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I.L. 41-971.10 
INSTALLATION • 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 o f  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 FIT.. TER 

The sequence filter consists of a three-legged 

iron core reactor and a set of resistors designated R1 
and R0• 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 Rt tap con­

nections in the front of the relay. The Rt tap links 

also connect to the R 1 resistor (looped resistance 

wire). R0 consists of three tube resistors located 

above the reactor. The taps on these resistors are 

wired to the circularly arranged R0 tap connections 

in the front of the relay. The 0.02, 0.03, and 0.05 Ro 

taps are on the Rt resistance wire rather than on the 

tube resistors. 

SUPERSEDES I.L. 41-971.1C 
*Denotes change from superseded issue. 

S ATURATING 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 Rt and R0 connections. The secondary (top) 
winding is connected to the neon lamp and from a 
fixed tap to the relay coil circuits. 

RECTIFIE R  UNITS 

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

POLA R 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. W ith 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-e 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 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



'. 

TYPE HCB RELAY---------------------------------------------------------
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) 

IUUIIAL SCHEMATIC 

57-D-4552 

Fig, l Internal Schematic of Type HCB Relay in F T-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, V s. (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 V s at both stations will be the same. 
The relative polarities of the Vs 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 
�urrent. The relative effects of the operating and 

2 

restraint coil em-rents are such that the relay is 
restrained. 

During an internal fault, the relative V s polarities 
reverse. Since the V s 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. 

PIT.,OT 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 pilo.t 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. 

CHARACT E R I ST I CS 

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

VF = 2111R1 + 110 (Rl + 3Ro) volts (1) 

where R 1 and R0 are the positive and zero sequence 
tap values, respectively; 

Iu and 110 are the positive and zero sequence 
phase 1 current inputs, respectively, in amperes. 
These are vector quantities. 

* SINGLE RELAY PICKUP (PILOT WIRE OPEN) I
s 

Single relay pickup, I , is defined as the phase 
current required to operat� one relay 'v\1th the pilot 

) 
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II 
1 
2 
3 

R - R ESTRAINT COIL OP - OPERATIN� COIL 

IKSULATIHG TRANSFORMER ����ILOT �5\ 
Ill IRE 

V - SATURATIHJ TRANSFORMER VOLTA�£ OUTPUT S ( RELATIVE POLARITIES ARE FOR TriRU CURRENT OR EXTERNAL FAULT) 

:11: Fig. 2 Simplified External Schematic of the HCB Relay System. 

SHUNT 

SA�AHCED Alrt �APS UMaA�AHCED AIR YAPS 

Fig. 3 Polar Unit Permanent Magnet Flux Paths. 

" 
1 
2 
3 

183A061 

183A062 

wire side of the insulating transformer open circuited 
(Hl-H4). The sin·gle relay pick.up point in terms of 
filter voltage is: 

Current Is varies with the type of fault. For 
example, for a 3 phase fault, I = I

11, since only 
positive sequence current is pr�sent. Substituting 
Is = Iu in Eq. (3) & rearranging, the 3 phase fault 
pickup is: 

(2) 

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

o.zr = 2 I11 R1 + I10 (R1 + 3R0) (3) 

Is = Iu = �-� = 1J'R1 (3 phase fault) 

If R1 = 0.1, R0 = 1.6 & T = 4 : 
T 4 lg = lORl = 10X0.1 

= 4 amp. (3 phase fault) 

(4) 
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TYPE HCB RELAY------------------------------------------------�--------

R • PILOT WIRE RESISTAMCE IN OHKS 

MICROFARADS DISTRIBUTED CAPAC I rY • .OO!R 

Fig. 4 Typical Curv..s 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 In = 112 = 110 
(112 is the phase 1 negative sequence current): 
o.zr = 2111 R1 + 111 <R1 + 3Ro> 

I o.zr I 11 = 
3(R1 + Ro) = 10 

But: Is = 111 + 112 + 110 
= 3Iu 

So: Is = 3I u = ���Ro (1-G fault) 

If R1 = 0.1, Ro = 1.6 & T = 4: 

r o.zr 0.2X4 
"S = R1+Ro 

= 0.1+1.6 

- �:� = 0.471 amp. (1-G fault) 

NOMINAL PICKUP (ALL RELAYS) 
The nominal pickup, Inom. is defined as 

(5) 

Inom = Kis (6) 
where Inom = 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-I-to-ground fault, & Iu = Ito 
with the pilot wire open circuited, the single-relay 
pickup was previously determined as Ita = 0.471 am­
pere. For a two-terminal line, the nominal pickup for 
� phase-1-to-ground fault (R. = 0.1: Ro = 1.6; T = 4) 
js; · 

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

4 

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, Vp, of each relay, as defined by 
equation (1) must be in phase or 1 80 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 500fLEG 1.8 1000fLEG 0.75 

RL = 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 itl9 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 I:J-4) as a result of induction or a rise in sta­
tion ground potential, should be less than 7.5 volts 
to prevent undesired relay operation. 

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

Induced voltages and rises in station-ground po-
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tential may be handled by the following means: 
a) Neutralizing reactors may be connected L1 

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 ovet. 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 potentia! rise. 

c) The neutralizing and di"ainage 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 mairi 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 mearis 
of a screw connection. 

TRIP cntCUIT CONSTANT 

�ing Contactor Switch (ICS) 

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

BURDEN DATA 

The volt.-ampere burden of the type HCB relay is 
rncticalb independent of the pilot-wire resistance 
and of the current tap used. The following burdens 

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

For tap 4, R1 = 0.075 and R0 = 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, R1 = 0.15 and R0 = 1.6 

Phase A 
Phase B 
Phase C 

2.3 volt-amperes 
4.6 volt-amperes 
5.3 volt-amperes 

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 c urrent 
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) Restrain� tap - maximum or minimum 
Connections are made by links in the top 
front of the relay. 

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

3) Rt 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) R0 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 CA LCU LA TI ON S  

The- HCB relay has four sets of taps: R1o T, R0, 
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 

Rt. T, R0 - Relay taps 

lap - 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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TYPE HCB RELAY----------------------------------------------------------

IL - maximum secondary load current flow­
ing through the protected line. 

lg - 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. 

Rc(I). Rc(II) - current transformer ratio at station I 
and n respectively. 

PHASE FAULT SENSITIVITY 

The phase fault pickup is determined by the R1 
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: 

(7) 

In order to prevent operation on load current if the 
pilot wires beCO!Ij� open circuited, the R1 and T taps 
should be set for not less than: 

T Rl= lOlL 

The available taps are: 

R1: 0.075, 0.10, and 0. 15 

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

(8) 

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

T 

Rl 
= 1.25 X lOlL = 12.5IL (9) 

The required T/R1 ratio may be obtained by any 
combination of T and R1. 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 R1 
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 R0 and T 
taps. (T should be determined by the phase setting.) 
In order to operate on the minimum line-to-ground 
fault current, the R0 tap setting should be not less 
than: 

Ro = Oi2T 
(10) 

g 
The available R0 taps are: 0.39, 0.51, 0.68, 

0.90, 1.2, and 1.6. 

The R0 taps, 0.025, 0.033, and 0.05, are utilized 
to set R0 = 1/3 R1, where no zero sequence sensitivity 

8 

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

For overhead lines, it is recommended that the 
1.6 R0 tap be used to obtain maximum sensitivity. 

* For cable circuits, where the line charging current 
exceeds 5% of n aminal pickup current, set R0 for 
about: 

T Ro = 7.5 

The R0 taps need not be identical a::; required 
with the R 1 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 R0 taps are 
set in the same proportion as are the R 1 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. 
Noce: 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 = 
Through Station ll = 

Phase fault pickup: 

400A 
0 

T . 1500 + 2500 5 

Rl (maxmtUm) = 513P = 5 x 2 x 600 
= 83.3 

T 5 &<maximum) = lOlL = 10 x 400 x 600 = 33.3 
1 

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 
Rt 

= 12.51L = 41.7. 

Set both relays for: T = 4, R1 = 0.1. 

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

.) 

) 
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TABLE I- Rpw TEST- MAXIMUM RESTRAINT TAP 

R1 = 0.10, R0 = 1.6, T = 4 

Insulating 
Transformer 

Ratio 

Rpw in Ohms 

4 to 1 

6 to 1 

Relay Should 
Not Operate 

1200 

2700 

T 4 In0m(P-P) = 2_89R1 = 0_289 = 13.8 amperes, 

[Inom<P-P) = 1.g�Rl 
for three-terminal lines] 

Ground fault pickup: 

R ( . . ) 
0.2T 0.2 X 4 400 0 m1mmum =I"; = 40012 x 5 = 0.32 

An Ro tap exceeding 0.32 will provide tripp­
ing. As recommended for overhead lines: 
Set R0 = 1.6. 
The ground fault nominal pickup is: 

I (P-G) 0.4T 1.6 nom =a;= 1:6 = 1.0 ampere, 

[In0m(P-G) = O:T = for three-terminal lines] 
0 

Restraint tap: 
Use maximum restraint tap. 

CASE IT (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 R0 = 1.6 as in Case I. How­
ever, set R1 = 0.15 to obtain Rt settings pro­
portional to the CT ratio. From equation 6: 

T = 12.5R1IL = 12.5 X 0.15 X 400 = 7.5 
Set T=8 
Station n settings are: 

Rc (ll) 400 R1 = 0.15 Rc (I) = 0.15 x 600 = 0.10 

T = 8 (Same as Station I) 
400 R0 = 1.6 x 600 = 1.07 (Set 1.2) 

SETTI HG TH E R E LAY 

Set taps Tt. Rt. R0, 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 Should 
Operate 

Cpw in 
Microfarads 

1900 

4300 

I HS TA LLA TIO H 

0.75 

0.33 

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. 

ADJU S TME HTS A HD MA IHTE HA HCE 

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

�- When chanqinq taps under load, the 
spare tap screw shoUld be inserted before 
removinq 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 R1 = 0.10, Ro = 1.6,. 
T = 4, and maximum restraint tap. With the insulat­
ing transformer terminals Hl 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, Cpw, in parallel with Rpw. With Rpw and 
Cpw set as specified in Table I, suddenly apply 
!35 = 30 amperes (through terminals 3 and 5). 
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TYPE HCB RELAY----------------------------------------------------------

TABLE ll - Rpw TEST- MINIMUM RESTRAINT TAP 
R1 = 0�10, R0 = 1.6, T = 4 

Insulating Rpw in Ohms 
Transformer Relay Should 

Ratio Not Operate 

4 to 1 800 

6 to 1 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 thro�gh 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 py 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 acccrd­
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 !79 = 6.9 4  am-

. peres (terminals 7 and 9). The measured open-circuit 
voltage, VF. should be: 

VF = 8R1 ±5% volts. 

(e.g., if R1 = 0.1, VF = 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 

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-e 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 rna in 
the operating coil and 100 to 150 rna in the restrain­
ing circuit. Using T = 4, R1 = 0.1, R0 = 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 

lo = 0.12 lR + 8 

For maximum restraint 

10 = 0.16 IR + 8 

where 10 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. 

-iff. 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 · 

band stop. Conversly, drawing out the left hand 
shunt decreases the amount of current requi!'ed 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. 

P olar Unit Contact Adjustment: Adjust the right 
band stationary stop screw until the large armature 
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IISilL. 
r-�--------�--------�n.(:�·----�'�'�=T�------� 

l WIRE 

0•2$ * O.i Mol ( lA 1'\;LL OUT POSITIOM) 

-17 TS 

IISTR�EMT 
TRAIISFOil4fR 

PILOT WIRE ••• TEST SWITCH S 491627•8 
COWT. 

POSITION UM. REH. ftORM. NO�H. CI�C. CIRCoLOCAL LOCAL 
P.O. P . O. P.O. P.O. X DEJoOTES CONTACT CL OSED 7·8 X X l l 

!1-10 X : X l X 
PO • PULL OUT POSI TIO 

11·12 X X X I l X l 
lil- X X -+ X I I 

IU·J6 I X I X -/ 
lllllrt P0$1TIOI IOIMAI. POSITIOA CIIICIIUTIM P0$1TIOII LOCALPOiiTIOII 

288B743 

Fig. 7 HCB Relay Test Circuits with S1t1491627 Type W Switch and S1t1162968 or S/11164430 Milliammeter, 0-5-25 mo. 

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 Xl and X2 of the insulating trans­
former across the pilot-wire terminals of the relay. 

l" Connect the relay taps on T = 4. R l = 0 . 1, Ro = 1 .  6 .  

• With the left hand shunt out 4 t o  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 r79 = 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!t 1 82A836H01 ,  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 "Hl 
and H4 of the insulating transformer, by energizing 
with !79 current (terminals 7 a(ld 9). Pick-up current 
should be: 

· 

179(min) = T t 5% amperes 
5.77 R1 

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

COMPL E TE SY S TE M  TE S T  

A t  the time of the initial installation and a t  sub­
sequent maintenance periods, it is recommended that 
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TYPE HCB R E L AY ---------------------------�-----------------------------

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

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. 

MINIMUM PICKUP 

Energize one relay with I35 current and determine 
the minimum pick-up point of all relays. Repeat this 
test by e nergizing 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. 

A similar procedure to Figure 8 should be followed 
for three-terminal line applications. In this case open 
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. 

LOADED CIRCUIT TEST 

standard testing equipment is recommended for 
permanent installation with the relays, as shown in 

RENEWAL PARTS 

Figure 7. If this equipment is n ot 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 F igure 
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 

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

12  

'l'!"anu1ss1on L!ne 

•w• Rel &J rrtnsul&tlng '!ranstormers � •p• Rel. .J r:-tJ l P1lo� �ues � d-=l �ot �ire Curhnt" read vlth M1ll1..,..� 
;----_____ Tes� Svitches-. 

!!!!_I 'l'he line should be earryt..ng through load current &aOunttng to at leut 1.5 upel·<=:. as -....u.red. in the secondary or the Current Transformers. Thh t.ast 1 s  based on the r&tl.o 
or tb. c.r. • s  bel..ng th.e s-=- at each. end of th.e l1.ne, 1n vhich case set the taps of both 
Hl.&J's to R1 • .1;  R0 • 1.6; T • 4 tor th.ls test. 

RBLAY, "11" RELAY "F" 

i :
o feet SVltch 

Ral&J 
Current 

Rel&l' "Pllot Vlre Current• 
Trlp C trcula.ting Remote Test Relay Relay "Ptlot Vtre Current" 

Svttch Current rrtp �U'CU J,.&!;tng • emote 
1 till A, B,C ,M •o (1) (1) 1111 A,8,C,!I Ro (l) (1)  
2 u� A,C,B,M No (2)  (2)  II� A , r: , e , r  No (2) (2)  

ti!! 1111  
3 ... Yes (3) None � None Yes (3)  (3)  (�)  

uu u;.: • m.r None y .. (3)  (3) (>)  A,N Yes (:!)  None 

s u;; ... N o  (3)  (3)  u;.: ... :10 (3) (3) 
6 .U!; ... Yes (6) �II B,C,N Yes (6) 

RE!<ARKS 
•toat;w J.· A,!')4 2 are :;o cheek normal posltlvt! ���� rotat"lon of phases. The test svtt:h. con� 
neetton.J of t.st 112 may be :r�aje reRdtly vtth rel9.y:� tn the Flexttest case by ustng :Hp leads and tnsula.ttng buriers tn the ammeter test jacks. :tovever, ca.rtt saould be l.lSed to a.vo1d ac-�l�:r�c,;.����;·;�,;�!l ':;r�:�'.'��g�:1·r;��i"!i�.; slngl• ''"' r.,.,. 'r s t  stmula.tes an �xtarna.l Phasa A to 'fround fault. (5)  
test a tmulates an internal Phase A to vround f'lult,  v t t h  equal feed t'rOIIl the tvo e nd s ,  since � • - IA' vtth balanced load. 

�} ��H INlA.�B�C Normal Connection. SXJIJOL$: � � All Currents to � Rel&J. 

'1'o C.'l". ' s .  

Pbase A current r� C.T. 1 a  to R8lay. 
Phaae 8 and C C.'l'. 1 s  
shorted t o  neutrsl. 

(l) 'l11e- "pllo\ vtre current� vill vary de�ndtng upon the :rr&gnt ·ud.- of f'.h.e ':iU"Ough lo&:i ::ur. 
rent &nd th.e charac teristics of the pilot vtre. See Ptg'..tres 9 and 10. (2} 31nee the relay 1s temporarily connected ror nega.ttve �equcn:. t: ,  !. t  .,hculd have Dr&Ct­
teall.J zero output 1n this tnt, 

f�l �:·:.i:�;��n�7 :���t���r s���i�
" 

r:::
ne�� ��

n
������;;��· t�r b!�� 1��ad 

c
:=�;; tae 

local relQ .vill be rEK:e1vtng no current tro• e!ther the ptlot vtre or the ::w-ren\ 
t?anstol'lller s .  (5) 'l'est 4 and. 5 can � repeated using phase B tc. neutral current, 3Z1d. &ga!.n with phas•- C 
to ne\l.t.ral eurrent, but this Ls not strtct.lJ neceiS&..'"'Y on tne basts that, !'l&Vi:lg pro•ed 
tbe J)b&a1J sequence vtth tests l and 2,  and h&vl.r.r pl"OVed t.he correspornlence ot pb&ae A at 
the two end.s of thl!l llne viti� test 5, th.'!n phues B a.nj C a:ruat be correct .. (6} SOllie ptl.ot vire eurrent vtll be read, depending upon the :nagnitUite tJt the dht."tbuted 
c&pao1ty ot the ptlot vlre 1n OOillblnation vith th.e � t1!.1ng l..apedaaoe ot the 1&-
tul&t1.'ll trar.atol'!Mr . 

F lg. 8 HCB Relay System Testing Procedure 
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TYPE HCB R ELAY------------------------------------------------� J. L. 41-971 . 1 0  

POSI T I VE SEQUENCE AMI'ERES ( 60  CYCLESI I N  BOTH RELAYS 

Fig. 9 Typical Test O utput vs. Input Relay C urrent in a 
Two-Terminal Line w ith Zero P i lot-Wire R -,sistance. 

282585 

Fig. J J  Typical Curve of Rela y  Output vs. Positive• 
Sequence Input - Test Switch in Local Pos ition. 

PI LOT W I RE RESI STANCE • 2000 OHMS 
TAPS.: T • II,·  R 1  • . I ,  Ro • 1 . �  
NUIHUM RESTRA I NT TAP 

PI�OT W I RE CAPACITAHCE•0.7� HFO. 

� a to��t=���f=����:=�==��f==t�;=�� 
.. .. 
" 
,_ 3 ;: 

F ig. 1 0  

POS I T I VE SEQUENCE AMPERES (80 CYCLESI I N  BOTH RELAYS 

Typical Test O utput vs. Relay C urrent In a Two• 
Terminal Line wit!! 2000-0hm Pllot•Wire Ruist· 
ance W lth or W lthout 1 0-mfrl C onrlenser. 

I 

� 
2 HOLES 

31 .5  
OHMS 

183Al63 

F ig. 12 Outline and Drilling Plan of SIH209991 Balancing 
Resistor for Three-Terminal Line Applications. 
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1 4  

__. 

\ I  1� I 1 /  

� � 

� 
-, - - -

POLARITY 
MARKS 

X2 XI �� 11 11  H4 H3 H2 HI 

CLAMP TYPE TERMINAL 
/'FOR .., 4  WIRE MAXIMUM 

,,.., .., 

l DIA. MTG. HOLES 
16 4 TOTAL 

11- C- 2942 

Fig. 13 Outline and Drllling Plan of HCB Relay Insulating Transformer • 

..... ...... 
1 1 � ... 4 _&, " / 

57-D- 20 

1o 14 Outline and Drifting P lan of the Projection-Type 
Test M illiammeter. 

57-D-426 

F ig. 15 Outline and Drilling Plan of the Semi-Flush-Type 
Test Milliammeter. 

' J  

\\ ._)J 
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TYPE HCB R E L AY�------------------------ I.L • .-1-971 . 1  D 

7 
-1-<t a 

+ 
a�j<'' - (")  I 

..-----3 -!-----------!.-; 

Fig, 1 6  Outline of the Test M i lliammeter A ux iliary Transformer, 

-- - - - - - -

I 1-r--18"- RE VIREO TO PUI..l. OUT SIDeS � I" 

.2..50 D I A .  H O L E  ( I!HDLU) 
I ±  il 

I 

. \90 -32.. T HO. 

ORI U.IN� 
Pl.. A N  

5-D-1523 

lz 11(. PANEL � 5'*1491"-27 
! n<. PANEl. -> s•t4'31"z.s NAMEPLATE EN<OR.AVIHG, 

SWITCH POSITION TA81JLII.TION 
POSITION COHT. REM. REM. NORM. NORM. CIRC cu�c. LOCAl.. LOCAL 

P.o. P. o. P.o. P.O. 
7 -8 )(. X )( 'l( 
9 ·10 X X X X 

11 - 12 X X X X X X 
13- 14 X X X X 
15- 110 X )( X )( 

)(·DENOTES COt-!TACTS CLOSED 
17-D-3593 

Fig. 17 Outline and Drilling P lan of the Type W Test Switch. 
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TYPE HCB RELAY-------------------------------------------------------

__Jk�� =-.J' d ii 

! ·  �-· 0'' �EL LOC-'.TION 
SE.MI- FLUS\1 MTG. 

PRO.JE.CTION MTG-. 

r- �- 18 SCREW 
(FCR THICK 

PANEL USE i:"lSSTUO) 
. I':J0 -32. SCREW 1111-t _jJ._._:�\..--+!I��7(.FOR THICK PANEL . \II 

U'EI� . \90-32.. ST\JO) 

TERMI N� .b-.NO 
MOUNII NG- OETJO-.ILS 

NO'T I:' :  "'l-1... DI Mli:NSIONS 
IN lt-4CHES. 
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Fig. 18 Outline and Drilling P lan for the Type HCB Relay In the Type FT-42 Case. 

W E S T I N G H O U S E  
R E LAY D E PA RT M E N T  

E L E C T R I C  C O R P O R A T I O N  
N EWA R K, N. J. 

Printed in U. S. A. 
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Westinghouse L L. 4 1 -97 1 . 2B 

I N ST A L L ATI O N  • OPERATI O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYPE HCB PILOT W I R E  RELAY SYSTEM 

CAU TION Before putting protective relays into 
s ervice ,  remove all blocking which may have been 
inserted for the purpose of s ecuring 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.  

A P P L I C A T I O N  

The type HCB relay is a high speed pilot wire 
relay d esigned for the complete phase and ground 
protection of two and thre e  terminal transmissio n 
lines .  Simultaneous tripping of the relay at each ter­
minal is obtained in about 20 milliseconds for all 
faults. A complete installation for a two terminal 
line consists of two relays, two insulating trans­
formers ,  and an interconnecting pilot wire circuit. 
For a three terminal line . thre e  relays . thre e  insul­
ating transformers , and a wye-connected pilot wire 
circuit with branches of equal s eries resistance are 
required. 

C O N S T R U C T I O N  

The relay consists of a combination positive and 
zero phase sequence filter.  a saturating auxiliary 
transformer , two full wave rectifier units ,  a polar 
typ e relay unit, a neon lamp , and an indicating con­
tactor switch (ICS), all mounted in a single case. 
The external equipment normally supplied with the 
relay consists of an insulating transformer . a milliam­
meter and test switch. 

SEQUENCE FI LTE R 

The sequ ence filter consi st s  o f  a three-l egged 
iron core reactor and a s et o f  resistors desi gnated R l  
and Ro. The reactor has three windings; two p rimary 
and a tapp ed secondary winding, wound on th e c enter 
leg of a "F" typ e of l amination. The secondary tap s 
are wired to the circularly arranged R l  tap connec­
tion s  in the front o f  the relay. The R l  tap link s also 
connect to the R 1 resistor (looped resi stan c e  wire). 
Ro con si sts of three tub e  resi stors with tap s  wired 

SUPERSEDES I . L .  4 1 -97 1 . 2A 
*Denotes change from superseded i ssue.  

to  the circularly arranged Ro tap conn ection s  i n  the 
front of the rel ay. R lA tap s are on the R 1 resi stan c e  
wire and are wired to the circul arly arranged R lA 
tap connections in the front o f  the relay. 

SA TURA TI NG TRAN SFO RME R 

The output of the s equence filter connects to the 
primary of a two-winding saturating transformer. The 
primary winding is tapped and wired to a tap block T 
in the fro nt of the relay. The s econdary winding is 
connected to the neon lamp and from a fixed tap to 
the relay coil circuits. 
PO LAR R E LAY UNI T 

Thi s unit consists o f  a rectangular- shap ed mag­
n etic frame, an electromagnet, a p ermanent magnet, 
and an armature with either o n e  or two contacts. The 
pol e s  o f  the cresent- shaped p e rm an ent magnet bridge 
the magneti c  fram e. The m agnetic frame consists 
of three pieces joined in the r ear with two brass 
rod s  and sil ver solder. Thes e  non-magnetic joints 
represent air gap s which are bridged by two adjust­
able magnetic shunts. The operating and restraint 
windings are concentrically wo un d  around a mag­
netic core. The armature i s  fastened to thi s core at 
one end and floats in the front air gap at the other 
end. The moving contact is connected to the fre e  
e n d  o f  a l eaf spring. 

R E S TRAI N T  TA PS 

A. s et o f  restraint tap s are located o n  the front o f  
the relay near the pol ar unit. The s e  tap s  are the 
m aximum and minimum restraint tap s o f  the relay. 

INDICA TI NG CON TAC TO R SWI TCH UNI T ( I C S) 

The d-e indicating contactor switch is a small 
clapper-type device. A magnetic armature , to which 
leaf-spring mounted contacts are attached, is  at­
tracted to the magnetic core upon energization of the 
switch. When the switch closes,  the moving contacts 
bridge two stationary contacts.  bypassing the main 
relay contacts. Also during this operation, two fin-
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TYP E  HCB P I LO T  WI R E  R E LAY SYS T EM----------------------

gers on the armature deflect a spring located on the 
front of the switch , which allows the operation indi­
cator target to drop . The target is reset from the out­
side of the case by a push rod located at the bottom 
of the cover. 

The front sprin g, in addition to holding the target, 
provides restraint  for the armature, and thu s  control s 
th e pick-up value of the switch. 

O P E R A T I O N  

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

As shown in Figure 8, the composite s equence 
filter of each HCB relay receives three phase current 
from the current transformers of the transmission 
line . The composite s equence filter of the HCB con­
verts th e three-phase current input into a single­
phase voltage output, VF , o f  a magnitude which is 
an adjustable function of the phase A positive and 
zero s equence current. This voltage ,  VF , is impres­
s ed on the primary wiring of the saturating transfor­
mer. The saturating transformer output voltage ,  Vs . 
is applied to the relay coils and to the pilot wire 
through an insulating transformer. The saturating trans­
former and a neon lamp across its secondary winding 
serve to limit the energy input to the pilot wire . 

During an external fault ,  assuming matched relays, 
the magnitude o f Vs at both stations will be the same.  
The relative polarities of the V s voltages will be as 
shown in Figure 4. Since th e voltages add, most of 
the , current will circulate through the re straint coils 
and the pilot wire, with a minimum of operating coil 
current. The relative effects of the operating and re­
straint coil currents are such that the relay i s  restrained. 

During an internal fault,  the relative Vs polarities 
reverse. Since the Vs voltages now oppo se each o ther, 
most of the current flo wing in the restraint coils is 
also forced through the operating coils with a mini­
mum of current in the pilot wire. This i ncrease in 
operating current overcomes the restraining effect 
and both the relays operate.  

2 

Within limits, as defined in Figure 7 and under 
' 'Characteristic s , ' '  all the relays will operate for an 
internal fault regardl ess of the fault current distribu­
tion at the various stations.  The nominal pickup 
(total internal fault current) of the rel aying system 
i s  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 termi nal line system has a nominal 
pickup of 2 x 6 = 1 2  amp eres. 

PI LOT W I R E  E F F E C TS 

In Figure 4 it can be seen that a short-circuiter! 
pilot wire will short circuit the rel ay op erating coils .  
Depending on th e location of the short, at  l east one 
of the relays will fail to trip during an internal fault.  
If the pilot wire is open circuited, almost all th e r e­
straint coil current will flow through the operating 
coil and the relay operates as an o ver-current device .  

Excessive pilot wire series imp edance will ap­
proach an open-circuited condition and the rel ays will 
operate during external faults.  Excessive pilot wire 
shunt capacitance will approach a short-circuited con­
dition and the relays will not operate. 

OP E RA TI NG U N I T  THEO RY 

The polar unit flux paths are shown in Figure 5. 
With balanced air gaps,  the p ermanent magnet pro­
duc es flux flowing in two paths ,  one through the 
front gaps and one through the rear gaps. Thi s flux 
produc es north and south pole s ,  as shown. By turning 
the l eft 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 l eft. 

C H A R A C T E R I S T I C S 

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

VF = 2IAI R I + lAo ( R l + 3R0 )  volts ( 1 ) 

where R1 and R0 are the po sitive and zero sequence 
tap values ,  respectively; 

IA I and lAo are the positive and z ero sequence 
phase A current inputs ,  respectively, in  ampere s. 
The s e  are ve c tor quantities .  
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TY P E  HCB P I L O T  WI RE REL AY SY STEM _. 

COMMON 
CONNECTION 

3 TU B E  R E SI STO RS 
( Ro) --"-

I N DI CATI N G  
CONTACTO R 
SWI TCH 

I . L .  41 ·971 . 2 8  

P O L A R  U N I T  

-- 3 WINDI N G  
MUTUAL R E ACTOR 

Fig. 1. Type HCB Relay Without Case (Front View). 
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TYPE HCB P I LOT WI R E  RE LAY SYS T EM  ______________________ _ 

4 

0. 10 R 1 A 
TAP 

COMMON O F  
R 1 A AND RO 

DIODE 
BRIDGES 

FORM RESI STO R (R1,  R 1 A) 

0.07 R 1 A TAP 

0. 10 R1 TAP 

Fig. 2 Typ e HCB Relay Without Case ( Rear View). 
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TYPE HCB PI LO T W I R E  RE LAY SYS TEM ---------�----------I...;;:. L..;_ . ..;_4 1;_- 9..;_7..;_1 .=2B 

IIDIUTUIG COJTICTO. SWI TCM 

lOT!: T£11111ULS S,,,t,l I Itt TO 1£ JIII',UED IT REUT CASE 

INTERNAL SCHEMATIC 

629A312 
Fig. 3. Internal Schematic of the Type HCB Relay in 

FT- 42 Case (Double Trip Ci rcuit). For the Single 
Trip Relay the Circuits A sso ciated with Terminal 
II  are omi tted. 

SIN G LE R E LAY PI CKUP (PI LOT WI R E  OPEN) 1 5  

Single relay pickup , Is, is defined as the phase 
current required to operate one relay with the pilot 
wire side of the insulating transformer open circuited 
(H 1-H4). The single relay pickup point in terms of 
filter voltage is :  

VF = 0 . 2T ( 2) 

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

( 3 )  

Current Is varies with the type of fault .  For ex­
ample,  for a 3 phase fault ,  I s = IA 1 , since only posi­
tive sequence current is pre sent. Substituting Is = I A 1  
in Eq. (3 )  & rearranging,  the 3 phase fault pickup is:  

r - I  = 0
· 
2T = __I_ ( 3  phase fault) s - A 1  

2 R1 10R1 

If R 1 = 0 . 1 ,  R0 = 1 . 6  & T = 4 : 

Is = _I_ = -4- = 4 amp .  ( 3  phase fault) 
10R 1 10X0 . 1 

(4)  

For a phase A to ground fault ,  if  IA 1  = IA2 = lAo 

(I A2 is the phase A negative sequence current): 

0 . 2T = 2IA 1  R1 + IA 1  ( R1 + 3Ro) 

I _ 0 . 2T = I A 1  - 3(R 1 + Ro) 
AO 

But: Is = IA1 + IA2 + IAO 

= 3IA 1  

0 . 2T 
So : Is = 3IA 1  = (A-G fault) 

R1 + Ro 

If R1 = 0 . 1 ,  R0 = 1 . 6  & T = 4:  

I _ 0 . 2T = s - R1 + Ro 

0 . 2x4 
0 . 1 + 1 . 6 

= �:� = 0 . 47 1  amp . ( A-G fault) 

NOMINAL PICKUP ( A LL R E LAYS) 

The nominal pickup, Inom• is defined as 

where Inom = total internal fault current 
K = number of relays ( 2 or 3) 

Is = single-relay pickup with pilot wire 
disconnected ( see above) 

(5 )  

(6 )  

For  example ,  for a phase- A-to-ground fault, IA 1  = lAo 
with the pilot wire open circuited, the single-relay 
pickup was previously determined as l AG = 0 . 4 7 1  am­
pere. For a two-terminal line, the nominal pickup for 
a phase-A-to-ground fault ( R 1 = 0 . 1 ;  Ro = 1 . 6 ; T = 4) 
is:  

Inom (A to G) = 0 . 47 1K = 0 . 47 1  x 2 = 0 . 942  ampere. 

MINIMUM TRIP ( A LL R E LAYS) 

With equal inputs to all relays and zero pilot-wire 
shunt capacitance, the relays will operate at their 
nominal pick-up point. The minimum trip points will 
vary somewhat from nominal value, depending on the 
pilot-wire constants and the magnitude and phase 
angle of the various relay input currents. For exam­
ple ,  Figure 6 shows the relay operating points for a 
two-terminal line , assuming input current to the near 
relay, only. 

An example of the characteristics with various 
current distributions is shown in Figure 7. The filter 
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TYPE HCB PIL O T  WI R E  R EL AY SYS TE M ______________________ _ 

I N SULA T I N6 TRANSFORMER 
SATURAT I NG I P I LOT \ SATURAT I NG 

N 
TRANSF� � - - - -5 �FORMER 

:B� LLjj[ """ - N 
- A 
- B  
- c  - - - - -

R - RES TRA I N T  CO I L  
O P  - OPERAT I N G  CO I L  

W I RE 

Vs - SATURAT I NJ TRANSFORMER VOLTAJE OUTPUT 
( RELAT I V E  POLAR I T I ES ARE FOR THRU CURRENT OR EXTERNAL FAULT ) 

S I MPL I F I ED EXTERNAL SCHEMAT I C  OF HCB S Y S TEM 

Fig. 4. Simplified External Schematic of the HCB R elay System. 

SALAH C EO A I K .>lAPS 

__ PERMAN ENT 

MAuN ET 

SHUNT 

uNBALANCED A I R  GAPS 

Fig. 5. Polar Unit Perman en t  Magnet Flux P aths. 

output voltage,  Vp , of e ach relay, as defined by 
equation ( 1 )  must be in phase or 180  degrees out of 
phase, in order for Figure 7 to apply. 

following values :  

TABL E I 

183A061 

183A062 

I NSUL A TING TRANSFORME R Insul ating Transformer Ratio 

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

PILO T-WI R E  REQU I R E M EN TS 

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

6 

No.  o f  4/ 1 6/ 1 
Relays 

RL cs RL cs 

2 2000 1 . 5 - -
3 500/LEG 1 . 8  l OOOfL EG 0. 75 

RL = series  loop resistance in ohms . 

Cs = total shunt capacitance in microfarads. 
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TYPE HCB PILOT WI R E  R EL AY SYS T EM ____________________ .!.:.,·!:;L .�4!.!,1 -::!9!..!7 1�.2�B 

SOD 
R = P I  LOT W I RE RES I STANCE I N  OHMS 

M I CROFARADS D I ST R I BUTED CAPAC I TY = . O O ! R  

Fig. 6 Typical Curves Sho wing the Effect o f  the P ilot 
Wire on M inimum Trip Current, Two- Terminal 

L ine (Maximum R estraint Tap). In sulating Trans­
former 4/ 1 ratio. 

Where the shunt capacitance exceeds the above 
amount , it may be  feasible in some cases to provide 
shunt reactors to compensate for the excessive ca­
pacitance . The amount of capacitance which can be 
compens ated 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, op en 
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 re sult of induction or a rise in  sta­
tion ground potential , should be less than 7 .  5 volts to 
prevent undesired relay op eration. 

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 8 .  The pilot wire resistance to be  balanced is 
divided by 1 6 and 36 for the 4 to 1 and 6 to 1 ratio 
insulating transformers respectively, since the bal­
ancing resistors are located on the relay side of the 
insulating transformers. 

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

a) Neutralizing reactors m ay be  connected in 
series  with the pilot wire to hold the pilot wire 
potential clo se 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 inducel'l. voltage. When 
using the neutralizing reactor, the pilot- wire sheath 
should be insulated from station ground to minimize 

* sheath-to-pair potential in  the presence o f  a ri se in  
station-ground potential .  All o ther p airs in  the cable 
which are connected to station ground should al so be 
p ro tected with neutralizing reactors to minimize p air­
to-pair voltages. 

b) Drainage reactors may be connected across 
the  pilot wire and to  ground through a KX642 pro­
tector tube.  The drainage reactor is particularly ef­
fective in limiting pai r-to-ground voltage in the pre­
sence of an induced voltage. When the tube flashes ,  
both wires are connected to  ground through the 
drainage reactor windings which offer a low imped­
ance to ground but maintain a high imp edance to an 
a-c voltage across the wires. Thus, the HCB system 
will operate normally even though the protector tube 
has flashed over. The drainage reactor is not intend­
ed to handl e  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. 

T RIP CI RCUI T 

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. 

S E T T I N G S 

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

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

2 )  T tap- 4 ,  5 ,  6 ,  8 ,  1 0 ,  1 2 ,  and 1 5  
To change taps, loosen center screw and move 
tap link to desired setting. Tap screw and cen­
ter screw to be tight after tap change is made.  

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



00 
* 
� 
'? 
'I 

-1 -t ., "< Q 't> :s 
-· 111 n 

()' e._  
3 0 <D 't> ., <D Ill ., 
o a :s -· Cl.. " IQ 
� I"')  O ::r­O Q ' ., o o  ::r- n  
3 ;; 
"tl ;. -· .. 0 ;:;· .. Ill 
::e o ::;· ....... <D .. . :r-ID � :X:  
0 I"') -.. IXJ 
2:: ;:a <D <D 
� a I F Q "< 
:s '"" Cl.. "< 
""11 � I N Q <D ., 3 ::a !_ I  
� � Ill Q 

-· )( :s -· 3 "tl c: ::r- 3  � ::a <D <D 0 � ., a o; :;· o .. 
� ;;t  s. :.a  0 � ... -· 
"tl ;. ::r-
� � !D : 

:s Ill c: 
Q ::!". :s IQ 

- ) 

� �  j) �  ' 

I I 1--
r+-1-- I I ' Tf . 
1--1--1-- - CURR ENT I N  NEAR RELAY ( N) 
r- X 

'\ '\ 
1\.. 1'\. '\ '\. " 

!'... I'\ I'. I'. 1'\ ' 
W I TH MATCH ED TRANSFORMERS 

1'\ 1'\. 

1'\. 
1'\, 

NORMAL LOAD AN D THRU FAULT
_
� 

CURREN T FALL ALONG TH I S  L I N E  ��� 
' " ' 

' ' 1'\.. ' " / "\.. '- I 1'\. 1"\J "-../ 
" '- I  1'\. i'\ / " 

" NO  T R I P  ·AREA '\, " 
' " 

"' " 
"' '\. '\. '\. '\ '\.. " , ,. " '\ 

1'\ 1'\. " ,., " 
1'\ '\. '-1/ " '\. 

'\. "' ,.,, 1'\ " 

1.1 
'\ 

I'. 
1'\. 

1'\ 
"' 

"' 

1\ 
1\ 

.:5UUU 
A. - � �� 2600 

>- A.  
:s .... 
� �  2 000 

�� LL Z 
z 1.1.. 1500 - o 
..... ..... z z  � �  1000 ar: a:: 

1--� a �  1--1--
-1-- + 500 

"-.. I [j 1'\. /'\ rl 
' I'. !7 

I'. 1/ !"\. 
'\(, '\. 

I'\ !'\, , 1'\. 
. /!'\. " 

" 
1'\. " " 

'\. " 
" 

1'\. '\. '\. 
"' '\ 

" 
1'\. '\. "' 

'\.. 
" X '\. 

" '\.I/ " � -:S....... �� [[  
F N 

I F 
1 

�- X  

1'\ 

1'\ 

'\ 

' 

"' 
I'. 

1'\. 
!"\. 

1'\. 
!"\. 

I'. 1'\. 

1'\. 
!"\. 
!7 

1'\ 
1'\. 

1'\ 
1'\ 

I'. " 
1'\ 

I'. 
1'\ 

1'\ 
1'\. 

1'\ 
71'\ 1/ 

'\. 

I'\ I'. �� 1'\. 1'\ 
1'\ 

1'\ I'. "' 
1'\ 1'\ 

1'\ " 
1'\. I'\. · ' 

I'\ I "  I'\. 
l'\.1 '/ '\  1'\. I/ I'\ I.; I'. I'\ '\ 

I'\ 1'\. I'\. 
1'\. I'\ 

I'\ 1'\ I .II'\ 1'\ 
1'\ "' 1/ 1'\ 1'\ 

I'. (, I'. I'. I'. 
['\ ['\ ['\ I'. 1'\ 

1'\ "'"' 1'\. 1'\. 
1'\ 1/ 1'\ I'. I'. 
1/ I'. I'. I'. I'. 

['\� [\ 1'\. 1'\ [\ 
I'. NO TR I P  AREA '\ 1'\. 

I'\ I'\ 1'\ I'. 1'\ 
1'\ '\ 1'\ I'. 

I'\ I'\ ['\ " 
I'\. I'\ I'\. I'\ 

['\ I'\ I'\ 1'\ I'\ 
I'\ I'\ I'\ 1'\ 

I'\ '\ '\ " 
!'\ ' 1'\. 1'\. 

1'\� '\ '\ ' '\ '\ '\ 1'\ 
,.·['.. 1'\ I'\ '\ ' 

'"' 

� 

· __ -&I. ---
-
>-c .... LU ar: 
ar: c LL 
z -
..... z: LU ar: a:: :::» u 

I 
1 1  

' x ,__ 

1000 2000 3000 �00 +?=f. + CURRENT I N  NEAR RELAY ( N) ..:Cr-
� 4� - PERCENT OF NOM I NA L  P I CKUP ==:= 
1-- �4 

I 
+ -· 
� �-

-M F �-c-
TRANSM I SS I ON L I N E  

.. l l I l I I I I l 
++ CURRENTS = THRU CURRENT 
+- CURRENTS = I NTERNAL FAULT 

X I F  PLOTTED CURREN T  FALLS I N  
TH ESE AREAS ONLY ONE R ELAY TR I PS 

) 

-f -< 
., 
m 

::1: 
n 
Ctl 

., 

I 
0 
-f 

� 
::0 
m 

::0 
m 
I 
)>­
-< 

(II -< (II -f � 

N 
I I 

F 
0 

\ 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



A B C 
I I I  

� 
� 
?> 
fTI )( 
; ... ::s 
2.. 
VI n ::s-., 3 �. n 
0 -
:;:.. ., 
-1 '<: "0 ., 
::t I') OJ 
;o ., 
Q '<: 
:;· 
, 
";"i """ N 
I') Q .. ., 
I 
-1 � C! 
0 ... 
-1 ::s-... ., 
'P 
-1 ., 
�-::s 
2.. 
r 
:;· !' I -f:"" ....... 0 0 \.0 -f:"" 

-o I ()) 

'l 'l ?'I ? 'I 

P I LOT 

WIRE 

I 
I 

PROTiCTEO L I M E  

I I I 
I 1 1/l!"AL 
0 �  

TERMINAL 

'NASE IOTATIOII A,B,C 

XI X2 

17 

87 3 

THIRD � 
llltERE USED HI H2 HJ H� 

�I I 
I ) 

- HCB EXTERHAL SCHEMAT I C  IN FT �2 CASE 

P I LOT 

WIRE 

IALMCIMG  
RESI STOR · 

(a TERMINAl 
L I ME ONLY) 

l! ou 9 1 7 
l! 
5 

A B C 

'l 
DC TRIP IIIJS 

POS, 
OR 

MEG. ..... ll 10 

� 
17 

¥ 
1... 
52 
TC 

52':r • 

MEG. L OR 
POS. 

DEVICE KUMlER CHART 

87 - P I LOT WIRE REUY, 
TYPE HCI 

17 - OPERATING  COIL 0 IN HCI RUAY 

17 - RESTRAIN I NG  COIL 
R I M  HCI RELAY 

52 - POfER Cl RCU I T  
IREAKER 

ICS- INDICATING 
COMTACTOR Sll TCH 

a - IREAKER AIIX I L I ARY 
CONTACT 

TC - IREAKER TRIP COIL 

..... 
-< 
"tJ 
m 

::c 
n 
CCI 

"tJ 

r-
0 
..... 

� 
::0 
m 

::0 
m 
r-

� 
"' -< "' ..... � 

r-
� 
.0 ..... 
;., IJI 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  HCB P I LOT WI R E  RE LAY SYSTEM-----------------------

3) R 1 tap- 0 .07 ,  0 . 10 ,  0 . 1 5  
To change tap s ,  loosen center screw and move 
tap link to desired setting. Insert two tap screws 
at each end of the tap link and tighten center 
screw as well as two tap screws. 

4) Ro tap- 0 . 39 , 0 . 5 1 ,  0 . 68 ,  0 .90 ,  1 . 2 and 1 . 6  

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

* 5) Ri a  Taps - (0 .07 ,  0 . 10, 0 . 1 5) 
Note: The Ri a  tap s are utili zed where no zero 

sequence sensitivity i s  desired. It is recom­
m ended that these tap s be set in the sam e  
tap as the R 1 tap for all applications. 

To change tap s, loo sen center screw and move 
tap link to desired tap .  Tap screw and center 
screw to be  tight after tap change is m ade. 

INDICATING CONTACTOR SWI TCH (ICS) 

The only setting required on the ICS is the selec­
tion of the 0 . 2  or  2 . 0  ampere tap setting. This selec­
tion is made by connecting the lead located in front 
of the tap block to the desired setting by means of 
the connecting screw. 

S E T T I N G  C A L C U L A T I O N S  

The HCB relay has four sets of taps :  R 1 , T, R0 , 
and restraint taps .  The following discussion estab­
lishe s  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 

R 1 , T, R0 - Relay taps 

10 

l3p - total minimum internal 3-phase second­
ary fault current fed from all terminals .  
divided by the number of terminals 
(2 or 3) 

IL - maximum secondary load current flow­
ing through the protected line. 

lg - 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. 

RNc  (1), RNc (II) - current transformer ratio at 
Station I and II respectively. 

P HASE FAU LT SENSITIVITY 

The phase fault pickup is determined by the R1 
and T taps.  In order to operate on the minimum line­
to-line fault current, the R 1 and T taps  should be set 
for not more than: 

( 7 )  

In  order to prevent op eration on  load current i f  
the  pilot wires become open circuited, the  R 1 and T 
tap s should be  s et for not l ess  than: 

T 
R l 

= l OlL 

The available taps  are: 
R 1 : 0 . 0 7, 0 . 10 ,  and 0 . 1 5  

T : 4 ,  5 ,  6 ,  8 ,  1 0 ,  1 2 ,  and 1 5  

(8 )  

Where sufficient f.ault current is  available ,  i t  is 
recommended that the relays be set as follows: 

T 
--= 1 . 25 X lO lL = 1 2 . 5IL R l 

(9) 

The required T/R1 ratio may be  obtained by any 
combination of T and R 1 . 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 
1 000 ohms or less. Auxiliary CT's and identical Rt  
tap settings must be used with different main CT 
ratios on all three-terminal lines and on two-terminal 
lines with more than 1 000 ohms loop resistance in the 
pilot wire .  

G ROUND FAU LT SENSI TIVI TY 

The ground fault pickup is determined by R0 and 
T taps .  (T should be determined by the phase set­
ting . )  In order to operate on the minimum line-to­
ground fault current, the R0 tap setting should be 
not less than: 

0 . 2T 
Ro = -r ­g 

( 10)  
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TY PE HCB P I L O T  WI R E  REL AY SYS T EM ____________________ I_.L_._4_1-_97_1 • ..:c2.::...B 

The availabl e Ro tap s are: 0 . 39, 0 . 5 1 ,  0. 68,  0 . 90, 
1 . 2 ,  and 1 . 6 . 

The R1 A  taps, 0 . 07 ,  0 . 10 ,  and 0 . 1 5 ,  are utilized 
to set R0 = 1/3 R 1 , where no zero sequence sensitiv­
ity is desired. Equation ( 1  0) does not apply for these 
three taps.  

For  overhead lines, it is recommended that the 
1 . 6  R0 tap be used to obtain maximum sensitivity. 

For cable circuits ,  where the line charging cur­
rent exceeds 5% of nominal pickup current, set R0 
for about: 

- T Ro - --7 . 5  

The R0 taps  need not b e  identical a s  required 
with the R 1 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 R0 taps are 
set in the same proportion as are the R1 taps.  

R E STRAI NT 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 allow s the relay to be used for 
all pilot wires as indicated in Table I. The use of 
minimum restraint on three terminal applications com­
pensates for the desensitizing effect of a third ter­
minal. 

Note: The re lay p ick-up calibration m us t  be changed 

if set in the minim um re s traint tap. See "Ad­
jus tm ents and Maintenan ce . "  

TAP P E D  LOADS 

Where one transformer bank is tapped to a line 
protected with tWJ 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 R1 and T taps for 
not less than: 

( 1 1 )  

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 me ans that the Ro tap set­
tings need not be changed, since no zero- sequence 
current flows in the line wh en the low side is 
grounded. 

SETTING E XAMP L E 

CASE I 

Assume : 

Two-terminal line. 
CT ratio = 600/5 
Full-load current = IL = 400A 
Minimum 3-phase internal fault current : 

Through Station I = 1 500A 
Through Station II = 2500A 

Minimum internal line-to-ground fault 
current: 

Through Station I = 
Through Station II = 

400A 
0 

Phase fault pickup: 

T 1500 + 2500 5 
-- ( maximum) = 5I 3p = 5 x x --=- 83 .3  R 1 2 600 

___I_ (maximum) = lOlL = 10 x 400 x .2.....
0 

= 33 .3  
R1 60 

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

T 
Rl 

= 1 2 . 5IL = 4 1 .  7 .  

Set  both relays for :  T = 4 ,  R1 = 0 . 1 .  

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

T 4 
In0m(P-P) = 

2 . 89R 1 
= 

0 . 289 = 1 3 . 8  amperes, 

T [ In om (P- P)  = 
1 . 92R1 

for three-terminal lines] 

Ground fault pickup: 

R . . 0 . 2T 0 . 2  X 4 600 
0 (m1mmum) = r;- == 4001 2 

x-5- = 0. 48 

An R0 tap exceeding 0 .48 will provide trip­
ping. As recommended for overhead lines :  

Set R0 = 1 . 6. 
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TY P E  HCB P I LO T  WI R E  RE LAY SYSTEM-----------------------

1 2  

REMOTE POSITION 

C ·D 
C6-06 
C7-D7 
E12- E I  
F12-Ff X 
E6-E7 X 

NORMAL POSITION 

MQIL1 TEST SWITCH IS SUPPLI£0 WITH ASSEhelED CONNECTORS. 
TI-US EXTERNAL CONM:CTIONS NEED ONLY BE MADE AT 
DESIGNATED TERMINALS. (I· -'fR) 

� TEST SWITCH CONTACTS SHOWN IN"NORM" POSITION. 

X -X 

Fl2 Fl ens "' 
H J .O 

'----IMA \ 0-25 MA \_ INSTRUMENT TRANSFORMER 
0-!5 MA ( IN PULLOUT 

POSITION} 
X<DENaTES CONTACT CLOSED. 
P.O-PULL OUT POSITION 

SPRING RETURN TO NORMAL. 
EACH POSITION WITH SPRING 
RETURN FROM PULL OUT. 
GOI - Ye "  PANEL 
G02-J-I \12"PANEL 

�-

PILOT WIRE TE�T 
PULL OUT LOW SCALE 

NORMAL 

REMOTE\ I I CIRC. � o:LOCAL 

__/ I '� 

293B22_5 
Fig. 9. HCB R elay Test Circuits wi th Stt508A46860 1 - G02 Type W-2 Switch an d S tt29 1 B3 18A09 M ill iammeter 0- 5-25 m o. 

The ground fault nominal pickup is :  

I (P-G) = 0 . 4T 
nom R o 

1 . 6  1 . 0  ampere ,  
1 . 6  

[ Inom(P-G) = ORBT 
= for three-terminal lines] 0 

Restraint tap . 

Use maximum restraint tap .  

C ASE I I  (DIFFERENT C T  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 R0 = 1. 6 as in Case I. How­
ever, set R 1 = 0 . 1 5  to obtain R 1 settings pro­
portional to the CT ratio . From equation 6: 

T = 1 2 . 5R1IL = 1 2 . 5  X 0 . 15  X 400 = 7 . 5  

Set T = 8 

Station II settings are : 

RNc (II) 400 
R 1 = 0 . 1 5  

RNc (I)  0 . 1 5  x 
600 

= 0 . 1 0  

T = 8 (Same as Station I )  

400 
R0 = 1 . 6  X 

600 
=- 1 . 07 (Set 1 . 2 ) 

I N S T A L L A T I O N  

The relays should b e  mounted on switchboard 
panels or their equivalent in a location free from dirt, 
moisture, exce ssive 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 furni shed with the relay for 
thick panel mounting. The terminals studs m ay be 
easily removed or inserted by locking two nuts on the 
stud and then turning the proper nut with a wrench .  

For detailed Fl exitest case information, refer to 
I . L . 4 1-076. 

A D J U S T M E N T S A N D  M A I N T E N A N C E  

CAUTION Make s ure that the neon lamp is in place 

whenever relay operation is be ing che cked. 
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ACC EP TANC E TES TS 

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 U n i t  

Connect the relay to  the insulating transformer, 
as shown in  Figure 8 ,  and set R1 = 0 . 1 0, R0 = 1 . 6 , 
T = 4, and maximum restraint tap .  With the insulat­
ing transformer terminals H 1  and H4 open circuited,  
measure the minimum pick-up current, 179 (min . ) ,  
with current applied through terminals 7 and 9 .  This 
value should be:  

l79 (min . ) = 6 . 94 ±5% amperes. 

Now, connect a resistance, Rpw. acro ss 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 
C PW set as specified in Table II suddenly apply 
!35 = 30 amperes (through terminals 3 and 5). 

TABL E I I  

Rpw Test - Max. Restraint Tap 

R1 = 0 . 1 0, R0 = 1 .  6, T = 4 

Insulating Rpw t Cpw 
Transformer in in 

Ratio ohms microfarads 

4 to 1 1 200 1900 0 . 7 5  
6 t o  1 2700 4300 0 . 33  

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

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. 

I nd i cati n g  Contactor Swi tch ( 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. 

CAL I B RA TION CHECK 

The following tests are recommended whenever a 

check on the relay calibration is desired. 

Over-al l Rei ay 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
ance  with Table III instead of Table II. 

TABL E I l l  

Rpw Test - Min. Restraint Tap 

R1 = 0 . 10 ,  R0 = 1 . 6, T = 4 

Insulating Rpw t Cpw 
Transformer in in  

Ratio ohms microfarads 

4 to 1 800 1400 0 . 75 
6 to 1 1800 3 100 0 . 33 

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

Sequence F i l ter: 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 !79 = 6 .94 am­
peres (terminals 7 and 9) .  The measured open-circuit 
voltage,  Vp, should be: 

Vp = 8R 1 ±5% volts. 

(e . g . ,  if R 1 = 0 . 1 ,  Vp = 8 x 0 . 1  = 0.8 volt . )  

Repeat this voltage measurement with ! 59 = 6 .94 
amperes. 

Operati ng Unit: The following test will check 
the polar unit calibration and the performance of the 
rectifiers. Connect a variable non-inductive resistor 
across the high-voltage terminals  of the insulating 
transformer ( H 1  to H4), and connect d-e milliammeters 
in series with the operating and restraining coils of 
the polar unit by opening these circuits.  (The re­
straint can be opened at the tap circuit for max . and 
min. restraint. The operating circuit has to be op ened 
at the polar unit. ) These milliammeters should have 
low resistance and should be capable of reading in 
the order of 20 to 25 rna in the operating coil and 100 
to 150 rna in the restraining circuit. Using T = 4, 
R1 = 0 . 1 ,  R0 = 1 . 6 ,  energize the relay with 135  = 10 
amperes (terminal s 3 and 5)  and increase the variable 
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TY PE HCB PI L O T  WI R E  R EL AY SYSTEM----------------------

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

For minimum restraint 

10 = 0 . 1 2  IR + 8 

For maximum restraint 

10 = 0 . 1 6  IR + 8 

where 10 and I R are operating and restraining coil 
coil currents, respectively. in milliamperes. The 
results are subj ect to variation s  b etween indi­
vidual relays,  due to different exciting imped­
ances  of the insulating transformers. However, 
the value should n ever be lower than: 

For minimum restraint 

I0 = 0 . 1 2 IR + 4  

For maximum restraint 

10 = 0 . 161R + 4 

CAL I B R ATION PROCEDU R E  

I f  the factory calibration has been disturbed, the 
following procedure should be follow ed to recalibrate 
the relay. 

F I L TER CAL I BRATION 

A. R 1 Tap s  

14 

* 1 .  Disconnect T current tap link an d  place 
Ro tap in 1. 6 

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

3. P ass  5 amp eres a. c. into terminal 7 and out 
terminal 9 of the relay. 

4. Adjust the corresponding R 1 slide wire po si­
tion ( s e e  Fig. 2 for location) to be within 
limits of following table for each sp ecified 
s etting of R 1 tap screw. 

R. Tap Volts 
Setting A. C. 

. 15 0.865 ± .008 

. 10 0. 577 ± .007 

. 07 0 .433 ± .005 

B. R 1A Tap s  

* 1 .  Di sconnect T current tap link and set Ro 
in 0 tap. 

2. Connect a. c. voltmeter acro ss relay terminal 
3 and the common connection of R lA and Ro 
( s e e  Fig. 2 for location). 

3. P as s  5 amp eres a. c. into terminals 5 and out 
terminal 3. 

4. Adjust the corresponding R lA slide wire 
po sition ( see  fig. 2 for location) to within 
limits of following table for each sp ecified 
setting of  R l.A Tap screw 

RlA Tap 
Setting 

c. Ro Taps 

. 15 

. 10 

.07  

Volts  
A.  C.  

0 . 250 ± .005  

0. 167 ± .003  

0 . 125 . 003 

No adjustments can be made on  the Ro resi stors. 
Value of resistance can be checked by p as sing 
5 amp eres a. c. through terminal 3 and out terminal 
9. T tap must be disconnected. Follo wing volt­
ages should be m easured across  terminal 2 and 
the  specified tap of Ro. 

Ro Tap 
Setting 

. 39 

. 5 1  

. 68 

.90 

1 . 20 

1 . 60 

Volts 
A. C. 

1 .85 ± 2.05 

2. 45 ± 2. 68 

3. 28 ± 3. 60 
4 .. 33 ± 4.70 

5. 78 ± 6. 27 

7.72 ± 8. 38 

* Pol ar Un it  Contact Adj u stment: Place a 0 .088 
to 0 .09 5  inch feeler gage between the right h and 
pol e face and the armature. This gap should be  
m easured n ear the  front of the right hand pol e face. 
Bring up the back-stop screw until it j ust make s  
with the moving contact. Place  a 0.045 to 0 . 0 50  
feeler gage between the moving contact and the 
stationary contact on the l eft-hand side of the polar 
unit. Bring up the stationary contact until it j u st 
mak e s  with the gage and lock in pl ace. For relays 
with doubl e contacts mak e  sure that both upper and 
lower contacts mak e  at the same time. 

Pol a r  Unit Cal i bration: Connect the restraint tar 
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 1 = 0 . 1 ,  R0 = 1 . 6 . 

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

Start with both shunt out 4 to 5 turns. Short out  
the pilot  wire on the high side o f  the insulating 
transform er. Mom entarily apply 40 amp eres from ter­
minal s  5 to 3. Now remove the short from H l to H4 
and, adjust the right h and shunt such that the con­
tacts clo se with a po sitive snappy to ggle action at 
I 79 = 6.9 to 7 . 0  amp eres. After this adjustment is  
complete, short out  pilot wire and apply 4 0  amp eres 
mom entarily from terminals  5 to 3. Now remove the 
short from H l to H4 and, check pickup for I79· If 
value has changed from before, it will be  n ecessary 
to re-adj ust the right hand shunt. Several trials may 
be n ecessary before the pickup will be constant. In 
each case, the 40 amp eres should be  applied before 
any additional adjustments are p erformed on the 
shunt. 

After the shunts have been adjusted, apply 40 
amperes momentarily to terminals 3 and 5 of the re­
lay with the pilot wire open. Pickup will be approxi­
mately 5 amperes with current applied to terminals 7 
and 9 .  This change in pickup is due to a change in 
the residual magnetism in the polar unit of the relay. 
In the de-energized state ,  the permanent magnet of 
this unit produces a flux or magnetic bias to keep 
the contacts open. When the unit is energized,  a 
second flux ( electrical)  is produced which either 
adds to or substracts from the magnetic flux .  When 
the electrical flux is removed, the magnetic structure 
of the polar unit is changed. Hence, the flux produc­
ed by an excess of restraint current , adds to the 
magnetic bias, and the flux produced by an excess 
of operating current substracts from the magnetic 
bias. This characteristic is inherent in the polar unit 
and has no affect on the overall performance of the 
relay. 

After the shunt adjustment has been m ade, 
change the input current connections to terminal s 

* 3 and 5. Apply 40 amperes with H, and H4 terminal s 
shorted. Remove short and m easure pickup with 
current applied to terminal s 3 and 5. The relay 
should trip with I35  = 0 . 45 to 0 . 55 amp eres. 

ROUTI N E  MAI N T E NANCE 

Contacts: All contacts should be cleaned period­
ically. A contact burnisher, Slt 1 82A836H0 1 ,  is recom­
mended for this. purpose. The use of abrasive material 
for cleaning is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

I CS U n i t: Close the main relay contacts and 
pass sufficient direct current through the trip circuit 
to close the contacts of the res. Thi s value of cur­
rent should not be greater than the particular res tap 
setting being used. The indicator target should drop 
freely. 

Operati ng Unit: Check the relay minimum pickup, 
with the pilot wires disconnected from terminals H 1 
and H4 of the insulating transformer, by energizing 
with r7 9 current ( terminals 7 and 9). Pick-up current 
should be :  

r79 (min) 
T ----- ± 5% amp eres 

5. 77  R 1 

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

C O M P L E T E  S Y S T E M  T E S T  

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. 

MI N I MU M  PICKUP 

PR ECAU TION: In making this test with the re­
lay in place on the switchboard, it is necessary to 
connect the load box in the circuit between the rel ay 
and the "hot" side of the supply circuit. If this pre­
caution is not observed, it is possible to cause a 
short circuit l,wtween the grounded station service 
supply circuit and the ground of the current trans­
former circuit. 

The minimum pickup of each relay should be 
check ed before starting the system tests. With taps 
as specified in Fig. 10,  and the pilot wire circuit 
open on the high side of the insulating transformer, 
each relay should trip with IAN = 0.45 to 0 . 55 amp . 
or with IBc = 6.9 to 7 .0  amp eres 

With the pilot wire connected , energize one relay 
with IAN and determine the minimum pick-up of all re­
lays.  Repeat this test by energizing the other relay or 
rel ays. Record these values for future reference. If the 
neon lamp is lit during these tests ,  the pilot circuit is 
presenting too high a shunting effect on the relays. 
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1 6  

C.T. 1 I!JI  1-------�� C�T�·: 
'X>ansmission LCne 

� 
"N" Relay {rinsulat1ng Transformers i\ "F" Rel . .  y 1=-b l Pilo\ Wires t d-=l �ot Wire Current" read with Milliamm� 
�-------- Test Switches-� �----� �------� 

Note: The line should b e  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 re­
lays to R 1 = . 1 ; R0 = 1 . 6; T = 4 for this test. 

RELAY "N" RELAY " F "  
Te st Relay Relay uPilot Wire Current" Te st Relay Relay .u Pilot Wire Current" 

Switch Current Trip Circulating Remote Switch Current Trip Circulating Remote 

t t t  t A, B,C,N No (1) ( 1 )  n t t  A , B , C , N  No ( 1 )  ( 1 )  

t t X  A , C , B ,N No (2) (2) n x  A ,C , B , N  No (2) (2) 

tb b b b b 
A,N Yes (3)  (0) * 'Ul1U' 0 Ye s (3)  (3)  (4) 

4 
b b b b tt; � 0 Ye s (3)  (3)  (4)  A , N  Yes (3)  None 

�� A , N  No (3)  (3)  tk A , N  No (3)  (3) 

6 u;; A , N  Ye s (6) � n  B ,C,N Yes (6) 

R E M A R K S  

Tests 1 and 2 are to check normal positive sequence rotation of phases. 
Tests 3 and 4 simulate internal Phase A to Ground fault with single end feed. 
Test 5 simulates an external Phase A to Ground fault. (5) 
Test 6 simulates an internal Phase A to Ground fault, with equal feed from the two ends, since 
IB + Ic = - IA. with balanced load. 

LEGEND OF 
TEST SWITCH 
SYMBOLS: 

To Relay 
� 

N A B C  t t t t 
N A B C  

� 
To C . T . ' s  

Normal Connection. 
All Currents to 
Relay. 

t t b b 
EXAMPLE tJ.M 

Phase A current from 
C. T. 's to Relay. 
Phase B and C. T . ' s  
shorted t o  neutral. 

( 1) The "pilot wire current" will vary depending upon the magnitude of the through load current 
and the characteristics of the pilot wire. See Figures 1 1  and 1 2. 

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

(3) These readings may be "off scal e ' '  depending upon the magnitude of the load current. 
( 4) The relay at this station should reset when the ' 'far : '  current is being read because the local 

relay will be receiving no current from either the pilot wire or the current transformers. 
(5) Test 4 and 5 can be repeated using phase B to neutral current, and again with phase C to 

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

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

Fig. 10. HCB R elay System Testin g Procedu re. 
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TYPE HCB PI LOT WI R E  R E LAY SY ST EM ____________________ I;_. L_ • ....:4..:....1 ·.:....:97...:.1.:.::.2c:::B 

I N T E R P R ETATION O F  TESTS 
1. Tests #1  and #2,  Figure 10, are designed to indicate that the relays have been wired 

with the correct phase rotation. When the phase rotation is deliberately a nd temporarily 
changed by test #2, then the pilot-wire currents should be substantially zero. Any small 
value of pilot wire current which appears may be due to either a small unbalance in the load 
current, or else due to harmonic currents flowing through the line. If either relay has inad­
vertently been connected for the wrong phase rotation, then the fact will be apparent when 
reading local current. Local current should be i nterpreted from Figure 1 3 ,  with the amount of 

load current which is present. If no current is read on test #1  for the local relay, and if cur­
rent for test #2 is in line with Figure 1 3 ,  then it is an indication that that particular relay 
has been connected for the wrong p base rotation. 

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

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

2 .  If the pilot wire is reversed, (a) the circulating current will be low on test # 1 ,  but it 
will be possible to read pilot-wire current from the remote relay. (b) Both relays will trip on 
test #5. If the monitoring relays also suffer from this error in connection, then the error should 
be corrected at one relay location by reversing the connections to the H1 -H4 terminals of the 

insulating transformer. However, if  the monitoring relays do not suffer from this error, then 
the polarity of the pilot wires insofar as the HCB relay installation is concerned may be 
suitably corrected by making a reversal of connections either at the x1-x2 terminals o f  one 
insulating transformer, or at the output terminals o f  the relay, #18 and # 1 9, Figure 3. 

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

the two relays with the switching arrangement as shown and discussed. However, if one or 
both relays trip , then try checking the near relay, phase-A-to-neutral current, against phase­
B-to-neutral current at the far relay. Also , check phase-A-to-neutral current at the near relay 
against phase-C-to-neutral current at the far relay. If, for example, neither relay trips when 

phase-A-to-neutral current is used for the near relay and phase-B-to-neutral current is used 
at the far relay, then it i s  an indication that what had been thought to be phase B current at 

the far location really identifies with phase A current at the near location. This identifies a 
rolled-phase condition, and also indicates the correction which must be made in the con­
nections of the current transformer input to the relay. 

4. One combination of errors which is somewhat tricky to pick up is the combination of 

pilot wires reversed plus a rolled-phase condition at one end. Let it be assumed that the pilot 
wire is reversed at the far end, making an error of 180 degrees. Then let it be assumed that 
the phases are also rolled by 1 20 degrees, thereby adding another error of 1 20 degrees. 
Adding these two together brings the total up to 300 degrees, which is within 60 degrees of 
what would be normal. Because of this , the only symptom which will appear in the first four 
tests is that the circulating current is likely to be lower than one would expect when read 
at one end or the other on test 1t l .  However, test #5 may be used to identify this combina­
tion of errors. When the condition exists as described, when test #5 is extended to check 
phase A current at the near end against each of the three currents at the far end in turn, it 
will be found that at least one of the two relays will always trip. If this condition is found, 
reverse the pilot-wire connection, check out the rolled-phase condition and correct it, and 
then proceed with all six tests. 

5. Test 1t6 is a final verification test. 

* Fig. 10 (continued} 
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TY P E  HCB P I LO T  WI R E  R E LAY SYS T E M  _____________________ _ 

LOADED CIRCU I T  T E ST 

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

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

2. Red-handl e fl exitest case switch should be op en 
to interrupt the breaker trip circuit. 

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

4 .  When the test calls for delivering only specified 
currents to the relay, it is necessary to use a 
thin piece of insulating material in the ammeter 
test j ack. For example ,  test tt5 of Fig.  10  relay 
"N" .  To apply phase A to N current to the near 
relay only, the switches asso ciated with termi­
nal s  6 ,  7, 8 ,  9 of figure 3 must be open.  Op ening 
switches 6 and 8 short circuits the current trans-

* form ers for phases B and C. However, i t  i s  a l so 
necessary to i n sert the i n su l at ing m ateri al i n  the 
ammeter test j ack s associ ated with termina l s 7 
and 9 in order to break up th e connecti on between 
the fi l ter in the rel ay ch ass i s  and the grounded 
input c i rcuits from current tran sformers i n  phas­
es B and C. 

5 .  To facilitate making test tt2  of Fig .  10 ,  two am­
meter t est plugs wired together with a foot or two 
of flexible wire should be used.  With these two 
t e s t  plugs suitably wired together,  one of them 

may be shoved in the amm eter test j ack associ­

ated with terminal 7, Figure 3, and the o ther 
shoved in the ammeter test jack associat ed with 
terminal 9 , Figure 3. (This should not be don e  
until the switches for terminals 6 and 8 have been 
open, thus short circuiting the current transfor­
mers involved). It is desirable to wire the test 
plugs together such that when one is shov ed in 
the one ammeter test j ack with the red side up,  
and the other is shoved in the other ammeter test 
jack with the black side up , it is then known that 
the B and C phase currents to the relay have been 
reversed at the input to the chassis in line with 
test tt2 ,  Fig .  1 0. After these test plugs are pro­
perly inserted, it is then appropriate to close the 
switches associated with terminals 6 and 8, Fig. 
3,  in order to remove the short circuit from the 
current transformer secondaries.  

1 8  

Perform the tests a s  indicated i n  Figure 1 0  rec­
ording 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 10 refer to the test switch positions, ' 'CIRC ' '  
and "REM. " For tests 3 to 6 o f  Figure 1 0 ,  the input 
cunent should be increased to about 1 .  5 amperes by 
an auxiliary current transformer, if the secondary load 
current is below thi s 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 1 3 . 

THR E E  T E R MINAL LI N E S  

A similar procedure to Figure 1 0  should be  fol­
lowed for three-terminal line applications. In this 
case open the line circuit breaker at one terminal, 
and disconnect 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 terminal 
line. Now perform the normal tests as outlined 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. 

E N E RGY REQU I REMENTS 

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 1 = 0 .075 and R0 = 0 . 39  

Phase A 
Phase B 
Phase C 

1 .  25 volt-amperes 
0 .30  volt-amperes 
0 . 90 volt-amperes 

oo 
285° 

45° 

For tap 4, R1 = 0. 1 5  and R0 = 1 . 6  
Phase A 2 .3 volt-amperes 1 20° 
Phase B 
Phase C 

4 . 6  volt-amperes 
5. 3 volt-amperes 

285° 
45° 

The angles above are the degrees by which 
the  current lags i ts  respective voltage .  
The continuous rating of the relay is 1 0  
amperes. 
The two-second overload ratings of the relay 
are 1 50 amperes phase and 1 25 amperes ground 
currents. 
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TY PE HCB PI LO T  WI R E  RE LAY SYS TE M  --------------------' · L_._4_1 -_97_1 ._2B 

POS I T I VE SEQUENCE AMPERES ( 6 0  CYCLES) I N  BOTH RELAYS 

Fig. 1 1. Typ ical Test Output vs. Input Relay Current in 
a Two-Terminal Line with Zero Pilot-Wire Resis­
tance . 
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Fig. 13. Typi cal Curve of Relay Output vs. Positive­
Sequence Input - Test Switch in Local Position. 

... ... 

i B to 
... "' 
:a .. 3 5 0:: 

0 
0 

PI LOT .W IRE RESI STANCE • 2000 OHMS 
TAPS: T • �. R o • . 1, Ro • 1 . 8  

NAIIMUN RESTRA INT TAP 
�I LOT W I RE CAPAC I TANCE•0 .75 MFO. PER TERMINAL 

C I RCULAT ING 
CURRENT 

• c t Rc• 

FAR RELAY 
CURRENT 

'REM' 

POS I T I VE SEQUENCE AMPERES (60 CYCLES) IN BOTH RELAYS 

Fig. 12. Typical Test Output vs. Relay Current in a Twa­
Terminal Line with 2000-0hm P ilat-Wire Resist­
ance With or Without 10-mfd Capacito r. 

2 HOLES 

• 

c;; 31.5 r OIIMS 

A 

Fig. 14. Outline and Drilling Plan ofS# 72099 9 7  B alancing 
Resistor for Three-Terminal Line Applications. 
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TY P E  HCB P I LOT WI RE RE LAY SYS T EM ______________________ _ 
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20 

POLARITY 
MARKS 

X� 

rml l1  
H4 H3 H2 HI 

CLAMP TYPE TERMINAL 
----- 2�-1 // FOR * 4  WIRE MAXIMUM 

��--�- %/ 
T 1/ I 
I ! 
i 

� 

� 
I ! I 
I rtli<D <I) 
I I I /l DIA. MTG. HOLES / 16 4 TOTAL /1 

_L__j_�F====r� ::t:.:.___t_ I : -5� ---� 

3 ! �---- - - - - - -- 6 4  - --. 

OUTLINE a WIRING DRAWING FOR 
HCB RELAY INSULATING TRANSFORMER 

N.T.S. 

13-C-5342 

Fig. 1 5. Outlin e an d D ri llin g P lan of HCB R el ay In sulatin g  Transformer. 

1 /4 - 28 THO TERMI NALS 

. 1 12·40 THO. 

184A739 
Fig. 1 6. O utline and Dri lling P lan of the Semi-Flush- Type 

Test Milliammeter. 
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TY PE HCB PI LO T  WI R E  R E LAY SYS TEM -------------------•;.;.;. L;.;.._,4 ..... 1 -_97_1 _. 2_B 

I 

--3 i _ _______ _j 

I H 

.2.50 O I A .  HOLE \ < � HDUS) 

L 1 

l_ -� �3 �/ - ., . \ 9 0  -31.. T HO. 

5-D-1523 
Fig. 1 7. Outline of the Test Milliammeter A uxiliary Transfo rmer. 
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DRILLING PLAN l-.7 Z.Ob� 

PIL T WIRE W-Z TEST SW. S 508A468 {GOI- G02 
PLOT WIRE TEST 

PU..L OUT LOW SCALE 
NORMAL 

"'MOTE--. I r-CIRC. � 0 �LOCA 
_; I '-

'MimQhOUH 
NPSb2A054HOI Mad••nUSA. 

CONTACT 
Al l  8 1 1  
AIZ-812 
AI � B I  
AS 85 
A6-86 
A7 :87 
C l l  0 1 1  

12- 1 2  
Cl -01 
C5 -05 
C6 -06 
C7 -D7 E 12-EI 
F12 Fl 
E6 -E7 
F6 F7 

REI\1 REI\1 
I ><1-

X X 

X X 

X 
X 

X 
X 

NORM 

X 

X 

X 

X 

p 
NORM . -

X 

X 

X 

X 

I I N 
CIRC CIRC I P.C . 

X X 

X X 

X 
X 

X 
X 

LOCAL LO AL P.C. 

X X 

X X 

X 
X 

X 
X 

X: DE NOTES CONTAC T CLOSED 
P.O. PULL·OUT POSITION SPRING RETURN TO NORMAL 
EACH POSITION WITH SPRING RETURN FROM PULL- OUT 
GOI Ys" PANEL 
G02 1 - 1  Yi PANEL 

293B226 

Fig. 18. Outline an d Drill ing Plan of the Type W-2 Test Swi tch . 

21 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  H C B  P I LOT W I R E  R E LAY SYST EM ----------------------

22 

� 

.�1, U_ _ _ h--� 
_.1 3 1  I ·1 •1 I 16 

� 6 l_J ,, 
PAIIEL LO�ATI OII � 
SEMI- FLUSH MTG· -�-�­
Pito.J ECT I 011 MTG· -

TERMINAL AIIO 
MOUIITIIIG DETAI LS 

• 1 90-32 SCREW 

PANEL 

j_ _ 
TEIIMI IIAL IIIJIBEII 

2 � � 
32 � 

5 !  ....: 
16 I • � �� .. 

; � ---. 

PAIIEL CUTOUT I Dil l LL I IIG 
FOR SEM I- FLUSH MTG. 

PAIIEL DRILL I NG 011 
CUTOUT FOil PIIO.J ECTIOII MTG· 

( FRONT V I EW) 

Dl A.IJ HOLES FOR 
• 1 9G-32 MTG. SC�EWS 

\�  

3 
• D I A . 20 HOLES 
q 011 CUT OUT 

57-D-7905 

Fig. 19.  Outline and D ri lling P lan fo r th e Typ e HCB Relay in the Type F T-42 Case. 
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TY P E  H C B  P I LOT W I R E  R E LAY SY ST EM ___________________ ....:.;I·;.::L.:..... 4.:....1.:....·9..:..7.;.;.1 .::.;;;28  

PI LOT-WI R E  EN E RGY 

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

pilot-wire channel. 

R E N EWAL PARTS 

Repair work can be do ne most sati sfactorily 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. 

APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HCB REL AY 

Transformer 

Polar Unit 
Polar Unit 

Resistor 
Tube Resistor 
Looped Resistor 

Rectifiers 

Indicating Contactor Switch 

Secondary Winding 

Operating Coil 
Restraining Coil 

Rc 
Ro 
R 1  
R 1 A  

Start to Tap 2 0  to 30 ohms 
Start to Finish 1 10 to 140 ohms 

Maximum 
Minimum 

290 - 320 ohms 
1 2 - 16  ohms 

9 - 12  ohms 

4 1 - 44 ohms 
As Marked on Ro Tap Plate 
As Marked on R1 Tap Plate 
As Marked on R1A Tap Plate 

IN9 1 Germanium Diodes 

0 . 2  amp. Tap 6.5 ohms 
2.0 amp . Tap 0 . 15 ohms 
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I N S''"' "" L L A TI O N  
Westinghouse L L. 4 1 -97 l . 2B 

• OPERATI O �,,,,"" • M A I N TE N A N C E  

I N S T R U C T I O N S  
TY PE H C B  PILOT W I RE RELAY SYSTEM 

CAU TION 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.  

A P P L I C A T I O N  

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

C O N S T R U C T I O N  

The relay consists of a combination positive and 
zero phase sequence filter, a s aturating auxiliary 
transformer ,  two full wave rectifier units,  a polar 
type relay unit, a neon lamp , and an indicating con­
tactor switch (ICS), all mounted in a single case. 
The external equipment normally supplied with the 
relay consists of an insulating transformer, a milliam­
meter and test switch. 

SEQU E N C E  F I L T E R  

The s equence filter consists of  a three-l egged 
iron core reactor and a s et of resi stors designated R l  
and Ro. The reactor h a s  three windings; two primary 
and a tapp ed s econdary winding, wound on the c enter 
l eg o f  a "F" typ e of lamination. The secondary tap s 
are wired to th e circularly arranged R l  tap connec­
tions in the front of the relay. The R l  tap link s al so 
connect to the R 1 resistor (loop ed resistan c e  wire). 
Ro con si sts of three tube resi stors with tap s  wired 

SU P E R S E D E S  l . l .  4 1 -97l .2A 
*Denotes c h a n g e  from su perseded i s s u e .  

to the circularly arranged Ro tap conn ections  i n  the 
front of the relay. R lA tap s are on the R 1 resistance 
wire and are wired to the circularly arranged R l A  
tap connections i n  t h e  front of the relay. 

SATU RATI NG TRANS FORM E R  

The output o f  the s equence filter connects to the 
primary of a two-winding saturating transformer. The 
primary winding is tapped and wired to a tap block T 
in the front of the relay. The secondary winding is  
connected to the neon lamp and from a fix ed tap to 
the relay coil circuits. 

POLAR R ELAY U N I T  

This unit consi sts of  a rectangul ar- shap ed m ag­
n etic frame, an electromagnet, a permanent magnet, 
and an armature with either one  or two contacts. The 
pol es  of  the cresent-shap ed perm an ent magnet bridge 
the m agnetic frame. The magnetic frame consists 
of three pieces joined in the rear with two brass  
rods and silver solder. Thes e  non-magnetic joints 
represent air gap s which are bridged by two adjust­
able magnetic shunts. The op erating and restraint 
windings are concentrically wound around a m ag­
netic  core. The armature i s  fastened to this core at 
one end and floats in the front air gap at the other 
end. The moving contact i s  connected to the free 
end of a l eaf spring. 

R ESTRA I N T  TAPS 

A set of  restraint taps are located on the front of 
the rel ay n ear the polar unit. These tap s  are the 
maxirnum and minimum restraint tap s of the relay. 

I ND I CATI NG CONTACTO R SWI TCH U N I T  ( I CS) 

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

E FF EC T I V E  MARCH 1 966 
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TYP E  HCB P I LOT WI R E  R EL AY SYS T EM ----------------------
gers o n  the armature deflect a spring located on the 

""'' front of  the switch, which allows the operation indi­
cator target to drop. The target is reset from the out­
side of the case by a push rod located at the bottom 
of  the cover. 

ff'� ' � 

� 

The front spring, in addition to holding the target, 
provides restraint for the armature, and thus control s 
the p ick-up value of the s witch. 

O P E R A T I O N  

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

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

During an external fault, assuming matched relays, 
the magnitude of Vs at both stations will be the same. 
The relative polarities of the Vs voltages will be as 
shown in Figure 4. Since the voltages add ,  most of  
the , current will circulate through the restraint coils 
and the pilot wire ,  with a minimum of operating coil 
current. The relative effects of the operating and re­
straint coil currents are such that the relay is restrained. 

During an internal fault, the relative Vs polarities 
reverse. Since the Vs voltages now oppose each other, 
most of  the current flowing in the restraint coils is 
also forced through the operating coils with a mini­
mum of current in the pilot wire . This increase in 
operating current overcomes the restraining effect 
and both the rel ays operate. 

2 ,!"' 
........... 

Within limits,  as defined in Figure 7 and under 
"Characteristics , " all the relays will operate for an 
internal fault regardless of the fault current distribu­
tion at the various stations. The nom inal 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 = 1 2  amperes. 

P I L O T  W I R E  E F F ECTS 

In Figure 4 it can be seen that a short-circuited 
pilot wire will short circuit the rel ay operating coils .  
Depending on th e location of  the short,  ;:t least one 
of the relays will fail to trip during an internal fault. 
If the pilot wire is open circuited, almost all th e re­
straint coil current will flow through the operating 
coil  and the rel ay operates as an over-current device.  

Excessive pilot  wire series impedance \\·i ll ap­
pro ach an op en-circuited condition and the rel ays will 
operate during external faults. Excessive pilot wire 
shunt capacitance will approach a sho rt-circuited con­
dition and the relays will not operate. 

O P E RATI NG U N I T  TH EORY 

The polar unit flux p aths are shown in Figure 5 .  
With balanced air gaps, the p ermanent magnet pro­
duces flux flowing in two paths,  one through the 
front gaps and one through the rear gaps.  This flux 
produces north and south poles, as shown. By turning 
the left shunt in, some of the flux is forced through 
the armature, making it a north pole. Thus ,  reducing 
the left-hand rear gap will produce a force tending to 
pull the armature to the right. Similarly, reducing the 
right-hand gap will produce a force tending to pull 
the armature to the left. 

C H A R A C T E R I S T I C S  

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

Vp = 2IA l  R l + lAo ( R l + 3R0 ) volts ( 1 ) 

where R1 and R0 are the positive and zero sequence 
tap values,  respectively; 

IA l  and lAo are the positive and zero sequence 
phase A current inputs ,  respectively, in amperes. 
The s e  are vector quantities .  

..,.; 
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TY P E  H C B  P I LO T  W I R E  R E U t:'f S Y ST EM 

COMMON 
CONN ECTION 

3 TU B E  RESI STO RS 
( Ro) -----=-

TAP BLOCK 

=--- 3 WI N D I N G  

I N D I CATI N G  
CON TACTO R 
SWI TCH 

F . 1 T HCB R elay Without  Case (Front View). r g. • ype 

MUTUAL R EACTO R 
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T Y P E  HCB P I LO T  WI R E  R E L AY SYS T EM  ____________________ _ 

Iff" � 

c 

(; 

0. 1 5 R 1 A rc --- - ,,;......-_;r -�::-TAP ..__ - - ·  

0. 07 R 1 A -- - -
TAP 

COMMON O F  
R 1 A AND RO 

D I O D E  
B R I D G E S  

;:-;: N EO N  LAMP 

F O RM R ESISTO R  ( R l ,  R l A) 

0.07 R 1 A TAP 

0. 1 0 R 1 TAP 

Fig. 2 Type HCB Relay Without Case ( R ear View) .  

,,'.!""" 
........ ...., 

.. � � � 

.I 

• 

1 
f ,, i i 
I � r !l 
1 i ' i 

- i 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 

TYP E H C B  P I LOT W I R E  R E L A., ,,.,Y ST EM---------�- I .L.  41 -97 1 .2B 

llllt.&llllll �•uerott !'liTeM 

TutE ---­IEl!STOI 

lOT!: TOMIUlS S,,;l,l I Itt TO IE JtJIP'UEl) AT tElJT ClS! 

INTERNAL SCHEMATIC 
® 8 � �� 19 @ @ @ I I  :-o-- -- --o--o--o--o--o--o-- -: [_<) 

__ _ 

---
_

_ Q 
__ Q __ Q _ _ 

Q 

_

_ Q 
__ 

Q 
_

_ _  j 

629A312 
Fig. 3.  Internal Schematic of the Type HCB Relay in 

F T-42 Case (Double Trip Circuit). For the Single 
Trip Relay th e Circuits A ssociated with Terminal 
II  are omitted . 

SI N GL E R E L A Y  P I CK U P  ( P I L O T  WI R E  O P EN) 1 5  

Single relay pickup, Is, i s  defined as the phas e 
current required to operate one relay with the pilot 
wire side of the insulating transformer open circuited 
(H l-H4) .  The single relay pickup point in terms of 
filter voltage is :  

VF = 0 . 2T ( 2)  

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

( 3 )  

Current Is varies with the type o f  fault. For ex­
ampl e ,  for a 3 phase fault, I s = IA 1 . since only posi­
ti> e sequence current is present. Substituting Is = IA l 
in Eq. (3 )  & re arranging, the 3 phase fault pickup is :  

0 . 2T T Is = IA l = -- =  -- ( 3  phase fault) 
2 R 1 1 0R1 

If R 1 = 0 .  1 ,  R0 = 1 .  6 & T = 4 : 

Is = _I_ ::: -4- = 4 amp .  (3  phase fault) 
10R 1 l OXO. l 

(4)  

For  a phase A to ground faul t, if I A 1 = I A 2  = I AO 

( IA2 is the phase A negative sequence current): 

0 . 2T = 2IA 1  R1 + lA l ( R 1 + 3Ro) 

I _ 0 . 2T = I  A l  - 3(R l + Ro) 
AO 

But: Is = iAl  + IA 2  + lAO 

= 3IA 1  

So : Is = 3IA 1  
0 . 2T 

(A-G fault) 
Rl + Ro 

If R1 = 0. 1 ,  R0 = 1 . 6 & T = 4:  

I _ 0 . 2T = s -
R l + Ro 

0 . 2X4 
0 . 1 + 1 . 6  

= �:� = 0 . 47 1 amp . ( A-G fault) 

NOMINAL P ICK U P  (ALL R E L AYS) 

The nominal pickup , Inom• is defined as 

where Inom = total internal fault current 
K = number of relays ( 2 or 3) 

Is = singl e-relay pick up with pilot wire 
disconnected (see above) 

(5) 

(6) 

For example ,  for a phase-A-to-ground fault, lA l = lAo 
with the pilot wire open circuited ,  the single-relay 
pickup was previously determined as l AG = 0 . 4 7 1  am­
pere.  For a two-terminal line, the nominal pickup for 
a phase-A-to-ground fault (R 1 = 0 . 1 ;  Ro = 1 . 6 ;  T = 4) 
is :  

Inom ( A  t o  G) = 0 .47 1K  = 0 . 47 1 x 2 = 0 .942  ampere.  

M I N IMUM TRIP (ALL R EL AYS) 

With equal inputs to all relays and zero pilot-wire 
shunt capacitance,  the relays will operate :;.t their 
nominal pick-up point. The minimum trip points will 
vary somewhat from nominal value ,  dep ending on the 
pilot-wire constants and the magnitude and phase 
angl e of the various relay input currents. For exam­
ple ,  Figure 6 show s the relay operati ng points for a 
two-terminal line , assuming input current to the near 
relay,  only. 

An example of the characteristics with various 
current distributions is shown in Figure 7 .  The filter 
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TYP E HCB P ILOT WI R E  R EL AY SYSTEM __ 

'-· 

" 
A 

8 

c 

I N SULAT I NG TRANSFORMER 

' 

I 

c���: I LO���\ � 

R - RES TRA I N T  CO I L  
O P  - OPERAT I N G  CO I L  

W I RE 

Vs - SATURAT I H a  TRAMSFORMER VOLTA � E  OUTPuT 
( RELAT I V E POLAR I T I ES ARE FOR THRU C u RRENT OR EXTERHAL FAULT) 

S I MPL I F I ED EXTERN A L  SCHEkATI C OF HCB SYS TEM 

H 
A 
B 
c 

183A061 
Fig. 4. Simplified External Sch ematic of the HCB R e lay System. 

-- P£RMAit ENT 

MAuHET 

I I �  .. I l l A R MATUR E 

----- MO''I I Ii -3  COHTACT 

BALAkCED A i d  ·�APS 

SHUN T 

� A D D I T I OHAL .------' 1 1 F LU X  PATI1 

UH aALAHCED A I R  �APS 

183A062 
Fig. 5. Polar Unit Perman ent  M agnet Flux Path s. 

output voltage, Vp. of e ac h  r el ay ,  as defined by 
equation ( 1 )  must b e  in phase or 180 degrees out o f  
phase, i n  o rder f o r  Figure 7 t o  apply. 

I NSULA T I N G  T R ANSFORME R 

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

P ILO T-WI R E  R EQU I R EM EN TS 

c The r el ays s hould not be applied with pilot-wire 
s eries r esistance or shunt c ap acitance exce edin6 the 

� 

following valu es:  

TABL E I 

Ir:sul ating Transformer Ratio 
No. o f  4/ 1 6/ 1 

Relay s  
RL cs RL I cs I 

I 

2 2000 1 . 5 I - -

3 500/L EG 1 . 8 1 1 0 00/L EG 0 . 7 5  
----

RL = series loop resistance in ohms.  
Cs = total shunt capacitanc e in microfarads. 
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T Y P E HCB P I LOT WI R E  R EL.., .' SYS T EM ___________ �,'--------..!:' ·:.!:L:.:.... �41�-9�7.!..:1 -.!!!..2 8 

R = P I LOT W I RE RESI STANCE IN OHMS 

M I C ROFARADS D I ST R I BUTED CAPAC I TY = .OO i R 

Fig. 6 Typical Curves Showin g the Effect of th e P ilot 
Wire on M in imum Trip Current, Two· Terminal 

L ine (Maximum Restraint Tap). In sulating Trans· 
former 4/ 1 ratio. 

Where the shunt capacitance exceeds the above 
amo unt, it may be feasible in some cases to. provide 
shunt reactors to compensate for the excessive ca­
p acitance. The amount of capacitance which can b e  
comp ensated i s  limited and varies depending upon 
the magnitude of the pilot-wire distributed effect. 

A shi elded , twi sted pilot wire p air, preferably of 
;: 1 9  AWG or larger, is r ecomm ended; however, op en 
wires m ay be used if they are frequently transposed 
i n  areas of exposure to power circuit inductio n. The 
voltage impres sed across either i nsulating transforme r  
( H- 1 t o  H - 4 )  a s  a re sult of induction o r  a r i s e  in sta­
tion ground potential ,  should b e  less than 7 . 5  volts to 
prevent undesired relay op eration. 

For three-terminal applications, the loop resist­
anc e o f  all legs of the pilot wire must be b al anced 
within 5 p ercent, with v ariable resistors as shown in 
Figure 8. The pilot wire resistance to b e  balanced i s  
divided by 1 6  and 3 6  for the 4 t o  1 and 6 t o  1 ratio 
insulating transform ers respectively , since th e bal­
ancing resistors are located on the relay side of the 
i nsulating transformers.  

Induced voltage s  and rises in station-ground po­
tential may be handl ed by the followi n g  means: 

a) N eutralizing reactors m ay b e  con n ected in 
seri e s  with the p ilot wire to hol d the p ilot wire 
po tential clo se to th e remote ground potential i n  
th e presence o f  a ri s e  in station- ground potential. 

They do not limit pilot-wire voltages to safe val u es in 
the presence of a longitudinal induce(! voltage. Wh en 
u sing the n eutralizing reactor, the pilot- wire sheath 
should be i nsulated from station ground to minim i z e  

* sheath-to-p air potenti al in t h e  presenc e o f  a ri se i n  
station-ground potential. All o ther p airs in t h e  c abl e 
which are connected to station gro un d  should also b e  
p rotected with n eutralizing reactors to minimize p air­
to-p air voltages. 

b) Drainage reactors may be connected acro ss 
the pilot wire and to ground through a KX642 pro­
tector tube. The drainage reactor is particularly ef­
fective iri limiting pair-to-ground voltage in the pre­
sence of an induced voltage. When the tu be fl ashes,  

, both wires are connected to  ground through the  
drainage reactor windings which offer a low imped­
ance to ground but maintain a high impedance to an 
a-c voltage across the wires. Thus, the HCB system 
will operate norm ally even though the protector tube 
has fl ash ed o ver. The drainage reactor i s  not intend­
ed to h andl e a ri se in ground potential . 

c) The neutralizing and drainage reactors m ay b e  
utilized together. I f  t h e  neutralizing reactor i s  to b e  
o f  any v alue,  t h e  drainage reactor through the KX642 
protector tube must be connected to  remote ground. 

T R I P  C I RCU I T  

The m ain contacts will safely close 3 0  ampere s 
at 2 50 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 break er. 

The i ndicating 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 th e tap block to the desired setting by means 
of a screw connection. 

S E T T I N G S 

There are four setting s in the relay. The correct 
tap setting should be determined as outlined under 
"Setting Calculations " .  

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

2) T tap- 4,  5 ,  6, 8 ,  1 0 , 1 2 ,  and 1 5  
T o  change taps,  loo sen center screw and mov e 
tap link to desired setting. Tap screw and c en­
ter screw to be tight after tap c hange is made. 
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TYP E HCB P I LOT W I R E  R E L AY SYSTEM----------------------

3) R 1 tap- 0.07 ,  0 . 1 0 ,  0 . 1 5  

� To change tap s,  loosen center screw and move 
tap link to d esired s etti ng. Ins ert two tap screws 
at each end o f  the tap link and tighten center 
screw as well as two tap screws. 

4) Ro tap- 0 . 39 ,  0 . 5 1 ,  0 . 68,  0.90, 1 . 2  and 1 . 6  
T o  change taps,  loosen center screw and move 
tap link to d esired tap. Tap screw and c enter 
screw to be tight after tap c hange is m ade 

* 5) Ria Tap s - (0 . 07, 0. 10, 0 . 1 5) 
No te: The Ria tap s  are util i ze d  where no zero 

sequence s en sitivity i s  desired. I t  i s  recom­
m ended that the se tap s be s et in the same 
tap as the R 1 tap for all applications. 

To change tap s, loo s en center screw and move 
tap link to d e sired tap. Tap screw and center 
screw to b e  ti ght after tap change is m ade. 

I NDICATING CO N TACTOR SWI TCH ( I CS) 

. The only setting required on the ICS i s  the sel ec­
tio n of the 0 . 2  o r  2 . 0  ampere tap s etting.  This selec­
tion is made by connecting the l ead located in front  
o f  the tap block t o  t h e  d esired setting by means of 

.�· ·�e connecting screw. 
�· 

S E T T I N G C A L C U L A T I O N S  

The HCB relay has four s ets o f  tap s :  R 1, T, R0 , 
and restraint t ap s .  The following discu s sion estab­
lishe s  limits for the various tap settings u nder dif­
ferent operating conditions.  I t  should be k ept in mind 
that s ettings to obtain o peration on minimum i nternal 
fault conditions are based on the total fault current 
that flows into the protected line from all terminal s .  

TERMS 
R 1 , T, R0 - Relay tap s  

� 

1 0  

I 3p - total minimum internal 3-phase s econd­
ary fault current fed from all t erminal s .  
divided b y  t h e  number of terminal s  
( 2  o r  3 )  

IL - maximum secondary load c urrent flow­
ing through the protected line. 

Ig - total minimum s econdary ground fault 
current fed into the protected line from 
all terminal s ,  divided by the number of 
terminal s .  

"' '-" 

Ino m.  (P-P) - nominal internal phas e to phase fault  
sen sitivity. 

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

RNc (I) ,  RNc ( II)  - current tran sformer ratio at 
Station I and II respectively. 

P HASE FAULT S E NSI T I V I TY 

The phas e fault pickup is determined by the R 1  
and T tap s. I n  order to op erate o n  the minimum line­
to-line fault current, the R 1 and T tap s  should be set 
for not more than: 

T 
R l = 5I3P ( 7 )  

I n  o rder to p revent op eration o n  l o ad current i f  
t h e  pilot '�ires beco m e  op en circuited, th e R 1 and T 
tap s shoul d  be set  for not l ess than: 

T 
R l 

= lOlL 

The available taps are :  
R f  0 . 07,  0 . 10 ,  and 0 . 1 5  
T : 4 ,  5 ,  6 ,  8 ,  1 0 ,  1 2 ,  and 1 5  

(8)  

Where sufficient fault current i s  availabl e ,  i t  is  
recomm ended that the relays be set as  follows:  

T 
--= 1 . 25 X lOIL = 1 2 . 5IL R l 

(9 ) 

The required T/R1 ratio m ay be obtained by any 
combination of T and R 1. However, th e T tap must 
be s et the same at all stations . Th e R1 tap s may b e  
utilized t o  comp ensate for different C T  ratios with 
two-terminal lines if the pilot- wire loop resistance is 
1 000 ohms o r  less . Auxiliary C T ' s  and identical R 1 
tap settings must be used with different main C T  
ratios on all three-terminal lines and on two-terminal 
lines with m ore than 1 000 o hms loop resistance in the 
pilot wire. 
G ROUND FAULT S ENSI T I VI TY 

The ground fault pickup i s  d et ermined by R0 and 
T taps. (T should be determined by the phas e set­
ting. )  In order to operate o n  the minimum lin e-to­
ground fault current, the R0 tap setting should be 
not less than: 

R _ 0 . 2T 
0 - ---

Ig ( 1 0 )  

""""' 
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The avai labl e Ro tap s are: 0 . 39 ,  0 . 5 1 ,  0 . 68 ,  0 . 90 ,  
1 . 2 . and 1 . 6 . 

The R1 A  taps, 0 . 07 ,  0 . 1 0 ,  and 0 . 1 5 ,  are utilized 
to set R0 = 1/3 R 1 , where no zero sequence sen sitiv­
ity is desired. Equation ( 1  0) does not apply for the s e  
three tap s .  

For' overhead lines,  it  is recommended that the 
1 .  6 R0 t ap be used to obtai n maxi mum s ensiti vity. 

. For cable ci rcuits ,  w h ere the line c harging cur­
rent exceeds 5% of nominal p ickup current, s et R0 
for about : 

- T Ro - --7 . 5  

The R0 t ap s  need not be identical a s  required 
with the R 1 t ap s  for thre e  terminal lines and two 
terminal lines over 1000 ohms pilot wire re sistance, 
where the zero sequence relay cur rents at the line 
termi nal s  are not id entical for  an external fault.  How­
ever, for a conventional line s ecti o n  the R0 taps are 
set i n  the same proportion as are the R 1 tap s .  

R ESTRAI NT TAP 

Set i n  maximum restraint tap for all two-te rminal 
lines.  Set in mi nimum restraint t ap for all three­
termi nal lines.  The use of maximum re straint on two 
termi nal app lications allow s the relay to be used for 
all pilot wires as indicat ed in Tabl e I .  The use of 
minimum restraint on three terminal applications com­
p en sates for the des ensitizing effect of a third ter­
minal .  

Note: T h e  relay p ick-up calibration m us t  be chang e d  

i f  s e t  i n  t h e  m inimum res traint tap. See "Ad­

jus tments and Maintenance . "  

TAP P E D LOADS 

Where one transformer bank i s  tapp ed to a line 
protected with tv.o HCB relays,  the critical point i s  
t o  s et above t h e  fault current flow for a fault o n  the 
other side of the bank.  Set the R1 and T taps for 
not l ess than: 

( 1 1 )  

where I3 PL = total current for a 3-phase fau lt o n  the 
low side o f  the bank . 

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

i n  del t a) .  Ordinarily this me ans that the Ro tap set­
tings need not be changed,  since no zero- sequence 
current flows in the line when the low side is 
ground ed. 

SETTING E XAMP L E  

CASE I 
Assume:  

Two-terminal l ine .  
CT ratio = 600/5 
Full-load current = IL = 400A 
Minimum 3-phas e internal fault current : 

Through Station I = 1 500A 
Through Station II  = 2500A 

Minimum internal line- to-ground fault 
current: 

Through Station I = 
Through Station II = 

P hase fault pickup : 

4 00A 
0 

T . 1 500 + 2500 5 - (m aXImum) = 5I 3p = 5 x x -- =- 8 3 . 3 R t 2 600 

_!_ ( maximum ) = lOlL = 1 0  x 400 x -5- =  3 3 . 3  
R 1 600 

The phase fault current i s  sufficient to 
allow the relay to be set to prevent tripping 
o n  an op en-circuited pilot wire .  Therefore,  se't: 

T 
R l 

= 1 2 . 5IL = 4 1 . 7 .  

S e t  both relays for :  T = 4 ,  R 1 = 0 . 1 .  

The nominal pick- up current from e quation 6 
for a phase-to-phase fault i s :  

T 4 Inom(P-P ) = 2 _ 89R 1 
= 0 _ 289 = 1 3 . 8  amperes, 

T [ I 110 m (P- P )  = ---- for three-terminal lines] 1 . 9 2R t 

Ground fault pick up : 

R . . 0 .  2T 0. 2 X 4 600 0 ( nn mmum) = -1- = ---1- x-- = 0 48 
g 400 2 5 

. 

An R0 tap exceedi ng 0. 48 will p rovide trip­
ping.  As recommended for overhead lines:  

Set R0 = 1 . 6.  
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T 

INSTRUMENT � . I TIIANSFORMER _j -�:..c--__j n_- 2, MA 

'"-'!JL'- T

•r•':">:_ _ _  ,"�"-\I"A� _f�· RELAY 

�� !!!;� ,AI p � 
87TS 87TS J!Jl,� All 

87TS fl� ( _ __ __ w� _____ j -�'I! �� ·• f Bt2":L� --o 
PI PI E P 2 

87TS C�l Q' �-PILOT -;;RE"W-z TrSTSw� s •�oBA46--;--or - - ----r-;:--, 

---- -�051'!10� ---� P0�-�\2 N� � :2 
ONTACT�r�MJN��!�£· ��'!_c;;. !:�� Lp_CA_L 

' 

P.O.l -- rP.O� �-0. _ P. O. , .. 
\ 

�\_ INSTRUMENT TRANSFORI.4fR 
g::::�5M�

A
(IN PULLOUT 

POSITION) 
O-5 MA {IN PlLLOUT 

POSITION) 
X'DENOTES CONTACT CLOSED. 
P.O.-PULL OUT POSITICN 

PILOT WlRE TEST 
PULL OUT LOW SCALE 

E12- E I  
F12-FI £6-(7 X 

SPRING RETURN TO NORMAL. 
F.ACH POSITION WITH SPRING 
RETURN FROM PULL OUT. 
GOI- 18 • PANEL G02-I - t Y2" PANEL 

F6-F7 J X 

, �z�� 
�� J;J� :IJ?-

0·� 
REMOTE POSITION NORMAL POSITION 

H2I.U: TEST SWITCH IS SUPPU£0 WITH ASSEio«<LED CONNECTORS, TI-US EXTERNAL CONf£CTIONS NEED ONLY BE MADE AT 
DESIGNATE!) TERMINALS. (r• �) 

� TEST SWITCH CONTACTS SHOWN tN"NORM� POSITION. 

CIRCULATING POSITION 

NORMAL 

REMOTE, I .r- CIRC � o:LOCAL 
J I '� 

_ _____) 

293B225 

'-' Fig. 9. H C B  R elay Test C ircui ts wi th Sl:f508A46860 1 - G02 Type W-2 Swi tch an d S tt29 1 B 3 18A09 Milliammeter 0- 5-25 m a. 

� 

1 2  

The ground fault nominal pickup i s :  

I (p G) _  0 . 4 T  1 . 6  
nom - - -- = -- = 1 . 0  ampere,  

R 0 1 . 6  

[ Inom< P-G) = 0
R,

6T 
= for thre e-term inal line s ]  0 

Restraint tap . 

U s e  maximum restraint tap .  

CASE I I  (DI FFERENT C T  RATIOS) 

A ssume 400/5 CT' s at Station II and 600/5 
CT' s at Station I, with less than 1 000 ohms 
pilot wire loop resistance. 

At Station I, set R0 = 1 . 6  as in Case I.  How­
ever, s et R 1 = 0 . 1 5  to obtain R 1 settings pro­
portional to the CT ratio. From equation 6: 

T = 1 2 . 5R 1IL = 1 2. 5  X 0 . 15 X 400 = 7 . 5  

S e t  T = 8 

Station II settings are: 
RNc OI) 400 R 1 = 0 . 1 5 RN c (I) 0 . 1 5  x 600 = 0 . 1 0  

\.,.,..., 

T = 8 (Same as Station I)  
400 

R0 = 1 . 6  X 600 = 1 . 07 (Set 1 . 2) 

I N S T A L L A T I O N  

The relays should b e  mounted on switchboard 
panels or their e quivalent in a location free from dirt, 
moisture, excessive vibration,  and heat. Mo unt the 
rel ay vertically by m e ans of the four mounting holes  
on the  fl ange for s emi-flush mounting, o r  by mean s  of 
the rear mounting stud o r  studs for proj ection mount­
ing. Either a mounting stud or  the mountin g  screws 
m ay b e  utilized for grounding the rel ay. The electri­
cal connections m ay be m ade ·directly to th e termi­
nals by me<;.ns of screws for steel panel mounting or 
to the terminal studs furni shed with the relay for 
thick panel mo untin g. The t erminals studs m ay be 
easily removed or i ns erted by locking two nuts on the 
stud and then turning the proper nut with a wrenc h .  

For detailed Fl exitest c a s e  i nform ation,  refer to 
I . L . 4 1-076.  

A D J U S T M E N T S A N D  M A I N T E N A N C E  

CAU TION Make s ure that the n e o n  lamp is in place 

whenever re la y  operation is b �  ing c h e cked. 

..., 
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ACCEP TANC E T ESTS 

The following t ests are recomm ended wh en the 
relay is received from the factory. If the relay does 
not perform a s  specified b elow, the relay either i s  
not calibrated o r  i t  contains a defect. 

M a i n  U n i t  

Connect t h e  relay t o  the insulating transformer, 
as shown i n  Figure 8 ,  and set R 1 = 0 . 1 0 ,  R0 = 1 . 6 ,  
T = 4 ,  and maximum restraint tap. With the i nsul at­
ing transformer terminals H 1 and H4 open circuited, 
measure the minimum pick� up current. l7 9  (min . ) .  
with current app li ed through terminals 7 and 9 .  This 
value should be: 

l7 9  (min. ) = 6.  94 ±5% amp eres. 

Now. connect a r esistance, Rpw. acro ss H1 and 
H4 of the insulating transformer, with a 1 D- mfd capac­
itor connected betw een H2 and H 3 .  Connect a ca­
p acitor, Cpw. in parallel with Rpw· With R p w  and 
C PW set  as specifi ed in Table II suddenly apply 
l3 5  = 30 amp eres (through terminals 3 and 5 ). 

TABL E I I  

Rpw Test - Max. Restraint Tap 

R1 = 0 . 10,  R0 = 1 . 6 ,  T = 4 

Insulating Rpw t Cpw 
Transformer in in 

Ratio ohms microfarads 

4 to 1 1 200 1900 0 . 7 5  
6 t o  1 2700 4300 0 . 3 3  

t The relay should not ope rate at the lower  value of 
Rpw ,  but should op erate at the higher value.  

Additional tests for the sequence filter and the 
operating unit are described under ' 'Calibration 
Check . "  The s e  latter t ests are not required unless 
the relay fails to m eet the acceptance tests. 

I nd i cati n g  Contactor Swi tch ( I CS) 

Close the main relay contacts and pass sufficient 
direct current through the trip circuit to clos e  the 
contacts of the ICS. Thi s value of current should not 
be greater than the p articular ICS tap s etting being 
used. The indicator target should drop freely. 

CAL I B RATION C H E C K  

The following tests are recomm ended whenever a 

check on the relay calibration i s  d esired. 
Over-al l Rei ay Check 

Over-all calibration can be c hecked by the pro­
c edure described under " Acceptance Tests . " If the 
rel ay has been c alibrated in the minimum restraint 
tap (factory c alibration is m ade in the maximum re­
straint tap ) ,  the Rpw test should be made in accord­
anc e  with Table III instead of Table II. 

TABL E I l l  

Rpw Test - Min. Restraint Tap 

R 1 = 0 . 10 ,  R0 = 1 . 6, T = 4 

Insulating Rpw t Cpw 
Transformer in i n  

Ratio ohms microfarads 

4 to 1 800 1400 D .  7 5  
6 t o  1 1800 3 100 0 . 3 3  

t The relay should not operate a t  the lower value o f  
Rpw ,  but should o perate at the higher value.  

Sequence F i l ter: Remove tap s crew T and con­
nect a high-resi stance voltmeter acro s s  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 179 = 6.94 am­
peres (terminals 7 and 9 ). The measured open-circu"it 
voltage, Vp . should be: 

Vp = 8R 1 ±5% volts. 

( e. g . ,  if R 1 = 0 . 1 ,  Vp = 8 x 0 . 1 = 0.8 volt . ) 

Repeat this voltage measurement with I 59 = 6 . 94 
amp eres.  

Operat ing U n i t: The following test will check 
the polar uni t  calibration and the p erformance of the 
re ctifiers. Connect a variabl e non-inductive resistor 
acro ss the high-voltage termi nal s of the insul ating 
transformer ( H 1  to H4) ,  and connect d- c  milliammeters 
in series with the operating and restraining coils o f  
t h e  polar unit b y  opening these circuits. (The re­
straint can be opened at the tap circuit for max . and 
min. restraint. The op erating circuit has to be op ened 
at the polar unit . )  These milliarnmeters should have 
low resistance and should be capable of reading in 
the order of 20 to 25 rna in the operating coil and 100 
to 150 rna in the r estrainin g  circuit. Using T = 4, 
R 1 = 0 . 1 ,  R0 = 1 . 6 ,  energize the relay with r3 5  = 10 
amperes (terminal s  3 and 5 )  and increase the variabl e 
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TY P E  H C B  P I LOT WI R E  R EL AY SYST EM --------------------
resistance across  the insulating transformer high­(.� ltage terminals until the relay just trips .  The 

.,..alues obtained should conform substantially to the 
following equations: 

For minimum restraint 

10 ::: 0. 1 2  IR + 8 

For maximum restraint 

10 ::: 0 . 1 6  IR + 8 

where 10 and I R are operating and restraining coil 
coil currents, respectively, in milliamperes. The 
results are subject to variation s  b etween indi­
vidual relays, due to different exciting imp ed­
ance s  o f  the insulating transformers. However, 
the v alue should n ever be  lo wer than: 

For minimum restraint 

I0 == 0. 1 2 IR + 4  

. For maximum restraint 

10 ::: 0. 1 6IR + 4 

c\L I B RATION P RO C E DU R E  

I f  the factory c alibration has been disturbed, the 
following procedure should be followed to recalibrate 
the relay. 

F I L T E R  CAL I B R AT I ON 

A. R 1 Taps 

* 1. Disconnect T current tap link and plac e  
Ro tap in  1.6 

" 

14  

2 .  Connect vol tm eter (low-reading, high resis­
tance rectox) acros s  relay terminal 2 and 
the com mon of  T tap block. 

3. P as s  5 amperes a. c. into terminal 7 and out 
terminal 9 of  th" relay. 

4. Adj u st the corresponding R 1 slide wire po si­
tion ( se e  Fig. 2 for location) to be within 
limits o f  following table for each sp ecifi ed 
s etti n g  of  R 1 tap screw. 

R. Tap 
Setting 

. 15 

. 10 

. 0 7  

Volts 
.A. C. 

0.865 ± .008 

0 . 577 ± .007 

0 . 433  ± .005 

� 

B. R 1A Tap s 

* 1. Disconnect T current tap link and set Ro 
in 0 tap. 

2. Connect a. c. voltmeter acro s s  relay terminal 
3 and the common connection of R lA and Ro 
( s e e  Fig. 2 for location). 

3. P as s  5 amp eres a. c. into terminal s 5 and out 
terminal 3. 

4. Adjust the corresponding R lA slide vi• e 
po sition ( see  fig. 2 for location) to witHin 
limits of following tabl e for each sp ecifi ed 
setting of  R lA Tap screw 

R l:A Tap 
Setting 

C. Ro Taps 

. 15 

. 10 

. 0 7  

Volts 
.A. C. 

0. 250 ± .005 

0 . 167 ± .003 

0. 1 25 = .003 

No adjustments can be  made on  the Ro resi stors. 
Value of resistance can be checked by p as sing 
5 amp eres a. c. through terminal 3 an d  out terminal 
9.  T tap must be disconnected. Follo�ing volt­
ages should b e  m easured across  terminal 2 an d  
the sp ecified tap of Ro. 

Ro Tap Volts 
Settin g  A. C. 

. 39 1 .85 ± 2. 05  

. 5 1  2. 45 ± 2. 68 

. 68 3. 28 ± 3. 60 

.90 4. 33  ± 4.  70 

1. 20 5. 78 ± 6. 27 

1 . 60 7. 72 ± 8 . 38 

* Pol ar  U n i t  Contact Adj u stment: Place a 0 . 088 
to 0.09 5 inch feel er gage between the ri ght hand 
pol e face and the armature. This gap shoul d be 
m ea sured near the front of  the right h and pol e face. 
Bring up the back-stop screw until it j u st mak e s · 
with the moving contact. Pl ac e  a 0 . 045 to 0 .050 
feel er gage between the moving contact and the 
stationary contact on the l eft-hand side of the polar 
unit. Bring up the stationary contact until it j ust 
m ak e s  with the gage and lock in  place. For rela__vs 
with doubl e contacts mak e  sure that both upper and 
lower contacts mak e  at the same time. 

Pol ar  U n i t  Cal i bration: Connect the restraint tar: 
link in the position in which it will be used. Con­
nect terminals X 1 and X2 of the insulating trans­
former across the pilot-wire terminals of the relay . 
Connect the relay taps on T = 4, R 1 = 0. 1 ,  R0 = 1 . 6 .  

....., 
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T h e  s ensitivity o f  t h e  polar u n i t  i s  adjusted b y  
means o f  t w o  magnetic ,  s c r e w  type shunts a t  t h e  
rear of t h e  element. Looking a t  the relay front view, 
turning out the right hand shunt decreases the amount 
of current required to clo se to the right hand stop. 
Conversely, drawing o ut the l eft hand shunt decreases 
the amount required to trip the rel ay . In gen eral, the 
farther out the s hunt screws are turned, the greater  
the toggle action will  be and as a result ,  the dropout 
current will be.lower. In adj usting the polar elements ,  
b e  s ure that a definite toggle action i s  obtained, 
rather than a gradual movem ent of the armature. 

Start with both shunt out 4 to 5 turns. Short out 
the pilot wire on the high side o f  the i n sulating 
transform er. Mom entarily apply 40 amp eres from ter­
minal s  5 to 3. No w remo ve the short from H l  to H 4  
and, adju st the right h an d  s hunt s u c h  that the con­
tacts clo se with a po si tive snappy to ggl e  action at 
l 79 = 6. 9 to 7.0  amp eres. After thi s  adjustment i s  
comp l ete, short o ut pilot wire and apply 40 amperes 
mom entarily from terminals 5 to 3. Now remo ve the 
short from Hl to H 4  and, check p i ck up for I79 · I f  
val u e  h a s  chan ged f ro m  before,  it will b e  n ecessary 
to re-adj u st the right hand shunt. Several tri al s  m ay 
b e  n ecess ary before the pickup 'hill be con stant. In 
e ac h  case, th e 40 amp eres should b e  appl i ed b efore 
any additional adj ustm ents are p e rformed on th e 
shunt. 

After the s hunts have been adj usted, apply 40 
amp eres momentarily to terminals 3 and 5 o f  the re­
l ay with the pilot wire open.  Pi ckup will be approxi­
mately 5 amp eres with current applied to terminals 7 
and 9 . Thi s change in pickup is due to a change in 
the residu al magnetism i n  the polar unit of the relay. 
In the de-energized state ,  the pe rmanent magnet of 
this unit produ ces a flux or magnetic bias to k eep 
the contacts open.  When the unit i s  energized, a 
second flux ( electrical )  is produced w hi c h  either 
add s to or  sub stracts from the magnetic flux .  When 
the electrical flux is removed, the magnetic structure 
of  the polar unit i s  changed. Hence,  the flux produc­
ed by an excess of restraint current , adds to the 
m asnetic bias, and the flux produced by an ex cess 
o f  op erating current substracts from the magnetic 
bias. This characteristic i s  i nherent i n  the polar unit 
and has no affect on the overall performance of the 
relay. 

After the shunt adj ustm ent has been m ade, 
change the input current connections to terminal s  

* 3 and 5 .  Apply 40 amp eres wi th H,  and H 4  terminal s 
shorted. Remo ve short and m e asure pick up with 
current applied to terminal s  3 and 5. The relay 
sho ul d trip with l3 5  = 0 . 45 to 0 . 55 amp eres. 

ROUTI N E  MAI N T E NANCE 

Contacts: All  co ntacts sho uld b e  cleaned period­
ically. A contact burnisher,  Stt 1 8 2A836H0 1 ,  is recom­
mended for this. purpose. The use o f  abrasi ve material 
for cle aning i s  not recommended, because of the dan­
ger of embedding small particl e s  in th e fac e of the 
soft silver and thus imp airing the contact. 

I CS U n i t: Close the m ai n  relay co ntacts and 
pass sufficient direct current through the trip circuit 
to clo s e  the contacts o f  the ICS. Thi s v alue of cur­
rent should no t be gr eat er than the particular ICS tap 
setting b eing u s ed. The indicator target should drop 
freely. 

Operating U n i t: Check th e rel ay minimum pickup , 
With the pilot wires disconnected from terminals H 1 
and H4 of the insulating transformer,  by energizing 
with ! 79 current (terminals 7 and 9 ).  Pick-up current 
should be :  

I79 ( min) T ---- ± 5o/c amp eres 
5. 7 7  R 1 

Additional tests are recomm ended with the pilot 
wire connected as de scribed under "Compl ete System 
Test. ' '  

C O M P L E T E  S Y S T E M  T E S T  

At the time o f  the initial installation and at sub­
s equ ent maintenance periods,  it is recomm ended that 
the following rel ay system check s  be made,  with tqe 
pilot wire connected. 

M I NIMUM P I CK U P  

P R ECAU T I O N :  I n  making this test with the re­
l ay in place on th e switchboard, it is necessary to 
connect the load bo x in the circuit between the relay 
and the " hot " side of the supply circuit. If this pre­
caution is not obs erved, it  is possible t.o c ause a 
short circuit l]etw een the gro unded st ation s ervi ce 
supply circuit and the ground o f  the current trans­
former circuit. 

The minimum pickup o f  each relay should be 
checked before starting the system tests. With taps 
as specified in Fig.  10, and the pilot wire circuit 
open on the high side of the insulating transformer, 
each relay should trip with IAN = 0.45 to 0 . 55 amp . 
or with IBc = 6. 9 to 7.0 amp eres 

With the pilot wire connected , energize one relay 
with IAN and determine the minimum pick-up of all re­
lay s .  Repeat this test by energizing the other relay o r  
relays . Record th e s e  val u e s  for future reference.  If the 
neon l amp is  lit during these test�. the pilot circuit is 
pre senting too high a shunting effect on the relays.  
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.----
\t.�,, 

�· 

'-' 

1 6  

C . T .  1 s  

,...... 
1--- To<n,m ! . , !on LCne �· 

"N" Relay 
rr-

Insulatlng Transformers i"\ "p" Rel . .  y l=b 1 P!lo} Wires 1 ct=l �ot Wire C urhnt" read Vlth Millie."""� 
J �---- Teot Mtches ----� j 

Note: The line should be c arrying th,ough load current amounting to at least 1 . 5  amperes as 
m easured 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 o f  both re­

lays to R 1 = . 1; R0 = 1. 6; T = 4 for this test. 
r-· ��r-----�----------� 

R ELAY " N "  RELAY " F "  
Test Relay Relay t ' Pilot Wire Current" Test Relay \ _n Pilot Wire Current" Relay 

Trip 1 Circulating j Remote 
"" . " 0  ;-.Z Switch Current Trip Circulating Remote Switch Current 

t � t t t t t t  I 
A , B ,C,N No ( I )  ( 1 )  A , B , C , !I!  N o  I (1 ) I ( 1 ) 

2 t t X  A ,C , B ,N No (2) (2) n x  I A , C , B , N I No I (2) I (2) 

u� b b b b 
A , N  Yes (3) (0) * � 

I 
0 I Ye s I (3) I (3) (4) 

b b b b tt; HiiJ1 0 Yes (3) (3) (4) A , N  Yes (3) None 4 

5 � A , N  N o  (3) {3) t4! I A,N I No I (3) I (3)  

6 u;; A , N  Yes (6) � n  ! B ,C,N I Yes I (6) I 
R E M A R K S  

Tests 1 and 2 are to check normal positive sequence rotation o f  phases. 

Tests 3 and 4 simulate internal Phase A to Ground fault with single end feed. 
Test 5 simulates an external Phase A to Ground fault. (5) 
Test 6 simulates an internal Phase A to Ground fault, with equal feed from the two ends, since 
Is + Ic = - IA, with balanced load. 

LEGEND OF 

TEST SWITCH 
SYMBOLS: 

To Relay 
� 

N A B C  t t t t Normal Connection. 
All Currents to 

N A B  C Relay. 
� 

To C . T . ' s  

EXAMPLE � 
Phase A current from 
C. T. 's to Relay. 

Phase B and C.  T. ' s  
shorted t o  neutral. 

( 1) The "pilot wire current" will vary depending upon the magnitude of the through load current 

and the characteristics of  the pilot wire. See Figures 1 1  and 1 2. 
( 2) Since the relay is temporarily connected for negative sequence, it should have practically 

zero output in this test. 
(3) These readings may be "off scale'· '  depending upon the magnitude of the load currtnt. 

(4) The relay at this station should reset when the "fa( ' current is  being read because the local 
relay will be receiving no current from either the pilot wire or the current transform ers. 

(5) Test 4 and 5 can be repeated using phase B to neutral current, and again with phase C to 
neutral current, but this is not strictly necessary on the basis that, having proved the phase 
sequence with tests 1 and 2, and having proved the correspondence o f  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 o f  the distributed capa­

city of the pilot wire in combination with the magnetizing impedance of the insulating 

transformer. 

Fig. 10. HCB R elay System Testin g P rocedu re. 
/' '--" ...., 
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TYP E H CB P I LOT W I R E  R E L  SYST EM------------"' 

I N T E R P R ETATION O F  T E STS 
1 .  Tests 1t1 and 1t2 ,  Figure 10,  are designed to indicate that the relays have been wired 

with the correct phase rotation. When the phase rotation is deliberately and temporarily 

changed by test 1t2 ,  then the pilot-wire currents should be substantially zero. Any small 
value of pilot wire current which appears may be due to either a small unbalance in the load 
current, or else due to harmonic currents flowing through the line. If either relay has inad­
vertently been connected for the wrong phase rotation, then the fact will be app arent when 

reading local current. Local current should be interpreted from Figure 1 3 ,  with the amount of 
load current which is p resent. If no current is read on test 1t 1  for the local relay, and if cur­

rent for test 1t2 is in line with Figure 1 3, then it is an indication that that particular relay 

has been connected for the wrong p hase rotation. 

a. In the event the pilot wire i s  open-circuited, the apparent circulating current will be 

quite low,  being limited to the magnetizing current of the insulating transformer. Also, it will 
not be p ossible to read current from the remote end. 

b. If the pilot wire i s  short-circuited, then the circulating current will be near normal, 

but it will not be possible to read current from the remote end. 

2 .  If the pilot wire is reversed, (a) the circulating current will be low on test Ill, but it 

will be possible to read pilot-wire current from the remote relay. (b) Both relays will trip on 

test 1t5. If the monitoring relays also suffer from this error in connection , then the error should 
be corrected at one relay location by reversing the connections to the H1 ·H4 terminals o f  the 

insulating transformer. However, if  the monitoring relays do not suffer from this error, then 
the polarity of the pilot wires insofar as the HCB relay installation is concerned may be 

suitably corrected by making a reversal of connections either at the X1·X2 terminals o f  one 
insulating transformer,  or at the output terminals of the relay, 1t l 8  and 1tl9, Figure 3.  

3 .  If the phases are rolled at one end o f  the line, then this will be picked up by test ·115 • 

On test ;;5, neither relay should trip when phase- A-to-neutral current is delivered to each of 

the two relays with the switching arrangement as shown and discussed. However, if one o r  
both relays trip , then t r y  checking the near relay, phase-A-to-neutral current, against  phase­
E-ta-neutral current at the far relay. Also , check p hase-A-to-neutral current at the n ear relay 
against phase-e-ta-neutral current at the far relay. If, for example, neither relay trips w hen 

phase-A-to-neutral current is used for the near relay and phase-B-to-neutral current is used 

at the far relay, then it i s  an indication that what had been thought to be phase B current at 
the far location really identifies with phase A current at the near location. This identifies a 
rolled-phase condition, and also indicates the correction which must be made in the con­
nections of the current transformer input to the relay. 

4. One combination of errors which is somewhat tricky to pick up is the combination o f  

pilot wires reversed p l u s  a rolled-phase condition a t  o n e  end. L e t  it b e  assumed that t h e  pilot 

wire i s  reversed at the far end, making an error o f  180 degrees. Then let it be assumed that 

the phases are also rol l ed by 1 20 degrees, thereby adding another error of 1 20 degrees. 
Adding these two together brings the total up to 300 degrees, which is within 60 degrees of 
what would be normal. Because of this ,  the only symptom which will appear in the first four 
tests is that the circulating cunent is likely to be lower than one would expect when read 

at one end or the other on test # 1 .  However, test lr5 may be u sed to identify this combina­
tion of errors. When the condition exists as described, when test lt5 is extended to check 
phase A current at the near end against eac h  of the three currents at the far end in turn, it 

will be found that at least one o f  the two relays will al ways trip. If this condition i s  found, 
reverse the pilot-wire connection, check out the rolled-phase condition and correct it, and 
then proceed with all six tests. 

5. Test 1t6 is a final verification test. 

* Fig. 10  ( continued) 

I .L. 41 ·97 1 .26 
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TY P E  H C B  P I L O T  WI R E  R E LAY SYS T EM _____________________ _ 

LOAD E D  C I RCU I T  T E ST 

""" In performing these tests,  the following procedure 
should be u s ed. 

1. Standard testing equipment is recomm ended for 
permanent i nstallatio n with the relays as shown 

in Fig. 9. If this equipment is not avail abl e ,  a 
similar portabl e test should be s e t  up using a 

l o w-resi stan c e- a-c milli w; m eter. 

2. Red- h andl e fl exitest case switch should be op en 
to interrupt th e breaker trip circuit. 

3. A test crew i s  neces sary at each substation with 
a means of communi cation between them . 

4. Whe n  the test c alls for delivering only specified 
currents to the relay ,  it is necessary to use a 
thin piece of insulating material in the ammeter 
test j ack. For exampl e ,  test 11 5  o f  Fig.  1 0  relay 
"N " .  To apply phase A to N c urrent to the near 
relay o nly, the switches asso ciated with t ermi­
n al s  6, 7, 8 ,  9 o f  figure 3 must b e  op en. Op eni n g  

switch e s  6 a n d  8 short circuits the current trans-
* form ers for p h ases B and C. However, i t  i s  a l so 

"' 
necessary to i n sert the i n s u l ati n g  materi al i n  the 
ammeter test j ack s a s soc i ated w i th termi n a l s 7 
and 9 in order to break up the connection between 
the fi l ter i n  the rel ay ch ass i s  and the gro u n ded 
i n put  c i rcu its  from current tran sformers i n  ph as­
es B an d  C. 

5. To facilitate m aking t est 112 of Fi g .  10, two am­
meter test plugs wired togethe r  with a foot or two 
of flexible wire should be used. With the s e  two 
test plugs suitably wired together, one of them 
may b e  shoved i n  the ammeter test j ack associ­
ate d  with terminal 7, Fi gure 3, and the o th er 
sho ved in the a mm eter test j ack associ ated with 
terminal 9, Figure 3. ( This should not be don e  

until t h e  switches for terminals 6 and 8 have been 
open, thus short circuiting the current transfor­
m ers i nvol ved). It is d e sirabl e to wire the test 
plugs together such that when one is shoved iri 
the one ammeter test j ack with the rP.d side up , 
and the o ther i s  shoved in the other amm eter test 
j ack with the black side up , it i s  then known that 
the B and C phase currents to the relay h ave been 
reversed at the input to the chassis i n  line with 
test 112,  Fig. 10. After these test plugs are pro­
p e rl y  i n serted, it i s  then appropriate to clo s e  the 

switches asso ciated with terminals 6 and 8, Fig. 
3, i n  order to remove the short circuit from th e 
current transformer seco ndarie s .  

� 

1 8  (.., 

P erform the tests as i ndicated in Figure 1 0  r ec­

o rding the milliam m eter readings and the rel ay input 

curr ent at the s am e  i nstant, for future reference. The 
headings "Circulati n g "  and " Remote " in the tabl e 
o f  Figure 10 refer to the test switch po sitio n s ,  ' 'CIRC" 

and " R EM . " For tests 3 to 6 of Figu r e  10,  the i nput 

cmrent should be i ncreased to about 1 .  5 amp eres by 
an auxiliary current transform er, if  the seco ndary load 
current is b elow this value.  Also record the input and 
output reading s with the test switch in the "Local "  

posi tion .  Typical values for the "Local" position 
readings are sho wn i n  Figure 1 3 .  

TH R E E  T E RMI NAL L I N ES 

A simi l ar procedure to Figure 1 0  should b e  fol­
lowed for three-terminal line appli c atio n s .  In this 
case open the line circuit b reak er at one terminal ,  
and disconnect t h e  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 t erminal 
line. Now p erform the normal tests as outlined for the 
two terminal line system test. When these t ests have 
been satisfactorily completed,  return the third terminal 

relay to normal and close the breaker at that station. 
Repeat the above p roc edure with a different breaker 
open and relay disconnected. This will complete the 
check of the thre e  termi nal line. 

E N E RGY R EQU I R EM E N TS 

The volt-ampere burden of the type HCB relay i s  
practically independent of t h e  pilot- wire resi stance 
and of the current tap used. The following burdens 
were m e asured at a b al anced three-phase current of 5 
amp eres:  

For tap 4,  R 1 = 0.075 and R0 = 0 . 3 9  

Phase A 
Phase B 
Phase C 

1 .  25 volt- amp eres 
0. 3 0  volt- amperes 
0 . 9 0  volt- amp eres 

oo 
285° 

45° 

For tap 4,  R1 = 0 . 1 5  and R0 = 1 . 6  

Phase A 2 . 3  volt-amperes 1 20° 
Phase B 4 . 6  volt- amperes 285° 

Phase C 5 . 3  volt-amperes 45° 

The angl es above are the d egrees by which 
the current lags its respective voltage. 

The continuous r ating of the relay is 10 
amperes.  

The two-second ov erload ratings o f  the relay 
ar e 1 50 ampe res phase and 1 2 5  amp eres ground 
currents. 

.., 
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25 

"' � 20 j----,---...,-�--,-----'"l: 
� ?; 

POS I T I VE SEOUEhCE AMPERES ( 80 CYCLES) IN BOTH R E L AYS 

Fig. 1 1 . Typ ical Test Output vs. Input R elay Current in 
a Two- Terminal Line with Zero Pilot- Wire Resis­
tan ce . 

4 

2 

0 

F i g. 73. 

l! 4 II 
SEQUENCE AMPERES INPUT 

Typi cal Curve of R elay O u tp u t  vs. Po siti ve­
Sequen ce Input - Test Switch in Local Po sition. 

� 
... � g lO�ts����������rg��������tE� 
;; 
... 0 � 0: 

POS I T I V E  SEQUENCE AMPERES (60 CYCLES) I N  BOTH RELAYS 

Fig. 12. Typ ical Test Output vs. R elay Curren t in a Two­
Terminal Line with 2000-0hm P i lot- Wire R esi st­
an ce With or Without 7 0-mfd Cap acitor. 

2 HOLES 

8 

c;; 3 1 . 5  r OHHS 

A 

Fig. 74.  Outline and Drilling Plan o f S:tt 720999 7 B alancing 
Resi stor for Three- Term inal  Line Applications. 
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TY P E  HCB P ILOT WI R E  R E L AY SYS T EM _____________________ _ 

INSTRUCTION 
PLATE 

POLARITY 
MARKS 

X� 

rl l1  
H4 H3 H2 HI 

CLAMP TYPE TERMINAL rrt=l� �\ I �I __ _.,.;.1 ,___ 2t -1 // F�"* 4 WIRE MAXIMUM 

�-+--�� I }/ 

f 
i \ I  I I } I ' .J  

� � : 

� 
. _, _  - �  -

I 

i i 
l "' '0) 0) 
I I I /!. OIA. MTG. HOLES /f ' 16 4 TOTAL 

E:�===:J 
t I i I I ��� ��4�� i 

5 �  
I 

I �--64 I --- - - -- 6 � ---! 
OUTLINE 6 WIRING DRAWING FOR 

HCB RELAY INSULATING TRANSFORMER 

N.tS. 

t . � 

20 

F i g. 1 5. O utline an d D ri llin g P lan of HCB R elay In sulatin g Tran sformer. 

"' 

. 

1 /4 - 28 THO TERM I N ALS 

"' 0 "' 

'f ,� 7§J-��ct 1 lbJ-�� I �. I$J � , , , --- i 

-1 _J � �� 
1+--- :3 ___j!- 3. 1 8 2  � 

t ,,:=lf' i �:r-4 HOLES -+ 
1 3  I )j -_:"' 

2 Tb DIA :!:.005 .:;:::{ __ _  t__ I 
i+l! l!...i 8 8 .., 

DRILLING PLAN 

. 1 12-40 THO. 

184A739 
Fig. 1 6. Outline and Drilling P lan o f  the  Semi-Flush- Type 

Test Mill iammeter. 

c ....,; 

13-C-5342 
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T Y P E  HCB P I LOT WI R E  F �y SYST EM--------- I .L.  4 1 -97 1 .2 8  

.2..50 0 1 1\ .  HOLE ( Z HOL�'S) 

3 
-; -- -'1 
. \ 9 0 -3l. T HO. 

5-D- 1523 
Fig. 1 7. O u tline of the Test Mill iammeter A uxiliary Tran s fo rmer • 

. 31 DIA. (2) 

: i ;-- - --

! : i .. u.____, �__/j n L[ -- --� ·_; . 31 ��uf--· --
.Ts-1----z.oo � 

rp;[CiTV/IRE W·2 TEST SW 5"508A46ill'GOI-G02 
PILOT W:� TEST PU.lCUTLOW' SULE 

NORMAL 
n-.. I �rRc. 
� 0 �Lo= 
_/ I '-

""'"tnt;hQ.IM J'I�02A�4HOI t.lodtffiUSA 

CONTACT 
A l l - 8 1 1  
Al2 8!2 A!  "'7 8 1  AS  -85 A6-Bb �L 
CIZ -Di2 t1 -D I  
C 5  -05 C6 -06 C7 -07 E IZ-EI 
F12-FI  
E6 -E7 
F6 F 7  

REM 1REM . f!l . X X 

X X 

X X X 
X 

POSiiiON 
NORM I NORM Cr'IC (IRC LO AL LOCAL f.! C • ICC.  P.C. 

X X X X 
X X X X X __ r-L-

X X 

X X X X X X X X X 
X X X 

X: DENOTES CONTACT CLOSED 
P.O. PULL·OUT POSITION SPRING RETURN TO NORMAL 
EACH POSITION WITH SPRING RETURN FROM PULI:OUT 
GOI Ys' PANEL 
Goz 1 - 1  l'iPANEL 

293B226 
Fig. 18 .  Outline an d Drilling Plan of the Type W-1 Test Switch . 
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1 1 9 � 

rlli_ 1 "r , nP  _1_r f. I i I I �m� 

-··- l - -

_ , ,.. 

II r ��l �L111 I 
WI .. 

---.., 16 1 I I  
� 6 t-..l �� 
PAIIEL LOC ATIOM � 
:1041- FLUSH MTG • . 
P�OJECTI OII MTG· ----� 

. 1 90-32 SCREW 

1� PAHEL 

TE� I HAL AND 
MOUNTI KG DETA I LS 

��� 

j_ _  
TEitMIIIAL Kl.t!BEJt 

5 !  � 1 6  I 
- · � -! � - 14 
� --. 

I -

� h-�N 

� 1 eo  :- t ! l 
t: ' . I I I 

l "'I"' -

a::co l  - l ::t- \ - - I Cf) • 
eo ' 

_L - . 1 i i _j I , IS I • 
� - �  I I 1 6 � s l .J 8 

PAIIEL CUTOUT I. 0� I LL I II G  
FOit �EM I - FLUSH MTG· 

PAH EL D R I LL I IIG Olt 
CUTOUT FOit !'JtOJECTIOK MTG. 

( FRONT VI E'Wl 

01 A .q  HOLES FOJt 
. 1 9Q-32 MTG. SC�EWS 

3 
- O I A . 20 OOLES 
q Olt CUT OUT 

- -- �  
.... 

. , 

57-D-7905 

Fig. 19. Outline and D ri lling P lan fo r th e Type HCB R el ay in th e Type F T-42 Case. 
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TY P E  H C B  P I L O T  WI R E  R �:<Y SYS T EM --------------------':..:...· L_;.._4_1·_.97_;.1�. 2 B  

P I L OT-W I R E  ENE RGY 
The current and voltage impressed o n  the pilot 

wire do not exceed 1 00 milli amp eres and 60 volts. 
The wave form and magnitude of the pilot-wire c ur­
rent are such that telephone interference is within 
the limits allowed by the Bell Telep hone Comp any. 
This permits the use of l e ased tel ephone l ines as a 

pilot-wire c hannel . 
R EN EWAL P A R TS 

Repair work c an be do n e  most sati sfactorily at 
the factory. However, interchang eabl e parts can b e  
furni shed t o  u s ers w ho a r e  equipped for doi n g  repair  
work . When ordering parts,  always give the  complete 
nameplate data. 

APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HCB REL AY 

Tran sformer 

Polar Unit 
Polar Unit 

Resisto r 
Tube Resi stor 
Looped Resi stor 

Rectifiers  

Indicating Contactor S·.vi tch 

Secondary Winding 

Operating Coil 
Re straining Coil 

Rc 
Ro 
R l  
R l A 

Start to Tap 20 to 30 o h m s  
Start t o  Fini s h  1 10 t o  1 4 0  o h m s  

M aximum 
Minimum 

290 - 3 20 o h m s  
1 2 - 1 6  o h m s  

9 - 1 2 o h m s  

4 1 - 4 4  o h m s  
As Marked o n  R o  Tap Plat e  
A s  M arked o n  R 1  Tap Plat e  
As M arked o n  R I A Tap Plate 

IN9 1 G ermanium Diodes 

0 .2  amp .  Tap 6 .5  ohms 
2 . 0  amp. Tap 0 . 1 5  ohms 
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I N STA L L ATI O N  
Westl nghouse 1 .  L 4 1 -97 1 .  2s 

• OPER A T I O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYPE H C B  PILOT W I R E  RELAY SYSTEM 

CAU TION 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 . 

A P P L I C A T I O N 

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

C O N S T R U C T I O N  

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 con­
tactor switch (ICS), all mounted in a single case. 
The external equipment normally supplied with the 
relay consists of an insulating transformer, a milliam­
meter and test switch. 

SEQUENCE F I L TE R 

The sequence filter consi sts  o f  a three-l egged 
iron core reactor and a s et of resistors designated R l  
and Ro. The reactor has three windings; two primary 
and a tapp ed s econdary winding, wound on the center 
leg  of a "F" type of lamination. The secondary taps 
are wired to the circularly arranged R l  tap connec­
tions in the front o f  the relay. The R l  tap links al so 
connect to the R 1 resistor (loop ed resistance wire). 
Ro con si sts of three tube resistors with taps wired 

SU PERSEDES I . L .  4 1 -971 .2A 
*Den otes chan ge from superseded i ssue.  

to  the circularly arranged Ro tap connections  in the 
front of the rel ay. R lA tap s are on the R1 resi stance 
wire and are wired to the circularly arranged R lA 
tap connections in the front of the relay. 

SA TURA TI NG TRAN SFO R M E R  

The output o f  the sequence filter connects to the 
primary of a two-winding saturating transformer. The 
primary winding is tapped and wired to a tap block T 
in the front of the relay. The secondary winding is 
connected to the neon lamp and from a fixed tap to 
the relay coil circuits. 

PO LAR R E LAY UNI T 

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

R E S TRAI N T  TAP S 

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

I NDICA TI NG CON TAC TOR SWI TCH UNI T ( ICS) 

The d-e indicating contactor switch is a small 
clapper-type device.  A magnetic armature ,  to which 
leaf- spring mounted contacts are attached, is at­
tracted to the magnetic core upon energization of the 
switch. When the switch closes,  the moving contacts 
bridge two stationary contacts, bypassing the main 
relay contacts. Also during this operation, two fin-
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TY PE HCB PI LO T  WI R E  RE LAY SYS TEM----------------------

gers on the armature deflect a spring located on the 
front of the switch, which allows the operation indi­
cator target to drop. The target is reset from the out­
side of the case by a push rod located at the bottom 
of the cover. 

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

O P E R A T I O N  

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

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

During an external fault, assuming matched relays, 
the magnitude o f Vs at both stations will be the same. 
The relative polarities of the Vs voltages will be as 
shown in Figure 4. Since the voltages add, most of 
the . current will circulate through the restraint coils 
and the pilot wire ,  with a minimum of operating coil 
current. The relative effects of the operating and re­
straint coil currents are such that the relay is restrained. 

During an internal fault ,  the relative Vs polarities 
reverse. Since the Vs voltages now oppose each other, 
most of the current flowing in the restraint coils is 
also forced through the operating coils with a mini­
mum of current in the pilot wire .  This increase in 
operating current overcomes the restraining effect 
and both the relays operate. 

2 

Within limits,  as defined in Figure 7 and under 
"Characteristics , " all the relays will operate for an 
internal fault regardless of the fault current distribu­
tion at the various stations. The nominal pickup 
(total internal fault current) of the relaying system 
is equal to the minimum trip of a single relay multi­
plied by the number of relays.  For example, if the 
pickup of each relay, with the pilot wire open, is 6 
amperes ,  a two terminal line system has a nominal 
pickup of 2 x 6 = 1 2  amperes. 

PI LO T  W I R E  E FF EC TS 

In Figure 4 it can be seen that a short-circuited 
pilot wire will short circuit the rel ay operating coils. 
Depending on the location of the short, at least one 
of the rel ays will fail to trip during an internal fault .  
I f  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 rel ays will 
operate during external faults. Excessive pilot wire 
shunt capacitance will approach a short-circuited con­
dition and the relays will not operate. 

O PE RATI N G  UNI T THEORY 

The polar unit flux paths are shown in Figure 5. 
With balanced air gaps, the permanent magnet pro­
duces  flux flowing in two paths , one through the 
front gaps and one through the rear gaps. This flux 
produces north and south poles, as shown. By turning 
the left shunt in, some of the flux is forced through 
the armature, making it a north pole. Thus,  reducing 
the left-hand rear gap will produce a force tending to 
pull the armature to the right. Similarly, reducing the 
right-hand gap will produce a force tending to pull 
the armature to the left. 

C H A R A C T E R I S T I C S 

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

where R1 and R0 are the positive and zero sequence 
tap values, respectively; 

IA l and lAo are the positive and zero sequence 
phase A current inputs ,  respectively, in amperes .  
The s e  are ve ctor quantities .  
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TY P E  HCB P I LOT WI RE REL AY S Y ST EM 

COMMON 
CONN ECTION 

3 TU B E  R ESI STO RS 
(Ro) --"'-

I NDI CATING 
CONTACTO R  
SWI TCH 

I .L.  41-97 1 . 2 8  

POLAR U N I T  

-- 3 WI N D I N G  
MUTUAL R EACTOR 

Fig. 1. Type HCB Relay Without Case (Front View).  
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T Y P E  HCB P I LOT WI R E  REL AY SYS TEM ______________________ _ 

4 

0. 1 0 R 1 A 
TAP 

0. 07 R 1 A .=..__.:;..;,.;:;;;� 
TAP 

COMMON O F  
R 1 A AND RO 

DIODE 
BRI DGES 

Fig. 2 Type HCB Relay Without Case ( Rear View). 

FORM R E SI STO R ( R 1 , R 1 A) 

0.07 R 1 A TAP 

0. 1 0 R1 TAP 
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TYPE HCB P I LOT WI R E  RELAY SYST EM ____________________ ...:...I . L::..:·.....;4...:...1 ·...:...97.....;1=.2B 

IIDIUTUIG 
COITACTOR SW!Tetf 

1'0 .... 
IIIIII'E RESISTOI 

WOT!: T!IMIULS t,,,t,l t 
Alf TO BE JIJIIPUED 
AT RELAY CASE 

INTERNAL SCHEMATIC 

629A312 
Fig. 3. Internal Schematic of the Type HCB Relay in 

FT-42 Case (Double Trip Circuit). For the Single 
Trip Relay th e Circuits A s so ciated with Terminal 
II  are omi tted. 

SIN GL E R E L AY P I CKUP (P ILOT WI R E  OP EN) 1 5  

Single relay pickup , I s, is  defined as the phase 
current required to operate one relay with the pilot 
wire side of the insulating transformer open circuited 
( H 1-H4).  The single relay pickup point in terms of 
filter voltage i s : 

VF = 0 . 2T ( 2) 

where T i s  the s aturating transformer tap value. 
Single relay pickup i s  defined by equ ating ( 1) & ( 2):  

( 3 )  

Current I s varies with the type o f  fault .  For ex­
ampl e ,  fo r a 3 phase fault ,  I s = IA 1 , since only posi­
tive sequence current is pre sent. Substituting I s = I A 1 
in Eq. ( 3) & re arranging,  the 3 phase fault pickup is :  

0 . 2T T Is = IA l  = -- = -- ( 3  phase fault) 
2 R 1 10R 1 

If R 1 = 0 . 1 ,  R0 = 1 . 6  & T = 4 : 

I = _I_ = -4- = 4 amp. ( 3  phase fault) s 10R 1 10X0 . 1 

( 4 )  

For a phase A t o  ground fault, if I A 1  = I A 2  = lAo 

( I  A2 is the phase A negative sequence current):  

0 . 2T = 2IA 1  R 1 + lA 1 ( R 1 + 3Ro ) 

I _ 0 . 2T _ I A 1  - 3(R 1 + Ro) - AO 

But:  I s = I A 1  + IA2 + lAO 
= 3IA 1  

0 . 2T 
So : Is = 3IA 1  = ( A-G fault) 

R 1 + Ro 

If R 1 = 0. 1 , R0 = 1 .  6 & T = 4 :  

I _ 0 . 2T = s - R 1 + Ro 
0 . 2x 4  

0 . 1 + 1 . 6  

= �:� = 0 . 47 1  amp . ( A-G fault) 

NOMI NAL P ICKUP (ALL R EL AYS) 

The nominal pickup, Inom • is defined as 

where Inom = total internal fault current 
K = number of relays ( 2 or  3) 

Is = singl e-relay pickup with pilot wire 
disconnected ( see above) 

( 5) 

( 6 )  

F o r  exampl e ,  for a phase- A-to-ground fault, lA 1  = lAo 
with the pilot wire open circuited, the singl e-relay 
pickup was previously determined as l AG = 0 . 4 7 1  am­
pere. For a two-terminal lin e ,  the nominal pickup for 
a phase- A-to-ground fault (R 1 = 0. 1 ;  Ro = 1 . 6 ; T = 4)  
i s :  

Inom ( A  t o  G) = 0 . 4 7 1K = 0 .47 1 x 2 = 0 . 942 ampere.  

MIN IMUM TRI P (ALL R E LAYS) 

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, dep ending on the 
pilot-wire constants and the magnitude and phase 
angl e of the various relay input currents. For exam­
ple , Figure 6 shows the relay operating points for a 
two-terminal line, assuming input current to the near 
relay, o nly. 

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

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  HCB P ILOT WI R E  R EL AY SYST EM _______________________ _ 

" 

A 

B 

c 

I N SULAT I N �  TRANSFORMER SATURAT ING I P I LOT \ SATURAT I NG 

.--------, 
TRANSFrnR:ER 

R 
,�1 - - - -�,,cnTRANSF ORMER 

f�s OP OP Vsl 

R - RES TRA I NT CO I L  
OP - OPERAT I N G  CO I L  

- - - - -
W I RE 

Vs - SATURAT I N� TRANSFORMER VOLTA�E OUTPUT 
. 

( RELAT I V E  POLAR I T I ES ARE FOR THRU CuRRENT OR EXTERNAL FAULT ) 

S I MPL I F I ED EXTERNAL SCHE�ATI C OF HCB S Y S TEM 

+ 

Fig. 4. Simplified External Schematic of the HCB Relay System. 

__ PERMAN EN T  
MAuN ET 

---- MO'I I N ii CON TACT 

BALANCED A l l{  ·,.APS 

SHUNT 

uNaALANCED A I R  �APS 

Fig. 5. Polar Unit Perman en t  M agnet Flux P aths. 

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 7 to apply. 

following values:  

TABL E I 

N 
A 
8 
c 

183A061 

183A062 

I NSUL ATING TRANSFORM E R  Insulating Transformer Ratio 

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

P I LO T-W I R E  R EQU I R EM EN TS 

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

6 

No. of  4/ 1 6/ 1 
Relays 

RL cs RL cs 

2 2000 1 . 5 - -
3 500/LEG 1 . 8  1 000/L EG 0. 75 

RL = series loop resistance in ohms. 

Cs = total shunt c apacitance in microfarads. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E HCB P I LOT WI R E  R EL AY SYS T EM ____________________ .!.:.I.!::L.:....:4�1 -::!97!...!1�.2:.!!.B 

� >- �  .. � 
g� 
� �  
� �  �� 

160 

1'10 

120 

100 

R = P I  LOT W I RE RES I STANCE I N  OHMS 

M I CROFARADS D I STR I BUTED CAPAC I TY = . OD ! R  

Fig. 6 Typical Curves Sho wing the  Effect o f  the P ilot 
Wire on M in imum Trip Current, Two- Terminal 

L ine (Maximum R estraint Tap). Insulating Trans­
former 4/ 1 ratio. 

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

A shi elded, twisted pilot wire pair, preferably of 
#19  AWG or larger, is recommended; however, open 
wires m ay 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 8 .  The pilot wire resistance to b e  balanced is 
divided by 1 6  and 36 for the 4 to 1 and 6 to 1 ratio 
insulating transformers respectively, since the bal­
ancing resistors are located on the relay side of the 
insulating transformers. 

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

a) Neutralizing reactors m ay b e  connected in 
seri e s  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 induceli voltage. When 
u sing the neutralizing reactor, the pilot- wire sheath 
should be insulated from station ground to minimize 

* sheath-to-pair potential in the presence o f  a ri se in 
station-ground potential.  All other pairs in the cable 
which are connected to station ground should al so be 
protected with neutralizing reactors to minimize p air­
to-pair voltages. 

b) Drainage reactors may be connected across 
the pilot wire and to ground through a KX642 pro­
tector tube. The drainage reactor is particularly ef­
fective in limiting pair-to-ground voltage in the pre­
sence of an induced voltage. When the tube flashes ,  
both wires are connected to ground through the 
drainage reactor windings which offer a low imped­
ance to ground but maintain a high impedance to an 
a-c voltage across the wires. Thus, the HCB system 
will operate normally even though the protector tube 
has flashed o v er. The drainage reactor is not intend­
ed to handl e 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. 

T R I P  C I RCUI T  

The main contacts will safely close 3 0  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. 

S E T T I N G S 

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

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

2 )  T tap- 4,  5 ,  6 ,  8 ,  10 ,  1 2 ,  and 1 5  
T o  change taps, loosen center screw and move 
tap link to desired setting. Tap screw and cen­
ter screw to be tight after tap change is made. 
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TYP E HCB P I LOT W I R E  R E L AY SYSTEM-----------------------

3) R 1 tap- 0 .07 ,  0 . 10 ,  0 . 1 5  
To change taps ,  loosen center screw and move 
tap link to desired setting. Insert two tap screws 
at each end of the tap link and tighten center 
screw as well as two tap screws. 

4) Ro tap- 0 . 39 ,  0 . 5 1, 0 .68 ,  0 .90 , 1 . 2  and 1 . 6  

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

* 5) Ri a  Taps - (0 .07 , 0 . 10 , 0 . 15) 
Note: The Ri a  tap s are util ized where no zero 

sequence s ensiti vi ty i s  desired. It i s  recom­
m ended that these tap s be set in the sam e  
tap as the R 1 tap for all applications. 

To change tap s, loo sen center screw and move  
tap link to desired tap .  Tap screw and center 
screw to be tight after tap change is m ade. 

I N DICATING CONTACTOR SWI TCH ( I CS) 

The only setting required on the ICS is the selec­
tion of the 0 . 2  or  2.0 ampere tap setti ng. This selec­
tion is made by connecting the lead located in front 
of the tap block to the desired setting by means of 
the connecting screw. 

S E T T I N G  C A L C U L A T I O N S  

The HCB relay has four sets of taps :  R 1 , T, R0 , 
and restraint taps .  The following discussion estab­
lishe s 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 

R 1 , T, R0 - Relay taps  

10 

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

IL - 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. 

I nom. (P-P )  - nominal internal phas e  to phase fault 
sensitivity. 

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

RNc (I) ,  RNc (II) - current transformer ratio at 
Station I and II respectively. 

PHAS E  FAULT SENSITIVITY 

The phase fault pickup is determined by the R 1 
and T tap s. In o rder to operate on the minimum line­
to-line fault current, the R1 and T tap s  should be set 
for not more than : 

(7)  

In order to prevent  op eration on  load current i f  
the  pilot wires become  open circuited, the R 1 and T 
tap s shoul d be s et for not  l es s  than: 

T 
R l 

= lOlL 

The available taps  are: 
R f 0 .07 ,  0 . 10 , and 0 . 1 5  

T : 4 ,  5,  6 ,  8 ,  1 0 ,  1 2 ,  and 1 5  

(8) 

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

T 
--= 1 . 25 X lOlL = 1 2 . 5IL R l 

(9 ) 

The required T/R1 ratio may be obtained by any 
combination of T and R 1 . However. the T tap must 
be set the same at all stations. The R1 tap s  may be 
utilized to compensate for different CT ratios with 
two-terminal lines if the pilot-wire loop resistance is 
1 000 ohms or less.  Auxiliary CT's and identical R1 
tap settings must be used with different main CT 
ratios on all three-terminal lines and on two-terminal 
line s with more than 1 000 ohms loop resistance in the 
pilot wire. 

G ROUND FAULT SENSI TI VI TY 

The ground fault pickup is determined by R0 and 
T taps. (T should be determined by the phase set­
ting. ) In order to operate on  the minimum line-to­
ground fault current, the R0 tap setting should be 
not less than:  

0 . 2T 
Ro = -� ­g 

( 10)  
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The available Ro tap s  are :  0 . 39,  0 . 5 1 ,  0 . 68,  0 . 90 ,  
1 . 2 ,  and 1 . 6 .  

The R1 A  taps, 0 . 07, 0 . 1 0, and 0 . 1 5, are utilized 
to set R0 = 1/3 R 1 . where no zero sequence sensitiv­
ity is de sired. Equation ( 1 0) does not apply for these 
three taps .  

For overhead lines, i t  is recomm ended that the 
1 . 6 R0 tap be used to obtain maximum sensitivity. 

For cable circuits ,  where the line charging cur­
rent exceeds 5% of nominal pickup current , s et R0 
for about: 

R - T 
o - --7 . 5  

The R0 taps  need not be identical a s  required 
with the R1 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 R0 taps are 
set in the same proportion as are the R 1 taps .  

RESTRAI NT TAP 

Set in maximum restraint tap for all two-terminal 
lines. Set in minimum re straint 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 com­
pensates for the desensitizing effect of a third ter­
minal. 

Note :  The relay pick-up ca libration m us t  be changed 

if s e t  in the minimum re s traint tap. See "Ad· 

jus tments and Maintenan ce . "  

TAP P E D  LOADS 

Where one transformer bank is tapped to a line 
protected with tm 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 R1 and T taps for 
not less than: 

( 1 1 ) 

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 Ra tap set­
tings need no t be changed, since no zero-sequence 
current flows in the line when the low side is 
grounded. 

S E TTING E XAMP L E  

CASE I 

Assume : 

Two-terminal line. 
CT ratio = 600/5 
Full-load current = IL = 400A 
Minimum 3-phase internal fault current : 

Through Station I = 1 500A 
Through Station II = 2500A 

Minimum internal line-to-ground fault 
current: 

Through Station I = 
Through Station II = 

Phase fault pickup: 

400A 
0 

T 1 500 + 2500 5 -- ( maximum) = 5I 3p = 5 x x--= 83 .3  
R 1 2 600 

__!_ (maximum ) = lOlL = 1 0 x 400 x -5- =  33 .3  
R 1 600 

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

Set both relays for: T = 4 ,  R1 = 0 . 1 . 

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

T 4 
In0m(P-P ) = 

2 . 89R 1 
= 

0 _ 289 = 1 3 . 8  amperes, 

T [ Inom(P-P )  = --- for three-terminal lines] 
1 .9 2Rl 

Ground fault pickup: 

. . 0 . 2T 0 . 2  X 4 600 
R0 (m1mmum) = -1- = 4001 2 

x-5- = 0. 48 
g 

An R0 tap exceeding 0. 48 will provide trip­
ping. As recommended for overhead lines :  

Set R0 = 1 .6 .  
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1 2  

o-

ONTACT�_.�M. N�� CtRC. CIRC. LOCAL LD_CA�L 

AII-Bll X P:.:· P.O. '-.9.!.- p.o. 
�·�,2�-·�12=t=i==���JL��===t==� I �l -SI L----_/��MA �·�·�-·�·�·��·��. �.�---t--1--�--4 '----1M A)-\__,____ _ ____, 

INSTRUMENT TRANSFORMER 0-2SMA 

��
·

�
- ·

�
·

l��ffi���t����j 0-s MA (INPll..LOUT �.7 
POSITION) ���::;,� 

Cl-Ot cs-oo 
C6-06 
C7-07 
£12-EI 

0-2!5 MA 
\

_ INSTRUMENT TRANSFORMER 
0-5 MA (IN PULL OUT 

POSITION) 
X'OENOTES CONTACT ClOSED. 
P.O.- PULL OUT POSITION 

PILOT WIRE TEST 
PULL OUT LOW SCALE 

REMOTE POSITION 

E6-E7 
F6-F7 X 

NORMAL POSITION 

MQIL1 TEST SWITCH IS SUPPLIED WITH ASSE,.LEO CONNECTORS. 
TI-US EXTERNAL CONt£CTJONS NEED ONLY BE MADE AT 
DESIGNATED TERMINALS. (oo �) 

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

X 
X 

CIRCULATING POSITION 

SPRING RETURN TO NORMAL. 
EACH POSITION WITH SPRING 
RETURN FROM PULL OUT. 
GOt- ks " PANEL 
G02-t- l  Y2"PANEL 

NORt.IIAL 

REMOTE-, I / CIRC. � 0 :LOCAL 

_J I "--

293B22.5 

Fig. 9. HCB Relay Test Circui ts wi th S!t508A46860 1 - G02 Typ e W-2 Switch an d S tt29 1 B3 18A09 M illiammeter 0- 5-25 m o. 

The ground fault nominal pickup is :  

I (P-G) = 0 .4T 
nom R o 

1 . 6  1 . 0  ampere, 
1 .6 

[ 0 . 6T 
f h . 1. J Inom(P-G) = � ::: or t ree-termmal mes 0 

Restraint tap . 

Use maximum restraint tap .  

C ASE I I  (DIFFERENT C T  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 R0 = 1. 6 as in case I. How­
ever, set R 1 = 0 . 1 5  to obtain R 1 settings pro­
portional to the CT ratio.  From equation 6: 

T = 1 2 . 5R1IL = 1 2 . 5  X 0 . 1 5  X 400 = 7 . 5  

Set T = 8 

Station II settings are: 

RNc (II) 400 
R 1 = 0. 1 5  

RNc (I) 0 . 1 5  x 
600 

= 0 . 1 0  

T = 8 (Same as Station I) 

400 
R0 = 1 . 6  x 

600 
= 1 . 07 (Set 1 . 2) 

I N S T A L L A T I O N  

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 proj ection 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 me ans of screws for steel panel mounting or 
to the terminal studs furnished with the relay for 
thick panel mounting. The terminals studs m ay 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 . 4 1-076.  

A D J U S T M E N TS A N D  M A I N T E N A N C E  

CAUTION Make s ure that the neon lamp is in plac e 

whenever re lay operation is be ing che cked. 
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ACCEP TANC E T ESTS 

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 Un it  

Connect the  relay to  the  insulating transformer, 
as shown in Figure 8, and set R1 = 0 . 1 0 ,  R0 = 1 . 6 ,  
T = 4 ,  and maximum restraint tap .  With the insulat­
ing transformer terminals H 1  and H4 open circuited, 
measure the minimum pick-up current, I79 (min. ) ,  
with current applied through terminals 7 and 9 .  This 
value should be:  

l79 (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 R pw and 
C PW set as specified in Table II suddenly apply 
l35  = 30 amperes (through terminals 3 and 5). 

TABL E I I  

Rpw Test - Max. Restraint Tap 

R1 = 0 .  1 0, R0 = 1 .  6 ,  T = 4 

Insulating Rpw t Cpw 
Transformer in in 

Ratio ohms microfarads 

4 to 1 1 200 1900 0 . 75  
6 to 1 2700 4300 0 . 3 3  

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

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. 

I nd icating 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. 

CAL I B RATION CH ECK 

The following tests are recommended whenever a 

check on the relay calibration is desired. 

Over-al l Rei ay Check 

Over-all calibration can be checked by the p ro­
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 III instead of Table II. 

TABL E I l l  

Rpw Test - Min. Restraint Tap 

R1 = 0 . 10 ,  R0 = 1 . 6, T = 4  

Insulating Rpw t Cpw 
Transformer in in 

Ratio ohms microfarads 

4 to 1 800 1400 0. 75 
6 to 1 1800 3 100 0 . 33 

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

Sequence F i l ter: 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 l79 = 6 .94  am­
peres (terminals 7 and 9 ). The measured open-circuit 
voltage ,  VF , should be:  

VF = 8R 1 ±5% volts. 

( e. g . ,  if R 1 = 0 . 1 ,  VF = 8 x 0 . 1 = 0.8 volt . )  

Repeat this voltage measurement with ! 59 = 6 .94  
amperes. 

Operati ng Unit: The following test will check 
the polar unit calibration and the performance of the 
rectifiers .  Connect a variable non-inductive resistor 
across the high-voltage terminals  of the insulating 
transformer (H 1 to H4), and connect d-c milliammeters 
in series with the operating and restraining coils of 
the polar unit by opening these circuits. (The re­
straint can be opened at the tap circuit for max . and 
min. restraint. The operating circuit has to be opened 
at the polar unit . )  These milliammeters should have 
low resistance and should be capable of reading in 
the order of 20 to 25 rna in the operating coil and 100 
to 150 rna in  the restraining circuit. Using T = 4 ,  
R1 = 0 . 1 ,  R0 = 1 . 6 ,  energize the  relay with 135 = 10 
amperes (terminal s 3 and 5)  and increase the variable 
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TY P E  HCB PILOT WI R E  R ELAY SYST EM---------------------

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

For minimum restraint 

10 = 0 . 1 2  IR + 8 

For maximum restraint 

10 = 0 . 1 6  IR + 8 

where 10 and I R are operating and restraining coil 
coil currents, respectively, in milliamperes. The 
results are subj ect to variations between indi­
vidual relays, due to different exciting imp ed­
ances  o f  the insulating transformers. However, 
the value should n ever be lower than: 

For minimum restraint 

10 = 0 . 1 2  I R + 4 

For maximum restraint 

10 = 0 . 1 61R + 4 

CALI B RATION P ROCEDU R E  

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

F I L T E R  CAL I B RATION 

A. R 1 Tap s  

* 1 .  Disconnect T current tap link and plac e  
Ro tap in 1 . 6  

14 

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

3. P ass 5 amp eres a. c. into terminal 7 and out 
terminal 9 of the relay. 

4. Adjust the corresponding R 1 slide wire posi­
tion ( se e  Fig. 2 for location) to be within 
limits o f  following table for each specified 
s etting of R 1 tap screw. 

R. Tap Volts 
Settin g  A. C. 

. 15 0 .865 ± .008 

. 10 0 . 577 ± .007 

. 07 0 . 433 ± . 00 5  

B .  R 1A Taps 

* 1. Disconnect T current tap link and set Ro 
in 0 tap. 

c. 

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

3. P ass 5 amp eres a. c. into terminals 5 and out 
terminal 3. 

4. Adjust the corresponding R lA slide wire 
po sition ( see  fig. 2 for location) to within 
limits of following table for each sp ecified 

Ro 

setting of R lA Tap screw 

RlA Tap 
Setting 

. 15 

. 10 

.07  

Taps 

Volts 
A. C. 

0. 250 ± .005 

0. 167 ± .003 

0 . 125  . 00 3  

No adjustments can be made on the R o  resistors. 
Value of resistance can be check ed by p assing 
5 amp eres a. c.  through terminal 3 and out terminal 
9. T tap must be disconnected. Following volt­
ages should be  m easured across terminal 2 and 
the sp ecified tap of Ro. 

Ro Tap Volts 
Settin g  A, C. 

. 39 1 .85  ± 2.05 

. 5 1  2. 45 ± 2. 68 

. 68 3. 28 ± 3. 60 

. 90 4. 33  ± 4.70 

1 . 20 5 .78 ± 6. 27 

1 . 60 7. 7 2  ± 8. 38 

* Pol ar  U n i t  Contact Adj u stment: Place a 0 .088 
to 0.09 5  inch feeler gage between the right h and 
pol e face and the armature. This gap should be 
m easured n ear the front o f  the right hand pol e face. 
Bring up the back-stop screw until it  j ust mak e s  
with the moving contact. Place  a 0 .045 to 0 .050 
feeler gage between the moving contact and the 
stationary contact on the l eft-hand side o f  the polar 
unit. Bring up the stationary contact until it just 
mak es with the gage and lock in pl ace. For relays 
with doubl e contacts mak e sure that both upp er and 
lower contacts mak e  at the sam e  tim e. 

Polar  Unit  Cal i bration: Connect the restraint tat: 
link in the position in which it will be used. Con­
nect terminals X l  and X2 of the insulating trans­
former across the pilot-wire terminals of the relay . 
Connect the relay taps on T = 4, R1 = 0. 1 ,  R0 = 1 . 6 . 
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The sensitivity of the polar unit is adjusted by 
means of two magnetic, screw type shunts at the 
rear of the element. Looking at the relay front view, 
turning out the right hand shunt decreases the amount 
of current required to clo se to the right hand stop. 
Conversely, drawing out the l eft hand shunt decreases 
the  amount required to trip the relay. In general, the  
farther out  the shunt screws are turned, the  greater 
the toggle action will be and as a result, the dropout 
current will be.lower. In adj usting the polar elements ,  
be sure that a definite toggle action is obtained, 
rather than a gradual movement of the armature. 

Start with both shunt out 4 to 5 turns. Short out 
the pilot wire on  the high side o f  the insulating 
transform er. Momentarily apply 40 amp eres from ter· 
minals 5 to 3. No w  remove the short from H l to H4 
and, adjust the right hand shunt such that the  con­
tacts clo se with a po sitive snappy toggl e  action at 
I 79 = 6.9 to 7 .0  amp eres . .  After this adjustment i s  
compl ete, short out pilot wire and apply 40 amp eres 
momentarily from terminals  5 to 3. No w  remove the 
short from H l to H4 and, check pickup for I79· If 
value has changed from before, it will be  necessary 
to re-adj ust the right hand shunt. Several trials may 
be n ecessary before the pick up will be constant. In 
each case, the 40 amp eres should be applied befo re 
any additional adjustments are p erformed on  the 
shunt. 

After the shunts have been adjusted, apply 40 
amperes momentarily to terminals 3 and 5 of the re­
lay with the pilot wire open. Pickup will be approxi­
mately 5 amperes with current applied to terminals 7 
and 9 . This change in pickup is due to a change in 
the residual magnetism in the polar unit of the relay. 
In the de-energized state, the permanent magnet of 
this unit produces a flux or magnetic bias to keep 
the contacts open. When the unit is energized, a 
second flux (electrical )  is produced which either 
adds to or substracts from the magnetic flux .  When 
the electrical flux is removed, the magnetic structure 
of the polar unit is changed. Hence, the flux produc­
ed by an excess of restraint current , adds to the 
magnetic bias , and the flux produced by an excess 
of operating current substracts from the magnetic 
bias. This characteristic is inherent in the polar unit 
and has no affect on the overall performance of the 
relay. 

After the shunt adjustm ent has been m ade, 
change the input current connection s  to terminals  

* 3 and 5 .  Apply 40 amperes with H,  and H 4  terminals 
shorted. Remove short and m easure pickup with 
current applied to terminals 3 and 5. The rel ay  
should trip with I35  = 0 . 45 to 0 . 55 amp eres. 

ROUTI N E  MAI N T E N ANCE 

Contacts :  All contacts should be cleaned period­
ically. A contact burnisher, SII 1 8 2A836H0 1 , is recom­
mended for this. purpose. The use of abrasive material 
for cleaning is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

I CS U n i t: Close the main relay contacts and 
pass sufficient direct current through the trip circuit 
to close the contacts of the ICS. Thi s value of cur­
rent should not be greater than the particular res tap 
setting being used. The indicator target should drop 
freely. 

Operating Un i t: Check the rel ay minimum pickup, 
with the pilot wires disconnected from terminals H 1 
and H4 of the insulating transformer, by energizing 
with 179 current (terminals 7 and 9) .  Pick-up current 
should be :  

r79 (min) T --;;--;:;=------=-- ± 5% amp eres 
5. 77  R 1 

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

C O M P L E T E  S Y S T E M  T E S T  

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. 

MI NIMUM P I CKUP 

P R ECAU TION: In making this test with the  re­
lay in place on the switchboard, it is necessary to 
connect the load box in the circuit between the rel ay 
and the "hot " side of the supply circuit. If this pre­
caution is not observed, it is possible to cause a 
short circuit l;letween the grounded station service 
supply circuit and the ground of the current trans­
former circuit. 

The minimum pickup of each relay should be 
checked before starting the system tests. With taps 
as specified in Fig. 1 0, and the pilot wire circuit 
open on the high side of the insulating transformer, 
each relay should trip with IAN = 0.45 to 0 . 55 amp . 
or with IBc = 6. 9 to 7.0 amp eres 

With the pilot wire connected, energize one relay 
with I AN and determine the minimum pick-up of all re­
lays. Repeat this test by energizing the other relay or 
relays. Record these values for future reference. If the 
neon lamp is lit during these tests, the pilot circuit is 
presenting too high a shunting effect on the relays. 
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1 6  

C.T. ' a  '---------�-��� C�T�·; 
.-----

·r,.mmi,.ion L'ne 

� 
"N" Relay rrlnaulat1ng Transformers � "p'' Rel . .  y i=tJ l Pile} Wires t d-=l �t Wire Cur�ent" read with Milliamm� �-:------_______ Test Switches-------� �----� L------� 

Note: The line sho u l d  b e  carrying through load current amounting to at least 1 .  5 amperes as 
measured in the secondary of the Current Transformers. This test i s  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 re­
lays to R 1 = . 1 ; R0 = 1 . 6; T = 4 for this test. 

�----
RELAY "N" RELAY " F "  

Te st Relay Relay "Pilot Wire Current, Te st Relay Relay nPilot Wire Current" 

Switch Current Trip Circulating Remote Switch Current Trip Circulating Remote 

t t t  i A , B , C , N  No ( l )  ( I )  t t t t  A , B , C , N  No ( I )  ( 1 )  

2 t t X  A ,C , B ,N No (2)  (2)  nx  A ,C , B , N  No (2) (2) 

tk b b b b 
A , N  Y e s  (3)  (0) * 'U\.1U' 0 Ye s (3) (3)  (4) 3 b b b b tk � 0 Ye s (3)  (3)  (4)  A , N  Ye s (3)  None 4 

tk� A,N No (3)  (3)  t4! A,N No (3) (3)  

6 � A,N Ye s (6) �n  B , C , N  Yes (6) 

R E M A R K S  

Tests 1 and 2 are to check normal positive sequence rotation of phases. 
Tests 3 and 4 simulate internal Phase A to Ground fault with single end feed. 
Test 5 simulates an external Phase A to Ground fault. ( 5) 
Test 6 simulates an internal Phase A to Ground fault, with equal feed from the two ends, since 
IB + Ic = - IA, with balanced load. 

LEGEND OF 
TEST SWITCH 

SYMBOLS: 

To Relay 
� 

N A B C  t t t t 
N A B C  

� 
To C.T. ' s  

Normal Connection. 
All Currents to 
Relay. 

t t ! ! 
EXAMPLE UM 

Phase A current from 
C. T. 's to Relay. 
Phase B and C. T. ' s  
shorted t o  neutral. 

( 1) The "pilot wire current" will vary depending upon the magnitude of the through load current 
and the characteristics of the pilot wire. See Figures 1 1  and 12 .  

(2)  Since the  relay i s  temporarily connected for negative sequence, it should have practically 
zero output in this test. 

(3) These readings may be "off scal e ' '  depending upon the magnitude of the load current. 

( 4) The relay at this station should reset when the ' 'far ' '  current is being read because the local 
relay will be receiving no current from either the pilot wire or the current transformers. 

(5) Test 4 and 5 can be repeated using phase B to neutral current, and again with phase C to 

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

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

Fig. 10. HCB Relay System Testin g  Procedu re. www . 
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I N T E RP R ETATION O F  T ESTS 
1. Tests lt 1  and #2, Figure 10, are designed to indicate that the relays have been wired 

with the correct phase rotation. When the phase rotation is deliberately a nd temporarily 
changed by test #2, then the pilot-wire currents should be substantially zero. Any small 
value of pilot wire current which appears may be due to either a small unbalance in the load 
current, or else due to harmonic currents flowing through the line. If either relay has inad­
vertently been connected for the wrong phase rotation, then the fact will be apparent when 
reading local current. Local current should be interpreted from Figure 1 3 ,  with the amount of 
load current which is present. If no current is read on test lt 1  for the local relay, and if cur­
rent for test lt2 is in line with Figure 1 3 ,  then it is an indication that that particular relay 
has been connected for the wrong phase rotation. 

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

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

2 .  If the pilot wire is reversed, (a) the circulating current will be low on test # 1 ,  but it 

will be possible to read pilot-wire current from the remote relay. (b) Both relays will trip on 
test lt5. If the monitoring relays also suffer from this error in connection, then the error should 
be corrected at one relay location by reversing the connections to the H1 -H4 terminals of the 

insulating transformer. However, if the monitoring relays do not suffer from this error, then 
the polarity of the pilot wires insofar as the HCB relay installation is concerned may be 
suitably corrected by making a reversal of connections either at the XrX2 terminals o f  one 
insulating transformer, or at the output terminals of the relay, #18 and # 1 9 ,  Figure 3. 

3 .  If the phases are rolled at one end of the line, then this will be picked up by test ·lt5. 
On test lt5, neither relay should trip when phase-A-to-neutral current is delivered to each of 
the two relays with the switching arrangement as shown and discussed. However, if one or 
both relays trip , then try checking the near relay, phase- A-to-neutral current, against phase­
B-to-neutral current at the far relay. Also , check phase-A-to-neutral current at the near relay 
against phase-c-to-neutral current at the far relay. If, for example, neither relay trips when 
phase-A-to-neutral current is used for the near relay and phase-B-to-neutral current is used 

at the far relay, then it is an indication that what had been thought to be phase B current at 
the far location really identifies with phase A current at the near location. This identifies a 
rolled-phase condition, and also indicates the correction which must be made in the con­
nections of the current transformer input to the relay. 

4. One combination of errors which is somewhat tricky to pick up is the combination of 

pilot wires reversed plus a rolled-phase condition at one end. Let it be assumed that the pilot 
wire is reversed at the far end, making an error of 180 degrees. Then let it be assumed that 
the phases are also rolled by 1 20 degrees ,  thereby adding another error of 1 20 degrees. 
Adding these two together brings the total up to 300 degrees, which is within 60 degrees of 
what would be normal. Because of this,  the only symptom which will appear in the first four 
tests is that the circulating current is likely to be lower than one would expect when read 
at one end or the other on test 1tl .  However, test lt5 may be u sed to identify this combina­

tion of errors. When the condition exists as described, when test lt5 is extended to check 
phase A current at the near end against each of the three currents at the far end in turn, it 
will be found that at least one of the two relays will always trip. If this condition is found, 
reverse the pilot-wire connection, check out the rolled-phase condition and correct it, and 
then proceed with all six tests. 

5 .  Test #6 is a final verification test. 

* Fig. 10 (contin ued) 
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TY P E  HCB P I L O T  WI R E  R E LAY SYS T EM _____________________ _ 

LOAD E D  CI RCU I T  TEST 

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

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

2. Red-handl e fl exitest case switch should be op en 
to interrupt the breaker trip circuit. 

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

4. When the test calls for delivering only specified 
currents to the relay, it is necessary to use a 
thin piece of insulating material in the ammeter 
test jack. For example, test tt5 of Fig. 10  relay 
" N " .  To apply phase A to N current to the near 
relay only, the switches associated with termi­
nal s  6, 7, 8 ,  9 o f  figure 3 must be op en. Op ening 
switches 6 and 8 short circuits  the current trans-

* form ers for phases B and C. However, i t  i s  al so 
necessary to i n sert the i n su l at ing materi al i n  th e 
ammeter test j ack s associ ated with term i nal s 7 
and 9 in order to break up th e connection between 
the fi l ter in the rel ay chassi s and the grounded 
input c i rcuits  from current tran sformers i n  phas­
es B and C. 

5. To facilitate making test tt2  of Fig. 10 ,  two am­
meter test plugs wired together with a foot or two 
of flexible wire should be used. With these two 
test plugs suitably wired together, one of them 
may be shoved in the ammeter test j ack associ­
ated with t erminal 7, Figure 3, and the other 
shoved in the amm et er test jack associated with 
terminal 9 , Figure 3. (This should not be don e  
until the switches for terminals 6 and 8 have been 
open, thus short circuiting the current transfor­
mers involved). It is desirable to wire  the test 
plugs together such that when one is shov ed in 
the one ammeter test j ack with the red side up , 
and the other is shoved in the other ammeter test 
j ack with the black side up , it i s  then known that 
the B and C phase currents to the relay have been 
reversed at the input to the chassis in line with 
test tt2, Fig.  10. After these test plugs are pro­
perly inserted, it is then appropriate to close the 
switches associated with terminals 6 and 8, Fig.  
3 ,  in order to remove the short circuit from the 
current transformer secondaries.  

1 8  

Perform the tests as indicated i n  Figure 10  rec­
ording the milliammeter readings and the relay input 
current at the same instant, for future reference. The 
headings "Circulating" and "Remote " in the tabl e 
of Figure 10 refer to the test switch po sitions, ' 'CIRC' • 

and "REM. " For tests 3 to 6 of Figure 10 ,  the input 
cmrent 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 13 .  

T H R E E  T E RMI NAL L I N E S  

A similar procedure to Figure 10  should be fol­
lowed for three-terminal line applications. In this 
case open the line circuit breaker at one terminal , 
and disconnect 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 terminal 
line. Now perform the normal tests as outlined 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. 

E N E RGY R EQU I REM E N TS 

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 R0 = 0 .39 

Phase A 
Phase B 
Phase C 

1 .  25 volt- amperes 
0 . 30 volt-amperes 
0 .90 volt-amperes 

For tap 4, R1 = 0 . 1 5  and R0 = 1 . 6  
Phase A 2 . 3  volt- amperes 1 20° 
Phase B 
Phase C 

4 . 6  volt-amperes 
5 . 3  volt-amperes 

The angles above are the degrees by which 
the current lags its respective voltage.  
The continuous rating of the relay is 10  
amperes. 
The two- second overload ratings of the relay 
are 1 50 amperes phase and 1 25 amperes ground 
currents. 
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TYP E HCB P ILO T W I R E  RELAY SYST EM --------------------1 -_L_. _4 1_-9_7_1 ._2 8 

POS I T I V E  SEQUENCE AMPERES ( 60 CYCLES) I N  BOTH RELAYS 

Fig. 1 1 . Typical Test Output vs. Input R elay Current in 
a Two- Terminal Line with Zero Pilot- Wire Resis­
tance. 

2 

I 2 ll 
POSITIVE SEQUENCE AMPERES INPUT 

282585 
Fig.  13. Typi cal Curve of Relay Outp ut vs.  Positive­

Sequence Input - Test Switch in Local Position. 

25 

� 20 
.. � 
.... .... 
% 15  
!: 
.... � a to 
... "' 
.. 
.... :: 5 
.. 

0 

� " 

PI LOT .W IRE RESI STANCE • 2000 OHMS 
TAPS: T • �. Ro • . 1 , Ro • 1 . 6  
NAXIMU� RESTRAINT TAP 
�I LOT W I RE CAPAC I TANCE•0 .75 NFO. PER TERMINAL 

C I RCULAT I NG 
CURRENT 

+rtt 
FAR RELAY 
CURRENT 

"REM" 

' t·H-ttttii-tt-1 T l 

POS I T I VE SEQUENCE AMPERES (60 CYCLES) IN BOTH RELAYS 

Fig. 12. Typical Test Output vs. Relay Current in a Two­
Terminal Line with 2000-0hm Pilot-Wire Resist­
ance With or Without 10-mfd Cap aci tor. 

2 HOLES 

I 

en 31 .5  � O�MS 

A 

Fig. 14. Outline and Drilling Plan ofSI/: 12099 9 1  B alancing 
Resistor for Three- Terminal Line Applications. 
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20 

POLARITY 
MARKS 

X� 

rl rml  
H4 H3 H2 HI 

CLAMP TYPE TERMINAL 
____ ..__ 2� --� // FOR • 4  WIRE MAXIMUM 

��--�� }/ 

"''Q) 

i 
f 
i ! 
i I ! I 
I "''Q) Q) 
I I I /l DIA. MTG. HOLES " 16 4 TOTAL _./�: ..LLF:br!:==j=�j;;.:.___t_ I : -5� ----... I OUTLINE S WIRING DRAWING FOR 

" I 1-------- - - - -- 6 � ---! 
HCB RELAY INSULATING TRANSFORMER 

N.T.S. 

Fig. 15. Outline an d Drillin g P lan of HCB Relay Insulating Tran sformer. 

1 /4 - 28 THD TERMI NAL5 

. 1 12·40 THO. 

184A739 
Fig. 1 6. Outline an d Drilling Plan of the Semi-Flush- Type 

Test M i ll iammeter. 

13-C-5342 
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TY P E  HCB P I LOT WI R E  R ELAY SYST EM -------------------'-· L_._4_1 -
_97_1_

. 2_B 

-- -- --3 i - -�----· 

.2.50 0 1 � . 1-t O LE \ ( �HDL€5) 

5-D- 1523 
Fig. 1 7. Ou tline of the Test Mill iammeter A uxiliary Transfo rmer. 

n ' i ,- ---L3 ' 
! : I -

.. "-----' � 
L:--<--2--+--1.25 �. I �J _j , I�"·�--__ 

DRILLING PLAN 1-
.7 Z.O&--=:r 

PLOT WIRE TEST PILL OliT LOW SCALE 
NOilMAL 

""MOTE-.. I �IRC. � 0 �LOCAL 
_; I '-

_..,.._ NP5b2AOS4Hot MCid••nUSA. 

PILOT WIRE W-2 TEST SW. S 508A468 
PC I I N 

CONTACT REM REM NORM NORM CIRC IRC Hl. P.C. P.C. 
Al l - 8 1 1  X X 
AI2-BI2 X X 
AI �BI X X 
A5 85 X X 
A6-B6 X X 
A7 -87 X X 
Cl l -01 1 

12- 12 
C l  -DI 
C5 - 5 
C6 -D6 
CT -07 
E12-EI X X X 

12-FI X X X 
E6 E7 X X X 
F6 F7 X X X 

GOI·G02 

LOCAL LO AL f-!1 . 

X X 

X X 

X 
X 

X 
X 

X: DE NOTES CONTACT CLOSED 
P.O. PULL-OUT POSITION SPRING RETURN TO NORMAL 
EACH POSITION WITH SPRING RETURN FROM PULL- OUT 
GOI Ya" PANEL 
G02 l · d'iPANEL 

293B226 

Fig. 18. O utline and Drilling Plan of the Type W-2 Test Switch. 
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��! _/,� - -- �--� _J a !_  I t· ,· I 16 

� s l__J i' 
PAIIEL LO:ATI ON � 
SEM I - FLUSH MTG. ----� 
PROJ ECTI ON MTG. 

. 1 90-32 SCREW � 
PANEL 

SPACEJIS FOR 
TH i ll  PAIIELS 

5 
i6 lJO:Cir.cr PMIR ISE H &-�8 SlUO 

II ' I . 1 9G-32 SCREW 

� 01-A. !:? J� 
TERMI NAL AND 
MOUIITI MG DETA I LS j_ _  

TEJMI IIAL lllloi8ER 

-{ 5 ! -+i I 
2 25 1 6  I . -- r-- :� � 3 2__ ; ·� -. 

I I 
I 
I -� h-�N 

� I .e  : - ( ; 
� 

. I I I • _ , ,.. tr.- · � : � 
IS I I 

� - 14- I 
1 6  � s1 -J 

8 

PAIIEL CUTOUT & DII I I.L IIIG 
FOil SEM I-FLUSH MTG. 

PANEL DRI LL I NG OR 
CUTOUT FOR PROJ ECTION MTG· 

( FRONT V I EW) 

Dl A.� HOLES FOR 
. 19G-32 MTG. SCREWS 

, ) 

3 
- D I A .20 HOLES 
� OR CUT OUT 

N 

57-D-7905 

Fig. 19.  Outline and Drilling P lan fo r th e Type HCB Rel ay in the Type F T-42 Case. 
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TY P E  HCB P I LOT WI R E  R ELAY SYST EM --------------------' ·-L_. 4_1_-9_7 1_.2_8 

PI LOT-W I R E  EN E RGY 

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

pilot-wire channel. 

R EN EWAL 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. 

APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HCB REL AY 

Transformer 

Polar Unit 
Polar Unit 

Resistor 
Tube Resistor 
Looped Resistor 

Rectifiers 

Indicating Contactor Switch 

Secondary Winding 

Operating Coil 
Restraining Coil 

Rc 
Ro 
R 1  
R 1 A  

Start to Tap 20 to 30 ohms 
Start to Finish 1 10 to 140 ohms 

Maximum 
Minimum 

290 - 320 ohms 
1 2 - 16  ohms 

9 - 12 ohms 

4 1 - 44 ohms 
As Marked on Ro Tap Plate 
As Marked on R 1 Tap Plate 
As Marked on R1A Tap Plate 

IN9 1 Germanium Diodes 

0 . 2  amp . Tap 6.5 ohms 
2.0 amp . Tap 0 . 15  ohms 
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