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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 terminal transmission
lines. Simultaneous tripping of the relay at each ter-
minal is obtained in about 1/60 of a second for all
faults. A complete installation for a two terminal
line consists of two relays, two insulating transfofm-,
ers, and an interconnecting pilot wire circuitggFor a
three terminal line, three relays, three Jnsulating
transformers, and a wye-connected pilot wire circuit
with branches of equal series resistanceqare réquired.

CONSTRUC&'ION

The relay consists of a combination(positive and
zero phase sequence filter, a saturating auxiliary
transformer, two full wave rectifier‘units, a polar type

relay unit, a neon lamp, and an“indicating contactor -

switch (ICS), all mounted in a single case. The ex-
ternal equipment normallyafsupplied with the relay
consists of an insulating transformer, a milliammeter
and test switch. The construction of these compo-
nents is as follows:

SEQUENCE FILTER

The seqtience filter consists of a three-legged
iron core reéactor and a’ set of resistors designated R
and Ro. Theseactor, located near the bottom of the
relay, has twayprimary and one tapped secondary
windings wound ‘on the center leg. The secondary
taps are wired to the circularly arranged R tap con-
nections in the front of the relay. The Rp tap links
alsdhconnect to the Ry resistor (looped resistance
wite).) Ro consists of three tube resistors located
abovetthe reactor. The taps on these resistors are
wired to the circularly arranged Ro tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 Rq
taps are on the Rj resistance wire rather than on the
tube resistors.

SUPERSEDES I.L. 41-971.1C

*Denotes change from superseded issve.

SATURATING TRANSFORMER

The output of%the“sequence filter connects to a
two-winding saturating transformer in the top rear of
the relay. gTheWprimary (bottom) winding is tapped
and wired to a tap plate, T, located in the front, above
the Ry and, Ro connections. The secondary (top)
winding is connected to the neon lamp and from a
fixed (tap'tothe 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
crescent-shaped permanent magnet bridge the mag-
netic frame. The magnetic frame consists of three
pieces joined in the rear with two brass rods and
silver solder. These non-magnetic joints represent
air gaps which are bridged by two adjustable mag-
netic shunts. The operating and restraint windings
are concentrically 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 a leaf spring.

TEST LINKS AND RESTRAINT TAP

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 to the restraint
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 a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes, the moving contacts bridge
two stationary contacts, 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 F.T-42

Case.

- the switch, which allows the operation indicator tars

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 holdingythe target,
provides restraint for the armature, and thus“eontrols
the pick-up value of the switch.

OPERATICN

The composite sequence filterconverts the three-
phase current .input into a singlesphase voltage output
of a magnitude which is,an adjfistable function of the
phase 1 positive and, zero seguénce current. This
voltage is impressedéon a saturating transformer. This
transformer and a néon tube across its secondary serve
to limit the energy ‘inpiit tothe pilot wire. The satu-
rating transformer output #oltage, Vg, (in Figure 2),
is connected to the relay coils and to the pilot wire
through the insulating transformer.

During an external fault, assuming matched relays,
the magnitude,of Vg at both stations will be the same.
The relative, polarities of the Vg voltages will be as
shown in Fligure’ 2. Since the voltages add, most of
the cufrentawill circulate through the restraint coils
and the‘pilot wire, with a minimum of operating coil
surrent ™ )The relative effects of the operating and

restraint coii cucrents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse, Since the Vg voltages now oppose_edch
other, most of the current flowing in the restraint
coils is also forced through the operating coils with
a minimum of current in the pilot wire. Thisincrease
in operating current overcomes the restraining effect
and both the relays operate.

Within limits, as defined“in Figure 5 and under
“Characteristics,” all the relays@will operate for an
internal fault regardless of the fault’current distribu-
tion at the various stations./' The nominal pickup
(total internal fault currént) ‘0f4sthe relaying system
is equal to the minimum trippof a single relay multi-
plied by the number offrelays. For example, if the
pickup of each relaypwith” the pilot wire open, is
6 amperes, a two éerminaly line system has a nominal
pickup of 2 x 6 = _12"amperes.

PILOT WIRE EFFECTS

In Figurey2, itican be seen that a short-circuited
pilot wire will Short circuit'the relay operating coils.
Dependingeenithe location of the short, at least one
of the,relays will fail to trip during an internal fault.
If theWpilot“wire is open circuited, almost all the re-
straint ceil current will flow through the operating
coiltand 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 THEORY

The polar unit flux paths are shown in Figure 3.
With balanced air gaps, the permanent magnet pro-
duces flux flowing in two paths, one through the front
gaps and one through the rear gaps. This flux 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 will 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, Vg, impressed by the filter upon the
saturating transformer is:

Vp = 2[11R1 + I10 (R1 + 3Ro) volts (1)

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

I11 and Iy are the'positive and zero sequence
phase 1 current inputs, respectively, in amperes.
These are vector quantities.

% SINGLE RELAY PICKUP (PILOT WIRE OPEN) I

Single relay pickup, I_, is defined as the phase
current required to operat% one relay with the pilot
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Fig. 3 Polar Unit Permanent Magnet Flux Paths.

wire side‘of the insulating transformer open circuited
(H1-H4). The, single relay pickup point in terms of
filter voltage is:

VF‘ =0.2T (2)

where®'”T is the saturating transformer tap value.
Single relay pickup is defined by equating (1) & (2):

0.2T =21y Ry +1 Ry +3Ry) (3)

Current I_ varies with the type of fault.

) For
example, for "a 3 phase fault, IS = I,,, since only
positive sequence current is pré€sent. = Substituting

Is = I11 in Eq. (3) & rearranging, the 3 phase fault
pickup is:

0.2T _
2Ry

IfR)=0.1,Ry=1.6&T=4:

Is =11 = le (3 phase fault) 4)

Is = 1—0"rﬁ_f = -l-o—}—gﬁ——l- =4 amp. (3 phase fault)
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For a phase 1 to ground fault,’if I3 = Iy = Lo
(I12 is the phase 1 negative sequence current):

0.2T = PAGH Ry +1I11 (Rl + 3Rg)
1= 5By = o
1
But: Iy = Iyg + 115 + I
=3Iy

So: Ig =3I1; = (1-G fault) (5)

0.2T

R1+Ro

If Ry =0.1,Ro =1.6&T =4:
0.2T _ 0.2x4

s “R Ry ~0.1+1.6
=—2—'$—= 0.471 amp. (1-G fault)

NOMINAL PICKUP (ALL RELAYS)
The nominal pick@ip, Ingm. is defined as
Inom = Klg (6

where Ipom = total internal fault current

K = number of relays (2 or 3)

Ig = single-relay pickup with pilot wire dis-

connected (see above)

For example;) fora phase-1-to-ground fault, & Iy; = Iyg
with the pilothwire open circuited, the single-relay
pickup wasipreviously determined as Ijg = 0.471 am-
pere. &'or'a,two-terminal line, the nominal pickup for
a phase<l-to-ground fault (R. = 0.1; Ro = 1.6; T = 4)

8. :
Liom (1 to G) = 0.471K = 0.471 x 2 = 0.942 ampere.

MINIMUM TRIP (ALL RELAYS)

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 pointsawill
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 inputgeuwrrent to the

_near relay, only.

An example of the characteristics with various
current distributions is shown in Rigure 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 Figute 5 to apply.

INSULATING TRANSFORMER

Unless otherwise,noted, all characteristics pre-
sented include @anhinsulating transformer with each
relay. Two ratios/areravailable: 4/1 and 6/1. The
high voltageiside(is connected to the pilot-wires.

PILOT=-WIRE'‘REQUIREMENTS

The ‘relays“should not be applied with pilot-wire
series resistance or shunt capacitance exceeding the

followingivalues:
TABLE I

Insulating Transformer Ratio

No. of 4/1 6/1

Relays RL Cs RL Cs
2 2000 1.5 - -
3 500/L,gg| 1.8 [1000/LEG | 0.75

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

Where the shunt capacitance exceeds the above
amount, it may 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 volts
to prevent undesired relay operation.

For three-terminal applications, the loop resist-
ance of all legs of the pilot 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 po-
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tential may be handled by the following means:

a) Neutralizing reactors may be connected in
series with the pilot wire to hold the terminal equip-
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, the
pilot-wire sheath should be insulated from station
ground to minimize sheath-to-pair potential 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 KX642 protector
tube. The drainage reactor is particularly effective
in limiting pair-to-ground voltage in the presence of
an induced voltage. When the tube flashes, both
wires are connected to ground through the drainage
reactor windings which offer a low impedance to
ground but maintain a high impedance to an a-c volt-
age across the wires. Thus, the HCB system will
operate normally even though the protector tube has
flashed over. The drainage reactor will maint@in 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.

c) The neutralizing and drainage reactorsimay be

" utilized together. If the neutralizinggmeactor/is to be

of any value, the drainage reactor through the KX642
protector tube must be connected to,remote ground.

TRIP CIRCUIT

The main contacts willysafely close 30 amperes
at 250 volts d.c., and the seal-in contacts of the in-
dicating contactor switchawill safely carry this cur-
rent long enough to trip aycircuit breaker.

The indicatingycontactor switch has two taps that

provide a pick-up setting of 0.2 or 2 amperes. To .

change tapsfrequires connecting the lead located in
front of the tap/lockito the desired setting by means
of a screw connection.

TRIP CIRCUIT CONSTANT
Iigeating 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 volt-ampere burden of the type HCB relay is

“mractically independent of the pilot-wire resistance

and of the current tap used. The following burdens

were measured at a balanced three-phase currént of
5 amperes:

For tap 4, R = 0.075 and Ry ="0:39

Phase A 1.25 voit-amperes (1
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes . 45°
For tap 4, R; = 0.15 and R, = 1.6
Phase A 2.3 volt-amperes 120°
Phase B 4.6,volt=amperes 285°
Phase C 5.3 yolt-amperes 45°

The angles above are/he degrees by which
the current lags its respective voltage.

The two-second overload ratings of the re-
lay are ¥5Oyamperes phase and 125 amperes
ground¢currents.

PILOT-WIRE\ENERGY

The “current and voltage impressed on the pilot
‘wiregdopnot exceed 100 milliamperes and 60 volts.
The wave form and magnitude of the pilot-wire current
are ‘such that telephone interference is within the
limits allowed by the Bell Telephone Company. This
permits the use of leased telephone lines as a pilot-
wiré channel.

TAPS
There are four setting taps in the relay:

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

2) Uppertap, T — 4,5, 6, 8,10, 12, and 15
Connections are made to 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, 0.39, 0.51, 0.68,

0.90, 1.2, and 1.6.
Connections are made to circularly arranged
taps in the front of the relay. (The 0.025
and 0.033 taps are actually marked 0.02
and 0.03, respectively.)

SETTING CALCULATIONS

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

-TERMS

Ry, T, Ro — Relay taps

139 — total minimum internal 3-phase second-
ary fault current fed from all terminals,
divided by the number of terminals
(20r3)
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I;, — maximum secondary load current flow-
ing through the protected line.

Ig — total minimum secondary ground fault
current fed into the protected line from
all terminals, divided by the number
of terminals.

Inom.(P-P) — nominal ‘internal phase to phase fault
sensitivity.

" Inom.(P-G) — nominal internal line to ground fault
sensitivity.

R¢(I), Rc(II) — current transformer ratio at Station I
and II respectively.

i
Il

PHASE FAULT SENSITIVITY

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

T
B 5I3p (&)

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

T
/ R—l_ 101;, (8

The availablé taps are:
Ri: 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 set as follows;

T
—R—i- = 1.25 x 101y, = 12.51It, (9
The required T/R1 ratio may be obtained,by any
combination of T and Rj. However, (the ‘T, tap must
be set the same at all stations. The'R; taps may be
utilized to compensate for different CTWratios with
two-terminal lines if the pilot-wirer loopfesistance is
1000 ohms or less. Auxiliary CT’s @nd identical Ry
tap settings must be used with, different main CT
ratios on all three-terminaldines and on two-terminal
lines with more than 1000 ohmS loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY

The ground fault*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:

0.2T
IC
The available R, taps are:
- 0.9031.2, and 1.6.

The R, taps, 0.025, 0.033, and 0.05, are utilized
tosetRy=1/3 Rl' where no zero sequence sensitivity

Ro = (10)

0.39, 0.51, 0.68,

is desired.
three taps.

Equation (10) does not apply forsthese

For overhead lines, it is recommended thatwthe
1.6 Ry tap be used to obtain maximum sensitivity.

For cable circuits, where the line charging current
exceeds 5% of nominal pickup cument, set Rq for
about:

- L
o~ 1.5

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

R

RESTRAINT\TAR

Set 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 desensitizing effect of a third
terminal.

Notet' The relay pick-up calibration must be changed if set
in the minimum restraint tap. See *Adjustments
and Maintenance.”

SETTING EXAMPLE

CASE 1
Assume:
Two-terminal line.
CT ratio = 600/5
Full-load current = I; = 400A

Minimum 3-phase internal fault current:
Through Station I = 1500A
Through Station IT = 2500A

Minimum internal line-to-ground fault

current:

Through Station I = 400A
Through Station I = 0
Phase fault pickup:
T . 1500 + 2500 5 _
R—l (maximum) = 5I3p =5 x - g9 X 600 = 83.3

T 5
—R-l(maximum) =10Iy, =10 x 400 xggq = 33.3

The phase fault current is sufficient to al-
low the relay to be set to prevent tripping on
an open-circuited pilot wire. Therefore, set:

T
Ry 12.511, = 41.17.

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

The nominal pick-up current from equation 3
for a phase-to-phase fault is:
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TABLE I — Rpwy TEST — MAXIMUM RESTRAINT TAP
R1=0.10, Ro=16, T =4
Insulating Rpw in Ohms

Transformer Relay Should - Relay Should Cpwin
Ratio Not Operate Operate Microfarads

4to1 S 1200 1900 0.75

6to1l 2700 4300 0.33

T 4
Inom(P-P) = 589R; = 0,280 13.8 amperes, INSTALL ATION

) 1 : The relays should be mounted on switchboard
T o . panels or their eguivalent in a location free from dirt,
[Tpom(P-P) = 1.928; for three-terminal lines] moisture, eXxcessive vibration, and heat. Mount the

Ground fault pickup:

0.2T 0.2x4 400
Ro(minimum) = —— = x — = 0.32
Ig 400/2 5

An Ro tap exceeding 0.32 will provide tripp-
ing. As recommended for overhead lines:

Set Rg = 1.6.

The ground fault nominal pickup is:

04T 1.6

Rg 1.6

0.6T
(o]

Ihom(P-G) =

= 1.0 ampere,

[Inom(P-G) = = for three-terminaldines]

Restraint tap:
Use maximum restraint tap!

CASE @I (DIFFERENT CT RATIOS)

Assume 400/5 CT's at, Station/II and 600/5
CT’s at Station I, with less than 1000 ohms
pilot wire loop resistafce.’

At Station I, set Rg5l.6a@s in Case I. How-

ever, set Ry = 0,45%0 obtain R settings pro-
portional to the(CT ratio. From equation 6:

T = 12.5Rqdyg, 2425 x 0.15 x 400 = 7.5

Set T =,8
Station II'settings are:
R (ID 400
= = 0,15 x—== 0.
Ry= 0.15 Re (D %500 0.10
T = 8 (Same as Station I)
400
R,=1.6 500 = 1.07 (Set 1.2)

SETTING THE RELAY

Set taps T1, R1, Ro, 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 verticallyyby means of the four mounting holes
on the flangexfor semi-flush mounting, or by means of
thehrear 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-
calweconnections may be made directly to the termi-
nals by means of screws for steel 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 informaticn, refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

CAUTION 1. Make sure that the neon lamp
i8 in place whenever relay operation s being
checked.

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

ACCEPTANCE 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 R; = 0.10, Ry = 1.6, -
T = 4, and maximum restraint tap. With the insulat-
ing transformer terminals H1 and H4 open circuited,
measure the minimum pick-up current, I7g (min.), with
current applied through terminals 7 and 9.. This value
should be:

I79 (min.) = 6.94 +5% amperes.

Now, connect a resistance, Rpw, across H1 and
H4 of the insulating transformer with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
pacitor, Cpy, in parallel with Rpw. With Rpw and
Cpw set as specified in Table I, suddenly apply
I35 = 30 amperes (through terminals 3 and 5).
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TABLE @I — Rpy TEST — MINIMUM RESTRAINT TAP

R; = 0.10, Ro =16, T=4
Insulating Rpw in Ohms
'I?ansfqrmer 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 wunder “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 circuit to close the
contacts of the ICS. This value of current should not

be greater than the particular ICS tap setting being
used. The indicator target should drop freely.
CALIBRATION CHECK

The following tests are recommended whenéever a
check on the relay calibration is desired.

Over-all Relay Check

Over-all calibration can be checked by, the pro-
cedure described under “Acceptapce“Tests.” If the
relay has been calibrated in the minimum restraint
tap (factory calibration is made_n the,maximum re-
straint tap), the Rpw test should be made in accord-
ance with Table II instead of Table I«

Sequence Filter: Remove tap screw T and con-
nect a high-resistanée voltmeter across this open-
circuited point by ¢onneectingito the tap plate and to
one of the saturating transformer taps at the rear of
the tap block. EnergiZe thé relay with I79 = 6.94 am-

" peres (terminals 7 and 9)§ The measured open-circuit
voltage, Vp, should be: :

Vp & 8R1 +5% volts. '
(e.g., iflR1 = 0.1, Vp = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
- amperes.

Qperating Unit: The following test will check
the,. polar unit callibration and the performanpe 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-c mil-
liammeters in series/with,the operating and restrain-
ing coils of the polar unit"by opening these circuits
at the test linksmprovided for this purpose. These
milliammeters shouldyhave low resistance and should
be capabléof reading in the order of 20 to 25 ma in
the operating ¢eil“and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, R1 = 0.1, Ry = 1.6, ener-
gize therelay with I35 = 10 amperes (terminals 3 and
5) andy inerease the variable resistance across the
insulating transformer high-voltage terminals until
theyrelay just trips. The values obtained should con-
form substantially to the following equations:

For minimum restraint
Io=0.121Ir + 8

For maximum restraint
Io=0.16Ig + 8

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

CALIBRATION PROCEDURE

If the factory calibration has been disturbed, the
following procedure should be followed to recalibrate
the relay.

Polar Unit: The sensitivity of the polar unit is
adjusted by means of two magnetic, screw type
shunts at the rear of the element. These shunt
screws are held in proper adjustment by a flat strip

* spring across the back of the element frame, so no

locking screw$ are required. Looking at the relay
front view, turning out the right hand shunt decreases

the amount of current required to close to the right-

hand stop.. Conversly, drawing out the left hand
shunt decreases the amount of current required to trip
the relay. In general the farther out 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 polar elements, be sure that a definite
toggle action is obtained, rather than a gradual
movement of the armature.

Polar Unit Contact Adjustment: Adjust the right
hand stationary stop screw until the large armature

T T T T T T v,

A
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Fig. 7 HCB Relay Test Circuits with S#1491627,Type W Switch and S#1162968 or S#1164430 Milliammeter, 0-5-25 ma.

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 theregis®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 pilet-wire terminals of the relay.
Connect the relay tapsfon'T = 4, Ry =0.1, R = 1.6.

With thefleft hand shunt out 4 to 5 turns adjust the
right hand'magnetic,shunt in or out as required, until
the relay “eloses Jcontacts with a positive snappy
toggle action“at Irg = 6.9 to 7.0 amperes. When this
adjustment has been made, change the input current
connections to terminals 3 and 5. The relay should
trip for I35 = 0.45 to 0.55 amperes. For relays with
double contacts make sure that both upper and lower
contaects meet at the same values of pick up current.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contact -burnisher, S#182A836H01, 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 Unit: Close the main relay contacts and pass
sufficient direct current through the trip circuit 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 H1
and H4 of the insulating transformer, by energizing
with I7g9 current (terminals 7 apd 9). Pick-up current
should be: ’

S ——— 4 a
174(min) STTR; 5% amperes

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

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

MINIMUM PICKUP

Energize one relay with Igs current and determine
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-resist-
ance a-c milliammeter. 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 transformer, if the
secondary load current is below this value. Also

record the input and output readings with themtest
switch in the “Local” position. Typical values for
the “Local” position readings are shown in Figure 14.

A similar procedure to Figure 8 should be followed
for three-terminal line applications. In this cdseopen
ther line circuit breaker at one termimal, and discon-
nect the loads from the pilot wire tefminals of the
HCB relay at that terminal. “§This leaves the re-
maining portion of the line operating as a two ter-
minal line. Now perform the nermal tests as out-
lined for the two terminal line sysStem test. When
these tests have beenéysatisfactorily completed,
return the third terminalrelayito normal and close the
breaker at that station. “Repeat the above procedure
with a different breakerdepen and relay disconnected.
This will completé the check of the three terminal
line.

RENEWAL PARTS

Repair workiican be done most satisfactorily at
the factory.. However, interchangeable rparts can be
furnishedyto users who are equipped for doing repair
work, ‘Whenlerdering parts, always give the complete
nanieplate,data.
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INSTALLATION o

Westinghouse 1.L. 41-971.28B
OPERATION e MAINTENANCE

INSTRUCTIONSES

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 terminal transmission
lines. Simultaneous tripping of the relay at each ter-
minal is obtained in about 20 milliseconds for all
faults. A complete installation for a two terminal
line consists of two relays, two insulating#trans-
formers, and an interconnecting pilot wire{circuit.
For a three terminal line, three relays, three insul-
ating transformers, and a wye-connected pilot, wire
circuit with branches of equal series resistance“are
required.

CONSTRUCTION

The relay consists of a combination positive and
zero phase sequence filtemyda saturating auxiliary
transformer, two full wave_rectifier units, a polar
type relay unit, a neon lamp, and an indicating con-
tactor switch (ICS), all meunted in a single case.
The external equipmeft mormally supplied with the
relay consists of@n insulating transformer, a milliam-
meter and test Switch.

SEQUENCE"EILTER

The sequence“filter consists of a three-legged
ironcore reactor anda set of resistors designated R1
and Ro. The reactor has three windings; two primary
and a‘tapped secondary winding, wound on the center
leglof,a ) ‘F*’ type of lamination. The secondary taps
are wired to the circularly arranged R1 tap connec-
tionsin the front of the relay. The R1 tap links also
eonnect to the Ry resistor (looped resistance wire).
Ro consists of three tube resistors with taps wired

SUPERSEDES I.L. 41-971.2A

*Denotes change from superseded issue.

to the circularly arranged/Rowap connections in the
front of the relay. Rqp tapsgare on the Ry resistance
wire and are wired to“the circularly arranged R 1p
tap connections_in the front of the relay.

SATURATING T,RANSFORMER

The outpuit ‘'of the sequence filter connects to the
primaryyef a two-winding saturating transformer. The
primaryawinding is tapped and wired to a tap block T
in, theyfront of the relay. The secondary winding is
eonnected to the neon lamp and from a fixed tap to
theyrelay coil circuits.

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with either one or two contacts. The
poles of the cresent-shaped permanent magnet bridge
the magnetic frame. The magnetic frame consists
of three pieces joined in the rear with two brass
rods and silver solder. These non-magnetic joints
represent air gaps which are bridged by two adjust-
able magnetic shunts. The operating and restraint
windings are concentrically wound around a mag-
netic core. The armature is fastened to this core at
one end and floats in the front air gap at the other
end. The moving contact is connected to the free
end of a leaf spring.

RESTRAINT TAPS

A set of restraint taps are located on the front of
the relay near the polar unit. These taps are the
maximum and minimum restraint taps of the relay.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, bypassing the main
relay contacts. Also during this operation, two fin-

EFFECTIVE MARCH 1966
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gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator target to drop. The target is reset from the out-
side 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 value of the switch.

OPERATION

The connection of the HCB system of relays to
the protected transmission line is shown in Fig. 8.
In such a connection, the relays operate for faults
within the line terminals but not for faults external
to the protected transmission line. This is accom-
plished by comparing the relative polarities of vol-
tages at opposite ends of the transmission line by
means of a metallic pilot wire.

As shown in Figure 8, the composite sequence
filter of each HCB relay receives three phase current
from the current transformers of the transmission
line. The composite sequence filter of the HCB con-
verts the three-phase current input into a single-
phase voltage output, Vg, of a magnitude which is
an adjustable function of the phase A positive and
zero sequence current. This voltage, Vp, is impres-
sed on the primary wiring of the saturating transfors
mer. The saturating transformer output voltagef Vg,
is applied to the relay coils and to the pilot wire
throughaninsulating transformer. The saturating trans~
former and a neon lamp across its secendary winding
serve to limit the energy input to the pilotywires

During an external fault, assuming matehed relays,
the magnitude of Vg atboth stations will be the same.
The relative polarities of the Vg voltages will be as
shown in Figure 4. Since the voltages add, most of
the current will circulate through,the restraint coils
and the pilot wire, withya minimum of operating coil
current. The relativefeffects of the operating and re-

straintcoil currentgare sitch thatthe relay is restrained.

During an internal fault, the relative Vg polarities
reverse. Since the Vg voltages now oppose eachother,
most of the currentgflowing in the restraint coils is
also forced“through the operating coils with a mini-
mum of €urrent in the pilot wire. This increase in
operating ‘eurrent overcomes the restraining effect
and both the“relays operate.

Within limits, as defined in Figure 7 and under
‘“‘Characteristics,’’ all the relays will operate/for an
internal fault regardless of the fault current distribu-
tion at the various stations. The nominal piekup
(total internal fault current) of the relaying system
is equal to the minimum trip of a single relay multi-
plied by the number of relays. Forgexample, if the
pickup of each relay, with the pilot wire, open, is 6
amperes, a two terminal line system ,has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

In Figure 4 it can bejseen that a short-circuited
pilot wire will short gireuit the relay operating coils.
Depending on the location“of the short, at least one
of the relays willgfail toytrip during an internal fault.
If the pilot wire isfopen circuited, almost all the re-
straint coil “eurrent 4will flow through the operating
coil and the Telayoperates as an over-current device.

Exeessive pilot wire series impedance will ap-
proach anopen-circuited condition and the relays will
opérate during external faults. Excessive pilot wire
shunt capacitance will approach a short-circuited con-
ditionwand the relays will not operate.

OPERATING UNIT THEORY

The polar unit flux paths are shown in Figure 5.
With balanced air gaps, the permanent magnet pro-
duces flux flowing in two paths, one through the
front gaps and one through the rear gaps. This flux
produces 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 will 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, Vg, impressed by the filter upon
the saturating transformer is:

Vp = 21A1 R1+IA0 (R1 + 3Ry) volts (1)

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

Io1 and I, are the positive and zero sequence
phase A current inputs, respectively, in amperes.
These are vector quantities.
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Fig. 1. Type HCB Relay Without Case (Front View).
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Fig. 2 Type HCB Relay Without Case (Rear View).
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INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Type HCB Relay in
FT-42 Case (Double Trip Circuit). For the Single
Trip Relay the Circuits Associated with Terminal
Il are omitted.

SINGLE RELAY PICKUP (PILOT WIRE OPEN) Is

Single relay pickup, Ig, is defined as the phase
current required to operate one relay withhythe pilot
wire side of the insulating transformer open circuited
(H1-H4). The single relay pickup péint ineterms of
filter voltage is:

Vg =0.2T (2)

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

O.2T:21A1 R1+IA0(R1+3RO) (3)

Current Ig,varies with"the type of fault. For ex-
ample, for a8 phase“fault, Ig =141, since only posi-
tive sequence clrrenfis present. Substituting Ig=I41
in Eq. (3) & rearranging, the 3 phase fault pickup is:

Ig=14; =22L- _T (3 phase fault) (4)

281 10R1
If@Ry1 90.1, Rg =16 & T=4:

VT 4

s = 4 amp. (3 phase fault)
10R; 10X0.1

For a phase A to ground fault, if Iga1 =149 =1Ipp

(I o2 is the phase A negative sequence current):

0.2T = 2IA1 R1 +IA1 (R1 + 3Ro)

_0.2T_ .y,
3Ry + Ry 0

Ia1

But: Ig :IAI + IA2 + IAO

=3Ia1

So: Ig=3Ila1 = (A-G fault) (5)

1 ®Ro

If Ri=0.Rg=-T6&T=4

_ 0.2, _ 0.2x4
S /R Ry 0.1+1.6

=%§: 0.471 amp. (A-G fault)

NOMINAL PICKUP (ALL RELAYS)

The nominal pickup, Ijoy. is defined as
Inom = Klg (6)

where  Ipqp = total internal fault current
K = number of relays (2 or 3)
Ig = single-relay pickup with pilot wire
disconnected (see above)

For example, for a phase- A-to-ground fault, In1 =1Iag
with the pilot wire open circuited, the single-relay
pickup was previously determined as I oG = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-A-to-ground fault (R; =0.1; Ro = 1.6, T = 4)
is:

Inom (A to G) = 0.471K = 0.471 x 2 = 0.942 ampere.

MINIMUM TRIP (ALL RELAYY)

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 exam-
ple, Figure 6 shows the relay operating points for a
two-terminal line, assuming input current to the near
relay, only.

An example of the characteristics with various
current distributions is shown in Figure 7. The filter



TYPE HCB PILOT WIRE RELAY SYSTEM

INSULATING TRANSFORMER

SATURATING / PILOT

N TRANSFORMER
— ='o

:: FILTER TVs (or)

R - RESTRAINT COIL
OP - OPERATING COIL
Vg - SATURATING TRANSFORMER VOLTASE OUTPUT

T

SATURATING
o TRANSFORMER

@

FILTER

i

(RELATIVE POLARITIES ARE FOR THRU CURRENT OR EXTERNAL FAULT)

SIMPLIFIED EXTERNAL SCHEMATIC OF HCB SVSTEM

1834061

Fig. 4. Simplified External Schematic of the HCB RelayiSystem.
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output voltage, Vg, of each gelay, as defined by
equation (1) must be in phase orf180 degrees out of
phase, in order for Eigure 7 toyapply.

INSULATING TRANSFORMER

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

PILOT:WIRE.REQUIREMENTS

The“relays should not be applied with pilot-wire
serieésyresistance or shunt capacitance exceeding the

following values:

TABLE |
Insulating Transformer Ratio
No. of 4/1 6/1
Relays
RL, Cs RL, Cs
2000 1.5 — -
3 500/, EG 1.8 1000/1,gg | 0.75

Rp, = series loop resistance in ohms.

Cg = total shunt capacitance in microfarads.
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Line (Maximum Restraint Tap). Insulating Trans-
former 4/ 1 ratio.

Where the shunt capacitance exceeds the above
amount, it may be feasible in some cases to provide
shunt reactors to compensate for the excessive ca-
pacitance. The amount of capacitance whichgeanibe
compensated is limited and varies depending upon
the magnitude of the pilot-wire distributedeeffect.

A shielded, twisted pilot wire pair, preferably of
#19 AWG or larger, is recommended; h@wever,”open
wires may be used if they are frequently transposed
in areas of exposure to power egircuit induction. The
voltage impressed across eitherinsulatingtransformer
(H-1 to H-4) as a result of induetion ob a rise in sta-
tion ground potential, shouldbe less, than 7.5 volts to
prevent undesired relay openation.

For three-terminal applications, the loop resist-
ance of all legs of theilot wire must be balanced
within 5 percent,qwithiyvariable resistors as shown in
Figure 8. Thefpilot wire resistance to be balanced is
divided by 46 and 36 for the 4 to 1 and 6 to 1 ratio
insulating tramSformérs respectively, since the bal-
ancing resistorsiafe located on the relay side of the
insulating transformers.

Induced voltages and rises in station-ground po-
tentiahmay be handled by the following means:

@) Neutralizing reactors may be connected in
series with the pilot wire to hold the pilot wire
potential close to the remote ground potential in
the presence of a rise in station-ground potential.

They do not limit pilot-wire voltages to safe values in
the presence of a longitudinal induced/voltage. When
using the neutralizing reactor, the pilotawire sheath
should be insulated from station ground to minimize

* sheath-to-pair potential in the presence of a rise in
station-ground potential. All other pairs in the cable
which are connected to station 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“te greund through a KX642 pro-
tector tube. Thegdraindge reactor is particularly ef-
fective in limiting ‘paif-to-ground voltage in the pre-
sence of an,induced voltage. When the tube flashes,
both wires ate connected to ground through the
drainagefreactor ‘windings which offer a low imped-
anc@yto ‘ground but maintain a high impedance to an
a-c veltageacross the wires. Thus, the HCB system
will operate normally even though the protector tube
has flashed over. The drainage reactor is not intend-
ed toghandle a rise in ground potential.

c) The neutralizing and drainage reactors may be
utilized together. If the neutralizing reactor is to be
of any value, the drainage reactor through the KX642
protector tube must be connected 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 enough 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 a screw connection.

SETTINGS

There are four settings in the relay. The correct
tap setting should be determined as outlined under
‘‘Setting Calculations’’.

1) Restraint taps-maximum or minimum

To change taps, connect the lead in front of
the relay to the correct tap.

2) T tap- 4, 5, 6, 8, 10, 12, and 15
To change taps, loosen center screw and move
tap link to desired setting. Tap screw and cen-
ter screw to be tight after tap change is made.
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3) Ry tap- 0.07, 0.10, 0.15
To change taps, loosen center screw and move
taplink to desired setting. Insert twotap screws
at each end of the tap link and tighten center
screw as well as two tap screws.

4) Ro tap— 0.39, 0.51, 0.68, 0.90, 1.2 and 1.6
To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

5) Ria Taps — (0.07, 0.10, 0.15)

Note: The Ria taps are utilized where no 2zero
sequence sensitivity is desired. It is recom-
mended that these taps be set in the same
tap as the Ry tap for all applications.

To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

INDICATING CONTACTOR SWITCH (ICS)

The only setting required on the ICS is the selec-
tion of the 0.2 or 2.0 ampere tap setting. This selec-
tion is made by connecting the lead located in front
of the tap block to the desired setting by means of
the connecting screw.

SETTING CALCULATIONS

The HCB relay has four sets of taps: Ry, T#Rp,
and restraint taps. The following discussion estab-
lishes limits for the various tap settings umder 'Qif*
ferent operating conditions. It should be kept in mind
that settings to obtain operation on minimum internal
fault conditions are based on the total faultycurrent
that flows into the protected line frém alh terminals.

TERMS
R, T, Ry — Relay taps
I3p — total minimum_internal 3-phase second-
ary fault cutrentafed from all terminals.
divided by the, number of terminals
(2 65,3)

I}, — maximum<gecondary load current flow-
ing through the protected line.

Ig ¢ total minimum secondary ground fault
current fed into the protected line from
all terminals, divided by the number of
terminals.

10

Inom.(P-P) — nominal internal phase to phase faulg
sensitivity.

Inom.(P-G) — nominal internal line to ground fault
sensitivity.

current transformer ratio at
Station I and ILirespectively.

Ryc M Ryc (D —

PHASE FAULT SENSITIVITY

The phase fault pickup is)determined by the Ry
and T taps. In order to operate onfthe minimum line-
to-line fault current, the 8; and ¥ taps should be set
for not more than:

T
Ry 213P ("

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

T 0I
Rl =1 L (8)
Fhe “available taps are:
Ry: 0.07, 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 set as follows:

—T: 1.25 x 10Ip, = 12.5Iy, (9)
Ry

The required T/R; ratio may be obtained by any
combination of T and R;. However, the T tap must
be set the same at all stations. The Ry 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-terminal
lines with more than 1000 ohms loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY

The ground fault pickup is determined by Ry and
T taps. (T should be determined by the phase set-
ting.) In order to operate on the minimum line-to-
ground fault current, the Ry tap setting should be
not less than:

(10)
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The available R, taps are: 0.39, 0.51, 0.68, 0.90,
1.2, and 1.6.

The Ry 5 taps, 0.07, 0.10, and 0.15, are utilized
toset Ry = 1/3 Ry, where no zero sequence sensitiv-
ity is desired. Equation (10)does not apply for these
three taps.

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

For cable circuits, where the line charging cur-
rent exceeds 5% of nominal pickup current, set R,
for about:

T
R, =——
© 75

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

RESTRAINT TAP

Set in maximum restraint tap for all two-ferminal
lines. Set in minimum restraint tap for, alljthree-
terminal lines. The use of maximum restraing, 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 com-
pensates for the desensitizing effect of @ third ter-
minal.

Note: The relay pick-up calibration must be changed
if set in the minimum testrdint tap. See ‘'Ad-
justments and Mainténances”

TAPPED LOADS

Where one tfansformer/bank is tapped to a line
protected withitwo HEB Telays, the critical point is
to set above 'thedault current flow for a fault on the
other side ofythe bdank. Set the R; and T taps for
not less than:

—R—l‘: 5I3pi, (11)

whereIgpy, = total current for a 3-phase fault on the
low side of the bank.

Note that the tapped bank must not act as a ground
source for high-side faults (e.g. high side connected

in delta). Ordinarily this means that the Rg, tap/set-
tings need not be changed, since no Zero-sequence
current flows in the line when thejlow )side is
grounded.

SETTING EXAMPLE

CASE I
Assume:
Two-terminalgline:

CT ratio = 600/5

Full-lead eurrent = Iy, = 400A

Minimum§3-phase internal fault current:
Through Station I = 1500A
Through Station II = 2500A

Minimum internal line-to-ground fault

current:
Through Station I = 400A
Through Station II = 0

Phase fault pickup:

1500 + 2500 < 5
600

T : _ _ _
_PW (maximum) = 5I3p =5 x = 83.3

R—'I;(maximum) = 10I}, = 10 x 400 XE(%: 33.3

The phase fault current is sufficient to

allow the relay to be set to prevent tripping
on an open-circuited pilot wire. Therefore, set:

T—1251 =41.7
*R—l—— ol = .

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

The nominal pick-up current from equation 6
for a phase-to-phase fault is:

T
Inom(P-P) _3.89—1?{1 = 0.289 - 13.8 amperes,
(1yom B-P) - T for three-terminal lines]
no 1.92Rg

Ground fault pickup:

0.2T 0.2x4 _ 600

1, a00/2 5 08

Ry (minimum) =
An R, tap exceeding 0.48 will provide trip-

ping. As recommended for overhead lines:

Set Ry = 1.6.

n
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The ground fault nominal pickup is:

0.4T

I P-G) =
nom(P-G) ==

-1.6 = 1.0 amperg,
1.6

0. .
[Inom(P-G) =R - for three-terminal lines]
O

Restraint tap.

Use maximum restraint tap.

CASE II (DIFFERENT CT RATIOS)

Assume 400/5 CT’s fat Station II and 600/5
CT’s at Station “Ip with less than 1000 ohms
pilot wire loop resistance.

At Station I,9set Ry~ 1.6 as in Case I. How-
ever, set R = 0715(to obtain R; settings pro-
portional to the CT ratio. From equation 6:

T,= 12.5R§I;, = 12.5 x 0.15 x 400 = 7.5
SetpT. \8

Stationall settings are:

RNc (D) 400

Rp=0.15——-—0.15 x4~ = 0.10
1 Rno (D 0.15 X

600

12

T = 8 (Same as Station I)

Ry = 1.6 X0 = 1 07 (Set 1.2
o= 1.0 Xgap = 1.07 (Set 1.2)

INSTALLATION

The relays should be mounted on switchboard
panels or theirequivalent in alocation free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush 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 steel 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
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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

o
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ACCEPTANCE 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.

_Muin Unit_

Connect the relay to the insulating transformer,
as shown in Figure 8, and set R1 = 0.10, Rg = 1.6,
T = 4, and maximum restraint tap. With the insulat-
ing transformer terminals H1 and H4 open circuited,
measure the minimum pick-up current, Igg (min.),
with current applied through terminals 7 and 9. This
value should be:

Ing (min.) = 6.94 +5% amperes.

Now, connect a resistance, Rpy, across H1 and
H4 of the insulating transformer, with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
pacitor, Cpy, in parallel with Rpy. With Rpy and
Cpw set as specified in Table II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

TABLE Il
Rpw Test - Max. Restraint Tap

Ry = 0.10, Ry = 1.6, T = 4

Insulating Rpw t Cpw

Transformer in in
Ratio ohms microfarads
4to1 1200 1900 0.75
6to1l 2700 , 4300 0.33

t The relay should not operate at the lower value of
Rpw, but should operate,at the higher value.

Additional testsf for'the sequence filter and the
operating unit“%are“\ydescribed under ‘‘Calibration
Check.’’ These latter tests are not required unless
the relay fdils té meetthe acceptance tests.

Indicating Contactér Switch (ICS)

Close the mainrelay contacts and pass sufficient
direct curremt through the trip circuit to close the
contacts of the ICS. This value of current should not
béwgreater than the particular ICS tap setting being
used, The indicator target should drop 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 mifimum restraint
tap (factory calibration is m@de in the maximum re-
straint tap), the Rpy test shottldjbe made in accord-
ance with Table III instead,of #Fable II.

TABLE Il
Rpw Test"® Min. Restraint Tap

Rjes 00, R, = 1.6, T = 4

Insulating Rpw T Cpw
Tramnsformer in in
Ratio ohms microfarads
4°%0, 1 800 1400 0.75
6ito 1 1800 3100 0.33

TaThe relay should not operate at the lower value of
Rpw, but should operate at the higher value.

Sequence Filter: Remove tap screw T and con-
nect a high-resistance voltmeter across this open-
circuited 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 Izg = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vp = 8R; #5% volts.
(e.g., if R;=0.1, Vp=8x0.1=0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Operating Unit: The following test will check
the polar unit calibration and the performance of the
rectifiers. Connect a variable non-inductive resistor
across the high-voltage terminals of the insulating
transformer (H1 to H4), and connectd-c milliammeters
in series with the operating and restraining coils of
the polar unit by opening these circuits. (The re-
straint can be opened at the tap circuit for max. and
min. restraint. The operating circuit has to be opened
at the polar unit.) These milliammeters should have
low resistance and should be capable of reading in
the order of 20to 25 ma in the operating coil and 100
to 150 ma in the restraining circuit. Using T = 4,
Ry = 0.1, Ry = 1.6, energize the relay with I35 =10
amperes (terminals 3 and 5)and increase the variable

13
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resistance across the insulating transformer high-
voltage terminals until the relay just trips. The
values obtained should conform substantially to the
following equations:

For minimum restraint

I,=0.121Ig + 8

For maximum restraint

I, =0.16 Ig + 8

where Iy and IR are operating and restraining coil
coil currents, respectively, in milliamperes. The
results are subject to variations between indi-
vidual relays, due to different exciting imped-
ances of the insulating transformers. However,
the value should never be lower than:

For minimum restraint

Ip =0.121I) +4

For maximum restraint

I, = 0.16IR + 4

CALIBRATION PROCEDURE

If the factory calibration has been disturbed, the
following procedure should be followed to recalibrate
the relay.

FILTER CALIBRATION

A. Ry Taps

* 1. Disconnect T current tap link' and“place
Ro tap in 1.6

2. Connect voltmeter (low-reading, high resis-
tance rectox) across relay terminal 2 and
the common of T tap bléck:

3. Pass 5 amperes a.e. inte terminal 7 and out
terminal 9 of the relay.

4. Adjust the corrésponding R  slide wire posi-
tion (see Fig. 24for location) to be within
limits of following table for each specified
setting of R tap screw.

R. Tap Volts

Setting A.C.
.15 0.865 + .008
.10 0.577 + .007
.07 0.433 + .005

14

B. Ryip Taps

* 1. Disconnect T current tap link and set(Ro
in O tap.

2. Connect a.c. voltmeter across relay terminal
3 and the common connection of R 14 and Ro
(see Fig. 2 for location).

3. Pass 5 amperes a.c. into terminalS§5 and out
terminal 3.

4. Adjust the corresponding, R9a slide wire
position (see fig. 2 for location) to within
limits of following table(for each specified
setting of R1a Tap screw

Ria Tap Volts
Setting A.C.
.15 0.250 + .005
.10 0.167 + .003
07 0.125 = .003
C. Ro @aps

Nodadjustments can be made on the Ro resistors.
value“efsresistance can be checked by passing
Samperes a.c. through terminal 3 and out terminal
9y, T tap must be disconnected. Following volt-
ages should be measured across terminal 2 and
thie specified tap of Ro.

Ro Tap Volts
_ Setting A.C.
.39 1.85 + 2.05
.51 2.45 + 2.68
.68 3.28 + 3.60
.90 4.33 + 4.70
1.20 5.78 + 6.27
1.60 7.72 + 8.38

* Polar Unit Contact Adjustment: Place a 0.088
to 0.095 inch feeler gage between the right hand
pole face and the armature. This gap should be
measured near the front of the right hand pole face.
Bring up the back-stop screw until it just makes
with the moving contact. Place a 0.045 to 0.050
feeler gage between the moving contact and the
stationary contact on the left-hand side of the polar
unit. Bring up the stationary contact until it just
makes with the gage and lock in place. For relays
with double contacts make sure that both upper and
lower contacts make at the same time.

Polar Unit Calibration: Connect the restraint tag
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, R; = 0.1, Ry = 1.6.
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The sensitivity of the polar unit is adjusted by
means of two magnetic, screw type shunts at the
rear of the element. Looking at the relay front view,
turning out the right hand shuntdecreases the amount
of current required to close to the right hand stop.
Conversely,drawing out theleft hand shunt decreases
the amount required to trip the relay. In general, the
farther out the shuntscrews are turned, the greater
the toggle action will be and as a result, the dropout
current will be.lower. In adjustingthe polar elements,
be sure that a definite toggle action is obtained,
rather than a gradual movement of the armature.

Start with both shunt out 4 to 5 turns. Short out
the pilot wire on the high side of the insulating
transformer. Momentarily apply 40 amperes from ter-
minals 5 to 3. Now remove the short from H1 to H4
and, adjust the right hand shunt such that the con-
tacts close with a positive snappy toggle action at
I7g = 6.9 to 7.0 amperes. After this adjustment is
complete, short out pilot wire and apply 40 amperes
momentarily from terminals 5 to 3. Now remove the
short from H1 to H4 and, check pickup for I7g. If
value has changed from before, it will be necessary
to re-adjust the right hand shunt. Several trials mag
be necessary before the pickup will be constant.(In
each case, the 40 amperes should be appliegd before
any additional adjustments are performed om the
shunt.

After the shunts have been adjusted, apply 40
amperes momentarily to terminals 3 and 5 of, the re-
lay with the pilot wire open. Pickup_will{be/approxi-
mately 5 amperes with current applied teyterminals 7
and 9. This change in pickup“is, due, to/a change in
the residual magnetism in the pelamunit of the relay.
In the de-energized statey, thejpermanent magnet of
this unit produces a flux ‘ofymagnetic bias to keep
the contacts open. When the “init is energized, a
second flux (electrical), is produced which either
adds to or substracts™from™the magnetic flux. When
the electrical flux is rémoved, the magnetic structure
of the polar unit*is, changed. Hence, the flux produc-
ed by an @xcess ofyrestraint current, adds to the
magnetic ¢biasfd andgthe flux produced by an excess
of operating“eurrént substracts from the magnetic
bias. This characteristic is inherent in the polar unit
and has no affect on the overall performance of the
relay.

After the shunt adjustment has been made,
change)the input current connections to terminals
3%and 5. Apply 40 amperes with H, and H4 terminals
shorted. Remove short and measure pickup with
current applied to terminals 3 and 5. The relay
should trip with I35 = 0.45 to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contact burnisher, S¥182A836H01, is recom-
mended for this purpose. The use of abrasive material
for cleaning is not recommended, becatise of the dan-
ger of embedding small parti€les in the face of the
soft silver and thus impairinggthe contact.

ICS Unit: Close the main relay contacts and
pass sufficient direct current through the trip circuit
to close the contacts of the ICS. This value of cur-
rent should not be greater than the particular ICS tap
setting being used. The indicator target should drop
freely.

OperatingUnit:" Check the relay minimum pickup,
with thefpilet wires disconnected from terminals H1
and, H4 of the insulating transformer, by energizing
with Tgg current (terminals 7 and 9). Pick-up current
should be;

T

=— —_—— + 5% amperes
5T Ry Ok AmP

179 (min)

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

MINIMUM PICKUP

PRECAUTION: In making this test with the re-
lay in place on the switchboard, it is necessary to
connect the load box in the circuit between the relay
and the ‘‘hot’’ side of the supply circuit. If this pre-
caution is not observed, it is possible to cause a
short circuit between the grounded station service
supply circuit and the ground of the current trans-
former circuit.

The minimum pickup of each relay should be
checked before starting the system tests. With taps
as specified in Fig. 10, and the pilot wire circuit
open on the high side of the insulating transformer,
each relay should trip with Ian = 0.45 to 0.55 amp.
or with Igc = 6.9 to 7.0 amperes

With the pilot wire connected, energize one relay
with Ipy and determine the minimum pick-up of all re-
lays. Repeat this test by energizingthe other relay or
relays. Record these values for future reference. If the
neon lamp is litduring these tests, the pilot circuit is
presenting too high a shunting effect on the relays.
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Note:

C.T.'s C.T.'s
AR ‘Iransmission Line AA
LG A 7YY

"N" Relay Insulating Transformers “P" Rel.y
] T T =) ‘
<
HCB % Pilot Wires HCB
t i

_\ﬁot Wire C rrent" read with Milliammeters
METE el

Test Switches

The line should be carrying through load current amounting to at least 1.5 ampefes as
measured in the secondary of the Current Transformers. This test is based on‘the ratie’of
the C.T.’s being the same at each end of the line, in which case set the taps ofiboth re-
lays to Ry =.1; Ry = 1.6; T = 4 for this test.

RELAY “'N”’ RELAY 'F”
;'”:o Test Relay |Relay “‘Pilot Wire Current’’ Test Relay | Relay 4'Pilot Wire Current’’
=% | Switch Current | Trip | Circulating | Remote Switch | Current Zrip)), Circiilating | Remote
1 tiii AB,C,N| No 1 (1) IIII A,B{C)N| No (1) (1)
2 I I }{ A,C,BN| No 2) ) i 1 x A,C,B,N) N& (2) )
? b6 * b4

3 Lz/u AN Yes 3) (0) LRRR 0 Yes 3) (3) (4
bddb¢ X

4 | RRA 0 Yes (3) (3) (4) u—/u AN Yes 3) None

X )

5 my AN No 3) 3) @.ﬂﬁ AN No 3) 3)
o (48

6 m}f AN Yes ©) B,C,N | Yes ©)

RIEMARKS

Tests 1 and 2 are to check normal positive Sequence rotation of phases.

Tests 3 and 4 simulate internal Phase A topGround, fault with single end feed.

Test 5 simulates an external Phase A fepGround fault. (5)

Test 6 simulates an internal Phase A to/Greund fault, with equal feed from the two ends, since

Ig + Ic =~ IA, with balanced load.
To Relay
—
LEGEND OF NABC Phase A current from

TEST SWITCH Normal Connection. % bl C. T.'s to Relay.
SYMBOLS: All Currents to EXAMPLE Phase B and C.T.’s

(1

(2)

(3)
(4)

(5

(6)

N A BI€ Relay. shorted to neutral.
N

To C.Ty's

The ‘‘pilgt wire current’’ will vary depending upon the magnitude of the through load current
and,the ¢haracteristics of the pilot wire. See Figures 11 and 12,

Sincelthe “relay is temporarily connected for negative sequence, it should have practically
zero output. in this test.

These readings may be ‘‘off scale* depending upon the magnitude of the load current.

The relay at this station should reset when the ‘‘far’’ current is being read because the local
relay avill be receiving no current from either the pilot wire or the current transformers.
Test"4 and 5 can be repeated using phase B to neutral current, and again with phase C to
neutral current, but this is not strictly necessary on the basis that, having proved the phase
sequence with tests 1 and 2, and having proved the correspondence of phase A at the two
ends of the line with test 5, then phases B and C must be correct.

Some pilot wire current will be read, depending upon the magnitude of the distributed capa-
city of the pilot wire in combination with the magnetizing impedance of the insulating
transformer.

Fig. 10. HCB Relay System Testing Procedure.
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INTERPRETATION OF TESTS

1. Tests #1 and #2, Figure 10, are designed to indicate that the relays have been wired
with the correct phase rotation. When the phase rotation is deliberately and temporarily
changed by test #2, then the pilot-wire currents should be substantially zero. Any small
value of pilot wire current which appears may be due to either a small unbalance in the load
current, or else due to harmonic currents flowing through the line. If either relay hasginad-
vertently been connected for the wrong phase rotation, then the fact will be, apparént when
reading local current. Local current should be interpreted from Figure 13, with“the ametint of
load current which is present. If no current is read on test #1 for the localgelay, ‘and if cur-
rent for test #2 is in line with Figure 13, then it is an indication that that particular relay
has been connected for the wrong p hase rotation.

a. In the event the pilot wire is open-circuited, the apparent circulating current will be
quite low, being limited to the magnetizing current of the insulating transformer. Also, it will
not be possible to read current from the remote end.

b. If the pilot wire is short-circuited, then the circulating“@urrent will be near normal,
but it will not be possible to read current from the remote end.

2. If the pilot wire is reversed, (a) the circulating,current will be low on test #1, but it
will be possible to read pilot-wire current from the remoteyrelay. (b) Both relays will trip on
test #5. If the monitoring relays also suffer fromgthis error in ‘€¢onnection, then the error should
be corrected at one relay location by reversing the, conniections to the Hy -Hq4 terminals of the
insulating transformer. However, if the monitefing Télays do not suffer from this error, then
the polarity of the pilot wires insofar as the HEB relay installation is concerned may be
suitably corrected by making a reversal of{€onnections either at the X;-Xo terminals of one
insulating transformer, or at the output terminals of the relay, #18 and #19, Figure 3.

3. If the phases are rolled at_one ‘end of the line, then this will be picked up by test #5.
On test #5, neither relay shoul@d triphywhenyphase-A-to-neutral current is delivered to each of
the two relays with the swit€hing arrangement as shown and discussed. However, if one or
both relays trip, then try checking the near relay, phase-A-to-neutral current, against phase-
B-to-neutral current at the famprelayihAlso, check phase-A-to-neutral current at the near relay
against phase-C-to-neutral _current at the far relay. If, for example, neither relay trips when
phase-A-to-neutral current is wsed for the near relay and phase-B-to-neutral current is used
at the far relay, then it is an indication that what had been thought to be phase B current at
the far location really“identifiés with phase A current at the near location. This identifies a
rolled-phase condition, and also indicates the correction which must be made in the con-
nections of the currengytransformer input to the relay.

4. One combinationpof errors which is somewhat tricky to pick up is the combination of
pilot wiresiréversed plus a rolled-phase condition at one end. Let it be assumed that the pilot
wire is reversed, at the far end, making an error of 180 degrees. Then let it be assumed that
the phases are also rolled by 120 degrees, thereby adding another error of 120 degrees.
Adding these two together brings the total up to 300 degrees, which is within 60 degrees of
whatwouldybe normal. Because of this, the only symptom which will appear in the first four
tests 4ds ghat the circulating current is likely to be lower than one would expect when read
atione end or the other on test #1. However, test #5 may be used to identify this combina-
tion “offerrors. When the condition exists as described, when test #5 is extended to check
phase A current at the near end against each of the three currents at the far end in turn, it
will be found that at least one of the two relays will always trip. If this condition is found,
réverse the pilot-wire connection, check out the rolled-phase condition and correct it, and
then proceed with all six tests.

5. Test #6 is a final verification test.

* Fig. 10 (continued)
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LOADED CIRCUIT TEST

In performing thesetests, the following procedure
should be used.

1. Standard testing equipment is recommended for
permanent installation with the relays as shown
in Fig. 9. If this equipment is not available, a
similar portable test should be set up using a
low-resistance-a-c milliammeter.

2. Red-handle flexitest case switch should be open
to interrupt the breaker trip circuit.

3. A test crew is necessary at each substation with
a means of communication between them.

4. When the test calls for delivering only specified
currents to the relay, it is necessary to use a
thin piece of insulating material in the ammeter
test jack. For example, test #5 of Fig. 10 relay
‘““N’’. To applyphase A to N current to the near
relay only, the switches associated with termi-
nals 6, 7, 8, 9 of figure 3 must be open. Opening
switches 6 and 8 short circuits the current trans-

% fomers for phases B and C. However, it is also
necessary to insert the insulating material in the
ammeter test jacks associated with terminals 7
and 9 in order to break up the connection between
the filter in the relay chassis and the grounded
input circuits from current transformers in phas-
es B and C.

5. To facilitate making test #2 of Fig. 10, two am=
meter test plugs wired together with a foot orftwo
of flexible wire should be used. With/thesejtwo
test plugs suitably wired togethér, ,one, of them
may be shoved in the ammeter test jagk associ-
ated with terminal 7, Figure 3,“and the other
shoved in the ammeter test jackjassogiated with
terminal 9, Figure 3. (ThisgSHould¥not be done
until the switches for terminals 6 and 8 have been
open, thus short circuitimgythé®current transfor-
mers involved). It is desirable to wire the test
plugs together suchWthatiwhen one is shoved in
the one ammeter test jaek with the red side up,
and the otherdis shoveddn the other ammeter test
jack with the blaek side up, it is then known that
the Band Cphase currentsto the relay have been
reversed at the input to the chassis in line with
test #2, Fig. 10r After these test plugs are pro-
perly inserted, it is then appropriate to close the
switéhes associated with terminals 6 and 8, Fig.
3,4in_order to remove the short circuit from the
cutrent transformer secondaries.
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Perform the tests as indicated in Figure 10 ree-
ording the milliammeter readings and the relay input
current at the same instant, for future referencey The
headings ‘‘Circulating’’ and ‘‘Remote’’ in the table
of Figure 10 refer to the test switch positions, ‘‘CIRC"’
and ‘““REM.”’ For tests 3 to 6 of Figure 10, the input
current should be increased to about™1.5 amperes by
an auxiliary current transformerfif thefsecondary load
current is below this value. Also recor@the input and
output readings with the test #witch in the ‘‘Local”’
position. Typical values for)the f‘Local’’ position
readings are shown in Figlre, 132

THREE TERMINAL LINES

A similar procedure to Figure 10 should be fol-
lowed for threefterminal line applications. In this
case opengthe line circuit breaker at one terminal,
and disconneetthedoads from the pilot wire terminals
of the HCB relayat that terminal. Thisleaves the re-
mainingportion of the line operatingas atwo terminal
line.“Now perform the normal tests as outlined for the
two ¢erminad line system test. When these tests have
beenisatisfactorily completed, returnthe third terminal
relay to“hormal and close the breaker at that station.
Répeat the above procedure with a different breaker
open and relay disconnected. This will complete the
check of the three terminal line.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB relay is
practically independent of the pilot-wire resistance
and of the current tap used. The following burdens
were measured at a balanced three-phase current of 5
amperes:

For tap 4, R = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes 0°
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°

For tap 4, Ry = 0.15 and Ry = 1.6

Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-amperes 285°
Phase C 5.3 volt-amperes 45°

The angles above are the degrees by which
the current lags its respective voltage.
The continuous rating of the relay is 10
amperes.

The two-second overload ratings of the relay
are 150 amperes phase and 125 amperes ground
currents.
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PILOT-WIRE ENERGY

The current and voltage impressed on the pilot
wire do not exceed 100 milliamperes and 60 volts.
The wave form and magnitude of the pilot-wire cur-
rent are such that telephone interference is within
the limits allowed by the Bell Telephone Company.
This permits the use of leased telephone lines as a

APPROXIMATE RESISTANCE VALUES

I.L. 41-971.2

pilot-wire channel. O
RENEWAL PARTS

Repair work can be done most satis orily at

the factory. However, interchangeable parts can be
furnished to users who are equipped forydoing repair
work. When ordering parts, al s give the complete
nameplate data.

OF COMPONENTS IN%XL AY
0

Transformer Secondary Winding Start to to 30 ohms
Sta Finish 110 to 140 ohms
Polar Unit Operating Coil 290 - 320 ohms
Polar Unit Restraining Coil imu 12 - 16 ohms
i um 9 - 12 ohms
Resistor Rc 41 - 44 ohms
Tube Resistor Ro s Marked on Ro Tap Plate
Looped Resistor R1 As Marked on R1 Tap Plate
R1A As Marked on R1A Tap Plate

Rectifiers

Indicating Contactor Switch

IN91 Germanium Diodes

0.2 amp. Tap 6.5 ohms
2.0 amp. Tap 0.15 ohms

23
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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 contactsto 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 terminal transmission
lines. Simultaneous tripping of the relay at each ter-
minal is obtained in about 20 milliseconds for all
faults. A complete installation for a two terminal
line consists of two relays, two insulating trdns=
formers, and an interconnecting pilot wire circuité
For a three terminal line, three relays, three insul-
ating transformers, and a wye-connected pilotywire
circuit with branches of equal series resistanee are
required.

CONSTRUCTION

The relay consists of a combinatiomypositive and
zero phase sequence filter, lagsaturating auxiliary
transformer, two full wave rectifier, units, a polar
type relay unit, a neon lamp§ andgan indicating con-
tactor switch (ICS), all mounted/in a single case.
The external equipment#normally supplied with the
relay consists of anginsulating transformer, a milliam-
meter and test switch.

SEQUENCE FILTER

The sequence filter consists of a three-legged
ironcore reactor and a set of resistors designated R1
and Ro. The rea¢tor has three windings; two primary
and a tapped secondary winding, wound on the center
leg ofl@ani R’ type of lamination. The secondary taps
areawired to the circularly arranged R1 tap connec-
tions in the front of the relay. The R1 tap links also
connect to the R resistor (looped resistance wire).
Roaconsists of three tube resistors with taps wired

SUPERSEDES I.L. 41-971.2A

*Denotes change from superseded issve.

to the circularly arranged Rotap connections in the
front of the relay. Rjp.taps are on the Ry resistance
wire and are wired to “the circularly arranged R jp
tap connections in the front of the relay.

SATURATING TRANSFORMER

The output/ofaithe sequence filter connects to the
primary of a twoswinding saturating transformer. The
primary winding is tapped and wired to a tap block T
in{ theyfront of the relay. The secondary winding is
conneeted to the neon lamp and from a fixed tap to
thelrelaycoil circuits.

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with either one or two contacts. The
poles of the cresent-shaped permanent magnet bridge
the magnetic frame. The magnetic frame consists
of three pieces joined in the rear with two brass
rods and silver solder. These non-magnetic joints
represent air gaps which are bridged by two adjust-
able magnetic shunts. The operating and restraint
windings are concentrically wound around a mag-
netic core. The armature is fastened to this core at
one end and floats in the front air gap at the other
end. The moving contact is connected to the free
end of a leaf spring.

RESTRAINT TAPS

A set of restraint taps are located on the front of
the relay near the polar unit. These taps are the
maximum and minimum restraint taps of the relay.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, bypassing the main
relay contacts. Also during this operation, two fin-

EFFECTIVE MARCH 1966
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TYPE HCB PILOT WIRE RELAY SYSTEM

gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator target to drop. The target is reset from the out-
side 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 value of the switch.

OPERATION

The connection of the HCB system of relays to
the protected transmission line is shown in Fig. 8.
In such a connection, the relays operate for faults
within the line terminals but not for faults external
to the protected transmission line. This is accom-
plished by comparing the relative polarities of vol-
tages at opposite ends of the transmission line by
means of a metallic pilot wire.

As shown in Figure 8, the composite sequence

.filter of each HCB relay receives three phase current

from the current transformers of the transmission
line. The composite sequence filter of the HCB con-
verts the three-phase current input into a single-
phase voltage output, Vg, of a magnitude which is
an adjustable function of the phase A positive and
zero sequence current. This voltage, Vg, is impres-
sed on the primary wiring of the saturating transfors
mer. The saturating transformer output voltage, Vg,
is applied to the relay coils and to the pilotgwire
through aninsulating transformer. The saturatingtrans-
former and a neon lamp across its secondaryswinding
serve to limit the energy input to the pilot (wire.

During an external fault, assuming mMatched relays,
the magnitude of Vg atboth stationsgwilljbe the same.
The relative polarities of the Vg voltages will be as
shown in Figure 4. Since the voltages add, most of
the ,current will circulate through, the restraint coils
and the pilot wire, with a minimum of operating coil
current. The relative effects©f the operating and re-

straint coil currents afe suchithatthe relay is restrained.

During an internalfauld, the relative Vg polarities
reverse. Since the Vg voltages now oppose eachother,
most of the current flowing in the restraint coils is
also forced throughgthe operating coils with a mini-
mum of current in the pilot wire. This increase in
operatingeurrent overcomes the restraining effect
and both the relays operate.

Within limits, as defined in Figure 7 and under
‘“‘Characteristics,’’ all the relays will operate for an
internal fault regardless of the fault current distribu-
tion at the various stations. The nominal picKup
(total internal fault current) of the relaying“system
is equal to the 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 sysfemghas a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

In Figure 4 it can be“seenathat a short-circuited
pilot wire will short cizeuit the relay operating coils.
Depending on the loeationwef the short, ot least one
of the relays will fail to“tsip during an internal fault.
If the pilot wire_is open circuited, almost all the re-
straint coil currenthywill flow through the operating
coil and the,relayoperates as an over-current device.

EXcessive pilot wire series impedance will ap-
proach anopen-circuited condition and the relays will
operate during external faults. Excessive pilot wire
shunt capaecitance will approach a short-circuited con-
ditiompand the relays will not operate.

OPERATING UNIT THEORY

The polar unit flux paths are shown in Figure 5.
With balanced air gaps, the permanent magnet pro-
duces flux flowing in two paths, one through the
front gaps and one through the rear gaps. This flux
produces northand 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 will 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, Vp, impressed by the filter upon
the saturating transformer is:

Vg = 2141 Ry +1a0 (Rq + 3Ry) volts (1)

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

Io1 and Ino are the positive and zero sequence
phase A current inputs, respectively, in amperes.
These are vector quantities.

N
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POLAR UNIT
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Fig. 1. Type HCB Relay Without Case (Front View).
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INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Type HCB Relay in
FT-42 Case (Double Trip Circuit). For the Single
Trip Relay the Circuits Associated with Terminal
Il are omitted.

SINGLE RELAY PICKUP (PILOT WIRE OPEN) I

Single relay pickup, Ig, is defined as theyphase
current required to operate one relay withgthe pilot
wire side of the insulating transformer open circhited
(H1-H4). The single relay pickup poinigin (teums of
filter voltage is:

Vp = 0.2T (2)

where T is the saturating transformer tap value.
Single relay pickup is defingdwby“egnating (1) & (2):

0.2T =21a1 Ry +Ipg (Ry +38Ry) (3)

Current Ig varies, with the type of fault. For ex-
ample, for a 3 phase fault, Ig =I5, since only posi-
tive sequencefcurrgnt is_present. Substituting Ig=I41
in Eq. (3) & reanrfanging, the 3 phase fault pickup is:

02T . T
2 R1a 10R]

(3 phase fault) (4)

If Ri,= 0N, Rp = 1.6 & T =4 :

T . 4
10R] 10X0.1

= 4 amp. (3 phase fault)

Iy

For a phase A to ground fault, if Ia1 =Ipg =1Ixg

(Ipo is the phase A negative sequence curreft):

0.2T = 2IA1 R1 +IA1 (R1 + 3Ro)

But: IS = 1A1 + IA2 + IAO

=3Ia1

0.2T
So: Ig =3Ia1 :-—-———~o (A-GTault) (5)

R1 R

If R;=01Ry=M6&T =4

__0.2m, _ 0.2x4
S TRy RN, 0.1+ 1.6

:%g—: 0.471 amp. (A-G fault)

NOMINAL PICKUP (ALL RELAYS)

The nominal pickup, Iy, is defined as
Inom = Klg (6)

where I o = total internal fault current
K = number of relays (2 or 3)
Ig = single-relay pickup with pilot wire
disconnected (see above)

For example, for a phase-A-to-ground fault, Ip1 =Iag
with the pilot wire open circuited, the single-relay
pickup was previouslydetermined as Ipg = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-A-to-ground fault (Rq =0.1; Ro = 1.6; T = 4)
is:

Inom (Ato G) = 0.471K = 0.471 x 2 = 0.942 ampere.

MINIMUM TRIP (ALL RELAYS)

With equal inputs to all relays and zero pilot-wire
shunt capacitance, the relays will operate ot 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 exam-
ple, Figure 6 shows the relay operating points for a
two-terminal line, assuming input current to the near
relay, only.

An example of the characteristics with various
current distributions is shown in Figure 7. The filter
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output voltage, Vg, of each reiay, as defined by following values:
equation (1) must be in phas@ or 180 degrees out of
phase, in order for Figurey7 to,apply. TABLE |
INSULATING TRANSFORMER Insulating Transformer Ratio
No. of
Unless otherwise neted, all characteristics pre- Relays 4/1 6/1
sented include an insulating transformer with each RL, Cs RI, Cs
relay. Two ratios are available: 4/1 and 6/1. The -
high voltage side is ¢onnected to the pilot-wires. 2 2000 1.5 — -
500/1,EG 1.8 1000/y,gg | 0.75
PILOT-WIRE®REQUIREMENTS
] @ TheWrelays’ should not be applied with pilot-wire Ry, = series loop resistance in ohms.
}\}% serieés resistance or shunt capacitance exceeding the Cg = total shunt capacitance in microfarads.
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e
~~[NEAR RELAY TRIPS—T]

FFAR RELAY TRIPS -

T
Tl
T

CURRENT IN NEAR RELAY
PERCENT OF NOMINAL PICKUP

|ERSEEEEAE ; it
¢ 500 1000 1500 2000 2500

R = PILOT WIRE RESISTANCE IN OHMS
MICROFARADS DISTRIBUTED CAPACITY = .00tR

I Fig. 6 Typical Curves Showing the Effect of the Pilot

Wire on Minimum Trip Current, Two-Terminal
Line (Maximum Restraint Tap). Insulating Trans-
former 4/1 ratio.

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

A shielded, twisted pilot wire pair, preférablyyof
%19 AWG or larger, is recommended; however, oepen
wires may be used if they are frequently transposed
in areas of exposure to power circuitiinduction. The
voltage impressed across eitherinsulatingstransformer
(H-1 to H-4) as a result of inducfion orda rise in sta-
tion ground potential, should belessythan 7.5 volts to
prevent undesired relay operation:

For three-terminal applieations, the loop resist-
ance of all legs of the¢ pidot wire must be balanced
within 5 percent, With variable resistors as shown in
Figure 8. The pilot wire resistance to be balancedis
divided by 16fand436 for'the 4 to 1 and 6 to 1 ratio
insulating transformer$ respectively, since. the bal-
ancing resistors areflocated on the relay side of the
insulating transformers.

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

a)WNeutralizing reactors may be connected in
series with the pilot wire to hold the pilot wire
potential close to the remote ground potential in
the presence of a rise in station-ground potential.

They donot limit pilot-wire voltages to safe values in
the presence of a longitudinal induced vgltage.“When
using the neutralizing reactor, the pilot=wire )jsheath
should be insulated from station ground to“minimize

* sheath-to-pair potential in the presence of a rise in
station-ground potential. All other pairsgin the cable
which are connectedto stationground should also be
protected with neutralizing reactersito minimize pair-
to-pair voltages.

b) Drainage reactofs jnay,_be connected across
the pilot wire and to ground through a KX642 pro-
tector tube. The drainage reactor is particularly ef-
fective in limiting pair-to-ground voltage in the pre-
sence of an induced voltage. When the tube flashes,

_both wires are connected to ground through the
drainage reacétor windings which offer a low imped-
ance 4o groufid \But maintain a high impedance to an
a-c voltage aeross the wires. Thus, the HCB system
will operateynormally even though the protector tube
has flashed over. The drainage reactor is not intend-
efl tothandle a rise in ground potential.

c) The neutralizing and drainage reactors may be
utilized together. If the neutralizing reactor is to be
of any value, the drainage reactor through the KX642
protector tube must be connected 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 enough 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 a screw connection.

SETTINGS

There are four settings in the relay. The correct
tap setting should be determined as outlined under
‘‘Setting Calculations’’.

1) Restraint taps-maximum or minimum
To change taps, connect the lead in front of
the relay to the correct tap.

2) T tap- 4, 5, 6, 8, 10, 12, and 15
To change taps, loosen center screw and move
tap link to desired setting. Tap screw and cen-
ter screw to be tight after tap change is made.
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u

3) R tap- 0.07, 0.10, 0.15
‘W To change taps, loosen center screw and move
taplinktodesired setting. Insert twotap screws
at each end of the tap link and tighten center
screw as well as two tap screws.

4) Ro tap- 0.39, 0.51, 0.68, 0.90, 1.2 and 1.6
To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made

* 5) Ria Taps — (0.07, 0.10, 0.15)

Note: The Ria taps are utilized where no zero
sequence sensitivity is desired. It is recom-
mended that these taps be set in the same
tap as the R, tap for all applications.

To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

INDICATING CONTACTOR SWITCH (ICS)

. The only setting required on the ICS is the selec-
tion of the 0.2 or 2.0 ampere tap setting. This selec-
tion is made by connecting the lead located in front
of the tap block to the desired setting by means of

~.the connecting screw.

SETTING CALCULATIONS

The HCB relay has four sets of taps: Ry, T, Rgy
and restraint taps. The following discussion estab-
lishes limits for the various tap settings under dif-
ferent operating conditions. It should be kept in mind
that settings to obtain operation on minimum internal
fault conditions are based on the total fault‘eurrent
that flows into the protected line from allgtemminals.

TERMS
R, T, Ry — Relay taps
' I3p — total minimum internaly3-phase second-

ary faultcurrent fed from all terminals.

divided by&§thet,mumber of terminals
(2 or 3)

I;, — maximam sécondary load current flow-
ing throughythefprotected line.

Ig — total minimum secondary ground fault
current fed into the protected line from
all terminals, divided by the number of
terminals.

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

Inom.(P-G) — nominal internal line to ground faalt
sensitivity.

Rne (D, RNC(II) - current transformer ratio at

Station I and II respectively.

PHASE FAULT SENSITIVITY

The phase fault pickup is determined@by the R
and T taps. In order to operate gnthe minimuin line-
to-line fault current, the Ry and\T gaps”should be set
for not more than:

T
R, - °I3p (M

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

T
= 101y, (8)

Thefavailable taps are:
R;: 0.07, 0.10, and 0.15

T 74,5, 6, 8,10, 12, and 15

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

T
—=1.25 x 101}, = 12.51], (9)
Ry

The required T/Rl ratio may be obtained by any
combination of T and Ry. However, the T tap must
be set the same at all stations. The Ry 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-terminal
lines with more than 1000 ohms loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY

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

Ro =5 (10)

A A

P
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The available Ry taps are: 0.39, 0.51, 0.68, 0.90,
1.2, and 1.6.

The Ryp taps, 0.07, 0.10, and 0.15, are utilized
toset Ry = 1/3 Ry, where no zero sequence sensitiv-
ity is desired. Equation (10)does not apply for these
three taps.

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

For cable circuits, where the line charging cur-
rent exceeds 5% of nominal pickup current, set Ry
for about:

_ T
Ro =5

The Ry taps need not be identical as required
with the Ry taps for three terminal lines and two
terminal lines over 1000 ohms pilot wire resistance,
where the zero sequence relay currents at the line
terminals are notidentical for anexternal fault. How-
ever, for a conventional line section the Ry taps are
set in the same proportion as are the Ry taps.

RESTRAINT TAP

Set in maximum restraint tap for all two-tetminal
lines. Set in minimum restraint tap for all“three-
terminal lines. The use of maximum restraintyen twe
terminal applications allows the relay to begusedyfor
all pilot wires as indicated in Table I. The use of
minimum restraint on three terminal applications com-
pensates for the desensitizing effectfof adthird ter-
minal.

Note: The relay pick-up calibration must be changed
if set in the minimum restraintytap. See ''Ad-
justments and Mainteg@nce. %

TAPPED LOADS

Where one trahsformér bank is tapped to a line
protected with t#%o HCB,relays, the critical point is
to set above the fault current flow for a fault on the
other side of ‘th€ bank. Set the Ry and T taps for
not less than:

T
"RT: 5I3PL (11)

wherell3py, = total current for a 3-phase fault on the
low side of the bank.

Note)that the tapped bank must not act as a ground
source for high-side faults (e.g. high side connected

in delta). Ordinarily this means that the Ry tap set-
tings need not be changed, since no zeresseguefice
current flows in the line when the (low $§ide is
grounded.

SETTING EXAMPLE

CASE I
Assume:

Two-terminal line} _
CT ratio # 600/5
Full-loadcurrent = Iy, = . 400A
Minimum¥3-phase internal fault current:

Through’Station I = 1500A

Throtgh Station II = 2500A
Minimum internal line-to-ground fault
current:

Through Station I = 400A

Through Station II = 0

Phase fault pickup:
1500 + 2500 X 5

T .

— (maximum) = 5 =5x = 83.3
R1 3p 600
-l»(maximum) = 10If, = 10 x 400 X—2—= 33.3
R 600

1

The phase fault current is sufficient to
allow the relay to be set to prevent tripping
onanopen-circuitedpilot wire. Therefore, set:

T“1251 =41.7
Rl'— .L— ol

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

The nominal pick-up current from equation 6
for a phase-to-phase fault is:

T
Inom(P-P) :ﬁg—Rl =0.289 - 13.8 amperes,

T . .
(1,0m(P-P) Dl?ﬁ{ for three-terminal lines]

Ground fault pickup:

R (minimumy = 0-2T - 0-2X 4 _ 600
0 - “ 720072 5

=0.48
Ig

An R, tap exceeding 0.48 will provide trip-

ping. As recommended for overhead lines:

Set R, = 1.6.

11
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NOTE 2. TEST SWITCH CONTACTS SHOWN IN"NORM" POSITION.

CIRCULATING POSITION LOCAL POSITION

293B225

The ground fault nominal pickup is:
0.6T
[Inom(P-G) :——Eﬁ—— = for three-terminal line§]
(o)

Restraint ta_p.

Use maximum restraint tap.

CASE II (DIFFERENT CT RATI@S)

Assume 400/5 CT’s at StationJI and 600/5
CT’s at Station I, with less than 1000 ohms
pilot wire loop resistance.

At Station I, set Rg = 196 as in Case 1. How-
ever, set R{"90,45 to0btain R; settings pro-
portional to the"@T #atio. From equation 6:

T =12.5RqI}, = 12.5 x 0.15 x 400 = 7.5
SetT z8
Station TL Seftings are:
Q RNc (I 400
R = 0.15&——— —_— =
1 Rye (D 0.15 x 600 0.10

6:. ‘ Fig. 9. HCB Relay Test Circuits with S#508A468601-G02 Type W.-2(Switch and S 3291B318A09 Milliammeter 0- 5-25 ma.

T"= 8 (Same as Station I)

400
Ro = — =
16X600 1.07 (Set 1.2)

INSTALLATION

The relays should be mounted on switchboard
panels or theirequivalent in alocation free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting, or by means o?f
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 steel panel mounting or
to the terminal studs furnished with the relay for
thick panel mounting. The terminals studs may be
easilyremoved or inserted by lockingtwo nuts - on the
stud and then turning the proper nut with a wrench.

For detailed Flexitest casé information, refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

CAUTION Make sure that the neon lamp is in place
whenever relay operation is b:ing checked.
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ACCEPTANCE 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 8, and set R} = 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 current, I7g (min.),
with current applied through terminals 7 and 9. This
value should be:

I79 (min.) = 6.94 +5% amperes.

Now, connect a resistance, Rpy, across H1 and
H4 of the insulating transformer, with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
pacitor, Cpy, in parallel with Rpw. With Rpy and
C pw set as specified in Table II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

TABLE 11
Rpw Test — Max. Restraint Tap

R; = 0.10, R, = 1.6, T = 4

check on the relay calibration is desired.
Over-all Relay Check

QOver-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 is made, in the maximum re-
straint tap), the Rpyy test shouldfbe made in accord-
ance with Table III instead%f Table II.

TABKE W
Rpw Test —Min. Restraint Tap

Ry=0.10mR, = 1.6, T = 4

Insulating Rpw t pr

Transformer in in
Ratio ohms microfarads
4to1l 1200 1900 0.75
6to1l 2700 4300 0.33

T The relay should not operate at the lower value of
Rpw, but should operate atythe higher value.

Additional tests for the ¢sequence filter and the
operating unit arey described under ‘‘Calibration
Check.’’ Theseflattertests are not required unless
the relay failg to meet the acceptance tests.

Indicating ContactorSwitch (ICS)

Close the mainrelay contacts and pass sufficient
direct current through the trip circuit to close the
contactsyof the ICS. This value of current should not
be greaterithan the particular ICS tap setting being
us€ds, The indicator target should drop freely.

CALIBRATION CHECK

The following tests are recommended whenever a

Insulating Rpw t Cpw
Transformer in in
Raftio ohms microfarads
43to“ 1 800 1400 0.75
6.t0, 1 1800 3100 0.33

T The,srelay should not operate at the lower value of
Rpw, but should operate at the higher value.

Sequence Filter: Remove tap screw T and con-
nect a high-resistance voltmeter across this open-
circuited 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 Ing = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vp = 8R{ £5% volts.
(e.g., if R;=0.1, Vg =8x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Operating Unit: The following test will check
the polar unit calibration and the performance of the
rectifiers. Connect a variable non-inductive resistor
across the high-voltage terminals of the insulating
transformer (H1 to H4), and connectd-c milliammeters
in series with the operating and restraining coils of
the polar unit by opening these circuits. (The re-
straint can be opened at the tap circuit for max. and
min. restraint. The operating circuit has to be opened
at the polar unit.) These millianmeters should have
low resistance and should be capable of reading in
the order of 20to 25 ma in the operating coil and 100
to 150 ma in the restraining circuit. Using T = 4,
Ry =0.1, Ry = 1.6, energize the relay with I35 =10
amperes (terminals 3 and 5)and increase the variable

13
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_ resistance across the insulating transformer high-
’ *’valtage terminals until the relay just trips. The
; alues obtained should conform substantially to the
L following equations:

For minimum restraint

I, =0.12 I + 8

For maximum restraint

where I, and IR areoperating and restraining coil
coil currents, respectively, in milliamperes. The
results are subject to variations between indi-
vidual relays, due to different exciting imped-
ances of the insulating transformers. However,
the value should never be lower than:

For minimum restraint

Ip = 0.121g + 4

. For maximum restraint

I, = 0.16Ig + 4

@ALIBRATION PROCEDURE

If the factory calibration has been disturbed, the
following procedure should be followed to recalibrate
the relay.

FILTER CALIBRATION

A. Ry Taps

* 1. Disconnect T current tap link and place
% Ro tap in 1.6

2. Connect voltmeter (low-readingy highy resis-

tance rectox) across relayfterminal 2 and_

the common of T tap block.

3. Pass 5 amperes a.c. intoemminal 7 and out
terminal 9 of th~ relay.

4. Adjust the corresponding“R 1 slide wire posi-
tion (see Fig.W2ffor Jocation) to be within
limits of followingytable for each specified
setting of R tap screw.

R. Tap Volts

Setting A.C.
15 0.865 + .008
.10 0.577 + .007
07 0.433 + .005

- 4 i..w

B. Ria Taps

% 1. Disconnect T current tap link and set Ro
in O tap.

2. Connect a.c. voltmeter across relay terminal
3 and the common connection of R4 and RO
(see Fig. 2 for location).

3. Pass 5 amperes a.c. into terminals 5 an@ out
terminal 3.

4. Adjust the corresponding, Ry# slide viie
position (see fig. 2 for loeatiof)’ to wituin
limits of following table for each specified
setting of Ry Tap screw

Ria Tap Volts
Setting A.C.
.15 0.250 + .005
.10 0.167 + .003
.07 0.125 = .003
C. Ro Taps

No adjustments can be made on the Ro resistors.
Value ofyresistance can be checked by passing
5 amperes a’c. through terminal 3 and out terminal
94 T tap®must be disconnected. Following volt-
agesWshould be measured across terminal 2 and
thespecified tap of Ro.

Ro Tap Volts
Setting ‘ A.C.
.39 1.85 + 2.05
.51 2.45 + 2.68
.68 3.28 + 3.60
.90 4.33 + 4.70
1.20 5.78 + 6.27
1.60 7.72 + 8.38

* Polar Unit Contact Adjustment: Place a 0.088
to 0.095 inch feeler gage between the right hand
pole face and the armature. This gap should be
measured near the front of the right hand pole face.

Bring up the back-stop screw until it just makes-

with the moving contact. Place a 0.045 to 0.050
feeler gage between the moving contact and the
stationary contact on the left-hand side of the polar
unit. Bring up the stationary contact until it just
makes with the gage and lock in place. For relays
with double contacts make sure that both upper and
lower contacts make at the same time.

Polar Unit Calibration: Connect the restraint tag
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, R = 0.1, Ry = 1.6.

e
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The sensitivity of the polar unit is adjusted by
means of two magnetic, screw type shunts at the
rear of the element. Looking at the relay front view,
turning out the right hand shunt decreases the amount
of current required to close to the right hand stop.

Conversely,drawing out theleft hand shunt decreases

the amount required to trip the relay. In general, the
farther out the shunt screws are turned, the greater
the toggle action will be and as a result, the dropout
current will be.lower. In adjustingthe polar elements,
be sure that a definite togéle action is obtained,
rather than a gradual movement of the armature.

Start with both shunt out 4 to 5 turns. Short out
the pilot wire on the high side of the insulating
transformer. Momentarily apply 40 amperes from ter-
minals 5 to 3. Now remove the short from H1 to H4
and, adjust the right hand shunt such that the con-
tacts close with a positive snappy toggle action at
Ing = 6.9 to 7.0 amperes. After this adjustment is
complete, short out pilot wire and apply 40 amperes
momentarily from terminals 5 to 3. Now remove the
short from H1 to H4 and, check pickup for Iggq. If
value has changed from before, it will be necessary
to re-adjust the right hand shunt. Several trials may
be necessary before the pickup will be constant. In
each case, the 40 amperes should be applied before
any . additional adjustments are performed @n the
shunt.

After the shunts have been adjusted, apply 40
amperes momentarily to terminals 3 and 540f the re-
lay with the pilot wire open. Pickup will be approxi-
mately 5 amperes with current applied 46 terminals 7
and 9. This change in pickup is due t@ a change in
the residual magnetism in the polar, thit of*the relay.
In the de-energized state, the permanent magnet of
this unit produces a flux or magnetie bias to keep
the contacts open. When thewunityds energized, a
second flux (electrical) is produced which either
adds to or substracts from, thegmagnetic flux, When
the electrical flux is remoyedfthe magnetic structure
of the polar unit is“éhanged.4Hence, the flux produc-
ed by an excess of restraint current, adds to the
magnetic bias) and’the flux produced by an excess
of operating cuirent Substracts from the magnetic
bias. This characteristic is inherent in the polar unit
and has no affect on the overall performance of the
relay.

After) the shunt adjustment has been made,
change®the, input current connections to terminals
3 dndyS 3Apply 40 amperes with H, and H4 terminals
shonted. Remove short and measure pickup with
current applied to terminals 3 and 5. The relay
should trip with I35 = 0.45 to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contactburnisher, S#182A836H0 I jis_recom-
mended for this purpose. Theuse of abrasive material
for cleaning is not recommended, because of the dan-
ger of embedding small particles in the face of the
soft silver and thus impairing the centact.

ICS Unit: Close the main zelay contacts and
pass sufficient direct cumrént thteugh the trip circuit
to close the contacts of the I€S. This value of cur-
rent should not be greater than the particular ICS tap
setting being used, The Indicator target should drop
freely.

Operating Unit: ‘Check the relay minimum pickup,
with the pilot wires disconnected from terminals H1
and H4 of/the insulating transformer, by energizing
with I, current/(terminals 7 and 9). Pick-up current
should be:

T

:Wi 5% amperes

I79 (min)

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

MINIMUM PICKUP

PRECAUTION: In making this test with the re-
lay in place on the switchboard, it is necessary to
connect the load box in the circuit between the relay
and the ‘‘hot’’ side of the supply circuit. If this pre-
caution is not observed, it is possible to cause a
short circuit between the grounded station service
supply circuit and the ground of the current trans-
former circuit.

The minimum pickup of each relay should be
checked before starting the system tests. With taps
as specified in Fig. 10, and the pilot wire circuit
open on the high side of the insulating transformer,
each relay should trip with Ipy = 0.45 to 0.55 amp.
or with Igc = 6.9 to 7.0 amperes

With the pilot wire connected, energize one relay
with IpNy and determine the minimum pick-up of all re-
lays. Repeat this test by energizingthe other relay or
relays. Record these values for future reference. If the
neon lamp is litduring these tests, the pilot circuit is
presenting too high a shunting effect on the relays.

15
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C.T.'s C.T.'s
A Trensmission Line AA
vy 7YY

"N" Relay //Insulstlng Transformers \\ “F" Rel.y

2
HCB J Filot Wires HCB
< >
2

éé "Pilct Wire C rtent” read with Milliamneters ii

___“_"_r—’\ Test svuehea/‘—t___

Note: The line should be carrying through load current amounting to at least 1.5 amperes as,

measured in the secondary of the Current Transformers. This test is based on thedratio,of
the C.T.’s being the same at each end of the line, in which case set the taps of both re-
lays to Ry =.1; Ry = 1.6; T = 4 for this test.

RELAY *'N”’ RELAY “F"
2 sl Test Relay [Relay **Pilot Wire Current”’ Test Relay | Relay | .ilot Wire/Current””
=% | Switch | Current Trip | Circulating | Remote Switch | Current Trip | (Circulating | Remote
1 tiii A,B,C,N| No (1) (¢))] Iiii A,B,C,N| N& 1) (1)
2 i i X A,C.BN| No ) @) i i x ACEIN! No Q) @
f &4 * bbb 4
3 LILU AN Yes 3) (0) RRRP o Yes 3) (3) (4)
IEEX) igba
4 | 2 [0} Yes (3) (3) (4) AN Yes 3) None
s gzsa
5 Qm AN No 3) 3) R A,N No 3 (3)
o L
6 Q}]\ﬁ AN Yes 6) B,C,N Yes 6)

REMARKS

Tests 1 and 2 are to check normal positivefsequence“tetation of phases.

Tests 3 and 4 simulate internal Phase A ta{Groun@ fault with single end feed.

Test 5 simulates an-external Phase A topGround fault. (5)

Test 6 simulates an internal Phase A to Ground‘fault, with equal feed from the two ends, since
IB + Ic =- IA, with balanced load.

To Relay
A A

LEGEND OF NABC Phase A current from

TEST SWITCH Normal Connection. f bl C. T.’s to Relay.
SYMBOLS: Al Currents to EXAMPLE ) Phase B and C.T.’s

(1)
(2)

3)
(4)

(5)

(6)

N A B @  Relay shorted to neutral.
N =

To CITys

The ‘‘pilot wire current’’ will vary depending upon the magnitude of the through load current
and the characteristic§ of the pilot wire. See Figures 11 and 12.

Since the gelay is temporarily connected for negative sequence, it should have practically
zerogeutput,in this test.

These teadingsimay be ‘‘off scale*’ depending upon the magnitude of the load current.

The relay atythis station should reset when the ‘‘far’’ current is being read because the local
relay will be receiving no current from either the pilot wire or the current transformers.

Test 4 and 5 can be repeated using phase B to neutral current, and again with phase C to
neutraldcurrent, but this is not strictly necessary on the basis that, having proved the phase
sequence with tests 1 and 2, and having proved the correspondence of phase A at the two
ends of the line with test 5, then phases B and C must be correct.

Some pilot wire current will be read, depending upon the magnitude of the distributed capa-
city of the pilot wire in combination with the magnetizing impedance of the insulating
transformer.

Fig. 10. HCB Relay System Testing Procedure.
P &
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INTERPRETATION OF TESTS

1. Tests 7:1 and #2, Figure 10, are designed to indicate that the relays have been wired
with the correct phase rotation. When the phase rotation is deliberately and temporarily
changed by test #2, then the pilot-wire currents should be substantially zero. Any small
value of pilot wire current which appeats may be due to either a small unbalance in the load
current, or else due to harmonic currents flowing through the line. If either relay hasginad-
vertently been connected for the wrong phase rotation, then the fact will be apparént when
reading local current. Local current should be interpreted from Figure 13, with‘the amount of
load current which is present. If no current is read on test #1 for the local relay, and if‘eur-
rent for test #2 is in line with Figure 13, then it is an indication that that particularipelay
has been connected for the wrong phase rotation.

a. In the event the pilot wire is open-circuited, the apparent circulating,current will be
quite low, being limited to the magnetizing current of the insulating traasformer.9Also, it will
not be possible to read current from the remote end.

b. If the pilot wire is short-circuited, then the circulating current will be near normal,
but it will not be possible to read current from the remote end.

2. If the pilot wire is reversed, (a) the circulatinggeurrent will /be low on test #1, but it
will be possible to read pilot-wire current from the remoteirelay.y(b) Both relays will trip on
test #5. If the monitoring relays also suffer from this error in connection, then the error should
be corrected at one relay location by reversing thé €onnections to the Hj-Hq4 terminals of the
insulating transformer. However, if the monitoring, relays do not suffer from this error, then
the polarity of the pilot wires insofar as the HCB relay installation is concerned may be
suitably corrected by making a reversal of confiectionsgeither at the X;-X5 terminals of one
insulating transformer, or at the output terminalsief the relay, #18 and #19, Figure 3.

3. If the phases are rolled at one end of ghe line, then this will be picked up by test -#5.
O On test #5, neither relay should trip"when phase- A-to-neutral current is delivered to each of

the two relays with the switching arrangement as shown and discussed. However, if one or
both relays trip, then try checkingpthefnear relay, phase-A-to-neutral current, against phase-
B-to-neutral current at the far‘relay.“Also, check phase-A-to-neutral current at the near relay
against phase-C-to-neutral currentjat the’ far relay. If, for example, neither relay trips when
phase-A-to-neutral current isfused forhthe near relay and phase-B-to-neutral current is used
at the far relay, then it is an indication that what had been thought to be phase B current at
the far location really identifies with phase A current at the near location. This identifies a
rolled-phase condition/ and also indicates the correction which must be made in the con-
nections of the current transformer input to the relay.

4. One combination ‘of,errors which is somewhat tricky to pick up is the combination of
pilot wires reversed'plus a rolled-phase condition at one end. Let it be assumed that the pilot
wire is reversed'at, the'far end, making an error of 180 degrees. Then let it be assumed that
the phases 4@re& alsayrolled by 120 degrees, thereby adding another error of 120 degrees.
Adding these twotogether brings the total up to 300 degrees, which is within 60 degrees of
what would be,normal. Because of this, the only symptom which will appear in the first four
tests 4s that,the circulating curient is likely to be lower than one would expect when read
at one \edd or the other on test #1. However, test #5 may be used to identify this combina-
tionyof “emnefs. When the condition exists as described, when test #5 is extended to check
phase“A current at the near end against each of the three currents at the far end in turn, it
will be found that at least one of the two relays will always trip. If this condition is found,
reverge the pilot-wire connection, check out the rolled-phase condition and correct it, and
then proceed with all six tests.

5. Test #6 is a final verification test.

* Fig. 10 (continued)

7
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LOADED CIRCUIT TEST

N In performing thesetests, the following procedure
should be used.

1. Standard testing equipment is recommended for
permanent installation with the relays as shown
in Fig. 9. If this equipment is not available, a
similar portable test should be set up using a
low-resistance-a-c milliammeter.

2. Red-handle flexitest case switch should be open
to interrupt the breaker trip circuit.

3. A test crew is necessary at each substation with
a means of communication between them.

4. When the test calls for delivering only specified
currents to the relay, it is necessary to use a
thin piece of insulating material in the ammeter
test jack. For example, test #5 of Fig. 10 relay
‘““N’’. To apply phase A to N current to the near
relay only, the switches associated with termi-
nals 6, 7, 8, 9 of figure 3 must be open. Opening

. switches 6 and 8 short circuits the current trans-

% fomers for phases B and C. However, it is also
necessary to insert the insulating material in the
ammeter test jacks associated with terminals 7

#  and 9 in order to break up the connection between

Q the filter in the relay chassis and the grounded
input circuits from current transformers in phas-
es B and C.

5. To facilitate making test #2 of Fig. 10, two am=
meter test plugs wiredtogether with a foot or two
of flexible wire should be used. With these two
test plugs suitably wired together, one of, them
may be shoved in the ammeter test jack assoei-
ated with terminal 7, Figure 3, andy the,other
shoved in the ammeter test jack associated with
terminal 9, Figure 3. (This sheuld “net be done
untilthe switches for terminals 6 “and, 8 have been
open, thus short circuiting the cusrent transfor-

mers involved). It is desirable, to/wire the test .

plugs together such thatgwhen, one is shoved in
the one ammeter testyjackswith the red side up,
and the other is shoved“in the other ammeter test
jack with the blaek side upyit is then known that
the B and C phaseyctirrentsto the relay have been
reversed at the inputyté the chassis in line with
test #2, Fig. 10. After these test plugs are pro-
perly inserted, it is then appropriate to close the
switches @associated with terminals 6 and 8, Fig.
3, in orderjto remove the short circuit from the
current transformer secondaries.

_]8 -' Q’

Perform the tests as indicated in Figure 10 rec-
ording the milliammeter readings and the relay input
current at the same instant, for future reference. The
headings ‘‘Circulating’’ and ‘‘Remote’’ in theftable
of Figure 10 refer to the test switch positions, ‘‘CIRC’’
and “REM.’’ For tests 3 to 6 of Figure 10, the input
current should be increased to about 1.5 amperes by
an auxiliary current transformer, if the secondaty load
current is below this value. Also recefd the input and
output readings with the test switch,in"the ‘‘Local’’
position. Typical values for the “Lo€al’’ position
readings are shown in Figure 13.

THREE TERMINAL LINES

A similar procedure_toWEigure 10 shouid be fol-
lowed for three-terminal™line applications. In this
case open the line circuit breaker at one terminal,
and disconnectth€loads from the pilot wire terminals
of the HCB relayat/that terminal. This leaves the re-
maining portion“ef thefline operating as atwo terminal
line. Now.perform the normal tests as outlined for the
two terminal 1ine)system test. When these tests have
been satisfactorily completed, returnthe third terminal
relay 0 notmal and close the breaker at that station.
Repeatythe above procedure with a different breaker
opentand Telay disconnected. This will complete the
check of the three terminal line.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB relay is
practically independent of the pilot-wire resistance
and of the current tap used. The following burdens
were measuredat a balanced three-phase current of 5
amperes: '

For tap 4, Ry = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes 0°
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°

Fortap 4, R{ =0.15and R, = 1.6
Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-amperes 285¢°
Phase C 5.3 volt-amperes 45¢°

The angles above are the degrees by which
the current lags its respective voltage.
The continuous rating of the relay is 10
amperes.

The two-second overload ratings of the relay
are 150 amperes phase and 125 amperes ground
currents.
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PILOT-WIRE ENERGY

The current and voltage impressed on the pilot
wire do not exceed 100 milliamperes and 60 volts.
The wave form and magnitude of the pilot-wire cur-
rent are such that telephone interference is within
the limits allowed by the Bell Telephone Company.
This permits the use of leased telephone lines as a

APPROXIMATE RESISTANCE VALUES

Transformer Secondary Winding
Polar Unit Operating Coil
Polar Unit Restraining Coil
Resistor Rc
Tube Resistor Ro
Looped Resistor R1

R1A
Rectifiers

Indicating Contactor Switch

pilot-wire channel.
RENEWAL PARTS

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

OF COMPONENTS IN HECB, RELAY

Start to“Tap 20 to 30 ohms
Start o Finish 110 to 140 ohms

290 - 320 ohms

Maximum 12 - 16 ohms
Minimum 9~ 12 ohms
41 - 44 ohms

A's Marked on Ro Tap Plate
As Marked on R1 Tap Plate
As Marked on R1A Tap Plate

IN91 Germanium Diodes

0.2 amp. Tap 6.5 ohms
2.0 amp. Tap 0.15 ohms
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INSTRUCTIONGS

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 terminal transmission
lines. Simultaneous tripping of the relay at each ter-
minal is obtained in about 20 milliseconds for all
faults. A complete installation for a two terminal
line consists of two relays, two insulating trans-
formers, and an interconnecting pilot wiré<eirctit.
For a three terminal line, three relays, three insul-
ating transformers, and a wye-connected pilotywire
circuit with branches of equal series resistance are
required.

CONSTRUCTION

The relay consists of a combination positive and
zero phase sequence filterpfa saturating auxiliary
transformer, two full wavegrectifier units, a polar
type relay unit, a neon lamp, ahd an indicating con-
tactor switch (ICS), all mounted in a single case.
The external equipméntsnormally supplied with the
relay consists of‘@n instilating transformer, a milliam-
meter and test{switchy

SEQUENCEFIETER

The sequence’ filter consists of a three-legged
ironcore reactor and a set of resistors designated R1
and Ro. The reactor has three windings; two primary
and a‘tapped secondary winding, wound on the center
leg ofwa {‘F’’ type of lamination. The secondary taps
are, wired to the circularly arranged R1 tap connec-
tions in the front of the relay. The R1 tap links also
eonnect to the R resistor (looped resistance wire).
Ro consists of three tube resistors with taps wired

SUPERSEDES I.L. 41-971.2A

*Denotes change from superseded issue.

to the circularly arranged RO “‘tap connections in the
front of the relay. R taps’are on the Ry resistance
wire and are wired to \the circularly arranged R 1p
tap connectionsgin thesfront of the relay.

SATURATING TRANSFORMER

The output jof the sequence filter connects to the
primaryef adwo-winding saturating transformer. The
primaryawinding is tapped and wired to a tap block T
imythewfront of the relay. The secondary winding is
conneected to the neon lamp and from a fixed tap to
thenrelay coil circuits.

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with either one or two contacts. The
poles of the cresent-shaped permanent magnet bridge
the magnetic frame. The magnetic frame consists
of three pieces joined in the rear with two brass
rods and silver solder. These non-magnetic joints
represent air gaps which are bridged by two adjust-
able magnetic shunts. The operating and restraint
windings are concentrically wound around a mag-
netic core. The armature is fastened to this core at
one end and floats in the front air gap at the other
end. The moving contact is connected to the free
end of a leaf spring.

RESTRAINT TAPS

A set of restraint taps are located on the front of
the relay near the polar unit. These taps are the
maximum and minimum restraint taps of the relay.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, bypassing the main
relay contacts. Also during this operation, two fin-

EFFECTIVE MARCH 1966
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gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator target to drop. The target is reset from the out-
side 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 value of the switch.

OPERATION

The connection of the HCB system of relays to
the protected transmission line is shown in Fig. 8.
In such a connection, the relays operate for faults
within the line terminals but not for faults external
to the protected transmission line. This is accom-
plished by comparing the relative polarities of vol-
tages at opposite ends of the transmission line by
means of a metallic pilot wire.

As shown in Figure 8, the composite sequence
filter of each HCB relay receives three phase current
from the current transformers of the transmission
line. The composite sequence filter of the HCB con-
verts the three-phase current input into a single-
phase voltage output, Vg, of a magnitude which is
an adjustable function of the phase A positive and
zero sequence current. This voltage, Vg, is imptes-
sed on the primary wiring of the saturating transfor-
mer. The saturating transformer output voltagegVg;
is applied to the relay coils and to the pilof wire
throughaninsulating transformer. The saturatifig’'trans®
former and a neon lamp across its secondary winding
serve to limit the energy input to the pilothwirer

During an external fault, assuming‘matehed relays,
the magnitude of Vg at both stations wilhbe the same.
The relative polarities of the Vg voltages will be as
shown in Figure 4. Since the voltages add, most of
the current will circulate thfough ,the restraint coils
and the pilot wire, witipa minimum of operating coil
current. The relativedeffects,of the operating and re-

straint coil currentsf@re such that the relay isrestrained.

During an internal fault, the relative Vg polarities
reverse. Since the Vg voltages nowoppose eachother,
most of the current £lowing in the restraint coils is
also forced ‘through the operating coils with a mini-
mum of cument, in the pilot wire. This increase in
operating_current overcomes the restraining effect
and both the'relays operate.

Within limits, as defined in Figure 7 and under
‘“‘Characteristics,’’ all the relays will operatefor an
internal fault regardless of the fault current distribu-
tion at the various stations. The nominal pickup
(total internal fault current) of the relaying system
is equal to the minimum trip of a single relaypmulti-
plied by the number of relays. Forgexample, if the
pickup of each relay, with the,pilot wiresopen, is 6
amperes, a two terminal line system haS a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

In Figure 4 it can beWseen’ that a short-circuited
pilot wire will short ¢ireuit the relay operating coils.
Depending on the 16¢ation“0f the short, at least one
of the relays willgfail toptrip during an internal fault.
If the pilot, wire isfopen circuited, almost all the re-
straint coill current #vill flow through the operating
coil and the relayeperates as an over-current device.

Excessive pilot wire series impedance will ap-
proagh anopen-circuited condition andthe relays will
operate during external faults. Excessive pilot wire
shiunt capacitance will approach a short-circuited con-
ditdon @and the relays will not operate.

OPERATING UNIT THEORY

The polar unit flux paths are shown in Figure 5.
With balanced air gaps, the permanent magnet pro-
duces flux flowing in two paths, one through the
front gaps and one through the rear gaps. This flux
produces northand 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 will 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, Vg, impressed by the filter upon
the saturating transformer is:

Vg = 241 Ry +Iag (Rq + 3Rp) volts (1)

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

Io1 and I, are the positive and zero sequence
phase A current inputs, respectively, in amperes.
These are vector quantities.
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POLAR UNIT
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INDICATING
CONTACTOR

SWITCH

Fig. 1. Type HCB Relay Without Case (Front View).
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Fig. 2 Type HCB Relay Without Case (Rear View).
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SINGLE RELAY PICKUP (PILOT WIRE OPEN)/ls

Single relay pickup, Ig, is defined as the phase
current required to operate one relay aith,therpilot
wire side of the insulating transformer‘opén ¢itcuited
(H1-H4). The single relay pickup gpoint“im"terms of
filter voltage is:

Vp = 0.2T (2)

where T is the saturatingytransformer tap value.
Single relay pickup is défined By equating (1) & (2):

0.2T = 2151 Ry lagueB] + 3Ry) (3)

Current Lg variesqwith the type of fault. For ex-
ample, for @3 phaseyfault, Ig = I41, since only posi-
tive sequénceurrent is present. Substituting Ig=Ia1
in Eq. (3) &Tearranging, the 3 phase fault pickup is:

0.2T T
2R1  10R1

(3 phase fault) (4)

EKR1%=0.1, Rg =1.6& T=4:

2 T - 4
s — = ——

10R] 10X0.1

= 4 amp. (3 phase fault)

For a phase A to ground fault, if Io1 =Ip9 = Iag

(Iao is the phase A negative sequence curient):

0.2T = 2Ia1 R1 + IA1 (R1 + 3Ro)

A1T3R, + Ry)

But: Ig :IAI + 142+ Lao

=3la1

T
(A-G fault) (5)
0

So: Is:3IA1:R1+R

If Ry=0g4"Ry,-T.6&T =4

[ =028 _ _0.2x4
S Rpt Ry 0.1+1.6
=2%: 0.471 amp. (A-G fault)

NOMINAL PICKUP (ALL RELAYS)

The nominal pickup, Iy, is defined as

Inom = Klg (6)
where  I,op = total internal fault current
K = number of relays (2 or 3)
Ig = single-relay pickup with pilot wire
disconnected (see above)

For example, for a phase-A-to-ground fault, Iaq1 = Iag
with the pilot wire open circuited, the single-relay
pickup was previously determined as Ipog = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-A-to-ground fault (R1=0.1; Ro = 1.6; T = 4)
is:

Inom (Ato G) = 0.471K = 0.471 x 2 = 0.942 ampere.

MINIMUM TRIP (ALL RELAYYS)

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 exam-
ple, Figure 6 shows the relay operating points for a
two-terminal line, assuming input current to the near
relay, only.

An example of the characteristics with various
current distributions is shown in Figure 7. The filter
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Fig. 4. Simplified External Schematic of the HCB Relay System.

|

;},_____ PERMANENT

MAGNET
ARMATURE
s )
N ]jrs
—=—— MOVING CONTACT

BALAKRCED AlR "GAPS

SHUNT

| == WI
4:_ '!"'JL]L_F’—;"'J

y’

=

jo——— ADDITIONAL
FLUX PATH

Nigh-s
Ny

UNBALANCED AR GAPS

1834062

Eig. 5.0 Polar Unit Permanent Magnet Flux Paths.

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 7 to%apply.

INSULATING TRANSFORMER

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

PILOT-WIRE:REQUIREMENTS

The Telays should not be applied with pilot-wire
seriesmresistance or shunt capacitance exceeding the

following values:
TABLE 1|
Insulating Transformer Ratio
No. of 4/1 6/1
Relays
RL, Cs RL Cs
2 2000 1.5 —_ -
3 500/, EG 1.8 1000/1,gg | 0.75
Ry, = series loop resistance in ohms.

Q
n
I

total shunt capacitance in microfarads.
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Fig. 6 Typical Curves Showing the Effect of the Pilot
Wire on Minimum Trip Current, Two-Terminal
Line (Maximum Restraint Tap). Insulating Trans-
former 4/1 ratio.

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

A shielded, twisted pilot wire pair, gpteferably 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 ifisulating transformer
(H-1 to H-4) as a result of inductionfer a rise in sta-
tion ground potential, should¢be Tess than 7.5 volts to
prevent undesired relay operatien.

For three-terminal applications, the loop resist-
ance of all legs of/the pilot wire must be balanced
within 5 percenty, withfvariable resistors as shown in
Figure 8. Thé pilotywire resistance to be balanced is
divided by/16 afid 36for the 4 to 1 and 6 to 1 ratio
insulating “transformers respectively, since the bal-
ancing resistors,dre located on the relay side of the
insulating transformers.

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

a) Neutralizing reactors may be connected in
series with the pilot wire to hold the pilot wire
potential close to the remote ground potential in
the presence of a rise in station-ground potential.

They do not limit pilot-wire voltages to safeivalues in
the presence of a longitudinal induced voltage. When
using the neutralizing reactor, the pilot- wire sheath
should be insulated from station ground to minimize

* sheath-to-pair potential in the presence of a rise in

station-ground potential. All other pairs in the cable
which are connected to statiofr ground should also be
protected with neutralizing ‘reaetors to minimize pair-
to-pair voltages.

b) Drainage reagtors ‘may be connected across
the pilot wire andyto ‘grotind through a KX642 pro-
tector tube. The drainage reactor is particularly ef-
fective in limitingypair-to-ground voltage in the pre-
sence of anfindueed voltage. When the tube flashes,
both wires“lare connected to ground through the
drainage’reactor windings which offer a low imped-
anee to)ground but maintain a high impedance to an
a-c\voltagewacross the wires. Thus, the HCB system
will operate normally even though the protector tube
has*flashed over. The drainage reactor is not intend-
ed“te_handle a rise in ground potential.

c) The neutralizing and drainage reactors may be
utilized together. If the neutralizing reactor is to be
of any value, the drainage reactor through the KX642
protector tube must be connected 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 enough 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 a screw connection.

SETTINGS

There are four settings in the relay. The correct
tap setting should be determined as outlined under
‘‘Setting Calculations’’.

1) Restraint taps-maximum or minimum

To change taps, connect the lead in front of
the relay to the correct tap.

2) T tap- 4, 5, 6, 8, 10, 12, and 15
To change taps, loosen center screw and move
tap link to desired setting. Tap screw and cen-
ter screw to be tight after tap change is made.
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3) Ry tap- 0.07, 0.10, 0.15
To change taps, loosen center screw and move
taplinktodesired setting. Insert twotap screws
at each end of the tap link and tighten center
screw as well as two tap screws.

4) Ro tap— 0.39, 0.51, 0.68, 0.90, 1.2 and 1.6
To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

5) Ria Taps — (0.07, 0.10, 0.15)

Note: The Ria taps are utilized where no zero
sequence sensitivity is desired. It is recom-
mended that these taps be set in the same
tap as the Ry tap for all applications.

To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

INDICATING CONTACTOR SWITCH (ICS)

The only setting required on the ICS is the selec-
tion of the 0.2 or 2.0 ampere tap setting. This selec-
tion is made by connecting the lead located in front
of the tap block to the desired setting by means of
the connecting screw.

SETTING CALCULATIONS

The HCB relay has four sets of taps: Ry, T, Rg
and restraint taps. The following discussion estab-
lishes limits for the various tap settings under dif-
ferent operating conditions. It should be kept in mind
that settings to obtain operation on minimuam internal
fault conditions are based on the total (faultycurrent
that flows into the protected line ffem allyterminals.

TERMS
Ry, T, Ry — Relay taps
13p — total minimum internad 3-phase second-
ary fault currentifed from all terminals.
dividedf by the, number of terminals
(2 orf3)

I;, — maximum“Secondary load current flow-
ing through the protected line.

Ig — total minimum secondary ground fault
current fed into the protected line from
all terminals, divided by the number of
terminals.

10

Inom.(P-P) — nominal internal phase to phase fault
sensitivity.

Inom.(P-G) — nominal internal line to ground fault
sensitivity.

current transformer ratio at
Station I andH respectively.

Rye (D Rye (ID —

PHASE FAULT SENSITIVITY

The phase fault pickup is ({determined by the Ry
and T taps. In order to operdte on,thhe minimum line-
to-line fault current, the Ry and“E taps should be set
for not more than:

R; ~ ol3p (N

In order #o, prevent operation on load current if
the pilot wiresybeeome open circuited, the Ry and T
taps shaoibd,be set for notless than:

T 101
Rl - L (8)
‘Fhe ‘available taps are:
Ry 0.07, 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 set as follows:

T
——=1.25 x 101}, = 12.5]], (9)
R

The required T/R; ratio may be obtained by any
combination of T and Ry. However, the T tap must
be set the same at all stations. The Ry 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-terminal
lines with more than 1000 ohms loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY

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

(10)
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The available R, taps are: 0.39, 0.51, 0.68, 0.90,
1.2, and 1.6.

The Ry 5 taps, 0.07, 0.10, and 0.15, are utilized
toset Ry = 1/3 Ry, where no zero sequence sensitiv-
ity is desired. Equation (10)does not apply for these
three taps.

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

For cable circuits, where the line charging cur-
rent exceeds 5% of nominal pickup current, set Rg
for about:

T
RA =
©" 15

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

RESTRAINT TAP

Set in maximum restraint tap for all tw@-terminal
lines. Set in minimum restraint tap for allythree-
terminal lines. The use of maximum restraint ondtwo
terminal applications allows the relay toshe used for
all pilot wires as indicated in Table I. Thewse of
minimum restraint on three terminal applications com-
pensates for the desensitizing effect offa third ter-
minal.

Note: The relaypick-up calibration must be changed
if set in the minimumrestraint tap. See ''Ad-
justments and Maifitenance.’’

TAPPED LOADS

Where one ‘transformer bank is tapped to a line
protected with two “HCB relays, the critical point is
to set aboye thé fault'current flow for a fault on the
other side “offthe pank. Set the Ry and T taps for
not less than:

'ﬁl—: 5I3PL (11)

where“Igpy, = total current for a 3-phase fault on the
low side of the bank.

Note that the tapped bank must not act as a ground
source for high-side faults (e.g. high side connected

in delta). Ordinarily this means that the Ry tap set-
tings need not be changed, since nogzero-sequence
current flows in the line when the, low side is
grounded.

SETTING EXAMPLE

CASE I
Assume:
Two-terminal, line:

CT ratio # 600/5

Fullaload cufrent = I, = 400A

Minimump3-phase internal fault current:
Through Station I = 1500A
Through Station II = 2500A

Minimum internal line-to-ground fault

current:
Through StationI = 400A
Through Station II = 0

Phase fault pickup:
1500 + 2500 < 5

T .
= —_ (maximum) = 5,5 = 5 x - 83.3
Ry 3P 600
l(maximum) =10I; =10 x 400 x—5—— 33.3

R L 600  °°

1

The phase fault current is sufficient to
allow the relay to be set to prevent tripping
on anopen-circuited pilot wire. Therefore, set:

T—125I =41.7
Rl— .L—' e

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

The nominal pick-up current from equation 6
for a phase-to-phase fault is:

T
I - = = ——— =
nom(P-P) 5898, _ 0.289 13.8 amperes,
(1 (P-P) =— T for three-terminal lines)
nom 1.92R

Ground fault pickup:

0.2T _0.2x 4 _ 600

I, a00/2 ¥ "%

Ry (minimum) =
An R, tap exceeding 0.48 will provide trip-

ping. As recommended for overhead lines:

Set Rq = 1.6.

1
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Fig. 9. HCB Relay Test Circuits with $#508A468601-G02 Type W-2 Switch and S #291B318A09 Milliammeter 0- 5-25 ma.

The ground fault nominal pickup is:

0.4T 1.6
I P-G) == =-_=1.0 ampere}
nom(P-® R, 1.6 P
(Inom(P-G) =—5— = for three-terminal lines]

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 qwithi¥less than 1000 ohms
pilot wire loopfresistance.

At Station I, 'set' Ry #1.6 as in Case 1. How-
ever, set Ry = 0.1§40 obtain R; settings pro-
portional to the CT ratio. From equation 6:

T 7 12.5R{T}, = 12.5 x 0.15 x 400 = 7.5
Set{Ty=8

Station Tasettings are:
Ry (I1)
Rne (D

299 - 0.10

- 0.
RY{® 0.15 0.15 X5

12

T = 8 (Same as Station I)

600
INSTALLATION

The relays should be mounted on switchboard
panels or theirequivalent in alocation free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush 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 steel panel mounting or
to the terminal studs furnished with the relay for
thick panel mounting. The terminals studs may be
easilyremoved or inserted by lockingtwo nuts on the
stud and then turning the proper nut with a wrench.

400
Ry = 1.6 x 1.07 (Set 1.2)

For detailed Flexitest case information, refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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

Connect the relay to the insulating transformer,
as shown in Figure 8, and set R1 = 0.10, Ry = 1.6,
T = 4, and maximum restraint tap. With the insulat-
ing transformer terminals H1 and H4 open circuited,
measure the minimum pick-up current, I7g (min.),
with current applied through terminals 7 and 9. This
value should be:

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

Now, connect a resistance, Rpy, across H1 and
H4 of the insulating transformer, with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
pacitor, Cpy, in parallel with Rpy. With Rpy and
Cpw set as specified in Table II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

TABLE 1l
Rpw Test - Max. Restraint Tap

Ry = 0.10, Ry = 1.6, T = 4

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 miénimum restraint
tap (factory calibration ismade in the maximum re-
straint tap), the Rpytest_should be made in accord-
ance with Table III instead of @able II.

TABLE Il
Rpw Test,- Min. Restraint Tap

Ry —0s10, Ro = 1.6, T = 4

Insulating Rpw t Cpw

Transformer in in
Ratio ohms microfarads
4to1 1200 1900 0.75
6to 1 2700 4300 0.33

t The relay should not gperateydt the lower value of
Rpw, but should operate at'the higher value.

Additional tests for the sequence filter and the
operating unity are described under ‘‘Calibration
Check.’”” These latter tests are not required unless
the relay fails fo meet the acceptance tests.

Indicating Contactor Switch (ICS)

Close the mainrelay contacts and pass sufficient
direct current through the trip circuit to close the
contacts of the ICS. This value of current should not
be greater than the particular ICS tap setting being
used. “The indicator target should drop freely.

CALIBRATION CHECK

The following tests are recommended whenever a

Insulating Rpw t Cpw
Transformer in in
Ratio ohms microfarads
4 to 1 800 1400 0.75
6 to 1 1800 3100 0.33

1t The relay should not operate at the lower value of
Rpw, but should operate at the higher value.

Sequence Filter: Remove tap screw T and con-
nect a high-resistance voltmeter across this open-
circuited 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 Irg = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vg = 8Ry £5% volts.
(e.g., if Ry =0.1, Vg = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with I5g9 = 6.94
amperes.

Operating Unit: The following test will check
the polar unit calibration and the performance of the
rectifiers. Connect a variable non-inductive resistor
across the high-voltage terminals of the insulating
transformer (H1 to H4), and connectd-c milliammeters
in series with the operating and restraining coils of
the polar unit by opening these circuits. (The re-
straint can be opened at the tap circuit for max. and
min. restraint. The operatingcircuit has to be opened
at the polar unit.) These milliammeters should have
low resistance and should be capable of reading in
the order of 20to 25 ma in the operating coil and 100
to 150 ma in the restraining circuit. Using T = 4,
Ry =0.1, Ry = 1.6, energize the relay with I35 =10
amperes (terminals 3 and 5)and increase the variable

13
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resistance across the insulating transformer high-
voltage terminals until the relay just trips. The
values obtained should conform substantially to the
following equations:

For minimum restraint

I,=0.12Ig +8

For maximum restraint

I,=0.16 Iy + 8

where I, and IR areoperating and restraining coil
coil currents, respectively, in milliamperes. The
results are subject to variations between indi-
vidual relays, due to different exciting imped-
ances of the insulating transformers. However,
the value should never be lower than:

For minimum restraint

I,=0.121Ij + 4

For maximum restraint

Iy = O.IGIR +4

CALIBRATION PROCEDURE

If the factory calibration has been disturbed, the
following procedure should be followed to recalibrate
the relay.

FILTER CALIBRATION

A. Ry Taps

* 1. Disconnect T current tap linkgand place
Ro tap in 1.6

2. Connect voltmeter (low-reading,  high resis-
tance rectox) across relay, terminal 2 and
the common of T tap block?

3. Pass 5 amperes ,a.eypinto,terminal 7 and out
terminal 9 of thérelay.

4. Adjust the corresponding R | slide wire posi-
tion (see Fig. 2"for location) to be within
limits of following table for each specified
setting of Ry tap screw.

R. Tap Volts
Setting A.C.
.15 0.865 + .008
.10 0.577 + .007
.07 0.433 + .005

14

B. Rijap Taps

* 1. Disconnect T current tap link and set Ro
in O tap.

2. Connect a.c. voltmeter across relay terminal
3 and the common connection of R 14 and, Ro
(see Fig. 2 for location).

3. Pass 5 amperes a.c. into terminals®, and out
terminal 3.

4. Adjust the correspondinggR1p, slide wire
position (see fig. 2 for location) to within
limits of following table for /each specified
setting of Rja Tap screw

Ria Tap Volts
Setting A.C.
.15 0.250 + .005
.10 0.167 =+ .003
.0 0.125 = .003
C. Ro Taps

No ‘adjustments can be made on the Ro resistors.
Valtie ‘of, resistance can be checked by passing
5 amperes a.c. through terminal 3 and out terminal
9T tap must be disconnected. Following volt-
agesshould be measured across terminal 2 and
thefspecified tap of Ro.

Ro Tap Volts
Setting A C.
.39 1.85 + 2.05
.51 2.45 + 2.68
.68 3.28 + 3.60
.90 4.33 + 4.70
1.20 5.78 + 6.27
1.60 7.72 + 8.38

* Polar Unit Contact Adjustment: Place a 0.088
to 0.095 inch feeler gage between the right hand
pole face and the armature. This gap should be
measured near the front of the right hand pole face.
Bring up the back-stop screw until it just makes
with the moving contact. Place a 0.045 to 0.050
feeler gage between the moving contact and the
stationary contact on the left-hand side of the polar
unit. Bring up the stationary contact until it just
makes with the gage and lock in place. For relays
with double contacts make sure that both upper and
lower contacts mak e at the same time.

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, R1 = 0.1, Ry = 1.6.

iy,
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The sensitivity of the polar unit is adjusted by
means of two magnetic, screw type shunts at the
rear of the element. Looking at the relay front view,
turning out the right hand shuntdecreases the amount
of current required to close to the right hand stop.
Conversely,drawing out theleft hand shunt decreases
the amount required to trip the relay. In general, the
farther out the shunt screws are turned, the greater
the toggle action will be and as a result, the dropout
current will be.lower. In adjustingthe polar elements,
be sure that a definite toggle action is obtained,
rather than a gradual movement of the armature.

Start with both shunt out 4 to 5 turns. Short out
the pilot wire on the high side of the insulating
transformer. Momentarily apply 40 amperes from ter-
minals 5 to 3. Now remove the short from H1 to H4
and, adjust the right hand shunt such that the con-
tacts close with a positive snappy toggle action at
I7g = 6.9 to 7.0 amperes. After this adjustment is
complete, short out pilot wire and apply 40 amperes
momentarily from terminals 5 to 3. Now remove the
short from H1 to H4 and, check pickup for Ig7g. If
value has changed from before, it will be necessary
to re-adjust the right hand shunt. Several trials may
be necessary before the pickup will be constant/ In
each case, the 40 amperes should be applied before
any additional adjustments are performied on the
shunt.

After the shunts have been adjusted, “apply 40
amperes momentarily to terminals 3 apd 5%f the re-
lay with the pilot wire open. Pickup will be approxi-
mately 5 amperes with current applied to“términals 7
and 9. This change in pickuppris due to''a change in
the residual magnetism in the polar unit of the relay.
In the de-energized state, the, permanent magnet of
this unit produces a flux;or magnetic bias to keep
the contacts open. WhemwtheWunit is energized, a
second flux (electrical) is \produced which either
adds to or substractspfromsthe magnetic flux. When
the electrical flux is réméved, the magnetic structure
of the polar unityis ‘¢hanged. Hence, the flux produc-
ed by an excess ‘of restraint current, adds to the
magneticdbiasg and, the flux produced by an excess
of operatingf currént substracts from the magnetic
bias. This charaeteristic is inherent in the polar unit
and has no affect on the overall performance of the
relay.

After the shunt adjustment has been made,
change the input current connections to terminals
3,and 5. Apply 40 amperes with H, and H4 terminals
shorted. Remove short and measure pickup with
current applied to terminals 3 and 5. The relay
should trip with I35 = 0.45 to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be'eleaned period-
ically. A contact burnisher, S¥182A836H0T"is recom-
mended for this purpose. Theuse of abrasive material
for cleaning is not recommended, because of the dan-
ger of embedding small particles in the face of the
soft silver and thus impairinggsthe) contact.

ICS Unit: Close theWmadin relay contacts and
pass sufficient direct cutrent through the trip circuit
to close the contacts of the ICS. This value of cur-
rent should not be ‘greater than the particular ICS tap
setting being uSed. The indicator target should drop
freely.

Operating Unit? Check the relay minimum pickup,
with thefpilot“wires disconnected from terminals H1
and H4 of the insulating transformer, by energizing
withilgg eurrent (terminals 7 and 9). Pick-up current
should “be;

179 (min) = T

—W + 5% amperes

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

MINIMUM PICKUP

PRECAUTION: In making this test with the re-
lay in place on the switchboard, it is necessary to
connect the load box in the circuit between the relay
and the ‘‘hot’’ side of the supply circuit. If this pre-
caution is not observed, it is possible to cause a
short circuit between the grounded station service
supply circuit and the ground of the current trans-
former circuit.

The minimum pickup of each relay should be
checked before starting the system tests. With taps
as specified in Fig. 10, and the pilot wire circuit
open on the high side of the insulating transformer,
each relay should trip with Ion = 0.45 to 0.55 amp.
or with Igc = 6.9 to 7.0 amperes

With the pilot wire connected, energize one relay
with Ian and determine the minimum pick-up of all re-
lays. Repeat this test by energizing the other relay or
relays. Record these values for future reference. Ifthe
neon lamp is litduringthese tests, the pilot circuit is
presenting too high a shunting effect on the relays.

15



TYPE HCB PILOT WIRE RELAY SYSTEM

16

C.T.'s C.T.'s
‘Iransmission Line
ALA,
vAvA‘ TVY

"N" Relay //Inaulating Transformers \\ "P" Rel.y
1 4 |

<
HCB Pilot Wires HCB
2

3o E ———— mg Ty
B e — |

Tesat Switches

Note: The line should be carrying through load current amounting to at least 1.5 amperes as
measured in the secondary of the Current Transformers. This test is based on4the ratiofof
the C.T.’s being the same at each end of the line, in which case set the taps of‘both re-
lays to Ry =.1; Ry = 1.6; T = 4 for this test.

RELAY N’ RELAY “{F”
%y Test Relay |Relay “‘Pilot Wire Current’’ Test Relay Relay 'Pilot Wire Current’’
w
% | Switch | Current Trip | Circulating | Remote Switch | Current | TfipJj Circilating | Remote
1 mii A,B,C,N| No ) (1) Iiii A,B/CN| No (1) (1)
2 Iix A,C,B,N| No (2) (2) ”x A,C,B,N|, No (2) (2)
m * 8668
3 AN Yes (3) (0) SRRR, (6] Yes (3) (3) (4)
5864 iibé
4 RRA (o] Yes (3) (3) (4) AN Yes (3) None
IX) Ly
5 m;w? AN No 3) (3) Xjﬂﬁ AN No (3) (3)
e 9
6 AN Yes (6) B,C,N Yes (6)
REMARKS

Tests 1 and 2 are to check normal positiveiséquence rotation of phases.
Tests 3 and 4 simulate internal Phase A topGround, fault with single end feed.

Test
Test

I +

5 simulates an external Phase A to,Ground fault. (5)
6 simulates an internal Phase A to Greund fault, with equal feed from the two ends, since
Ic =- 1A, with balanced load.

To Relay
S —

LEGEND OF NABC. Phase A current from

TEST SWITCH Normal Connection. % bl C. T.’s to Relay.
SYMBOLS: All Currents to EXAMPLE Phase B and C.T.’s

(1

(2)

(3)
(4

(5)

(6)

N A“B)¢  Relay. shorted to neutral.
N

To C.Tds

The ‘‘pilotfwire current’’ will vary depending upon the magnitude of the through load current
and the characteéristics of the pilot wire. See Figures 11 and 12.

Sincejthe relayfis temporarily connected for negative sequence, it should have practically
zero output in this test.

These readings may be ‘‘off scale* depending upon the magnitude of the load current.

The relay at this station should reset when the ‘‘far’’ current is being read because the local
relay will be receiving no current from either the pilot wire or the current transformers.
Test'4 and 5 can be repeated using phase B to neutral current, and again with phase C to
neutral current, but this is not strictly necessary on the basis that, having proved the phase
sequence with tests 1 and 2, and having proved the correspondence of phase A at the two
ends of the line with test 5, then phases B and C must be correct.

Some pilot wire current will be read, depending upon the magnitude of the distributed capa-
city of the pilot wire in combination with the magnetizing impedance of the insulating
transformer.

Fig. 10. HCB Relay System Testing Procedure.
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INTERPRETATION OF TESTS

1. Tests #1 and #2, Figure 10, are designed to indicate that the relays have been wired
with the correct phase rotation. When the phase rotation is deliberately and temporarily
changed by test #2, then the pilot-wire currents should be substantially zero. Any small
value of pilot wire current which appears may be due to either a small unbalance in the load
current, or else due to harmonic currents flowing through the line. If either relay has inad-
vertently been connected for the wrong phase rotation, then the fact willybe appafent when
reading local current. Local current should be interpreted from Figure 13, withythe améunt of
load current which is present. If no current is read on test #1 for the local elaypand if cur-
rent for test #2 is in line with Figure 13, then it is an indication thatfhat/particular relay
has been connected for the wrong phase rotation.

a. In the event the pilot wire is open-circuited, the apparent circulating current will be
quite low, being limited to the magnetizing current of the insulating‘transformer. Also, it will
not be possible to read current from the remote end.

b. If the pilot wire is short-circuited, then the circulating,current will be near normal,
but it will not be possible to read current from the remote end.

2. If the pilot wire is reversed, (a) the circulating curfent/will be low on test #1, but it
will be possible to read pilot-wire current from the ‘temote relay. (b) Both relays will trip on
test #5. If the monitoring relays also suffer from this ertor impconnection, then the error should
be corrected at one relay location by reversingithe“@ennections to the Hy -H4 terminals of the
insulating transformer. However, if the moniteringhyrelays do not suffer from this error, then
the polarity of the pilot wires insofar as _thejHCB relay installation is concerned may be
suitably corrected by making a reversal of conneetions either at the X;-X, terminals of one
insulating transformer, or at the output terminals of the relay, #18 and #19, Figure 3.

3. If the phases are rolled at one end of the line, then this will be picked up by test #5.
On test #5, neither relay should trip when phase-A-to-neutral current is delivered to each of
the two relays with the switehing arrangement as shown and discussed. However, if one or
both relays trip, then try checking the near relay, phase-A-to-neutral current, against phase-
B-to-neutral current at the“far relay. Also, check phase-A-to-neutral current at the near relay
against phase-C-to-neutral curtent at the far relay. If, for example, neither relay trips when
phase-A-to-neutral current is,used for the near relay and phase-B-to-neutral current is used
at the far relay, then it is/anindication that what had been thought to be phase B current at
the far location reallygidentifies with phase A current at the near location. This identifies a
rolled-phase condition, @nd also indicates the correction which must be made in the con-
nections of theé current transformer input to the relay.

4. One combination of errors which is somewhat tricky to pick up is the combination of
pilot wirés reversed plus a rolled-phase condition at one end. Let it be assumed that the pilot
wire is reversed at'the far end, making an error of 180 degrees. Then let it be assumed that
the phaSes aredalso rolled by 120 degrees, thereby adding another error of 120 degrees.
Adding these two together brings the total up to 300 degrees, which is within 60 degrees of
what would be normal. Because of this, the only symptom which will appear in the first four
tests Jis,that the circulating current is likely to be lower than one would expect when read
at . one end or the other on test #1. However, test #5 may be used to identify this combina-
tiongefferrors. When the condition exists as described, when test #5 is extended to check
phase A current at the near end against each of the three currents at the far end in turn, it
will 'be found that at least one of the two relays will always trip. If this condition is found,
reverse the pilot-wire connection, check out the rolled-phase condition and correct it, and
then proceed with all six tests.

5. Test #6 is a final verification test.

* Fig. 10 (continued)
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LOADED CIRCUIT TEST

In performing these tests, the following procedure
should be used.

1. Standard testing equipment is recommended for
permanent installation with the relays as shown
in Fig. 9. If this equipment is not available, a
similar portable test should be set up using a
low-resistance-a-c milliammeter.

2. Red-handle flexitest case switch should be open
to interrupt the breaker trip circuit.

3. A test crew is necessary at each substation with
a means of communication between them.

4. When the test calls for delivering only specified
currents to the relay, it is necessary to use a
thin piece of insulating material in the ammeter
test jack. For example, test #5 of Fig. 10 relay
‘““N’’. To applyphase A to N current to the near
relay only, the switches associated with termi-
nals 6, 7, 8, 9 of figure 3 must be open. Opening
switches 6 and 8 short circuits the current trans-

% fomers for phases B and C. However, it is also
necessary to insert the insulating material in the
ammeter test jacks associated with terminals 7
and 9 in order to break up the connection between
the filter in the relay chassis and the grounded
input circuits from current transformers in phas-
es B and C.

5. To facilitate making test #2 of Fig. 10, two am=
meter test plugs wired together with a foot or two
of flexible wire should be used. With these two
test plugs suitably wired together{y onejof them
may be shoved in the ammeter testgjaek associ-
ated with terminal 7, Figure,k 3, “and the other
shoved in the ammeter test jack associated with
terminal 9, Figure 3. (This shouldn6t be done
until the switches for terminals 6 and 8 have been
open, thus short circuitinggtheéwetirrent transfor-
mers involved). It is desitable to wire the test
plugs together such“that“when one is shoved in
the one ammeterftest jack with the red side up,
and the other i§ shoved in the other ammeter test
jack with the blaek,sidé up, it is then known that
the Band Cphase currents to the relay have been
reversed at the input to the chassis in line with
test #2, Fig. 10@After these test plugs are pro-
perly inserted, it is then appropriate to close the
switchesyassociated with terminals 6 and 8, Fig.
3, imyorder to remove the short circuit from the
curtent transformer secondaries.

18

Perform the tests as indicated in Figure 10 rec=
ording the milliammeter readings and the relay/nput
current at the same instant, for future reference:)The
headings ‘‘Circulating’’ and ‘‘Remote’’ in the table
of Figure 10 refer to the test switch positions, ‘‘CIRC’’
and ‘““‘REM.’’ For tests 3 to 6 of Figure 10, the®input
current should be increased to aboutgl®5 amperes by
an auxiliary current transformer,4f the secondary load
current is below this value. Also reeordihe input and
output readings with the test switeh inythe ‘‘Local”’
position. Typical values for (the ‘fIocal’’ position
readings are shown in Figuféyl3:

THREE TERMINAL LINES

A similar procedure to Figure 10 should be fol-
lowed for three-terminal¥®line applications. In this
case open the linel circuit breaker at one terminal,
and disconnectithe ledds from the pilot wire terminals
of the HCB relay atythat terminal. This leaves the re-
maining pertion,of the line operating as atwo terminal
line. NeWw petform the normal tests as outlined for the
two terminaldine system test. When these tests have
been“satisfactorily completed, return the third terminal
rélaypto normal and close the breaker at that station.
Repeat the above procedure with a different breaker
opensand relay disconnected. This will complete the
check of the three terminal line.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB relay is
practically independent of the pilot-wire resistance
and of the current tap used. The following burdens
were measuredat a balanced three-phase current of 5
amperes:

For tap 4, R = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes 0°
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°

For tap 4, R; =0.15 and Ry = 1.6
Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-amperes 285°
Phase C 5.3 volt-amperes 45°

The angles above are the degrees by which
the current lags its respective voltage.
The continuous rating of the relay is 10
amperes.

The two-second overload ratings of the relay
are 150 amperes phase and 125 amperes ground
currents.
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PILOT WIRE CURRENT IN MILLIAMPERES
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Fig. 11. Typical Test Output vs. Input Relay Current in Fig. 12. Typical Test Output vs. Relay Current in a Two-
aTwo-Terminal Line with Zero Pilot-Wire Resifs- Terminal Line with 2000-Ohm Pilot-Wire Resist-
tance. ance With or Without 10-mfd Capacitor.
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Fig. 13. Typical Curve of Relay Output vs. Positive-
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Fig. 14. Outline and Drilling Plan of $#1209991 Balancing
Resistor for Three-Terminal Line Applications.
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Fig. 15. Outline and Drilling Plan of HCB Relay Insulating Transformer.
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Fig. 18. Outline and Drilling Plan of the Type W-2 Test Switch.
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Fig. 19. Outline and Drilling Plan for the Type HCB Relay in the Type FT-42 Case.
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PILOT-WIRE ENERGY

The current and voltage impressed on the pilot
wire do not exceed 100 milliamperes and 60 volts.
The wave form and magnitude of the pilot-wire cur-
rent are such that telephone interference is within
the limits allowed by the Bell Telephone Company.
This permits the use of leased telephone lines as a

APPROXIMATE RESISTANCE VALUES

Transformer Secondary Winding
Polar Unit Operating Coil
Polar Unit Restraining Coil
Resistor Rc

Tube Resistor Ro

Looped Resistor R1

Rectifiers

Indicating Contactor Switch

pilot-wire channel.
RENEWAL PARTS

O

Repair work can be done most sati orily at
the factory. However, interchangeable parts can be
furnished to users who are equipped for doing repair
work. When ordering parts, a ys give the complete

nameplate data.

OF COMPONENTS I \ELAY
Start 20 to 30 ohms
St to ish 110 to 140 ohms

290 - 320 ohms
ximum 12- 16 ohms
imum 9~ 12 ohms

IN91 Germanium Diodes

0.2 amp. Tap 6.5 ohms
2.0 amp. Tap 0.15 ohms

41 - 44 ohms
As Marked on Ro Tap Plate
As Marked on R1 Tap Plate
R1A \ As Marked on R1A Tap Plate
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