance is
1000 ohms or less. Auxiliary CT's and identical Ry
tap settings must be used with different main CT
ratios on all three-terminal lines and on two-ferminal
lines with more than 1000 ohms 1oop resistance in the
pilot wire.

GROUND FAULT BENBITIVITY

The ground faulf pickup is determined by Rq and T
taps. (T should be determined by the phase setting.)
In order to operate on the minimum line-to-ground
fault current, the R, tap setting should be not less

© than:

R, = 22T (10)
. I
The aveilable R, taps are:
6.90, 1.2, and 1.6.

The R, taps, 0.025, 0.033, and 0.05, are utilized
toset Ry=1/3 Ry, where no zére sequence sensitivity

0.39, 0.51, 0.68,

iz desired.
three taps.

Equation (10) does not apply for these

For overhead lines, it is recommended that the
1.6 Ry tap be used to cbtain maximum sensitivity.

For cable circuits, where the line charging current
exceeds 5% of nominal pickup current, set Ry for
ghout;

=
7.5

The R, teps need not be identical as required
with the Ry teps for threé terminal lines and two
terminal lines over 1000 ohms pilot wire resistance,
where the zero sequence relay cuwrents at the line
terminals are not identical for an external fault. How-
ever, for a conventional line section the Ry taps are
set in the same proportion as are the R4 taps.

R, =

RESTRAINT TAP

Sat in maximum restraint tap for all two-terminal
lines. Set in minimum restraint tap for all three-
terminal lines. 'The use of maximum restraint on two

- terminal applications allows the relay to be used for

all pilot wires as indicated in Table I. The use of
minimum restraint on three terminal applications
compensates for the desensﬂ:lzmg effect of a third
terminal.,

Note: The relay pick-up calibration must be changed if set
in the minimum restroint tep. See “Adjustments
and Maintenance.” .

SETTING EXAMPLE

CABE 1
Assume: .
Two-terminal line.
CT ratio = 600/5
ull-load current = I 400A

Minimum 3-phase internal faulf current:
Through Btation I = 1500A
Through Stetion I = 2500A

Minimum internal line<o-ground fault

current: '

0

Through Station I = .400A
Through Station T =
Phase fa,ult pmkup
—T— {maximum) = 5Igp=5x M 5 __ 83.3

2 * 600
T 5
gl(maximum) = 1017, = 10 = 400 xgop = 38.3

The phase faulf current is sufficient to al-
low the relay to be set fo prevent {ripping on
an open-circuited pilol wire, Therefore, set:

T
vl 12.5I1, = 41.7.

_Bet both relays for: T =4, Ry =0.1.

‘The nominal pick-up cwrent from equa.tion 3
for a phase-to-phase feult is:
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# TABLEIl - Rpy TEST — MAXTMUM RESTRAINT TAP

Ry =010, Rg=18 T=z4
Insulating Rpw in Ohms )
Transformer Relay Should — Relay Should Cpwin
Ratio Not Operate Cperate Microfarads
4to 3] 1200 1900 . 0.75
6tol 2700 4300 0.33
Tpom(P-P) zﬁ ﬂ)i‘Wz 13.8 amperes, INSTALLATION
e * : The relays should be mounted on switchboard
: T ] . panels or their equivalent in a location free from girt,
Unom(P-P) = 1.928, for three-terminal lines] moisture, excessive vibration, and heat, Mount the

Ground fault pickup:

0.2x4 60D _
WLT—G.‘LS

¥  Ry(minimum) = DIﬂ
g

An Ro tap exceeding 0,48 will provide tripp-
ing., As recommended for overhead lines:

Set Rg = 1.6,
The ground fault nominal pickup is:

0.6T

5= for three-terminal lines]
0

[Inom(P'G) =

| Restraint tap:
Use maximum restraint tap,

CASE II (DIFFERENT CT RATIOS)

Assume 400/5 CT's at Station II and 600/5
CT’s. at Station I, with less than 1800 chms
pilot wire loop resistance.

At Station I, set Ry = 1.6 as in Case I. How-
ever, set Rq = 0,i5 to obtain Rq seftings pro-
portional to the CT ratio. From equation 6:

T = 12.5R4Ig, = 12.5 x 0.15.x 400 = 7.5

Set T =8
Station II settings are:
_ Bg (I 400
= 0. =0.15 x——=0.10
Ri=015%"m *'800
T = § (Same as Station I}
400
Rp=1.8 * 500 " 1.07 (Bet 1.2)

"SETTING THE RELAY

Set taps Ty, R1, Ry, and the restraint tap. If the
maximum restraint tap is used, no adjustments are
necessary. If the minimum restraint tap is used, re-
calibrate the relay pickup as described in “Adjust-
ments and Maintenance — Calibration,”

relay vertically by means of the four mounting holes
on the flange for semi-fiush mounting, or by means of
the rear mounting stud-or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electri-
cal connections may be made directly to the termi-
nals by means of screws for siteel panel mounting or
to the terminal studs furnished with the relay for
thick panel mounting, The terminals studs may be
easily removed or inserted by locking two nuts on the
stud and then turning the proper nut with a wrench,

For detailed Flexitest case information, refer to
1.L. 41-0%78.

ADJUSTMENTS AND MAINTENANCE

CAUTION 1. Make sure that the neon lamp
is in place whenever relay operation is being
checked.

2. When changing taps under load, the
spare tap screw should be inseried before
removing the other tap screw.

ACCEFTANCE TESTS

The following tests are recommended when the
relay is received from the factory., If the relay does
not perform as specified below, the relay either is not
calibrated or it contains a defect.

Main Unit

Connect the relay to the insulating transformer,
as shown in Figure 6, and set Rq1 = 0.10, Rp = 1.6,
T = 4, and maximum restraint tap. With the insulat~
ing transformer terminals H1 and H4 open circuited,
measure the minimum pick-up cwrrent, Igg (min.), with
current applied through terminals 7 and 9.. This value
should be: '

I7g (min.) = 6.94 +5% amperes,

Now, connect a resisfance, Rpyw, across Hi and
H4 of the insulating transformer with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
paciter, Cpw, in parallel with Rpw. With Rpw and
Cpw set as specified in Table II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).
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# TABLE I — Rpy TEST — MINIMUM RESTRAINT TAP

Ry =010, Rg=16, T=4¢
Insulating " Rpyw in Ohms
Transformer . Relay Should \ Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4tol ‘ 800 1400 0.75
6tol 1800 3100 0.33

The relay should not operate at the lower value of
Rpw, but should operate at the higher value (e.g.,
1200 and 1900 ohms for 4-to-1 ratio insulating
transformer). ‘

Additional tests for the sequence filter and the
operating unit are described under “Calibration
Check.” 'These latter tests are not required unless
the relay fails to meet the acceptance tests,

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
direct current through the trip citcuit to close the
contacts of the ICS. This value of current should nof

be greater than the particular ICS tap setting being
peed. The indicator target should drep freely.

CALIBRATION CHECK

The following tests are recommended whenever a

check on the relay calibration is desired.

Over-all Relay Check

Over-all calibration can be checked by the pro-
cedure described under “Acceptance Tests.” If the
relay has been calibrated in the minimum restraint
tap (factory calibration iz made in the maximum re-

straint tap), the Rpyw test should be made in accord-

# ance with Table III instead of Table II.

Requence Filter: Remove tap screw T and con-
nect & migh-resistance volimeter across this open-
eircuited point by connecting to the -tap plate and to
. one of the saturating transformer taps at the rear of
the tap block. Energize the relay with I7g = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vi, should be:

Vg = 8R1 5% volts.
(e.2.,,ifR31 =01, Vp=8x01=0.38 volt.)

Repeat this voltage measurement with Izg = 6,94
amperes.

Operating Unit: The following test will check
the polar unit callibration and the performance of
the rectifiers. Connect a variable non-inductive

10

resistor across the high-voltage terminals of the in-
sulating transformer (H1 to H4), and connect d-¢ mil-
liammeters in series with the operating and restrain-
ing coils of the polar unit by opening these circuits
at the test links provided for this purpose. These
milliammeters should have low resistance and shenld
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing cireuit, Using T = 4, Ry = 0.1, Ry = 1.6, eper- .
gize the relay with Ins = 10 amperes (terminals 3 and
5y and increase the variable resistance across the
insulating transformer high-voltage terminazls unntil
the relay just trips. The values obtained should con-
form siubstantizlly to the following equations:

For minimum restraint = .. -
Io=0.121Ig + 8

For maximum restraint - S
I, =016 Ig + 8

where I, and Ip are operating and restraining
eoil currents, respectively, in milliamperes,
The results are subject to slight variations
between individual relays.

CALIBRATION PROCEDURE

It the factory calibration has been disturbed, the
following procedure should be followed to recalibrate
the relay, ' '

Polar Unii: The sensitivity of the polar unit is
adjusted by means of two magnetic, screw type
shunts =t the rear of the element. These shunt
acrews are held in proper adjustment by a {lat strip
spring across the back of the element frame, 50 no
locking screws are required. Looking at the relay
front view, turning out the right hand shunt decreases
the amount of curreni required to close to the right
hand stop. Conversly, drawing out the left hand
shunt decreases the amount of cwrrent required to trip
the relay. In general the farther ouf the shunt screw
are turned, the greater the toggle action will be and
as a result, the dropout current will be lower. In

© adjusting the pelar elements, be sure that a definite

toggle actjon is obtained, rather than a gradnal
movement of the armature. .

Polar Unit Coniact Adjustmeﬁt: Adjust the right
hand stationary stop screw until the large armature
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rivet clears the right hand pole face by a few thou-
sandths of an inch, Next adjust the left hand sta-
tionary contact so that there is approximately .025
of an inch between it and the moving contact.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Con-
nect terminals X1 and X2 of the insulating trans-
former across the pilot-wire terminals of the relay.
Connect the relay taps on T' = 4, Ry = 0.1, Rp = L.6.

With the left hand shunt out 4 to 5 turns adjust the
right hand magnetic shunt in or out as required, until
the relay closes confacts with a positive. snappy
toggle action at Ing = 6.9 to 7.0 amperes. When this
adjusiment has been made, change the input current
connections fo terminals 3 and 5. The relay should
trip for Ipp = 0.45 to 0.55 amperes. FPor relays with
double contacts make sure that both upper and iower
contacts meet at the same values of pick up current.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contact burnisher, S#182A836H0L, is re-
commended for.this purpose. 'The use of abrasive

material for cleaning contacts is not recommended,
because of the danger of embedding small particles
in the face of the soft silver and thus impairing the
contact, :

ICS Unif: Close the main relay contacts and pass
sufficdent direct current through the trip eircuit to
close the contacts of the ICS. This value of current
should not be greater than the particular ICS tap set-
ting being used. The indicator target should drop
freely. ‘

Operating Unit: Check the relay minimum pickup,
with the pilot wires disconnected from terminals Hi
and H4 of the insulating fransformer, by energizing.
with Ipg current (terminals 7 and 9). Pick-up cwrent
should be:

N AN
5.77 Ry
Additional tests are recommended with the pilot

wire connected as described under “Complete System
Test.” .

COMPLETE SYSTEM TEST

At the time of the initial installation and at sub-
sequent maintenance periods, it is recommended that

' 179(n1in) + B% amperes

11
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the following relay system checks be made, with the
pilot wire connected.

MINIMUM PICKUP

Energize one relay with I35 current and defermine
the minimum pick-up point of all relays. Repeat this
test by energizing the other relay or relays. Record
these values for future reference. If the neon lamp
is lit during these tests; the pilot circuit is present-
ing too high a shunting effect on the relays.

LOADED CIRCUIT TEST

Standard testing equipment is recommended for
permanent installation with the relays, as shown in
Figure 7. If this equipment is not available, a simi-
lar portable test should be set up, using a low-resisi-
ance a-c millinmmeter. Perform the tests as indicated
in Figure 8, recording the milliammeter readings and
the relay input current at the-same instant, for future
reference. The headings “Circulating” and “Remote”
in the table of Figure 8 refer to the test switch posi-
tions, “CIRC” and “REM.” For tests 3 to 6 of Figure
8, the input current should be increased to about 1.5
amperes by an auxiliary current transfarmer, if the
secondary load curent is below this value. Also

record. the input and output readings with the test
switch in the “Local” position. Typical values for
the “Local” position readings are shown in Figure 11.

A similar procedure to Figure 8 should be followed
for three-terminal line applications, In this caseopen
ther line ecircuit breaker at one terminal, and discon-

“nect the loads from the pilot wire termirals of the
HCB relay st that terminal. This leaves the re-
maining portion of the line operating as a two ter-
minal line, WNow perform the normal tests as out-
lined for the two terminal line system test, When
these tests have heern satisfactorily completed,
return the third terminal relay to normal and close the
breaker at that station. Repeat the above procedure
with & different breaker open and relay disconmected.
This will complete the check of the three terminal
line.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parls can be
furnished to users whe are equipped for doing repair
work, When ordering parts, always give the complete
nameplate data.
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