INSTALLATION

Westinghouse I.L. 41-971. 1F
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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 transform-
ers, and an interconnecting pilot wire circuit. For a
three terminal line, three relays, three insulating
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 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 normally supplied 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 sequence filter consists of a three-legged
iron core reactor and a set of resistors designated R
and R, The reactor, located near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged Ry tap con-
nections in the front of the relay. The Rq tap links
also connect to the Rj resistor (looped resistance
wire). Rg consists of three tube resistors located
above the reactor., The taps on these resistors are
wired to the circularly arranged R, tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 Ro
taps are on the Rj resistance wire rather than on the
tube resistors.

SUPERSEDES I. L. 41-971.1E

*Denotes change from superseded issue.

SATURATING TRANSFORMER

The output of the sequence filter connects to a
two-winding saturating transformer in the top rear of
the relay. The primary (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 to the relay coil circuits.

RECTIFIER UNITS

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

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
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-¢ 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 FT-42

Case.

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

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

OPERATION

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

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse. Since the Vg voltages now oppose each
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, This increase
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 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 system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

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

Excessive pilot wire series impedance will ap-
proach an open-circuited condition and the relays
will operate during external faults. Excessive pilot
wire shunt capacitance will approach a short-circuited
condition and the relays will not operate.

OPERATING UNIT 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 = 2I11R1 + 110 (R1 + 3Ryp) volts 1)

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

v, =0.2T (2)

F

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

0.2T = 2111R1 +1yo (R,1 +3R) (3)

Current I_ varies with the type of fault. For
example, for a 3 phase fault, I_ = I,,, since only
positive sequence current is présent. Substituting

Ig =111 in Eq. 3) & rearranging, the 3 phase fault

pickup is:
_ _ 02T _ T
IS =11y = S R4 Ry~ 10R; (3 phase fault) 4)
IfR; =0.1,Rp =1.6 &T =4:
I T 4__ _ 4 amp. (3 phase fault)

s 10R; ~ 10X0.1




TYPE HCB RELAY

R T L T T
T T R T

10

-
ok
T
th

-
il

T

T

CURRENT IN NEAR RELAY
PERCENT OF NOMINAL PiCKUP

HH

i

i

I TR T P S !
I i N L Lo
0 500 1000 1500 2000 250

R = PILOT WIRE RESISTANCE IN OHMS
MICROFARADS DISTRIBUTED CAPACITY = -001R

e L+l+;;

Fig. 4 Typical Curves Showing the Effect of the Pilot
Wire on Minimum Trip Current, Two-Terminal Line
(Maximum Restraint Tap).

For a phase 1 to ground fault, if I1 = Iyg = 110
(I19 is the phase 1 negative sequence current):

0.2T = 2111 Rl + 111 (Rl + 3R0)
Iy = 02T
11 73R, +Rgy - l10

But: IS = Ill + 112 + Ilo

=3Iy
—— _o2r
So: Ig =3Iy = Ry+Hg (1-G fault) (5)
If R{ 20.1, Ry =1.6&T = 4:
__0.2T _0.2x4
S "Ry+R, 0.1+1.6
_0.8 _
7 0.471 amp. (1-G fault)

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

where  Inoy = total internal fault current

K = number of relays (2 or 3)

Is = single-relay pickup with pilot wire dis-

connected (see above)
For example, fora phase-1-to-ground fault, & In = I
with the pilot wire open circuited, the single-relay
pickup was previously determined as I1g = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-1-to-ground fault (R.=0.1;, Ro=1.6 T = 4)
is:
Liom (1t0 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 points will
vary somewhat from nominal value, depending on the
pilot-wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input current to the
near relay, only.

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

INSULATING TRANSFORMER

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

PILOT-WIRE REQUIREMENTS

The relays should not be applied with pilot-wire
series resistance or shunt capacitance exceeding the
following values:

TABLE I
Insulating Transformer Ratio
No. of 4/1 6/1
Relays RL Cs RL ) Cs
2 2000 1.5 - —
| 3 500/LEG| 1.8 |1000/LEG 0.7J

Ry, = series loop resistance in ohms.
Cs = 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-

e
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1.L. 4197 LIF

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 maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire cireuit to safe values in the presence of a sta-
tion-ground potential rise.

¢) 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.

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

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

BURDEN DATA

The 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, 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°
For tap 4, Ry = 0.15and 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 re-
lay are 150 amperes phase and 125 amperes
ground currents.

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 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-
wire channel.

TAPS
There are four setting taps in the relay:

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

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

3) Ry tap — 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: Ri, 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
Ri, T, Ro — Relay taps
I3p — total minimum internal 3-phase second-
ary fault current fed from all terminals,

divided by the number of terminals
(2 or 3)
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If, — 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.

Re(I), Re(II) — current transformer ratio at Station I
and II respectively.

PHASE FAULT SENSITIVITY

The phase fault pickup is determined by the Ry
and T taps. In order to operate on the minimum line-
to-line fault current, the R1 and T taps should be set
for not more than:

T
B; = 5l3p (7

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

T
—_—= 8
Rl IOI] (8)

The available taps are:
Rj: 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
—FE = 1.25 x 10If, = 12.513, (9
The required T/R1 ratio may be obtained by any
combination of T and R;. However, the T tap must
be set the same at all stations. The R1 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 Rq
tap settings must be used with different main CcT
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 Rpand 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
Ig

The available Ry taps are:
0.90, 1.2, and 1.6.

The R, taps, 0.025, 0.033, and 0.05, are utilized
toset Ry =1/3 R,, where no zero sequence sensitivity
is desired. Equation (10) does not apply for these
three taps.

Ry = (10

0.39, 0.51, 0.68,

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

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

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 not identical for an external fault. How-
ever, for a conventional line section the Rp taps are
set in the same proportion as are the Ry taps.

RESTRAINT TAP

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.

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

* TAPPED LOADS

Where one transformer bank is tapped to a line
protected with two HCB relays, the critical point is
to set above the fault current flow for a fault on the
other side of the bank. Set the R and T taps for not
less than:

T -
Ry Slapr, (11
where I3PL = 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 R, tap set-
tings need not be changed, since no zZero-sequence
current flows in the line when the low side is
grounded.

SETTING EXAMPLE

CASE 1
Assume:
Two-terminal line.

CT ratio = 600/5

Full-load current = IL = 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 II = 0
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TABLE II — Rpwy TEST — MAXIMUM RESTRAINT TAP

Ry = 0.10,
Insulating
Transformer Relay Should
Ratio Not Operate
4to1 1200
6to1l 2700

Phase fault pickup:

1500 + 2500 y 5 83.3

T .
R_l (maximum) = 5I3p =5 x 5 600

T 5
E(maximum) = 10Ip, = 10 x 400 x 7505 = 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
R—l = 12.5I1, = 41.7.
Set both relays for: T =4, Ry =0.1.

The nominal pick-up current from equation 3

for a phase-to-phase fault is:
4

Inom(P-P) = mﬁ‘i = m’— 13.8 amperes,

for three-terminal lines]

T
[nom(P-P) = 1.92R1’

Ground fault pickup:

0.2T _0.2x 4 _ 600
R.(minimum) = 5— = X —+=—=0.48
0 Ig 400/2 5

An Ro tap exceeding 0.48 will provide tripp-
ing. As recommended for overhead lines:

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

04T 1.6
Ry ~1.6° 1.0 ampere,

0.6T

(o]

Iom(P-G) =

[Thom(P-G) = = for three-terminal lines]

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 resistance.

At Station I, set R, = 1.6 as in Case I. How-
ever, set Ry = 0.15 to obtain R1 settings pro-
portional to the CT ratio. From equation 6:

T = 12.5R1I1, = 12.5 x 0.15 x 400 = 7.5
Set T =8

Ro = 1.6,

T =4

Rpw in Ohms

Relay Should Cpwin
Operate Microfarads
1900 0.75
4300 0.33
Station II settings are:
Rc (II) 400
R1=0. =0.15 x——= 0.
1=0.15 R, (D) X600 0.10
T = 8 (Same as Station I)
400
Ry =1.6 x 506~ 1.07 (Set 1.2)

SETTING THE RELAY

Set taps T1, R1, Rg, 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.”

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location 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. Kither 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
1.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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

2. When changing taps under load, the
spare tap screw should be 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.
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TABLEII - Rpy TEST — MINIMUM RESTRAINT TAP

Ry =010, Ry=16, T =4
Insulating Rpyw in Ohms
Transformer Relay Should Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 800 1400 0.75
6to1l 1800 3100 0.33
Main "Unit circuited point by connecting to the tap plate and to

Connect the relay to the insulating transformer,
as shown in Figure 6, and set Ry = 0.10, Ry = 1.8,
T = 4, and maximum restraint tap. With the insulat-
ing transformer terminals H1 and H4 open circuited,
measure the minimum pick-up current, I79 (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, Cpyw, in parallel with Rpw. With Rpw and
Cpw set as specified in Table II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

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 afe described under “Calibration
Check.” These latter tests are not required unless
the relay fails to meet the acceptance tests.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
direct cwrent 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 g,
check on the relay calibration is desired.

Over-all Relay Check

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

Sequence Filter: Remove tap screw T and con-
nect a high-resistance voltmeter across this open-
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one of the saturating transformer taps at the rear of
the tap block. Energize the relay with Ing9 = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Ve = 8R1 +5% volts.
(e.g.,if Ry = 0.1, VP = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Operating Unit: The following test will check
the polar unit callibration and the performance of
the rectifiers. Connect a variable non-inductive
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 links provided for this purpose. These
milliammeters should have low resistance and should
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, Ry = 0.1, Ry = 1.6, ener-
gize the relay with I35 = 10 amperes (terminals 3 and
5) and increase the variable resistance across the
insulating transformer high-voltage terminals until
the relay just trips. The values obtained should con-
form substantially to the following equations:

Flor minimum restraint
Ip=0.12Igr + 8

For maximum restraint
Io=0.16 I + 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 screws are required. Looking at the relay

A
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I.L. 41.97L.1F
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Fig. 7 HCB Relay Test Circuits with S#1491627 Type W Switch and 5#1162968 or S# 291B318A09 Milliammeter, 0-5-25 ma.

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
rivet clears the right hand pole face by a few thou-
sandths of an inch. Next adjust the left hand sta-
tionary contact so that there is approximately .025
of an inch between it and the moving contact.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Con-
nect terminals X1 and X2 of the insulating trans-
former across the pilot-wire terminals of the relay.
Connect the relay taps on T =4, Ry = 0.1, Rp = 1.6.

With the left hand shunt out 4 to 5 turns adjust the
right hand magnetic shunt in or out as required, until
the relay closes contacts with a positive snappy

toggle action at Ing = 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
contacts meet at the same values of pick up current.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contact burnisher, S#182A836HO01, 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 Izg current (terminals 7 and 9). Pick-up current

11



TYPE HCB RELAY

should be:

1mq(min) = + 5% amperes
79 5ATR, TP

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

Energize one relay with I35 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”

12

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 the test
switch in the “Local” position. Typical values for
the “Liocal” position readings are shown in Figure 11.

A similar procedure to Figure 8 should be followed
for three-terminal line applications. In this caseopen
the line circuit breaker at one terminal, and discon-
nect the loads from the pilot wire terminals 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 normal tests as out-
lined for the two terminal line system test. When
these tests have been satisfactorily completed,
return the third terminal relay to normal and close the
breaker at that station. Repeat the above procedure
with a different breaker open and relay disconnected,
This will complete the check of the three terminal
line.

RENEWAL PARTS

Repair work can be done most satisfactorily 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,

e
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I.L. 41-97L1F

Transmission Line
—ivA— AV

"N" Relay /,/Insulating Pransformers "F" Relcy
i: b4 ‘
HCB ) Pilot Wires 1 HCB
$ b4

é é éé "Pilot Wire Current" read with Milliammeters é%ii
_:—:\ Test Svitches/

Note: The 1line 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 the ratio
of the C.T.'s being the same at each end of the line, in which case set the taps of both
relays to R} = .1; Ry = 1.6; T = 4 for this test,

and

RELAY "N" RELAY "F"
S
® o| Test Relay |Relay | "Pilot Wire Current" § Test Relay |Relay ["Pilot Wire Cygrent”
& 2 Switch | Current | Trip Circulating | Remote §Switch | Current |Trip Clrculating emote
1 Nu A,B,C,N| No (1) (1) ti” A,B,C,H | No (1) (1)
2 Ux A,C,B,N| No (2) (2) #tx A,C,B,N | No (2) (2)
m Lild
3 AN Yes (3) 0) (Y38 0 Yes (3) (3) (&)
444 m
ESIR VN ¥ 0 Yes (3) (3) (%) AN Yes (2) None
i :
5 AN No (3) (3) AN No (3) 3)
i Lu
6 tt'u A,N Yes (6) L’ B,C,N Yes (6)
REMARKS

are to check normal positive sequence rotation of phasea. The test switch con-~

Lests 1 -and 2
nections of tcst #2 may be made readily with relays in the Flexitest case by using clip leads

insulating barriers in the ammeter test jacks. However, care should be used to avold ac-

cidentally open-circuliting the current transformer circuits.

(6)

Tests 3 and simulate internal Phase A to Ground fault with single end fesed,
Test 5 simulates an external Phase A to Ground fault.
Test &6 simulates an internal Phase A to Ground fault, with equel feed from the two ends, since
- + IC -~ IA, with balanced load.
To Beldy
LEGEND OF N|{A{B|C L L Phase A current from
TEST SWITCH i Normel Connection, C.T, 's to Relay.
SYMBOLS: All Currents to EXAMPLE Phase B ard C C,T.'s
NABC Reley. shorted to neutral,.
To C.T, 's.
(1) The "pilot wire current" will vary depending upon the magnitude of the through load cur-
rent and the characteristics of the pilot wirgp. See Flgures 9 and 10.
(2) S8ince the relay 1s temporarily connected for negative sequence, it should have pract-
ically zero output in this test. i
gg) These readings may be "off scale" depending upon the magnitude of the load current,

) The relay at this stetion should reset when the "far" current is being read becauss the
local relay will be receiving no current from either the pilot wire or the current
transformers,

(5) Test 4 and 5 can be repeated using phase B tc neutral current, and sgain 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 phass A at
the two ends of the line with test 5, then phases B and { must be correct.

Some pllot wire current vill be read, depending updn the magnitude of the distributed
capacity of the pllot wire in combination with the magnetizing impedance of 1o~
sulating transformer.

Fig. 8 HCB Relay System Testing Procedure
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Fig. 12 Outline and Drilling Plan of $¥1209991 Balancing

Resistor for Three-Terminal Line Applications.
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INSTALLATION

Westinghouse 1.L. 41-971.1E
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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 transform-
ers, and an interconnecting pilot wire circuit. For a
three terminal line, three relays, three insulating
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 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 normally supplied 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 sequence filter consists of a three-legged
iron core reactor and a set of resistors designated R,
and R,. The reactor, located near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged Rj tap con-
nections in the front of the relay. The Rji tap links
also connect to the Rjp resistor (looped resistance
wire). Rg consists of three tube resistors located
above the reactor. The taps on these resistors are
wired to the circularly arranged R, tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 Ry
taps are on the Ry resistance wire rather than on the
tube resistors.

SUPERSEDES I.L. 41.971.1D

*Denotes change from superseded issve.

SATURATING TRANSFORMER

The output of the sequence filter connects to a
two-winding saturating transformer in the top rear of
the relay. The primary (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 to the relay coil circuits.

RECTIFIER UNITS

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

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
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 corg 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

EFFECTIVE NOVEMBER 1960
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Fig. 1 Internal Schematic of Type HCB Relay in FT-42
Case.

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

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

OPERATICN

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

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse, Since the Vg voltages now oppose each
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. This increase
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 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 system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

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

Excessive pilot wire series impedance will ap-
proach an open-circuited condition and the relays
will operate during external faults. Excessive pilot
wire shunt capacitance will approach a short-circuited
condition and the relays will not operate.

OPERATING UNIT 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, Vp, impressed by the filter upon the
saturating transformer is:

VF = 2I11R1 + I10 (R1 + 3Ro) volts (1)

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

I3 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




TYPE HCB RELAY 1.L. 41-971.1E

INSULATING TRANSFORMER

SATURAT ING / PILOT \ SATURATING
OP - OPERATING COIL

TRANSFORMER TRANSFORMER
N —

) —®) ®) \
—1 FILTER v FILTER [
2 | bs @9 o) ¥l .

+
3 — + ‘
Vg - SATURATING TRANSFORMER VOLTAGE OUTPUT

R - RESTRAINT COIL
(RELATIVE POLARITIES ARE FOR THRU CURRENT OR EXTERNAL FAULT)

1834061

Fig. 2 Simplified External Schematic of the HCB Relay System.
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Fig. 3 Polar Unit Permanent Magnet Flux Paths.
wire side of the insulating transformer open circuited Current Is varies with the type of fault. For
(H1-H4). The single relay pickup point in terms of example, for a 3 phase fault, I_ = I,,, since only
filter voltage is: positive sequence current is présent. Substituting
Is = I11 in Eq. (3) & rearranging, the 3 phase fault
pickup is:
Vo =0.2T (2)
F .. 02T _ T
Is =11 = 3R - T0R; (3 phase fault) (4)
where T is the saturating transformer tap value. _ _ )
Single relay pickup is defined by equating (1) & (2): IRy =0.1, Rp=1.6&T=4:
- -_r __ 4 _
0.2T =2 Iy Ry +1;9 Ry +3R) (3) I = 10R; - T0X0.1 - 4 amp. (3 phase fault)
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For a phase 1 to ground fault, if I11 = Iy =144
(I35 is the phase 1 negative sequence current):

0.2T = 2I;1 Ry + Ij1 (Rq + 3Rg)
Iy, = 02T .
11 % 3R] +Ry) 10

But: IS = 111 + 112 + 110

= 3141
So: Ig =3I11 = Ry Ro (1-G fault) (5)
If R{ 0.1, Rg =1.6&T =4:
I = 0.2T _ 0.2x4
Ry+tR,  0.1+1.6
_0.8

=qq- 0.471 amp. (1-G fault)

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

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

For example, foraphase-1-to-ground fault, & Iy1 = I10
with the pilot wire open circuited, the single-relay
pickup was previously determined as I;g = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-1-to-ground fault (R. = 0.1; Ro = 1.6, T = 4)
is:

Lnom (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 points will
vary somewhat from nominal value, depending on the
pilot-wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input current to the
near relay, only.

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

INSULATING TRANSFORMER

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

PILOT-WIRE REQUIREMENTS

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

following values:
TABLE I

Insulating Transformer Ratio

No. of 4/1 6/1

Relays RL Cs RL Cs
2 2000 1.5 - -
3 500/Lgg| 1.8 |1000/L,EGg | 0.75

Ri, = 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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Vg of Near and Far Relays in Phase or 180° Out of Phase,

Transformers and 2000-Ohm Pilot Wire.
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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 maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire circuit to safe values in the presence of a sta-
tion-ground potential rise.

¢) The 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.

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

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

BURDEN DATA

The 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, Ry = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes o°
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°
Fortap 4, Ry = 0.15and 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 two-second overload ratings of the re-
lay are 150 amperes phase and 125 amperes
ground currents.

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 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-
wire channel.

TAPS
There are four setting taps in the relay:

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

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

3) Ry tap — 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: Ri1, 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
Rj, T, Ro — Relay taps

I3, — total minimum internal 3-phase second-
ary fault current fed from all terminals,
divided by the number of terminals
(2or3)
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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), Re(I) — current transformer ratio at Station I
and II respectively.

PHASE FAULT SENSITIVITY

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

T
Ei = 513]_3 (7)

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

T
JR— ” 8
Rl = 1 Il, ( )

The available taps are:
Rj: 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
—— = 1.25 x 1011, = 12.511, 9

Ry

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

R, =9i11’. (10)
g

The available R, taps are: 0.39, 0.51, 0.68,

0.90, 1.2, and 1.6.

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

is desired. Equation (10) does not apply for these
three taps.

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

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

_.I
o~ 1.5

The R, 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 sequence relay currents at the line
terminals are not identical for an external fault. How-
ever, for a conventional line section the Ry taps are
set in the same proportion as are the Ry taps.

R

RESTRAINT TAP

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.

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

SETTING EXAMPLE

CASE I
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 II = 2500A
Minimum internal line-to-ground fault
current:
Through Station I = 400A
Through Station II = 0
Phase fault pickup:
X (maximum) = 5I3p=5 xM 5 __ 83.3

Ry 2 * 600
T 5
T{l(maximum) =10Iy, =10 % 400 xgoq = 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

R = 12.511, = 41.7.

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

The nominal pick-up current from equation 3
for a phase-to-phase fault is:

AT,

e
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* TABLE Il - Rpw TEST — MAXIMUM RESTRAINT TAP

R1 =010, Ro=16, T=4
Insulating Rpw in Ohms
Transformer Relay Should I Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 1200 1900 0.75
6to1l 2700 4300 0.33
Inom(P-P) = 3 89R: 8T9R = 0289 ;89 = 13.8 amperes, INSTALLATION
' 1 : The relays should be mounted on switchboard
T . . panels or their equivalent in a location free from dirt,
Inom(P-P) = 1.928; for three-terminal lines] moisture, excessive vibration, and heat. Mount the

Ground fault pickup:

. _0.2T _0.2x4 _ 600 _
* R (minimum) "?_WXT‘O'%

An Ro tap exceeding 0.48 will provide tripp-
ing. As recommended for overhead lines:

Set Ry = 1.6.
The ground fault nominal pickup is:

0.4T l—g = 1.0 ampere,

R, 1
0.6T

[¢]

Inom(P-G) =

[Inom(P'G) =

= 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, with less than 1000 ohms
pilot wire loop resistance.

At Station I, set R, = 1.6 as in Case I. How-
ever, set Ry = 0.15 to obtain R settings pro-
portional to the CT ratio. From equation 6:

T = 12.5R1I1, = 12.5 x 0,15 x 400 = 7.5

Set T =8
Station II settings are:
R¢ (I 400
= 0. = 0.1 —=0.10
R1 OlsRc(I) 5x600 0.1
T = 8 (Same as Station I)
Ro = 1.6 x 400 = 1.07 (Set 1.2)

600

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 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
I1.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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

2. When changing taps under load, the
spare tap screw should be 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 Ry = 0.10, Ro = 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 II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).
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#* TABLE Il - Rpy TEST — MINIMUM RESTRAINT TAP

Ry =0.10, Ro =16, T =4
Insulating Rpw in Ohms
Transformer Relay Should Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 800 1400 0.75
6to1l 1800 3100 0.33

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

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient

direct current through the trip 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
check on the relay calibration is desired.

Over-all Relay Check

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

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

% ence with Table III instead of Table IL

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 = 8R1 t5% volts.
(e.g., if Ry = 0.1, Vp = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

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

10

resistor across the high-voltage terminals of the in-
sulating transformer (H1 to H4), and connect d-c mil-
liammeters in series with the operating and restrain-
ing coils of the polar unit by opening these circuits
at the test links provided for this purpose. These
milliammeters should have low resistance and should
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, Ry = 0.1, R = 1.6, ener-
gize the relay with I35 = 10 amperes (terminals 3 and
5) and increase the variable resistance across the
insulating transformer high-voltage terminals until
the relay just trips. The values obtained should con-
form substantially to the following equations:

For minimum restraint
I,=0.121Ir + 8

For maximum restraint
Io=0.16Ir + 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 screws 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




TYPE HCB RELAY

l.L. 41-971.1E

HCB RELAY 14

HCB RELAY

o— , ) e -
T TEST SWITCH ———
CONTACTS SHOWN
IN "HORM® POS.
q 3
() __
0 2s\m/ INSTRUMENT
- TRANSFORMER
0-5 WA (IN PULL OUF. POSITION) SFORME
87-Ts
PLLOT WIRE "W" TEST SWITCH § 14916278
conT POSITION
" [ REW. | REM, [NORN  JNGRM. [CIRG. | CIRC]LOCAL JLOCAL ]
P.0. P.0. 7.0, P.0-] X DENOTES CONTACT CLOSED
78 | X 1 X XX PO - PULL QUT POSITION
9-10 X X X | £
REMOTE POSTION NORMAL_POSITION CIRCULATING POS IT 10N LOCAL POSITION

¥

rivet clears the right hand pole face by a few thou-
sandths of an inch. Next adjust the left hand sta-
tionary contact so that there is approximately .025
of an inch between it and the moving contact.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Con-
nect terminals X1 and X2 of the insulating trans-
former across the pilot-wire terminals of the relay.
Connect the relay taps on T = 4, R{=0.1, Rp = 1.6.

With the left hand shunt out 4 to 5 turns adjust the
right hand magnetic shunt in or out as required, until
the relay closes contacts with a positive snappy
toggle action at I g = 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 135 = 0.45 to 0.55 amperes. For relays with
double contacts make sure that both upper and lower
contacts meet at the same values of pick up current.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contact burnisher, S#182A836HO01, is re-
commended for this purpose. The use of abrasive

Fig. 7 HCB Relay Test Circuits with S#1491627 Type W Switch and $#1162968 or S# 291B318A09 Milliammeter, 0-5-25 ma.

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 nof 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 Izg current (terminals 7 and 9). Pick-up current
should be:

_Tr
5.717T Ry
Additional tests are recommended with the pilot

wire connected as described under “Complete System
Test.”

179(min) = + 5% amperes

COMPLETE SYSTEM TEST

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

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

MINIMUM PICKUP

Energize one relay with I35 current and 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 the test
switch in the “Local” position. Typical values for
the “Local” position readings are shown in Figure 11.

A similar procedure to Figure 8 should be followed
for three-terminal line applications. In this caseopen
ther line circuit breaker at one terminal, and discon-
nect the loads from the pilot wire terminals 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 normal tests as out-
lined for the two terminal line system test. When
these tests have been satisfactorily completed,
return the third terminal relay to normal and close the
preaker at that station. Repeat the above procedure
with a different breaker open and relay disconnected.
This will complete the check of the three terminal
line.

RENEWAL PARTS

Repair work can be done most satisfactorily 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.

C.T.'a

Transmission Line

A,
Yyx

"N" Relay //Inaulatlng TPransformers j "F" Rel:y
HCB Pillot Wires HCB
2
éi "pilot Wire Curtent" read wlth Milliammeters ié

T\ Teat Switches

Note: The 1line should be carrying through load current amounting to at least 1.5 amperes &8
moasured in the secondary of the Current Transformers. This test is based on the ratio
of the C.T.'s being the same at each end of the line, In which case set the taps of both
releys to Ry = .13 Rp = 1.6; T = 4 for this test.
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To C.T. 's!

ically zero output in this test.

sulating transformer,
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Fig. 8 HCB Relay System Testing Procedure
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INSTALLATION

INSTRUCTIONS

LL. 41-971.1D

OPERATION e MAINTENANCE

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 transform-
ers, and an interconnecting pilot wire circuit. For a
three terminal line, three relays, three insulating
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 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 normally supplied 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 sequence filter consists of a three-legged
iron core reactor and a set of resistors designated R1
and RO. The reactor, located near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged R tap con-
nections in the front of the relay. The Rj tap links
also connect to the R resistor (looped resistance
wire). Ry consists of three tube resistors located
above the reactor. The taps on these resistors are
wired to the circularly arranged Ry tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 R,
taps are on the Ry 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. The primary (bottom) winding is tapped
and wired to a tap plate, T, located in the front, above
the R1 and Ro connections. The secondary (top)
winding is connected to the neon lamp and from a
fixed tap to the relay coil circuits.

RECTIFIER UNITS

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

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
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 lirik 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

EFFECTIVE JANUARY 1960
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Fig. 1 Internal Schematic of Type HCB Relay in FT-42
Case.

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

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

OPERATICN

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

*

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse. Since the Vg voltages now oppose each
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. This increase
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 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 system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

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

EXxcessive 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, Vy, impressed by the filter upon the
saturating transformer is:

Vr = 2I11R1 + I10 (R1 + 3Ro) volts (1)

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

I1; 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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wire side of the insulating transformer open circuited Current I_ varies with the type of fault., For
(H1-H4). The single relay pickup point in terms of example, for a 3 phase fault, I_ = I,,, since only
filter voltage is: positive sequence current is present. ” Substituting
Is = I11 in Eq. (3) & rearranging, the 3 phase fault
pickup is:
V., = 0.2T (2)
F _ 02T _ T
=111 = 2R1 10R (3 phase fault) 4)
where T is the saturating transformer tap value. B _ _
Single relay pickup is defined by equating (1) & (2): IfR; =01, Ry =1.6&T =4¢:
- - 4 _
0.2T =2 I11 R1 + 110 (R1 + 3R0) 3) I = T0R; - 10X0.1 - 4 amp. (3 phase fault)
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For a phase 1 to ground fault, if I = Iy = 110
(I19 is the phase 1 negative sequence current):

0.2T = 2111 Ry + 111 (R’l + 3Rgp)

I :.__0'_2T_.—I
11 73R, +Ry) 10

But: Iy = Iip + 112 + IIO

=3Iy
So: I =3Iy = R012+T?o (1-G fault) ®)
If Ry 0.1, Rp =1.6 & T = 4:

__0.2T _ 0.2x4

“Ri*Ry ~ 0.1+1.6

_ 0.8 _

=x7= 0.471 amp. (1-G fault)

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

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

For example, foraphase-1-to-groundfault, & Ij; = Iyg
with the pilot wire open circuited, the single-relay
pickup was previously determined as Iyg = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-1-to-ground fault (R. = 0.1, Ro = 1,6; T = 4)
is:

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 points will
vary somewhat from nominal value, depending on the
pilot-wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input current to the
near relay, only.

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

INSULATING TRANSFORMER

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

PILOT-WIRE REQUIREMENTS

The relays should not be applied with pilot-wire
series resistance or shunt capacitance exceeding the
following values:

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/L,gg | 0.75

Rj, = 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-

oY
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Transformers and 2000-Ohm Pilot Wire. Vg of Near and Far Relays in Phase or 180° Out of Phase.
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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 maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire circuit to safe values in the presence of a sta-
tion-ground potential rise.

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.

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

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

BURDEN DATA

The 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, Ry = 0.075 and Ry = 0.39

Phase A 1.25 voit-amperes o°
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°
Fortap 4, Ry=0.15and 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 valtage.

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

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 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-
wire channel.

TAPS
There are four setting taps in the relay:

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

2) 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: Ry, T, Re,
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
R1, T, Ro — Relay taps

I3p — total minimum internal 3-phase second-
ary fault current fed from all terminals,
divided by the number of terminals
(2 or 3)
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Iy, — maximum secondary load current flow-
ing through the protected line.

I — 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.

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

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

PHASE FAULT SENSITIVITY

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

T
Ry 513p N

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

T
R—l— 101y, (8

The available taps are:
Ry: 0.075, 0.10, and 0.15
T: 4,5,6,8,10, 12, and 15

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

T, 1 9
Ry~ .25 x 10Ig, = 12,51y, €)]

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 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 Rq
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 setting.)
In order to operate on the minimum line-to-ground
fault current, the R, tap setting should be not less
than:

Ro = — (10)

The available R, taps are:
0.90, 1.2, and 1.6.

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

0.39, 0.51, 0.68,

%*

is desired. Equation (10) does not apply for these

three taps.

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

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

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 not identical for an external fault. How-
ever, for a conventional line section the Ry taps are
set in the same proportion as are the R; taps.

RESTRAINT TAP

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.

Note: 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 IT = 0
Phase fault pickup;
X (maximum) = 5I3p=5 XMX 3 = 83.3

Ry 2 600

T 5
Kl(maximum) =101, = 10 x 400 %600 = 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~ 12.5I1, = 41.7.

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

The nominal pick-up current from equation 3
for a phase-to-phase fault is:

oy,
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TABLE 1 — Rpw TEST — MAXIMUM RESTRAINT TAP
Ry =0.10, Ro =16, T=4
Insulating Rpw in Ohms )
Transformer Relay Should - Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 1200 1900 0.75
6to1l 2700 4300 0.33
Inom(P-P) = _28% o 389 = 13.8 amperes, INSTALLATION
' 1 : The relays should be mounted on switchboard
T L . panels or their equivalent in a location free from dirt,
(nom(P-P) = 1.92R; for three-términal lines] moisture, excessive vibration, and heat, Mount the

Ground fault pickup:

0.2T _0.2x4 400
1, - 40072 * 5 - 032

Ro(minimum) =

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

Set Ry = 1.6.
The ground fault nominal pickup is:

04T 1.6
Lnom(P-G) = = —— = 1.0 ampere,
nom R, 1.6

0.6T
o

[Inom(P-G) = = 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, with less than 1000 ohms
pilot wire loop resistance.

At Station I, set Ry = 1.6 as in Case I. How-
ever, set R; = 0.15 to obtain Rj settings pro-
portional to the CT ratio. From equation 6:

T = 12.5R1I1, = 12.5 x 0.15 x 400 = 7.5

Set T =8
Station II settings are:
Re (II) 400
= = 0.1 —=0.1
R1=0.15 R, (D 5 x 600 0.10
T = 8 (Same as Station I)
400
Ry=1.6 X 600 ° 1.07 (Set 1.2)

SETTING THE RELAY

Set taps T1, R1, Rg, and the restraint tap. If the
maximum restraint tap is used, no adjustments are
necessary. If the minimum restraint-tap is used, re-
calibrate the relay pickup as described in “Adjust-
ments and Maintenance — Calibration.”

relay vertically by means of the four mounting holes
on the flange for semi-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
1.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

CAUTION 1. Make sure that the neon lamp
ts in place whenever relay operation is 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 Ry = 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, I7g9 (min,), with

current applied through terminals 7 and 9.. This value
should be:

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

Now, connect a resi'stance, Rpw, across H1 and
H4 of the insulating transformer with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
pacitor, Cpw, 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 II —~ Rpy TEST — MINIMUM RESTRAINT TAP

R1 = 0.10,
Insulating
Transformer Relay Should
Ratio Not Operate
4to1l 800
6to1l 1800

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

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
direct current through the trip 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
check on the relay calibration is desired.

Over-all Relay Check

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

straint tap), the Rpy 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-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 I7g = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vg = 8R} +5% volts.
(e.g., if R1 = 0.1, Vp = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

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

10

Ro=1.6 T-=4

Rpw in Ohms

Relay Should Cpwin
Operate Microfarads
1400 0.75
3100 0.33

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 links provided for this purpose. These
milliammeters should have low resistance and should
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, Ry = 0.1, Ry = 1.6, ener-
gize the relay with I35 = 10 amperes (terminals 3 and
5) and increase the variable resistance across the
insulating transformer high-voltage terminals until
the relay just trips. The values obtained should con-
form substantially to the following equations:

For minimum restraint
I,=0.12Ir + 8

For maximum restraint
Io=0.161IR + 8

where I, and Ig 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 screws 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
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Fig. 7 HCB Relay Test Circuits with S#1491627 Type W Switch and $#1162968 or $#t1164430 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 there is approximately .025
of an inch between it and the moving contact.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Con-
nect terminals X1 and X2 of the insulating trans-
former across the pilot-wire terminals of the relay.
Connect the relay taps on T = 4, Ry =0.1, Rp = L.6.

With the left hand shunt out 4 to 5 turns adjust the
right hand magnetic shunt in or out as required, until
the relay closes contacts with a positive snappy
toggle action at Ing = 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 135 = 0.45 to 0.55 amperes. For relays with
double contacts make sure that both upper and lower
contacts 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 I79 current (terminals 7 and 9). Pick-up current
should be:

min) = ——— + 5% amperes
Lagmim = 227 Ry % amp

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




TYPE HCB RELAY

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

MINIMUM PICKUP

Energize one relay with I35 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 Fiigure
8, the input current should be increased to about 1.5
amperes by an auxiliary current transformer, if the
secondary load cuwrrent is below this value. Also

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

A similar procedure to Fligure 8 should be followed
for three-terminal line applications. In this caseopen
thes line circuit breaker at one terminal, and discon-
nect the loads from the pilot wire terminals 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 normal tests as out-
lined for the two terminal line system test. When
these tests have been satisfactorily completed,
return the third terminal relay to normal and close the
breaker at that station. Repeat the above procedure
with a different breaker open and relay disconnected.
This will complete the check of the three terminal
line.

RENEWAL PARTS

Repair work can be done most satisfactorily 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.

C.T.'s GC.T.'s
AA Transmission Line
LA ] rvy

“N" Relay

“F" Rel:.y

HCB

:

// Insulating Transformers
< T 3

Pilot Wires HCB

Test Swit

I

of the C.T.'s being the snge at each end of

PR i v ot st v st G143

Note: The 1line nhould be carrying through load current amounting to at leaat 1.5 amperes as
in th y of the Transformers. Thls test (s based on the ratic

ches

the line, in which case set the taps of both

and 1nsulating barriers in the ammeter test jacks.
cldentally ofen-circuicing the current transformer

I+ IC = - IA’ with balanced load.
To Belay
LEGEND OF N|A|B|C
TEST SWITCH Mormal Connection.
SYMBOLS:; All Currents to
NABC Relay.
To C.T. 's/

ically zero output in this test.

local relay will be receiving no current from
transformers,
{5) Test 4 and 5 can be repeated using phase B to

sulating transformer,

relays to Ry = .15 R, = 1.6; T = 4 for this test.
RELAY "N" RELAY "F"
&
2 5| Test | Relay |Relay | "Piloy Wire Current" | Test | Relay |Relay |"Pilot Wire Current”
[ ={switch | Current Trip [Circulating | Remote |Svwitch | Current |Trip Clrculating | Remote
1 tiu A.B,C,N | No (1) (1) u“ A,B,C,H | No (1) (1)
2 tix A,C,B,N| No {2} (2) *tx A,C,B,I' [ No (2) (2)
u” 333}
3 A, N Yes 3) None [ITE] None Yes (3) (3) (&)
Y
4 W None Yes (3) 3) (%) U;u AN Yes (2) None
i
5 ﬁu AN No 3) (3) uﬂ AN Ho (3) 3)
111
6 nu AN Yes {6) L+ B,C,N Yes (6)
REMARKS

Teats }.and 2 are to check normal positive sequence rotation of phases. The test switch con-
nections of test #2 may be mede readily with relsys in the Flexitest case by using <clip leads

Tests 3 and simulate internal Phase A to Ground fault with single end f2ed,
Test g simulates an external Phase A %o Ground fault,
Test 6 _simulates an internal Phase A to Ground fault, with equal feed from the two ends, since

(1) The "ptlot wire current” will vary depending upon the magnitude of the %hrough load cur-
rent and the characteristics of the pllot wire, See Flgures 9 and 10,
(2) Since the relay 1s temporarily comnected for negative sequenie, 1t should have pract-

53) These readings may be "off scale" depending upon the msgnitude of the load current.
L) The relay at this atetion should reset when tne "far" current 1s being read because the

to neutral current, but this is not strictly neceasary 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.
(6) Some pilot wire current will be read, depending upon the magnitude of the
capacity of the pllot wire in combination with the magnetizing impedance of the in~

However, care should be used to avoid ac-
circults,

| l Phase A current from
C.T. 's to Relay,
EXAMPLE Phase B and C C.T.'s

shorted to neutrsl.

elther the pilot wire or the surrent

neutral current, and again with phase C

disiributed

12

Fig. 8 HCB Relay System Testing Procedure
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INSTALLATION

L.L. 41-971.18B

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HCB PILOT WIRE RELAY SYSTEM

CAUTION Before putting protective relays into
service, remove all blccking 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 transform-
ers, and an interconnecting pilot wire circuit., For a
three terminal line, three relays, three insulating
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 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 normally supplied 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 sequence filter consists of a three-legged
iron core reactor and a set of resistors designated R
and RO. The reactor, located near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged R tap con-
nections in the front of the relay. The Ry tap links
also connect to the Rj resistor (looped resistance
wire). Rg consists of three tube resistors located
above the reactor. The taps on these resistors are
wired to the circularly arranged R, tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 Rg
taps are on the R resistance wire rather than on the

tube resistors. .

SUPERSEDES L.L. 41-971.1A

* 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. The primary (bottom) winding is tapped
and wired to a tap plate, T, located in the front, above
the Ry and Ry connections. The secondary (top)
winding is connected to the neon lamp and from a
fixed tap to the relay coil circuits.

RECTIFIER UNITS

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

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
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 lirik 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

EFFECTIVE MARCH 1958
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¥ Fig. 1 Internal Schematic of Type HCB Relay in FT-42

Case.

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

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

OPERATION

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

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse. Since the Vg voltages now oppose each
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, This increase
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 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 system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

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

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

Vr = 2[11R1 + [10 (R1 + 3Ro) Volts ¢8)

where Ry and Rq 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)Ig

With the relay connected to its insulating trans-
former, and the pilot-wire side of the transformer open




TYPE HCB RELAY

1.L. 41-971.1B

INSULATING TRANSFORMER
SATURAT ING PILOT SATURATING
\ TRANSFORMER o —_— TRANSFORMER
1 : , ® —
— FILTER . v — 1
. Tvs @ @ sl FILTER .,
i +
3 — ' — 3
—
R - RESTRAINT COIL
OP - OPERATING COIL
Vg - FILTER QUTPUT (RELATIVE POLARITIES ARE FOR THRU CURRENT OR EXTERNAL FAULT)
1834061
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(H1-H4), the relay minimum pick-up voltage, Vg, is:

Vp _
T = 0.2

where Vg is the saturating transformer voltage output,
which is impressed on the full-wave rectifiers;

Vs (min. pick-up) = (2)

T is the saturating transformer tap value.

Note: The relay is calibrated in the maximum restraint tap
at the factory. On three-terminal lines, where the
minimum restraint tap is used, the relay should be
recalibrated for the same pick-up as is obtained in
the maximum restraint tap position. See “Adjust-
ments and Maintenance” for the procedure.

For example, assume that the relay is set for R1 = 0.1,
Ro = 1.6 and T = 4. The single relay pickup is ob-
tained (when Vg = 0.2), with positive sequence cur-
rents by equating Vy from equations (1) and (2),

2I11Ry = 0.2T

02T _ T _ 4
2R; ~10R; 10x0.1

The single-relay pickup, when I11 = I10 is:
0.2T 0.2T

Io=I,,=I =
STUTI09R, 4Ry +3B, 3(Ry + Re)
For a phase 1-to-ground fault, with 111 =I10 the single-

Ig=In = = 4 amperes.

= 0.157 ampere.
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relay pickup is, Iy = Lig=3x 0.157 x 0.471 ampere.

NOMINAL PICKUP (ALL RELAYS)
The nominal pickup, Ingny, is defined as
Inom = KIg 3)

where Ipop = total internal fault current
K = number of relays (2 or 3)
Is = single-relay pickup with pilot wire dis-
connected (see above)

For example, foraphase-1-to-groundfault, & Iy = Ijg
with the pilot wire open circuited, the single-relay
pickup was previously determined as Iy = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-1-to-ground fault (R. = 0.1, Ro = 1.6; T = 4)
is:
Liom (1t0 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 points will
vary somewhat from nominal value, depending on the
pilot-wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input current to the
near relay, bnly.

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

INSULATING TRANSFORMER
Unless otherwise noted, all characteristics pre-

sented include an insulating transformer with each
relay. Two ratios are available: 4/1 and 6/1. The
high voltage side is connectad to the pilot-wires.

PILOT-WIRE REQUIREMENTS

The relays should not be applied with pilot-wire
series resistance or shunt capacitance exceeding the
following values:

Insulating Transformer Ratio

No. of 4/1 6/1
Relays RL Cs RL Cs
2 2000 1.5 - -
500/1,gg| 1.8 |1000/L,gGg | 0.75

Rj, = 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,
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 trans-
formers respectively, since the balancing resistors
are located on the relay side of the insulating trans-
formers.

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 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.
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b) Drainage reactors may be connected across
the pilot wire and to ground through a KX642 protector
tube. The drainage reacter 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 maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire circuit to safe values in the presence of a sta-
tion-ground potential rise.

¢) The 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
chainge taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection,

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

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

BURDEN DATA

The 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, R1 = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes o°
Phase B .30 volt-amperes 28¢&°
Phase C 0.90 volt-amperes 45°
For tap 4, Ry = 0.15and Rg = 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 two-second overload ratings of the re-
lay are 150 amperes phase and 125 amperes
ground currents.

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 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-
wire channel.

TAPS
There are four setting taps in the relay:

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

2) 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: Ri, 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
Ri, T, Ro — Relay taps

I3p — total minimum internal 3-phase second-
ary fault current fed from all terminals,
divided by the number of terminals
(2 or 3)

11, — 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) — nomiral internal phase to phase fault
sensitivity.

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

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

PHASE FAULT SENSITIVITY

The phuse fault pickup is determined by the Ry
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:
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T
R 5I3p €Y

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

T
Ry
The available taps are:
Rjy: 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:

=, 101, (5)

T
?1 =1.25 x 10I1, = 12.5]1, (6)
The required T/Rj 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 Rg 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:

Ro =— (7

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

The R, taps, 0.025, 0.033, and 0.05, are utilized
to set Ry = 1/3 R,, where no zero sequence sensitivity
is desired. Equation (7) does not apply for these
three taps.

For overhead lines, it is recommended that the
1.6 R, tap be used to obtain maximum sensitivity.
For cable circuits, where appreciable capacitance is
present, a pick-up setting of approximately I = 1.5
amperes is recommended.

The same Rq tap must be used at all stations for
two-terminal lines with more than 1000 ohms pilot-
wire resistance, and for all three-terminal lines. With
less than 1000 ohms pilot-wire loop resistance on two-
terminal lines, the R, taps may be set proportional to
the current transformer ratios. In other cases, where
different current transformer ratios must be utilized,
auxiliary current transformers must be employed.

RESTRAINT TAP
Set in maximum restraint tap for all two-terminal

lines. Set in minimum restraint tap for all three-

terminal lines.

Note: 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 II = 2500A
Minimum internal line-to-ground fault
current:
Through Station I = 400A
Through Station II = 0
Phase fault pickup:
X (maximum) = 5Igp=5 xl—swx 5 = 83.3

Ry 2 600

T 5
El(maximum) =10If, =10 x 400 xzg5"= 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, = 41.7.

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

The nominal pick-up current from equation 3
for a phase-to-phase fault is:

T 4
Inom(P-P) = S89R; ~ 0.280 13.8 amperes,
[Inom(P-P) = I 9§R1 for three-terminal lines]

Ground fault pickup:

0.2T _0.2x4 400
T, - 400/2 * 5 - 032

Ro(minimum) =

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:

0'4T-~L§--10amere
R, 1.6 - 2mpere,

0.6T
0

Inom(P-G) =

Thom(P-G) = = 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
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TABLE I — Rpw TEST — MAXIMUM RESTRAINT TAP

Ry =0.10, R, =16, T =4
Insulating Rpw in Ohms
Transformer Relay Should . Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 1200 1900 0.75
6tol 2700 4300 0.33

CT's at Station I, with less than 1000 ohms
pilot wire loop resistance.

At Station I, set R, = 1.6 as in Case I. How-
ever, set Ry = 0.15 to obtain R1 settings pro-
portional to the CT ratio. From equation 6:

T = 12.5R1If, = 12.5 x 0.15 x 400 = 7.5

Set T =28
Station II seitings are:
Re (ID 400
Ry1=0. = 0.1 —=0.
1 OISRC(I) 5x600 0.10
T = 8 (Same as Station I)
Ro=1.6 x 400 = 1.07 (Set 1.2)

600

SETTING THE RELAY

Set taps Ty, R1, Rg, 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.”

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location 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 1. Make sure that the neon lamp
is in place whenever relay operation is being
checked.

2. When changing taps under load, the
spare tap screw should be 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 Ry = 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, 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, Cpyw, in parallel with Rpw. With Rpw and
Cpw set as specified in Table I, suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

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

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient

direct current through the trip 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
check on the relay calibration is desired.

Over-all Relay Check
Over-all calibration can be checked by the pro-
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TABLE II — Rpwy TEST — MINIMUM RESTRAINT TAP

Ry = 0.10, Ry, =16, T =4
Insulating Rpw in Ohms
Transformer Relay Should Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1 200 1400 0.75
6to1l 1800 3100 0.33

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 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-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:

Vg = 8R1 +5% volts.
(e.g., if R1 = 0.1, Vg = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Overating Unit: The following test will check
the polar unit callibration and the performance of
the rectifiers. Connect a variable non-inductive
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 links provided for this purpose. These
milliammeters should have low resistance and should
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, R1 = 0.1, Ry = 1.6, ener-
gize the relay with I35 = 10 amperes (terminals 3 and
5) and increase the variable resistance across the
insulating transformer high-voltage terminals until
the relay just trips. The values obtained should con-
form substantially to the following equations:

For minimum restraint
Io=0.12IR + 8

For maximum restraint
I,=0.16Ir + 8

where I, and Ig 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
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following procedure should be followed to recalibrate
the relay.

Polar Unit Contact Adjustment: Adjust the left-
hand (front view) contact until it just makes a light
circuit when the armature rivet touches the left-hand
pole face. Give the left-hand contact screw four to
five additional turns and lock in position with the
lock nut provided. This moves the armature rivet
away from the left-hand pole face and provides con-
tact follow. Now adjust the right-hand backstop screw
until it just touches the moving contact when the
moving contact is in the contact-closing position, as
above. Back off the backstop screw two turns and
lock in position.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Connect
terminals X1 and X2 of the insulating transformer
across the pilot-wire terminals of the relay. Connect
therelay tapson T = 4, Ry = 0.1, Ry = 1.6.

Adjust the right-hand magnetic shunt in or out as
required, until the relay just closes contacts at
Ing = 6.9 to 7.0 amperes. When this adjustment has
been made, change the input current connections to

terminals 3 & 5. The relay should trip for I35 = 0.45
to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
jcally. 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 cuwrent 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 I7g current (terminals 7 and 9). Pick-up current
should be:
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INSUL.

HCB RELAY
TRANSF .

PILOT

HCB RELAY

“"‘(E:>"'*3

INSUL.
TRANSF .

WIRE

I — TEST SWITCH T

CONTACTS SHOWN
IN "NORM" POS.

85-T38

RN
\"//7INSTRUNENT

TRANSFORMER

PiLOT WIRE "w" TEST SWITCH S 1491627-8

POSITION

CONT,

REM. | REM. [NORM.

NORM.

[Cire. T CiRcJLOCAL

P.0.] -

P.0.

P.0. X DENOTES CONTACT CLOSED

7-8 X X

X PO - PULL OUT POSITION

$-10

11-12

t3t.d

13-1

15-16 X

REMOTE POSITION NORMAL POSITION

CIRCULATING POSITION

LOCAL POSITION

288BT43

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

T
5.717 Ry
Additional tests are recommended with the pilot
wire connected as described under “Complete System
Test.”

. 179(min) = + 5% amperes

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

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 the test
switch in the “Local” position. Typical values for
the “Liccal” position readings are shown in Figure 11.

A similar procedure to Figure 8 should be followed
for three-terminal line applications. In this case, the
minimum secondary load current through any terminal
should be 2.5 amperes or more in order to obtain relay
operation for tests 3, 4, and 6.

RENEWAL PARTS

Repair work can be done most satisfactorily 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.

11
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C.T.'s C.T.'s

Transmission Line

"N" Relay //Insulating Pransformers "F" Rel:iy
‘ s 3 >
HCB Pilot Wires 1' HCB
b4 $

é é éé "pilot Wire Curbent" read wilth Milliammeters iiii
\ Test switches/

Note: The 1line should be carryilng through load current amounting to at least 1.5 amperes as
measured 1n the secondary of the Current Transformers., This test is based on the ratilo
of the C.T.'s being the same at each end of the line, in which case set the taps of both
relays to Ry = .1; Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "F"
iel
% o Test Relay |[Relay [ "Pilot Wire Current” || Test Relay {Relay |"Pilot Wire Current"
F ={Switch | Current Trip | Cilrculating | Remote’ ||Switch | Current | Trip Circulating | Remote
1 tiii A,B,C,N | No (1) (1) iiii A,B,C,H | No (1) (1)
2 tix A,C,B,N | No (2) (2) H# A,C,B,I | No (2) (2)
m LEdd
3 AN Yes (3) None fRRS None Yes (3) (3) (&)
444 ttu
k| WAM None Yes (3) (3) (&) A, N Yes (2) None
itu ti“
5 AN No (3) (3) AN No (3) (3)
93 ﬁli
6 i\t/u AN | Yes 6) b1 B0n | Yes (6)
REMARKS

fests 1 and 2 are to check normal positive sequence rotation of phases. The test switch con-
nections of test #2 may be made readlly with relays in the Flexitest case by using clip leads
and lnsulating barrlers in the ammeter test jacks. However, care should be used to avoid ac~
cldentally open-circuiting the current transformer circuits.

Tests 3 and simulate Iinternal Phase A to Ground fault with single end f=z=d.

Test 2 simulates an external Phase A to Ground fault.  (5)

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

[, + Ic = - IA’ with balanced load.
To Belay
LEGEND OF NiA|B)C L L Phase A current from
TEST SWITCH Normal Connection, C.T. 's to Relay,
SYMBOLS: All Currents to EXAMPLE Phase B and C C.T.'s
NABGC Relay. shorted to neutral.
To C.T. 'sJ

(1) The "pilot wire current" will vary depending upon the magnitude of the through load cur-
rent and the characteristics of the pllot wire, See Figures 9 and 10.

(2) Since the relay L1s temporarily connected for negative sequence, it should have pract-
ically zero output in this test,

$3) These readings may be "off scale" depending upon the magnitude of the load current.

4} The relay at this stetion should reset when the "far" current is belng read becauss  the

local relay will be receiving no current from elther the pilot wire or the current
transformers.
(5) Test 4 and 5 can be repeated using phase B t¢ neutral current, and agaln wilth phase c

to neutral current, but this 1s 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.

(6) Some pillot wire current will be read, depending upon the magnitude of the distributed
capacity of the pllot wire in comblnation with the magnetizing impedance of the in-
suleting transformer,

Fig. 8 HCB Relay System Testing Procedure
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Fig. 9 Typical Test Output vs. Input Relay Current in a
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Fig. 11 Typical Curve of Relay Output vs. Positive-
Sequence Input — Test Switch in Local Position.

Fig. 12 Outline and Drilling Plan of $#1209991 Balamsing
Resistor for Three-Terminal Line Applications.
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INSTALLATION

INSTRUCTIONS

L. 41-971.1A

OPERATION ¢ MAINTENANCE

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 transform-
ers, and an interconnecting pilot wire circuit. For a
three terminal line, three relays, three insulating
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 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 normally supplied 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 sequence filter consists of a three-legged
iron core reactor and a set of resistors designated R1
and RO. The reactor, located near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged Ry tap con-
nections in the front of the relay. The Ry tap links
also connect to the R; resistor (looped resistance
wire). Rg consists of three tube resistors located
above the reactor. The taps on these resistors are
wired to the circularly arranged R, tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 R,
taps are on the Rj resistance wire rather than on the
tube resistors,

SUPERSEDED I.L. 41-971.1

* 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. The primary (bottom) winding is tapped
and wired to a tap plate, T, located in the front, above
the Ry and Ry connections. The secondary (top)
winding is connected to the neon lamp and from a
fixed tap to the relay coil circuits.

RECTIFIER UNITS

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

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
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 lirk 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

EFFECTIVE MAY 1957
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Fig. 1 Internal Schematic of Type HCB Relay in FT-42
Case.

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

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

OPERATION

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

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse., Since the Vg voltages now oppose each
other, most of the cwurrent flowing in the restraint
coils is also forced through the operating coils with
a minimum of current in the pilot wire. This increase
in operating current overcomes 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 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 system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

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

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

Vg = 2111R1 + I10 (R1 + 3Ro) volts (1)

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

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

SINGLE RELAY PICKUP (PILOT WIRE OPEN)Ig

With the relay connected to its insulating trans-
former, and the pilot-wire side of the transformer open
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Fig. 2 Simplified External Schematic of the HCB Relay System.
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(H1-H4), the relay minimum pick-up voltage, Vg, is: For example, assume that the relay is set for Ry = 0.1,
v Ro = 1.6 and T = 4. The single relay pickup is ob-
Vs (min. pick-up) = “E.o2 2) tained (when Vg = 0.2), with positive sequence cur-
T rents by equating Vp from equations (1) and (2),
whgre Ys is the saturating transformer vo‘lt‘age output, 2I11Ry = 0.2T
which is impressed on the full-wave rectifiers;
X . 0.2T T 4
I.= = = = = .
T is the saturating transforimer tap value. * s In R; - 10R;  10Xx01 4 amperes
Note: The relay is calibrated in the maximum restraint tap . : _ .
at the factory. On three-terminal lines, where the The single-relay pickup, when I11 = I10 1s:
minimum restraint tap is used, the relay should be 0.2T 0.2T
recalibra.ted for the same pick-‘u;.J as is obt?ine'd in IS=111=1102R1 +Ry +3Ro:3(R1 + Ry) = 0.157 ampere.
the maximum restraint tap position. See *Adjust-
ments and Maintenance” for the procedure. For a phase 1-to-ground fault, with Iy =Iyg the single-
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relay pickup is, IS = IlG =3 x 0.157 x 0.471 ampere.

NOMINAL PICKUP (ALL RELAYS)
The nominal pickup, Ingmn, is defined as
Inom = KIg 3

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, foraphase-1-to-ground fault, & Iyy = Iyg
with the pilot wire open circuited, the single-relay
pickup was previously determined as I; = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-1-to-ground fault (R. = 0.1, Ro = 1.6; T = 4)
is:
Liom (1to G) = 0.4TIK = 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 points will
vary somewhat from nominal value, depending on the
pilot-wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input current to the
near relay, only.

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

INSULATING TRANSFORMER
Unless otherwise noted, all characteristics pre-

sented include an insulating transformer with each
relay. Two ratios are available: 4/1 and 6/1. The
high voltage side is connected to the pilot-wires.

PILOT-WIRE REQUIREMENTS

The relays should not be applied with pilot-wire
series resistance or shunt capacitance exceeding the
following values:

Insulating Transformer Ratio

No. of 4/1 6/1
Relays RL Cs RL Cs
2 2000 1.5 - -
500/Leg| 1.8 |1000/Leg | 0.75

R1, = 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,
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 trans-
formers respectively, since the balancing resistors
are located on the relay side of the insulating trans-
formers.

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 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.
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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 maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire circuit to safe values in the presence of a sta-
tion-ground potential rise.

¢) The 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.

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

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

BURDEN DATA

The 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, R1 = 0.075 and R, = 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, Ry =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 two-second overload ratings of the re-
lay are 150 amperes phase and 125 amperes
ground currents.

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 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-
wire channel.

TAPS
There are four setting taps in the relay:

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

2) 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) Rq 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: R1, T, R,
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
Ri, T, Ry — Relay taps

I3p — total minimum internal 3-phase second-
ary fault current fed from all terminals,
divided by the number of terminals
(2 or 3)

I1, — maximum secondary load current flow-
ing through the protected line.

Iy — 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.

Re(D), Re(I) — current transformer ratio at Station I
and II respectively.

PHASE FAULT SENSITIVITY

The phase fault pickup is determined by the Ry
and T taps. In order to operate on the minimum line-
to-line fault current, the Ry and T taps should be set
for not more than:
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T
R_l = 513P (4)

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

T
Ry
The available taps are: )
Rj: 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:

=,101Ir, ®)

T
?1 = 1.25 x 1011, = 12,511, (6)
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 Rj taps may be
utilized to compensate for different CT ratios with
two-terminal lines if the pilot-wire loop resistance is
1000 ohms or less. Auxiliary CT’s and identical Rq
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 Rp and T
taps. (T should be determined by the phase setting.)
In order to operate on the minimum line-to-ground
fault current, the Ry tap setting should be not less
than:

0.2T
Ig
The available R, taps are: 0.39, 0.51, 0.68,
0.90, 1.2, and 1.6.

The R, taps, 0.025, 0,033, and 0.05, are utilized
to set Rg = 1/3 R,, where no zero sequence sensitivity
is desired. Equation (7) does not apply for these
three taps.

R, = )

For overhead lines, it is recommended that the
1.6 Ry tap be used to obtain maximum sensitivity.
For cable circuits, where appreciable capacitance is
present, a pick-up setting of approximately Ig = 1.5
amperes is recommended.

The same R, tap must be used at all stations for
two-terminal lines with more than 1000 ohms pilot-
wire resistance, and for all three-terminal lines. With
less than 1000 ohms pilot-wire loop resistance on two-
terminal lines, the R, taps may be set proportional to
the current transformer ratios. In other cases, where
different current transformer ratios must be utilized,
auxiliary current transformers must be employed.

RESTRAINT TAP
Set in maximum restraint tap for all two-terminal

lines. Set in minimum restraint tap for all three- ~

terminal lines.

Note: 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 = IL = 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:
T . 1500 + 2500 5 _
®; (maximum) = 5I3p=5 < o X600 83.3
T( i ) =101 10 x 400 2 33
B {(maximum) = = X X anny = .3
R1 L 600
The phase fault current is sufficient to al-
low the relay to be set to prevent tripping on p—

an open-circuited pilot wire. Therefore, set:
T

i3 = 12.5I, = 41.7.

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

The nominal pick-up current from equation 3
for a phase-to-phase fault is:

T 4
Inom(P-P) = 5.89R; - 0.289 " 13.8 amperes,

Tpom(P-P) = for three-terminal lines]

T
1.92R1
Ground fault pickup:

0.2T _0.2x4 400
I, = 400/2 5

Ro(minimum) = = 0.32

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

Set Ry = 1.6.
The ground fault nominal pickup is:

04T 1.6
R, ~ 1.6 = 1.0 ampere,

0.6T
o

Inom(P-G) =

Thom(P-G) = = 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
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TABLE I ~ Rpy TEST — MAXIMUM RESTRAINT TAP

Ry = 0.10, 1.6, T =4
Insulating Rpw in Ohms
Transformer Relay Should - Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4tol 1200 1900 0.75
6to1l 2700 4300 0.33

CT’s at Station I, with less than 1000 ohms
pilot wire loop resistance.

At Station I, set R, = 1.6 as in Case I. How-
ever, set Ry = 0.15 to obtain R settings pro-
portional to the CT ratio. From equation 6:

T = 12.5R1I1, = 12.5 x 0.15 x 400 = 7.5

Set T =8
Station II settings are:
R¢ (II) 400
= 0.15— = 0.1 —= 0.
Ri=0.15 R, (O 5x600 0.10
T = 8 (Same as Station I)
400
Rop = 1.6 x 600 = 1.07 (Set 1.2)

SETTING THE RELAY

Set taps Ty, Ry, Rg, 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.”

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location 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  I. Make sure that the neon lamp
is in place whenever relay operation is being
checked.

2. When changing taps under load, the
spare tap screw should be 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 Ry = 0.10, Ro = 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, Ing (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, Cpw, in parallel with Rpw. With Rpw and
Cpw set as specified in Table I, suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

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

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
direct current through the trip 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
check on the relay calibration is desired.

Over-all Relay Check
Over-all calibration can be checked by the pro-
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TABLE I — Rpy TEST — MINIMUM RESTRAINT TAP

Ry = 0.10,
Insulating
Transformer Relay Should
Ratio Not Operate
4to1l 800
6tol 1800

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 Rpy test should be made in accord-
ance with Table II instead of Table L.

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 I7g = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vg = 8R1 +5% volts.
(e.g.,if Ry = 0.1, Vp = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Overating Unit: The following test will check
the polar unit callibration and the performance of
the rectifiers. Connect a variable non-inductive
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 links provided for this purpose. These
milliammeters should have low resistance and should
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, Ry = 0.1, Ro = 1.6, ener-
gize the relay with I35 = 10 amperes (terminals 3 and
5) and increase the variable resistance across the
insulating transformer high-voltage terminals until
the relay just trips. The values obtained should con-
form substantially to the following equations:

For minimum restraint
Io=0.12IR + 8

For maximum restraint
Io=0.16IRr + 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
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Ro =16, T=4

Rpw in Ohms

Relay Should Cpwin
Operate Microfarads
1400 0.75
3100 0.33

following procedure should be followed to recalibrate
the relay.

Polar Unit Contact Adjustment: Adjust the left-
hand (front view) contact until it just makes a light
circuit when the armature rivet touches the left-hand
pole face. Give the left-hand contact screw four to
five additional turns and lock in position with the
lock nut provided. This moves the armature rivet
away from the left-hand pole face and provides con-
tact follow. Now adjust the right-hand backstop screw
until it just touches the moving contact when the
moving contact is in the contact-closing position, as
above. Back off the backstop screw two turns and
lock in position.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Connect
terminals X1 and X2 of the insulating transformer
across the pilot-wire terminals of the relay. Connect
the relay taps on T = 4, Ry = 0.1, Ry = 1.6.

Adjust the right-hand magnetic shunt in or out as
required, until the relay just closes contacts at
Ing = 6.9 to 7.0 amperes. When this adjustment has
been made, change the input current connections to

terminals 3 & 5. The relay should trip for I35 = 0.45
to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned period-
ically. A contact burnisher, S#182A836HO01, 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 Izg current (terminals 7 and 9). Pick-up current
should be:
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Fig. 7 HCB Relay Test Circuits with $#1491627 Type W Switch and 5#1162968 or S#1164430 Milliammeter, 0-5-25 ma.

T
5.77 Ry

Additional tests are recommended with the pilot
wire connected as described under “Complete System
Test.”

“ 179(min) = + 5% amperes

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

Energize one relay with I35 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 the test
switch in the “Local” position. Typical values for
the “Liocal” position readings are shown in Figure 11.

A similar procedure to Figure 8 should be followed
for three-terminal line applications. In this case, the
minimum secondary load current through any terminal
should be 2.5 amperes or more in order to obtain relay
operation for tests 3, 4, and 6.

RENEWAL PARTS

Repair work can be done most satisfactorily 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.

11
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Transmission Line A
—w—- 7 vy

C.T.'s C.T.'s

"N" Relay /,_——Insulating Transformers "F" Rel:iy
‘P

AA

=AM

HCB HCB

Pllot Wires 1
<
<

é i éi "pilot Wire Curtent” read wlth Milliammeters % ii
\ Test Svitches/

<
<
<
<

L84

Note: The 1line should be carrying through load current amounting to at least 1.5 amperecs as
measured in the secondary of the Current Transformers. This test 1s based on the ratlo
of the C.T.'s being the same at each end of the line, 1n which case set the taps of both
relays to Ry = .1; Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "F"

ey

o o Test Relay |Relay | "Pilot Wire Current" }| Test Relay |Relay |"Pilot Wire Current"

B Z{Switch | Current Trip Circulating | Remote’ ||Switch | Current |Trip Clrculating | Remote

1 tiii A,B,C,N [ No (1) (1) iiii 4,B,C,H | No (1) (1)

2 Nx A,C,B,N | No (2) (2) itx A,C,B,I' | No (2) (2)
iiu Lhdd

3 AN Yes (3) Nene RAS None Yes (3) (3) (%)
8444 tLL$

51 M None Yes (3) (3) () AN Yes (2) None
&b ttu

5 AN No (3) (3) AN o (3) (3)
itu ﬁLi

6 A, N Yes (6) + B,C,N Yes (6)

REMARKS

Lests 1 and 2 are to check normal positlve sequence rotation of phases. The test switch con-
nections of test #2 may be made readily with relays in the Flexitest case by using <clip leads
and insulating barriers in the ammeter test jacks, However, care should be used to avoild ac-
cidentally open-circuiting the current transformer circults.

Tests 3 and simulate Internal Phase A to Ground fault with single end fzsd.

Test g simulates an external Phase A to Ground fault.,

Test ©_simulates an Internal Phase A to Ground fault, with equal feed from the two ends, since
I, + IC = - IA’ with balanced load,

To Relay
LEGEND OF iNtAiBQC Ll Phase A current from
TEST SWITCH Normal Connection, C.T, 's to Relay.
SYMBOLS : All Currents to EXAMPLE i i $ £ Phase B and ¢ C.T.'s
NABC Relay. shorted to neutral,
To C.T. 's.

(1) The "pllot wire current" will vary depending upon the magnitude of the %hrough load cur-
rent and the characteristics of the pllot wire. See Flgures 9 and 10.

(2) Since the relay is temporarily connected for negative sequence, it should have pract-
ically zero output in this test.

3) These readings mey be "off scale" depending upon the magnitude of the load current,

k) fThe relay at this stetion should reset when the "far" current is beilng read because  the
local relay will be recelving no current from either the pllot wire or the current
transformers,

(5) Test 4 and 5 can be repeated using phase B to neutral current, and agaln 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.

(6) Some pilct wire current will be read, depending upon the magnitude of the distributed
capaclty of the pilot wire in combination with the magnetizing impedance of the in-
sulating trensformer.
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Fig. 8 HCB Relay System Testing Procedure
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Fig. 9 Typical Test Output vs. Input Relay Current in a
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INSTALLATION

LL. 41.971.1

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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 corntacts 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 transform-
ers, and an interconnecting pilot wire circuit. For a
three terminal line, three relays, three insulating
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 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 normally supplied with the relay
consists of an insulating transformer, a milliammeter
and test switch. The construction of these compo-
nents is as follows:

TYPE HCB PILOT-WIRE RELAY SYSTEM
SEQUENCE FILTER

The sequence filter consists of a three-legged
iron core reactor and a set of resistors designated R1
and R,. The reactor, located near the bottom of the
relay, has two primary and one tapped secondary
windings wound on the center leg. The secondary
taps are wired to the circularly arranged R1 tap con-
nections in the front of the relay. The R tap links
also connect to the Ry resistor (looped resistance
wire). Rg consists of three tube resistors located
above the reactor. The taps on these resistors are
wired to the circularly arranged Ry tap connections
in the front of the relay. The 0.02, 0.03, and 0.05 R
taps are on the R resistance wire rather than on the
tube resistors.

NEW INFORMATION

SATURATING TRANSFORMER

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

RECTIFIER UNITS

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

POLAR RELAY UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with one contact. The poles of the
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

EFFECTIVE DECEMBER 1956
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Fig. 1 Internal Schematic of Type HCB Relay in FT-42
Case.

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

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

OPERATION

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

restraint coil currents are such that the relay is
restrained.

During an internal fault, the relative Vg polarities
reverse. Since the Vg voltages now oppose each
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., This increase
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 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 system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

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

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

VF = 2I11R1 + 110 (R1 + 3Rg) volts 1)

where Ry and R 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)Ig

With the relay connected to its insulating trans-
former, and the pilot-wire side of the transformer open

s
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Fig. 2 Simplified External Schematic of the HCB Relay System.
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(H1-H4), the relay minimum pick-up voltage, Vg, is:
v
Vs (min. pick-up) = —TE = 0.2 (2)

where Vg is the saturating transformer voltage oufput,
which is impressed on the full-wave rectifiers;

T is the saturating transformer tap value.

Note: The relay is calibrated in the maximum restraint tap
at the factory. On three-terminal lines, where the
minimum restraint tap is used, the relay should be
recalibrated for the same pick-up as is obtained in
the maximum restraint tap position. See “Adjust-
ments and Maintenance”® for the procedure.

For example, assume that the relay is set for Ry = 0.1,
Rg = 1.6 and T = 4. The single relay pickup is ob-
tained (when Vg = 0.2), with positive sequence cur-
rents by equating Vg from equations (1) and (2),

2I11R1 = 0.2T

0.2T T 4

Ig=Tu =5RT = for; - [0+ 0.4 - ©mperes:

The single-relay pickup, when I11 = 110 is:
0.27T 0.2T

o=l =1 =
STUT05R, +Ry +3R, 3(Ry + Ro)
For a phase 1-to-ground fault, with Iy, =1y the single-

= 0.157 ampere.
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CURRENT IN NEAR RELAY
PERCENT OF NOMINAL PICKUP

" i
2500

1500 2000
R = PILOT WIRE RESISTANCE IN OHMS
MICROFARADS DISTRIBUTED CAPACITY = ,001R

Fig. 4 Typical Curves Showing the Effect of the Pilot
Wire on Minimum Trip Current, Two-Terminal Line
(Maximum Restraint Tap).

relay pickup is, IS = I1G =3 x 0.157 x 0.471 ampere.

NOMINAL PICKUP (ALL RELAYS)
The nominal pickup, Iopy, is defined as
Ihom = Kig 3

where  Ingp = total internal fault current

K = number of relays (2 or 3)

Is = single-relay pickup with pilot wire dis-

connected (see above)

For example, foraphase-1-to-ground fault, &Iy = I10
with the pilot wire open circuited, the single-relay
pickup was previously determined as Iig = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-1-to-ground fault is

Inom (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 points will
vary somewhat from nominal value, depending on the
pilot-wire constants and the magnitude and phase
angle of the various relay input currents. For ex-
ample, Figure 4 shows the relay operating points for
a two-terminal line, assuming input current to the
near relay, 6nly.

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

INSULATING TRANSFORMER
Unless otherwise noted, all characteristics pre-

sented include an insulating transformer with each
relay. Two ratios are available: 4/1 and 6/1. The
high voltage side is connected to the pilot-wires.

PILOT-WIRE REQUIREMENTS

The relays should not be applied with pilot-wire
series resistance or shunt capacitance exceeding the
following values:

Insulating Transformer Ratio

No. of 4/1 6/1
Relays Ry Cs RL Cs
2000 1.5 — —
3 500/1,8G

1.8 ] 1000/1,gg | 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,
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 trans-
formers respectively, since the balancing resistors
are located on the relay side of the insulating trans-
formers.

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 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.
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Transformers and 2000-Ohm Pilot Wire. Vg of Near and Far Relays in Phase or 180° Out of Phase.
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Fig. 5 Typical Operating Characteristics of the HCB Relay System — Maximum Restraint Tap, with Insulating




TYPE HCB RELAY

103 dI¥L ¥3¥vaye - 3l

LIVLNOD
AYVITIXOV ¥INVINE - @

HOLIMS ¥OLIVLINOD
ONILYOIONT -SDI

LEMLELL]
LINJY1) yimod -

AVI3Y 8O NI
T100 ONIRIVYLSIY -

AVT3¥ 80N NI
1102 DNILVY¥Id0 -

80H 3dAL
‘AYI3d JYIM L0THd - 29

LUVHD ¥3IEWNN 3D1A3C

(]
BE n

~
5o

. Wik ﬂ EEIL]
10714 ! 1 10714
| l
1 I
H EHO 7H T H en ™H a3ISN IWINM ™ HO EH L
TN I3l YINHOIG VAL
Q¥IHL BNILYINGNI ——=—
41 X 7X X 7
i -4 He
(X180 INIT B 5°1E-0
WNIWYIL €) ¥018153Y
¥0LS153Y EHIELLA
INIINYIVE S
61 91 61 L} &
* % A 4
¥ b i

id

@

G 6 m—— NO1L180d
TR B 1

\
noILisod JOQ
TR R

*s0d .
¥0
03N
7 ~t ]
©, :
ol 9l w e
1 mem_v % Nlo mm i Nﬂmm 3_
“J J ‘ 7
0
Y 8 y
Oy
o1 Ty .M w
i
30 aw mw Nm 8 g Lol g 7l
*50d 4 By TR GR By &Y ik i®
sng d1uL 20
Jaasn
E..i.\_ [
TWNIWYI]
e’ | |
P A4
F_ _ ' IV
| ¢ ———
4l A
! N P
L | A

o

=71 NOILYLOY ISYHd

3NIT 031031044

B e, Y

L0O6COLE

Fig. 6 External Schematic of the Type HCB Relay in FT-42 Case — Two- or Three-Terminal Line.



TYPE HCB RELAY

I.L. 41-971.%

b) Drainage reactors may be connected across
the pilot wire and to ground through a KX642 protector
tube. The drainage reacter 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 maintain the
terminal equipment at the station-ground potential, but
may not limit potentials near the center of the pilot-
wire circuit to safe values in the presence of a sta-
tion-ground potential rise.

¢) The 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.

TRIP CIRCUIT CONSTANT
Indicating Contactor Switch (ICS)

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

BURDEN DATA

The 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°
Fortap 4, Ry =0.15and 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 vaoltage.

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

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 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-
wire channel.

TAPS
There are four setting taps in the relay:

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

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

3) Rytap — 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: 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 minimum internal
fault conditions are based on the total fault current
that flows into the protected line from all terminals.

TERMS
Rji, T, Ry — Relay taps

I3p — total minimum internal 3-phase second-
ary fault current fed from all terminals,
divided by the number of terminals
(2 or 3)

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.

Re(D), Re(Il) — current transformer ratio at Station I
and II respectively.

PHASE FAULT SENSITIVITY

The phase fault pickup is determined by the Ry
and T taps. In order to operate on the minimum line-
to-line fault current, the Ry and T taps should be set
for not more than:
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T
R_l = 513p (4)

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

T
Ry
The available taps are:
Ry: 0.075, 0.10, and 0.15
T : 4,5,6, 8,10, 12, and 15

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

= 101, 5)

T
EI = 1.25 x 1011, = 12.5I1, (6)
The required T/R1 ratio may be obtained by any
combination of T and R;. However, the T tap must
be set the same at all stations. The R; 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 ochms loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY

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

R = — )

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

The R, taps, 0.025, 0.033, and 0.05, are utilized
toset Rg=1/3 Rl, where no zero sequence sensitivity
is desired. Equation (7) does not apply for these
three taps.

For overhead lines, it is recommended that the
1.6 R, tap be used to obtain maximum sensitivity.
For cable circuits, where appreciable capacitance is
present, a pick-up setting of approximately Iy = 1.5
amperes is recommended.

The same R tap must be used at all stations for
two-terminal lines with more than 1000 ohms pilot-
wire resistance, and for all three-terminal lines. With
less than 1000 ohms pilot-wire loop resistance on two-
terminal lines, the Ry taps may be set proportional to
the current transformer ratios. In other cases, where
different current transformer ratios must be utilized,
auxiliary current transformers must be employed.

RESTRAINT TAP
Set in maximum restraint tap for all two-terminal

lines, Set in minimum restraint tap for all three-

terminal lines.

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

SETTING EXAMPLE

CASE I
Assume:
Two-terminal line.
CT ratio = 600/5
Full-load current = IL = 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:
X (maximum) = 5Igp=5 xwx 5 = 83.3

Ry 2 600

T 5
il(maximum) =101, =10 x 400 xz05"= 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
B 12,511, = 41.7.

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

The nominal pick-up current from equation 3
for a phase-to-phase fault is:

T 4
Inom(®P-P) = 589R; ~ 0.280° 13.8 amperes,
T . .
[Inom(P-P) = 1028, for three-terminal lines]

Ground fault pickup:

0.2T _0.2x4 400
T, - 400/2 © 5 - 0:32

Ro(minimum) =

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:

0.4T —1'—6—10am ere
R, ~ 1.6~ 0 2mpere,

0.6T
o

Inom(P-G) =

Hpom(P-G) = = 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

](.

et g~
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TABLE I ~ Rpw TEST — MAXIMUM RESTRAINT TAP

Ri = 0.10, 16, T =4
Insulating Rpw in Ohms
Transformer Relay Should I Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 1200 1900 0.75
6tol 2700 4300 0.33

CT’s at Station I, with less than 1000 ohms
pilot wire loop resistance.

At Station I, set Ry = 1.6 as in Case I. How-
ever, set R1 = 0.15 to obtain Ry settings pro-
portional to the CT ratio. From equation 6:

T = 12.5R1If, = 12.5 x 0.15 x 400 = 7.5

Set T =8
Station II settings are:
R¢ (ID) 400
R1=0. =0.15 x——= 0.
1= 0153 "m *goo - 0-10
T = 8 (Same as Station I)
400
Rg=1.6 x 600 = 1.07 (Set 1.2)

SETTING THE RELAY

Set taps Ty, R1, Rg, 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.”

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location 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. -

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 Ry = 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, 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, Cpyw, in parallel with Rpw. With Rpw and
Cpw set as specified in Table I, suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

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

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

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient

direct current through the trip 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
check on the relay calibration is desired.

Over-all Relay Check
Over-all calibration can be checked by the pro-
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TABLE I — Rpw TEST — MINIMUM RESTRAINT TAP

Ry = 0.10, Ry,=16, T =4
Insulating Rpw in Ohms
Transformer Relay Should Relay Should Cpwin
Ratio Not Operate Operate Microfarads
4to1l 800 1400 0.75
6tol 1800 3100 0.33

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 Rpyw test should be made in accord-
ance with Table II instead of Table L

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:

Vg = 8R1 +5% volts.
(e.8.,if R1 = 0.1, Vp = 8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Overating Unit: The following test will check
the polar unit callibration and the performance of
the rectifiers. Connect a variable non-inductive
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 links provided for this purpose. These
milliammeters should have low resistance and should
be capable of reading in the order of 20 to 25 ma in
the operating coil and 100 to 150 ma in the restrain-
ing circuit. Using T = 4, Ry = 0.1, Ry = 1.6, ener-
gize the relay with Ig5 = 10 amperes (terminals 3 and
5) and increase the variable resistance across the
insulating transformer high-voltage terminals until
the relay 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 Ip 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
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following procedure should be followed to recalibrate
the relay.

Polar Unit Contact Adjustment: Adjust the left-
hand (front view) contact until it just makes a light
circuit when the armature rivet touches the left-hand
pole face. Give the left-hand contact screw four to
five additional turns and lock in position with the
lock nut provided. This moves the armature rivet
away from the left-hand pole face and provides con-
tact follow. Now adjust the right-hand backstop screw
until it just touches the moving contact when the
moving contact is in the contact-closing position, as
above. Back off the backstop screw two turns and
lock in position.

Polar Unit Calibration: Connect the restraint tap
link in the position in which it will be used. Connect
terminals X1 and X2 of the insulating transformer
across the pilot-wire terminals of the relay. Connect
the relay taps on T = 4, R1 = 0.1, Ry = 1.6.

Adjust the right-hand magnetic shunt in or out as
required, until the relay just closes contacts at
Ing = 6.9 to 7.0 amperes. When this adjustment has
been made, change the input current connections to
terminals 3 & 5. The relay should trip for Igg = 0.45
to 0.55 amperes.

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 I7g current (terminals 7 and 9). Pick-up current
should be:
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“1,q(min) = + 5% amperes
79 5.1TR;
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

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

Pigure 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 Fiigure 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 the test
switch in the “Local” position. Typical values for
the “Liocal” position readings are shown in Figure 11.

A similar procedure to Figure 8 should be followed
for three-terminal line applications. In this case, the
minimum secondary load current through any terminal
should be 2.5 amperes or more in order to obtain relay
operation for tests 3, 4, and 6.

RENEWAL PARTS

Repair work can be done most satisfactorily 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.

11
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"N" Relay /,——'Insulating Pransformers "F" Rel:.y
$ b4
HCB ) Pilot Wires 1 HCB
s 2

é é éi "Pilot Wire Current" read with Milliammeters ié i
<-~—__-—_‘--___ Test Switches“"_‘—_—___——*——

Note: The 1line should be carrying through load current amounting to at least 1.5 amperes as
measured in the secondary of the Current Transformers. This test 1s based on the ratio
of the C.T.'s belng the same at each end of the line, in which case set the taps of both
relays to Ry = .1; Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "pF"

L[>

o o Test Reley |Relay | "Pllot Wire Current" | Test Relay |Relay |"P1lot Wire Current”

=X= Switch | Current | Prip Clrculating | Relay F [|Switch | Current | Trip Clirculating [ Relay N

1 tiii A,B,C,N| No (1) (1) ﬁﬁ A,B,C,H | No (1) (1)

2 Nx A,C,B,N | No (2) (2) ib& A,C,B,1 | No (2) (2)
m Lidd

3 A,N Yes (3) (0) e 0 Yes (3) (3} (%)
$444 tﬁ:

b WM 0 Yes (3) (3) (&) AN Yes (2) (0)
i i

5 AN No (3) (3) A,N o (3) (3)
i i

6 AN | Yes (6) b sen | ves (6)

REMARKS

Lests 1 apd 2 are to check normael positlve sequence rotation of phases. The test switch con-
nections of test #2 may be made readily with relays in the Flexitest case by using clip leads
and insulating barriers In the ammeter test jacks. However, care should be used to avold ac-
cidentally open-circulting the current transformer circuits,

Tests 3 and simulate Internal Phase A to Ground fault with single end f=ed,

Test 2 simulates an external Phase A to Ground fault, 5

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

I, +~IC = ~ IA’ with balanced load.

To Relay
LEGEND OF N{A|B|C L L Phase A current from
TEST SWITCH Normal Connection, C.T. 's toc Relay.
SYMBOLS : All Currents to EXAMPLE Phase B and ¢ C.T.'s
NABC Relay. shorted to neutrsl.
To C.T. 's.

(1) The "pilot wire current" will vary depending upon the magnitude of the through load cur-
rent and the characteristics of the pllot wire. See Figures 4 z2nd 5

(2) Since the relay is temporarily connected for negative sequence, it should have pract-
ically zero output in this test.

53) These readings may be "off scale" depending upon the megnitude of the load current.

4) The relay at this stetlon should reset when the "far" current is belng read becauss  the

local relay will be receiving no current from elther the pilot wire or the current
transformers,
(5) Test 4 and 5 can be repeated using phase B to neutral current, and again with pHase (o}

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.

(6) Some pilot wire current will be read, depending upon the magnitude of the distributed
capacity of the pilot wire in combination with the magnetizing impedance of the in-
sulating transformer,

12

Fig. 8 HCB Relay System Testing Procedure




TYPE HCB RELAY I.L. 41-971.1

B T 17 5
i PELOT WIRE RESISTANCE = O OHMS :__J], | }‘ H“ LL PR T I T T T T T
HE o TAPS: T= ¥, Rix oloRe = 1.8 L ! H PILOT WIRE RESISTANCE = 2000 OHMS fanas
:'ri MINIMUM RFSTRAINT :“f PP HHH 250 TAPS: T =4, Rt = .1, Ro = 1.6
Y aEE LS C e e e R SR e e ok B S BE SR R AR +H NAKIMUM RESTRAINT TAP
S T T : 0 L PILOT WIRE CAPACITANCE=0-75 MFO. PER TERMINAL  L}H
% ~ CIRCULATING CURRENT T T T T = by
T WITH 10 MFD. CONDENSER [TV 117 el ﬁzo ! I 1 Bt o mm
8 a0 | “CIRct gaak M snsy 5 ERASIIRIIERRAS S R
& AT T 4 CIRCULATING T i
§ TR / 2 TR St oA
= % FAR RELAY CURRENT L 3 e ST :
S [ wWiTH 10 MFD. CONDENSER 111! 15 ¢ Ho bt -
= VA 1 T g RN BN I B!
3 % "REM" TH LT = : ETR IR e e i EeSStERIICEN)
T A5 Py T 1 = TR RELAY ITTH oA i’i T
z LLETTTET T }\U‘ fiesannini bl ERSEansa - FAR RELAY ST T T
- mund H t N EaEnaRl] z It CURRENT : : b E
- } H i I NN l IS @ "REM" v
5 i : T T CIRCULATING CURRENT o S 1obo =
z - [ TR 2040 ] WITHOUT 10 MFD. CONDENSER I g a2 !
S e U A e I L E : Fqfista s
g U=al SR T = : :
N geasatiiyy ppass 1 FAR RELAY CURRENT H S s : -
5 ] F//+11 WITHOUT 10 MFD. CONDENSER |- B I AL :
= 5,!: 1 SR “ #4“ “‘ mana I ; -
[ naqyspesnsiiiny; b ! R i FH T
: ! RES: b f . o’ i t ! " SNSRI e Hb s
il U - o 2 3 y 5
o el T, T T T 0 I J
0 1 2 3 4 5 POSITIVE SEQUENCE AMPERES (B0 CYCLES) IN BOTH RELAYS
POSITIVE SEQUENCE AMPERES (80 CYCLES) IN BOTH RELAYS
Fig. 9 Typical Test Output vs. Input Relay Current in a Fig. 10 Typical Test Output vs. Relay Current in a Two-
Two-Terminal Line with Zero Pilot-Wire Resistance. Terminal Line with 2000-Ohm Pilot-Wire Resisi-

ance With or Without 10-mfd Condenser.

" MAXIMUM RESTRAINT,

TAPS:T=4 R0} Re=I1.6

T
o 18} - ‘
g | 720
ge J 8
= i -
o
prl
o 14
S / a5
= | OHMS
[
2
a
'D_ )
3 A
= DIA. 2 HOLES
)
w
o

POSITIVE SEQUENCE AMPERES INPUT

282585 1834163

Fig. 11 Typical Curve of Relay Output vs. Positive- Fig. 12 Outline and Drilling Plan of S%#1209991 Balancing
Sequence Input — Test Switch in Local Position. Resistor for Three-Terminal Line Applications.
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TYPE HCB RELAY

INSTRUCTION
|_——"PLATE

i B _|
‘)<\ x2

R —

Rl

CLAMP TYPE TERMINAL
/’ FOR™ 4 WIRE MAXIMUM

$ q}ﬂ[d} & He  H3HZ W
- i ———
4N |\ TN )
y ‘ = )
= ~ i
? e
)
R—— A
e

7 L DIA. MTG. HOLES
4 TOTAL

11-C-2942

7

TERMINALS
S€e TasLe

%

9

i
#f“
EL
%
p——— 8¢
-~ %
i

—ly *’L——h*H‘ .;.ﬁa" *
-— 3 ror m.. “ean \/J,
VAR

STVD BWA. 'NP o Tt
8 l&l PA —
1 HOLES A
‘0! NS °
iy
Ll
GREE

57-D-426

57-D-20
Fig. 15 Outline and Drilling Plan of the Semi-Flush-Type

Fig. 14 Outline and Drilling Plan of the Projection-Type

Test Milliammeter,
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Test Milliammeter.



TYPE HCB RELAY LL. 41-971.1

250 DIA.HOLE
(ZHDLES)

—Q—g———H—I—fi -n——-sl——v-

* OF—
L\ T PR
= =l I H L I
A [ 06068

.e———m 3 — — ]

&

190 -32 THD.

5-D-1523
Fig. 16 Outline of the Test Milliammeter Auxiliary Transformer.
T A . ——
/] I =@
AR ) R —a
-t - \\¥/
|\ ———\D 2
o i ol
s o n——
i 11 9 2t I DRILLING
:‘:’ |- gy o g PLAN
i
[ah] o \.‘J 2 %__
8 E TO |+ PANEL THICKNESS
| |52 _REQUIRED TO PULL OUT SIES ® z
3
NAMEPLATE ENGRAVING
|
PILOT WIRE TEST
SWITCH POSITION TABULATION (RULLOUT- LOW SCALE)
POSITION RE TE C
CONTACT | £ ] RE MINORM] NORV CIRCICIRC | LOGAL | LOCAL s hse
P.O. P.O. P.O. P.O. T Waval [y
(v v
3-4] x| x X | x \;,j‘ —/
5-6 x| x x | x B
7ol x| x [ x| x| x] x
9 -] x x X x
-z X X 3 X
X DENOTES CONTACTS CLOSED e N
18-D- 5058

Fig. 17 Outline and Drilling Plan of the Type W Test Switch.
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TYPE HCB RELAY

oS

19 1 o
132 l*“‘l'e" l"\&.
. T —h
—5
100 — B
A
!
v .
+ €
—|<
v |2 — B
[ .Y
»JL | B |
3 I !
die i It
~—G—%—~J i "
PANEL LOCATION
SEMI-FLUSH MTG.
PROJECTION MTG.
i'\\\\
‘ 1 150-32 SCREW
= %4/
A
l L —— PANEL
Y
3 1 SPACER FOR

f o

-'; DIA. 4 HOLES FOR
’ 190-32 MTG.SCREWS
= [

»o

fd
o | & —i
e | 8
® |7? o
| |

q_J_J[
—» 2:—2 t—
5§

PANEL CUTOUT & DRILLING'
FOR SEMI-FLUSH MTG. 3
. 7 DIA. 20 HOLES

i OR CUT OUT

120-32 SCREW
{FOR THICK PANEL
USE.190-32 STUD)

%— 18 SCREW s
(FOR THICK 2
PANEL USE < 5‘% | 77cDIA.2HOLES
£-i8 STUD) L
€
* Pt
n| -

4
G4D‘A'

U

TERMINAL AND
MOUNTING DETAILS

TERMINAL

NOTE ! ALL DIMENSIONS
N INCHE S,

7/5‘8""

)

PANEL DRILLING OR
TUTOUT FOR PROJECTION MTG.
(FRONT VIEW)

57-D-7905

Fig. 18 Outline and Drilling Plan for the Type HCB Relay In the Type FT-42 Case.
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