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Application

The Type HCB-1 relay is a high-speed pilot
wire relay designed to provide complete
phase@and ground fault protection for two
or threejterminal transmission lines.

Relay, operating time is a maximum 20 mil-
liseeonds for all types of faults.

Device Number: 87

Since the HCB-1 is sensitive to negative
sequence currents, in addition to positive
and zero sequence currents, it provides in-
creased phase-to-phase fault sensitivity
making the HCB-1 twice as sensitive to
this type of fault as previously available
pilot-wire relays.
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Pilot Wire Relay

For Phase and Ground Fault Protection
of Transmission Lines

Installationy Requirements

For two-terminal™lines, a complete instal-
lation ‘consists” of gwo HCB-1 relays, two
insulating “transfermers, and an intercon-
nected®pilot Wire circuit

Three, téerminal lines require three relays,
three insulating transformers, and a wye-
connected pilot wire circuit having branches
of equal series resistance.

Construction

The relay consists of a combination posi-
tive, negative, and zero sequence filter, a
saturating transformer, two full-wave rec-
tifier units, a polar unit, a zener clipper, and
an Indicating Contactor Switch, all mounted
in an FT-42 Flexitest®, case.

Usually, an external RC-351 milliammeter
and a W-2 test switch is supplied, to peri-
odically check the circulating current in the
pilot wires.

Features

Complete Protection: HCB-1 installations
protect the entire line against phase and
ground faults.

High Speed: Relay operation occurs in a
maximum 20 milliseconds.

Minimum Equipment Required: Only
one relay with one moving element is re-
quired at each end of the line.

Single End Feed: Simultaneous tripping of
breakers at all terminals occurs even with
power flow into the section from only one
terminal.

Current Operation: The HCB-1 operates
entirely from current, and requires no po-
tential transformers.

Flexible Application: The pilot wire cur-
rent, voltage, and wave form are within the
limits established for telephone lines, allow-
ing the relay to be used on privately owned
or leased lines.

Also, the relay can be applied to all three
terminal lines where power does not flow
out of the section on internal faults, and on
most lines where power does flow out of
one terminal on internal faults.

Greater Phase-to-Phase Sensitivity:
The HCB-1 is twice as sensitive to phase-to-
phase faults as relays previously available.
It can be set to pick up at 90% of tap setting
for phase-to-phase faults.

Out-of-Step Blocking Included: No addi-
tional equipment is required to prevent
tripping on out-of-step conditions.

October, 1973
Supersedes DB 41-658, dated July, 1967
E, D, C/2022/DB
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Operation

The HCB-1 operates for faults within the
protected line terminals, but will not oper-
ate during external faults.

As shown in Figure 2, the composite se-
quence filter receives three-phase current
from the line current transformers. The filter
converts this current into a single-phase
voltage, Vg, whose magnitude is an adjust-
able function of the positive, negative and
zero sequence components of fault current.
The voltage, Vg, is impressed on the pri-
mary winding of the saturating transformer
whose output voltage, Vs, is applied to the
relay coils and pilot wire through the insu-
lating transformer. The saturating trans-
former and zener clipper limit the energy
input to the pilot wires.

External Faults

During an external fault, the magnitude and
relative polarity of the voltages, Vg, are as
shown in Figure 2. Since the voltages are
additive, most of the current will circulate
through the restraint coils and pilot wire,
with a minimum operating coil current.
Thus, the resultant effect of the currents is
that the relay is restrained from tripping.

Internal Faults

During an internal fault, the relative Vg
voltage polarities reverse and most of the
current flowing in the restraint coils is
forced through the operating coils with a
minimum current in the pilot wires. The
increased operating current overcomes the
restraint effect, and both relays operate.
Nominal pickup of the relaying system is
equal to the minimum trip current of one
relay, multiplied by the number of relays!

For example, if the open pilot wire pickup
of one relay is six amperes on a two termi-
nal line, the nominal pickup is two times
six, or 12 amperes.

Fig. 1
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Characteristics and Settings

The voltage, Vg, impressed on the saturat-
ing transformer by the filter varies with the
tap (A, B, C) setting of the relay.

Thesequencenetworkintherelayis arranged
for several combinations of sequence com-
ponents. Using tap C, the output of the net-
work will contain the positive, negative,
and zero sequence components of the line
current. For this setting, the taps on the
upper plate indicate the balanced three-
phase amperes (positive sequence amperes)
which will pick up the relay with the pilot
wire open.

For phase-to-phase faults AB and CA,
enough negative sequence current has been
introduced to allow the relay will pick up
at 86% of tap setting. For BC faults, pickup
is 53% of tap setting. The difference in
pickup for different phase-to-phase faults
is due to the angles at which the positive
and negative sequence components of cur-
rent add together.

On applications where the maximum load
current and minimum fault current are too
close together to allow setting the relay so
it will pick up at minimum fault current and
not operate on load current with the pilot
wire open, tap B is used and the three-phase
sensitivity is reduced by %, while the phase-
to-phase sensitivity is substantially un-
changed. The relay then operates at 90%
of tap value for AB and CA faults, and at
65% of tap value for BC faults.

By using tap A, the relay can be set so that
it will not respond to balanced load cument
or three-phase faults. When A is used, the
relay operates at about tap value curent for
all phase-to-phase faults.

For ground faults, taps G and H_.are used,for
adjustment of ground fault sgnsitivity to %
or % of the upper tap value 'setting.

When tap F is used, thegrelay will not re-
spond to zero sequence curfent.

Tables 1 and 2 indicate theyrelay’s response
to various types of faults.

Response Time
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Response of the HCB-1 to various types of faults are summarized in Tables 1 and 2.

Table 1: Phase Faults

Sequence Components Taps Piekup (Multiples of Tap T)

in Network Output 3 PHase \ AB. CA BC
Positive, Negative, Zero C 1 .86 .63
Positive, Negative, Zero B 2 9 .65
Negative, Zero A 1.00 1.00

Table 2: Ground Faults

Combination Lower Left Tap Ground Fault
Pickup (Multiples of Tap T)
Tap G Tap H
1 Cc .25 A2
2 B .20 .10
3 A .20 10
Voltage, Vg, impressed by the'filter upon the saturating transformer is:
VF = C1lA1 + C21A2 + COl0 1
Table 3 shows the values of the C-constants in equation (1).
Table 3: Constants For Equation (1)
Tap Cq I Cy Co
A 0 0.26
B —0.08 0.36
C —0.20 0.46 .
F Ces 0
G 2.5
H 4.9

Fohtap settings C and H, the voltage, Vg, impressed by the filter upon the saturating trans-

former is:
VE = —.2131 + .46 132 + 4.9 130 Volts (2)

Pilot Wire Characteristics

Pilot wire characteristics are shown in
Table 4.

Referring to Figure 2, a short-circuited pilot
wire will short circuit the relay operating
coils. Depending on the location of the
pilot wire short circuit, at least one of the
relays will fail to trip during an internal
fault. An open-circuited pilot wire will cause

all the restraint current to flow through the
operating coil, and the relay operates as an
overcurrent device.

Excessive pilot wire series impedance will
approach 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.

Insulating Tronsformer

?ctur?ting Pilot Saturating
ransformer _—— - Transformer
A TR ® / bt ® :
. A
Filter i
5 | Fitter vt (op) (P lVF Fitter | 2
c —— C
T wire
R — Restraint Coil OP - Operating Coil Vs — Saturating Transformer Voltage Output
Relative Polarities Are For Through Current or External Fault S
ub 4
Fig. 2: Simplified External Schematic. 183A061
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Single Relay Pickup
(Pilot Wire Open) Is
Single relay pickup, I, is defined as the
phase current required to operate one relay
with the pilot wire side of the insulating
transformer open circuited (H1-H4). The
single relay pickup point in terms of filter
voltage is:

VF = 0.2T (Tap B&C) VF = 0.15T (Tap A) (3)
where T is the saturating transformer tap
value.

Single relay pickup for taps C and H is de-
fined by equating (2) and (3):
0.2T = —0.2 lat + .46 la2 + 4.9 la0 4)

Current Ig varies with the type of fault. For
example, for a 3-phase fault, Is=1a1, since
only positive sequence current is present.
Substituting Is=laq in Equation (4) and
rearranging, the 3-phase fault pickup is:
0.2T

Is =1A1=— = T (3-phase fault) (5)
For 4 tap:

Is =T = 4 amp. (3-phase fault)

For a phase A to ground fault, if |a1=la2=
lao (la2 is the phase A negative sequence
current):

0.2T = —.2 1A1 + 46 1A2 + 4.9 1A1

| =0T, | =1

Al = 52 A2 = 1A0
But: Is = IA1 + IA2 + 1A0

= 31A1
0.2Tx3

So:ls = 31A1 = 1——5—2*) = 0.12T (A-G fault) (6)
ForT =4

Is = 0.5 ampere

Nominal Pickup (All Relays)

The nominal pickup, Inom. is defined as
Inom = Kls (7)
where Inom = total internal fault current

= number of relays (2 or 3)

Is = single-relay pickup with pilot

wire disconnected (see abgve)

» X

For example, for a phase-A-to-ground faults
la1 =lag with the pilot wire ©pen circuited,
and the single-relay pickup wasdpreviously
determined as las=0.5“ampere forH»4CH
taps. For a two-terminal line, the A#ominal
pickup for a phase-A-to-ground‘fault (4CH
taps) is:
lnom (A to G) = 0.5 x 2 = 1.0 ampere.

Minimum Trip, (All Relays)

With equal inputs “to all relays and zero
pilot-wire shunt.capacitance, the relays will
operate at their nominal pickup point. The
minimum trip points will vary somewhat
from nominal‘value, depending on the pilot-
wire constantsiand the magnitude and phase
angleg“ofythe,various relay input currents.

An example of the characteristics with
various current distributions is shown in
Figure 3. The filter output voltage, Vf, of
each relay, as defined by equation (1) must
be in phase or 180 degrees out of phase, in
order for Figure 3 to apply.

Insulating Transformer

Unless otherwise noted, all characteristics
presented include an insulating transformer
with each relay. Two ratios are available:
4/1 and 6/1. The high voltage side is con-
nected 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 4
Number of Insulating Transformer Ratio
Relays 41 6:1
RL ' Cs | RL Cs
2 2000 1.5 PN ..
3 500/LEG 1.8 1000/LEG)| 0.75

R = Series loop resistance in ohms.

Cg = Total shunt capacitaheelin mictofarads.
(Total wire to wiré capacitance)

A shielded, twistedpildt wire pair, prefer-
ably of ¥19 AWGlor larger, is recommended;
however, open wires,may’be used if they
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are frequently transposed in areas of ex-
posure to power circuit induction. The volt-
age impressed acrass eitherfinsulating trans-
former (H-1, H-4 terminals) @s a result of
induction or a rise_in station ground poten-
tial, should be legs tham 7.5"volts to prevent
undesired relay Operation?

For three-terminal “applications, the loop
resistance of all legs of the pilot wire must
be balanced“within 5 percent, with variable
resistors.“The pilot wire resistance to be
balanced is divided by 16 and 36 for the 4
to 1 andy6 to 1 ratio insulating transformers
respectively, since the balancing resistors
are docated on the relay side of the insu-
lating transformers.

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

(a) Neutralizing reactors may be connected
in series with the pilot wire to hold the pilot
wire potential close to the remote ground
potential in the presence of a rise in station-
ground potential. They do not limit pilot-
wire voltages to safe values in the presence
of a longitudinal induced voltage. When
using the neutralizing reactor, the pilot-wire
sheath should be insulated from station
ground to minimize sheath-to-pair poten-
tial in the presence of a rise in station-
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Fig. 3
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ground potential. All other pairs in the cable
which are connected to station ground
should also be protected with neutralizing
reactors to minimize pair-to-pair voltages.

(b) Drainage reactors may be connected
across the pilot wire and to ground through
a KX642 protector tube. The drainage reac-
tor 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 ac voltage across the
wires. Thus, the HCB-1 system will operate
normally even though the protector tube has
flashed over. The drainage reactor is not in-
tended to handle a rise in ground potential.

(c) The neutralizing and drainage reactors
may be utilized together. If the neutralizing
reactor is to be of any value, the drainage
reactor through the KX642 protector tube
must be connected to remote ground.

Trip Circuit

The main contacts will safely close 30 am-
peres at 250 volts dc, and the seal-in con-
tacts of the Indicating Contactor Switch will
safely carry this current long enough to trip
a circuit breaker.

The Indicating Contactor Switch has two
taps that provide a pickup setting of 0.2 or
2 amperes. To change taps requires con-
necting the lead located in front of the tap
block to the desired setting by means of a
screw connection.
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Internal Wiring: HCB-1 Relay in FT-42 Case

(Front View)
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Switch
J
ICS [HCB-I e ~~ Polar Unit
‘ICS ‘HCB-!
N i - " Zener Ac
‘Ljr \d --50 ;Ej[-«w Clipper
_——._\/\K/— Saturating
— Transformer

Tube Resistors

Formed Wire

Resistor
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Shorting Switch
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Current
Test Jack
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Fig. 4
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External Wiring For Typical HCB-1 Relay System

|
|

1

A

c
Pilot Wire ®W-2 Test SW.” S 508A468 ;601
ilot Wire“W-2 Test SW. {Goz,
Position
Contact Rem. Rem. Norm. Norm. Circ. Circ. Local Local
D-C Supply P.O. PO. P.O. P.O.
Neg. Pos. A11:B117 X X
A12-B12 X X
A1/B1 X _ X
A5-B5 X X
A6-B6 X X
A7-B7 X X
J ci-p X X
[ e o s ) — — 17012
| Ics c1-D1
l C5-D5 X X
I HCB-| C6-06 -
C7-07
l 1es 87 E12-E1
| HCB-I 10 F12-F1
| L0 E6-E67 PRy
] F6-F7
| 87
3 X
[ —1)————._..—_—_——-—(
87 187 1
I 1 |
Station
>_®_-_n—_-
s52a Grd. it |
¢ LR+
r——+—————1" ’FI;{ilz 05 BGC” 2l '{‘f:;:;;’:_?n" Remote Position Normal Position
ics ¢ L# L
I | 0 fe el TSTN X, r________.,
I 3 | S h Neutrullzmg |
es ¢ HR+ Xo Reactor
I S | < 4 |
5] | . I [ x
| 114 I H2 HI }
To go i | mara
| awarm L_i',_‘l Remote Grd.
I Neg. Pos. I T —
I 1 I KX642 Drainage l
I1‘ Station I. (Optional)  Reactor
I Grd ————— —— —
I L L _'5 :R‘ | = x
Vo XX I -T:GJ Exciting Capacitors for Neutralizing
I o-1 Y g‘ ==z - | 5 i - Reactor
| el el % 4mMFOF 3
B ofad » ° l
I 120 ; ’ r’& vy s000 A 2120 S ES Neutralizing Reactor,
Voits r *I 'l A O I Capacitors,and Mutual
I AC ! 1 I = amFp L i Drainage Reactor when
O-—=! ==4-d igMFD 2120 3 Used.Ref. LL.41-971.4
I ! ' xx I
PR t
1 5 L A
| Monitoring Relays. FanCurrent Introducing End I <= Station Gra.
= i 4
I A.C. Relays (Whére Used) D.C. Relays (Where Used)
1 Relay Internal Relay Internal A —
Remarks . Remarks :
I Type Schematic  Type Schematic| Note: (1) A.C. Relays and D.C. Relays not used Together I
PMG-13 As Shown 184A513 PMG-13 As Shown 184A499 (2) RXX 800 Ohms A.C. Relay
lPMA Omit 3 Unit 184A500 PMD  Omit 3 Unit 184A497 300 Ohm 42‘! \}0" oc |
I Omit@and 5 Units Omit 3 and 5 Units s it
PMA-1 5 Unit Replaceq by 184A514 PMD-1 5 Unit Replaced by 184A498 5050 Ohms Total—125 Volts D.C. I
| 5600,0hm)Resistor 5600 Ohm Resistor 12000 Ohms—250 Volts D.C.
: Onit 5 Unit—5 Unit Omit & Unit—5 Unit |
IPM-13 Replaced by 184A512 PM-13  Replaced by 5600 184A495 (3) R4 200 Ohms—48 Volts D.C.
Resistor Ohm Resistor 2120 Ohms—125 Volts D.C. I
Omit 1 and 3 Units, -
! PM-5  and RXX and 2120 184A501 5600 Ohms—250 Volts D.C. I
- R M __

Fig.ig
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‘ Kxeaz | |
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I ‘\\'Drainuqe l RA I
Reactor | ———— 3 I
S —— \ 1
Station Grd, — I
= RO
E
Neutralizing Reactor, I———l l
Capacitors and Mutual =Cg
Drainage Reactor When ! l
Used Ref 1.L.41-971=41" i 5 I
5000 Ohms
Cs- Total-IMFO 50/60" HZ Includifig;Shunt |
Capdcitance of|Pilot Wire to Ground =c l 2 10000 l
CG- IMFD 50/60 HZ|949122 | |
+-LR-Low Range I
C- IOMFD50/60HZ 2898493HOI HR-HighRange N L, |
Contact Closed in all l
- L N :
Insulating Transformer  1575394-50/60 HZ 4/1 Ratio Pull Out Pasitions = . I Monitoring Relays I
o Station Grd. itorin:
1629502-50/60 HZ 6/1 Rotio — | For Current Receiving End 1
Pilot Wire Test s
Neutralizing Reactor With KX-642 Tube and Socket-60 HZ - 815A629G03 Pull Out Low Scale Relay Remarks Internal !
WithKX- 642 Tube and Socket - 50 HZ - 8I5A629G03 Normal [ Tvee Sc"e’“a"c!
Without KX-642 Tube and Socket- 60 HZ -8I15A629G0I (Remote — | ~ Circ |PM-23 As Shown 187A874
5 o can s 60 HE - BBIABEBG03 - ~Local Tpm-2 Omit 3 Unit 184A489
Mutual\Drainage Reactor With KX-642 Tube and Socket-60 HZ -88I - - N N 1
With KX-642 Tube and Socket- 50 HZ -881A868G03 N, fPM-3 _Omit 2 Unit 1844798
I IPM-4 Diode and ADJ Resistors Only 2-D-1845
I Note RA 200 Ohms—48V D.C.
2120 Ohms—125V D.C. I
L 5600 Ohms—250V D.C.
—— ———————— — —
4810098

Sub 1
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Burden Data
The volt-ampere burden of the HCB-1 relay is practically independent of the pilot wire
resistance and of the current tap used.

The following burdens were measured at a balanced 3-phase current of 5 amperes:

Relay Phase A Phase B Phase C

Taps Volt-Amperes Angle Volt-Amperes  Angle | Volt-Amperes Angle
A-F-4 2.4 5° 0.6 0° 25 50°
A-H-10 3.25 0° 0.8 100° 1.28 55°
B-F-4 23 0° 0.63 0° 2.45 55°
B-H-10 4.95 o° 2.35 90° 0.3 60°
C-F-4 2.32 o° 0.78 0° 2.36 50°
C-H-10 6.35 342° 3.83 80° 1.98 185°

The following burdens were measured using 5 amperes phase-to-neutral current:

Relay Phase A Phase B Phase C

Taps Volt-Amperes Angle | Volt-Amperes Angle | Volt-Amperes “JAngle
A-F-4 2.47 o° 21 10° 1.97 20°
A-H-10 7.3 60° 125 53° 6.7 26°
B-F-4 2.45 0° 2.09 15° 2.07 10°
B-H-10 16.8 55° 220 50° 123 38°
C-F-4 2.49 0° 1.99 15° 211 15°
C-H-10 31.2 41° 36.0 38° 23.6 35°

The angles shown are the degrees by which the current lags its respective voltage.

The continuous rating of the HCB-1 is 10 amperes. The 2-second,overload ratings are 150
amperes phase, currents, and 125 amperes ground currents.

Pilot Wire Energy

The current and voltage impressed on the pilot wire do*not exeeed 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 Bell Telephone Company. This permits the use
of leased telephone lines as a pilot wire channel.

Shipping Weights and Carton Dimensions

Relay Flexitest Weight: dubs. Domestic Shipping Carton
Type Case Type Net Shipping Dimensions: Inches

HCB-1 I FT-42 ’ 22 26 12 x 13 x 21

Further Information
Style Numbers and List Psices: PL 41020

FT-42 Case Dimensions: DB 41-075

Instructions:
HCB-1: IL 41-971.3
PM Monitoring Relay: IL 41-973.5
Pilot Wire Systems: IL 41-971.4

Other Protective{Relays: SG 41-000

Westinghouse Electric Corporation

Relay-Instrument Division, Newark, N. J.
Printed in USA
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