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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HCB PILOT WIRE RELAY 

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 con­

tacts 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 terminal is obtained in 

about 1/60 of a second for all faults. A 

complete installation for a two terminal line 

consists of t�o relays, two insulating 

formers, and an interconnecting pilot 

circuit. For a three terminal line, 

trans­

wire 

three 

relays, three insulating transformers, and a 

wye-connected pilot wire circuit with branches 

of equal impedances are required. 

CONSTRUCTION 

The relay consists of a combination positive 

and zero phase sequence filter, a saturating 

auxiliary transformer, t�v rectox units, a 

polar type relay unit, and a neon lamp all 

mounted in a single case. The external equip­

ment normally supplied with the relay consists 

of an insulating transformer, a milliammeter 

and test switch. The constructioiJ of these 

components is as follows: 

Sequence Filter 

The currents from the current transformer 

secondaries are passed thru a filter con­

sisting of a three winding iron core reactor 

and two resistors. The secondary of the threP 

SUPERSEDES l.l. 41-658K 
*Denotes change from superseded Issue 

winding reactor and the resistors are tapped 

to obtain settings for various fault con­

ditions. The output of this filter provides a 

voltage across the primary of the saturating 

transformer proportional to the positive 

sequence current plus a constant times the 

zero sequence current. This combination is 

selected as the discriminating function 

because it can be adjusted to have definite 

values lying in a comparatively small range 

for all types of phase and ground faults. 

Thus, 

for 

dials 

a single operating element can be used 

all types of faults. The two lower tap 

provide the adjustment of the relative 

amounts of positive and zero sequence currents 

that are combined to produce the required 

discriminating voltage. The right-hand lower 

tap dial (front view ) adjusts the sensitivity 

to ground fault currents. The left-hand lower 

tap dial adjusts the positive phase sequence 

sensitivity when the ratio of the current 

transformers at the terminals of the line are 

not equal. 

Saturating Auxiliary Transformer 

The voltage from the filter is fed into the 

tapped primary ( upper t�p plate ) of a small 

saturating transformer. This transformer i� 

used to limit the voltage impressed on the 

pilot wire, �Ju uO provide a small range of 

voltage for a large variation of maximum to 

minimum fault currents. Thus, high operating 

energy is obtained 

limited operating 

for very light faults and 

energy for heavy faults. 

The relay operating characteristic changes 

from percentage differential at low current 

values to approximately directional charac­

teristics at high current values. 

The upper tap plate changes the out-put of 

the saturating transformer, and is marked in 

amperes required to operate the relay when the 
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Fig. !-Internal Schematic of the Type HCB Relay in the Standard Case. 
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Fig. 2-Internal Schematic of the Type HCB Relay in the Type FT Case. 
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TYPE HCB RELAY 

pilot wire is open or when equal amounts of 

currents are fed to an internal fault thru the 

line terminals. For further discussion, see 

section entitled, "Settings". 

Rectox Units 

The secondary of the saturating transformer 

feeds the two rectox units, the insulating 

transformer, and the pilot wire, as shown 

schematically in Fig. 8. The rectox units 

are used to convert the a-c output of the 

saturating transformer to d-e for use un the 

d-e polar-type relay element. The use of a 

sensitive polar-type relay, requiring a small 

amount of energy, keeps the volt-ampere burden 

on the current transformers very low. 

Polur�-Type Relay 

This element consists of a rectangular 

shaped magnetic 

permanent magnet, 

double set of 

frame, an electromagnet, a 

and an armature with a 

contacts. The poles of the 

permanent magnet clamp directly to each side 

of the magnetic frame. Flux from the permanent 

magnet divides into two paths, one path across 

the air gap at the front of the element in 

which the armature is located, the other a­

cross two gaps at the base of the frame. Two 

adjustable shunts are located across the rear 

air gaps. These change the reluctance of the 

magnetic path so as to force some of the flux 

thru the moving armature which is fastened to 

the leaf spring and attached to the frame mid­

way between the two rear air gaps. Flux in 

the armature polarizes it and creates a mag­
netic bias causing it to move towards one or 

the other of the poles, depending upon the ad­

justment of the magnetic shunts . Two con­

centric coils are placed around the armature 

and within the magnetic frame. The coils are 

connected in opposition with one used as a re ­

straining winding and the other as an oper­

ating winding. The restraining winding sets 

up a magnetic fie ld, which, in conjunction 

with the field from the permanent magnet holds 

the contact in the normal open position. The 

operating winding produces a magnetic field 

which acts to move the armature in the con­

tact closing direction. The restraining 

winding is tapped and the le ads are �rought 

out to taps at the upper left of the relay. 

The left hand position of the test link is the 

minimum restraint connection, and the right 

l.l. 41-971 

hand position is the maximum restraint oonne�­
tion. 

The moving contacts are fastened on the free 

end of the leaf spring. Two stationary con­

tact screws are mounted to the left ( front 

view ) of the moving contact assembly and are 

adjusted for normally open contacts. 

Insulating Transformer 

The insulating tran sforme r  is connecte d as 

shown in Fig. 8 and serves to isolate the 

terminal equipment from the pilot wire. This 

avoids jnterconnection of station grounds that 

may have large differences of potentials 

between them. The mid-taps of the parallel­

wound secondary windings are brought out 

separately to provide a means of connecting 

supervisory relays symmetrically within the 

pilot wire circuit. When auxiliary super­

visory relays are not used, these mid-taps are 

to be connected together and may be grounded 

to drain the voltages induced along the length 

of the pilot wires when these voltages ap­

proach the voltage limit of the cable. This 

is discussed further under Pilot Wire below. 

The transformers have a 4/1 ratio and 

insulated for 5000 volts. 

Pilot Wire 

are 

One pair of pilot wires connecting the 

secondaries of the insulating transformers is 

required to provide a continuous circuit be­

tween the relays. For the pilot wires a lead­

covered twisted pair of No. 19 wire or larger 

is recommended, however, open wires may be 

used. The following points should be con­

sidered in selecting pilot wire circuits. 

l. The total circuit resistance ( including 

neutralizing reactors when used ) between 

terminals of the Type HCB relays exclusive of 

the insulating transformers and expressed in 

terms of the pilot wire voltage must not ex­

�eed 2000 ohms for two terminal lines (500 
ohms per wye branch for three terminal lines ). 

2. The shunt capacity between pilot wires 

should not exceed 0.75 microfarad per pilot 

wire terminal for two terminal lines (0.60 
mfd. per leg. for three terminal lines ) . 

In cases where this value is exceeded, compen­

sating reactors will be required to reduce the 
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PILaT WIRE RESISTANCE•O OHMS 
TAPS: T• 4, A1•.l, Ao•l.6 
MINIMUM RESTRAINT TAP 
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FAR RELAY CURRENT WITH 10 MFD. CONDENSER 
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f'iq. 3--Typical Test Output Vs. Input Relay Current in A 
Two Terminal Line With Zero Pilot Wire Resistance. 

shunt currents which tend to desensitize the 

relay. 

3. The difference in the longitudinal in­

duced voltage which appears between wires 

should not cxceod 15 volts total (7o5 volts 

per relay ) . 

4" The induced voltage to ground which oc­

curs on the pilot wires during maximum fault 

conditions should not exceed the rating of the 

pilot wires or insulating transformers" The 

transformers aro insulated for 5000 volts" In 

general, the pilot wires will be insulated for 

a much lower voltage. 

Induced voltages and differences between 

station ground potentials which appe�r along 

the pilot wire may be reduced to safe limits 

by the following means: 

4 

a .  Excessive voltales can be reduced by 

grounding the mid-taps nf the insulating 

transformers and allowing current to cir­

culate over the pilc.t wlres tc, ground. 

The val tage betv,reen pilot wires •r.ust not 

exceed 15 volts. 

b. For more serious induction two winding 

neutralizing reactors can be used tc 

"' .. "" ... .... � < ::::; ... � 
!!!: 
1-z "' "" "" ::> u 
Lo.l a: §: 
6 ... 
ii: 

0 

PILOT WIRE RESISTANCE� 2000 OHMS 
TAPS: T•4, Ro =.1, Ro •I.& 

MAXIMUM RESTRAINT TAP 
PILOT WIRE CAPACITANCE•0.75 MFD.PE R TERMINAL 

z 3 4 
-ITIVE SEQUENCE AMPERES ·(GO CYCLE$ IN BOTH RELA'1'S 

Curves 282138 and 282140 

Fig. 4 -Typical Test Output Vs. Input Relay Current In A 
Two Terminal Line With 2000 Ohm Pilot Wire Re­
sistance With or Without the 10 MFD. Condenser. 

limit the voltages. In cases where the 

sheath current 

cause damage 

sulated from 

may be sufficient to 

the sheath must be in-

ground and three winding 

neutralizing reactors should be used. 

Reactors are available for 1000 and 

2000 volt neutralization. 

c. Another method consists of connecting a 

suitable two winding drainage reactor 

and a protector tube, such as the type 

KX642, to the pilot wires at suitable 

points. The arrangement is such that 

when the tube flashes because of high 

extraneous voltages, both wires are 

connected to ground, through the reactor 

and the tube. The impedance to ground 

is low, but the impedance between wires 

is kept high to avoid interfering with 

the operation of the HCB relays. 

OPERATION 

The HCB pilot wire relay operates as a per­

centage differential device when the fault 

currents are small, and has essentially direc­

tional characteristics, comparing the direc­

tion of current flow at the terminals of the 

protected section when the fault currents are 

large" 
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TYPE HCB RELAY _______________________________________________ t.L_.4_1-__ 971 

The voltage appearing across the secondary 

of the saturating transformer is balanced 

against a similar voltage at the opposite end 

of the protected line section, thru the re­

straint winding of each relay, the insulating 

transeormers and the pilot wires, as shown in 

Fig. 8. On external faults, a flow of fault 

power thru the protected line section, pro­

duces voltages across the secondaries of the 

saturating transformers which are essentially 

equal and in series .  These voltages act to 

circulate current thru the restraining coil of 

each relay which is connected in series with 

pilot wire. Unde r this condition the oper­

ating coils connected across the pilot wires 

do not receive sufficient current to overcome 

the restraint and so tripping does not occur. 

For internal faults with e qual feed-in from 

the terminals, the voltages across the satu­

rating transformers are in opposition. This 

results in all of the current flowing thru the 

restraining and operating coils in series and 

none thru the pilot wires . The relays at the 

ends of the section operate under this condi­

tion to give simultaneous tripping of the 

breakers at the terminals of the 

section . 

prote cted 

The impedance of the filter and the oper­

ating coil can be adjusted so that the sum of 

the minimum trip currents from all ter•minals, 

when fed in from only one terminal, is suffic­

ient to trip the relays simultaneously. This 

is affected somewh11.t by very low or very high 

pilot wire impedance, since in this case en­

ergy to trip any terminal not supply ing cur­

rent to the fault, must be carried over the 

pilot wire. Consequently, settings are based 

on total fa,�lt current fed in from all termi-

nals disregarding the current 

from the terminals. 

distribution 

If the pilot wire becomes open circuited, 

all of the current in the restraining coil 

will al so flow thru the operating coil. While 

this condition exists the relay operates as an 

ovorcurrent devi ce and will trip on boll faults 

and also on heavy loads grc,ater than thP n; ­

lay setting. A short cir cuit on the pilot 

wires will prevent tripping, since· it short 

circuits thn operating winding of the re lay. 

However, 

wire is 

if the short c ircuit on the pilot 

so placed that it is 1000 or more 

pilot wire ohms from one of the t'iro relays, 

then that relay will not be blocked. 

The current and voltage impressed on the 

pilot wire do not excee d  100 milliamperes and 

60 volts. The wave form and magnitude of the 

pilot wire current is such that telephone in­

terference is within the limits allowed by the 

Bell Telephone Company. This permits the use 

of leased telephohe lines as a pilot 

channel. 

SUPERVISION 
wire 

. h. fau lted p i l ot wire mentioned above may be 

detected by the milliammeter and test switch 

( supplied with the relay ) or by continuously­

operated supervisory relays supplied as extra 

equipment. 

The condition of the pilot wire under normal 

load conditions may be determined by reading 

the pilot wire current by means of the 

sw itch and milliammeter. 

test 

A comparison of the readings obtained with 

the typical value s of Figs. 3 and 4 will in-

dicate tho condition of the pilot wire. It 

should be noted that, when the far relay cur­

rent is be ing read, the near relay is short 

circuited, and the far relay is shunted by the 

resistance of the pilot wires plus the im­

pedance of the near relay insulating trans­

formers. 

I 2 3 4 
POSITIVE SEQUENCE AMPERES INPUT 

Curve 282585 
�---------------------------------- -

Fig. 5--Typical Curve of Relay Output vs. Positive Sequence 
Amperes Input. 
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Fiq. S- Typical Operating Characteristics On Phase A to Ground Faults With Currents In Phase and 1500 Ohm Pilot Wire. 
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Fig. 7� Typical Operating Characteristics On Phase A to Ground Faults With Currents in Phase and 2000 Ohm Pilot Wire. 
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_11; _I_t5 TEST S WITCH 

�� /\� INSTRUMENT 
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7-B X X X X '---�--' 
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11-12 X X X X X X 
13-14 X X X X 
15-16 X X X X 
X DENOTES C ONTACTS CL OSED P. 0. = PULL OUT 

8-C-9134 

Fig. 8-External Connections of the Type HCB Relay in the Standard Case For Phase and Ground Protection of A Two 
Terminal Line. 

Fig. 5 shows typical values for relay out­

put current vs. positive sequence input cur­
rent. For this test, the insulating 
transformer is short circuited on the low 
voltage side so that the milliammeter is con­
nected directly across the relay output 
terminals. 

CHARACTERISTICS 

Typical overall oper ating characteristics of 
tne relay are illustrated in Figs. 6 and 7. 
The general shape of these curves is similar 
for other types of faults, relay settings, and 
pilot wire lengths. The ampere abscissa and 
ordinate scales may be interpolated to show 
the operating characteristics for other con­
ditions and tap settings by the use of tho 
following equation: 

where Ign is the value to read on the curve 
(Figures 7 and 8). 

For example, assume relay tap settings of 
T = 6, R1= .1, Ra = .68, and also assume that 
a phase b to ground fault occurs, for which 
the "near" relay components are as follows: 

10 + jo (2) 

2 
lao .9a (Ial) (3) 

In equation (3), the factor .9 was arbi­
trarily Qsed as a reminder that the distribu­
tion factors for positive and zero sequence 
components are not necessarily equal for any 

2 given system. Also, the operator a signifies 
that Iao is 240° leading I

al for a phase b to 
ground fault, neglecting dissimilarities in 
the sequence networks. 
particular condition of 
tion (1) gives 

First substituting the 
equation (3) in equa-

Ian = � Ial { 2R1 + • 9a 2 
.(R1 + 3R0 ) } ( 4) 
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TYPE HCB BELAY 

Substituting values ror the several taps in 
(4) gives 

Ian 

Ian 

I an 

= 2.35 Ial { 2 x .1 + .9 (-.5-j.866)} 
6 (.1+3 x .68) (5) 

.392 Ia1{-.763-j1.67} (6) 

(7) 

Substituting the numberical value ror Ia l  
given by equation (2) results i n  a numerical 
value ror Ian or 

1 an= .718 x 10 = 7.18 amperes. 

This 1s the value to read on the curve for 
the typical values chosen for the taps R1, R0, 

and T at the particular phase b to ground 
fault values indicated by equations (2) and 
(3). It should be noted that the total phase 

b current to the "near" relay is Ib = Ibl + 

Ib2 + Ibo = 29 amperes, assuming Ib2 = Ibl. 

For a phase to phase fault, there is no zero 
the phase current, ILL, 

to 1[3 Ial. Hence, for 
equation (1) reduces 

sequence current, and 
is equal in magnitude 
phase to phase faults, 
to: 

(8) 

SEmNGS 

The HCB relay has three different taps which 
are provided to obtain flexibility for a wide 
range of application. The taps to provide 
correct operation for any given application 
are easily selected and have a wide latitude. 
That is. correct operation can be obtained for 
different combinations of tap values. The 
following discussion establishes limits for 
the vario1n tap settings under different oper­
ating conditions. It should be kept in mind 
that settings to obtain operation on minimum 
internal fault conditions are based on the 
total current that flows into the section from 
all terminals. 

8 

Positive Sequence Filter Tap 

The low�r left tap (Rl) has three available 
taps .075, .10, and .15 (the .075 tap is 
actually marked .07 because of space limita­
tions). These taps permit compensation for 
current transformers of different ratios at 
the various terminals. Where the current 
transformers have the same ratios, the values 
of R

1 should be the same on all relays. A 

value of R1 = .10 is usually recommended ex­
cept where a more sensitive setting of 11T11 

(described below} is desired than is obtain­
able with R1 = .10. Where the current trans­
formers are dirferent at the different termi­
nals, select the value of R1 which is propor­
tional to the current transformer ratios. For 
example, assume a ratio of 300/5 at one termi­
nal and 600/5 at another terminal. Set R1 
.075 at the 300/5 terminal and R1 = .15 at the 
600/5 terminal. The ratios obtainable are 

1/1, 2/1, 3/2� and 4/3. In the event that the 
ratio of the R1 taps is not 1/1 it will be 
necessary to compensate for the unbalance by 
increasing the minimum trip calibration 25% 
above its normal value or by neutralizing the 
distributed capacitance or the pilot wire. 
The same procedure applies to three terminal 
lines. 

Pos1tive Sequence Current Tap 

The upper tap (T) has values of 4, 5, 6, 8, 
10, 12 and 15. This tap should be selected to 
assure operation on minimum internal line-to­
line faults, and where possible, to prevent 
tripping on load current if the pilot wire be­
comes accidentally open circuited. The high­
est setting of "T" that will cause operation 
on internal line-to-line faults is given by 
the equation 

� = 5·7 ILL 
R

1 (9) 

where ILL 1s the total min1mum internal line­
to-line secondary fault current fed from all 
terminals, divided by the number of terminals. 

The factor "5,7" is used as the opel"ation of 
the positive sequence filter is such that the 
relay requires 1.73 times as much current for 
operation on a line-to-line fault as on a 
three phase fault. This means that the three­
phase trip setting should be �7% of the de­
sired line-to-line current setting. Also, the 
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I 2 3 I 2 
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7-8 X 
9-10 
11-12 X 
13-14 X 
15-16 
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X 

X X 
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>----f<>£?:==�F== 1---r--MULTIRANGE C MILLIAMMETER 

X OENOTES CONTACTS CLOSED P. 0. = PULL OU T 

8-C-9135 

Fig. 9- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line. 

I 2 3 

AUX BALANCING INSULATING 
RESISTOR _TBAN.SEQRMEIL_ P.O." PULL OUT 

VIEW B-D-5685 

.. 0 

X DENOTES CONTJCTS CLOSED 

I 2 3 

8-C-9136 

* Fig. 10- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of A Three 
Terminal Line. 
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TYPE HCBRELAY __________________________________________ __ 

I 2 3 

,--a-''"' I r=---': I r--' 
r-

Lf6 I 

• 0 

[8 0 

rS 19 0 
22 

� :S 
� � 

R E A R  V I EW 
7 8 

12 II 9 10 

'14 16 

13 IS 

1t H •vv� cy 

RE�AY TYPE HCS PILOT WIRE IN TYPE FT CASE 
EXT ERNAL CONNECTIONS FOR TWO TERMINAL POWER BANK NE W TH A ST R 0 T POWER NKJ T U 0 • n. U 'M 

:� 

SIDE L EADING DELTA SlOE BY 30•)AT ON END. 
PROTECTED LINE S ECTION PHASE ROTATION ·1-2-3 ·�t3 nr;:;" "'i"!= 

_...;. t.- 'll0 �� 

POS 

I ¢
�

NEG. 

TRIP COL 
A.:

ILOT WIRES r'L���ER 

!1i�;�rr-;; �� " 

PILOT WIRE "W" TEST s\vtTCH s. 1491627.8 

CONT. REM REM. 
P.O. 

1- 8 X X 
9-10 

11-12 X X 

13-14 X 
1!5-16 X 

ORil 

X 
X 
X 

POSITION 
NORM. CIRC. CIRC, o<:AL LOCAL 

�0. PO. �0 

X X 
X X X 
X X X 

X 

X D ENOTES C O NTACTS CLOSED P.O.• PULL OUT 

�� � 
+ 

""t"--] 

I ;.. J o lj!:B  A).. 
l@ <i� 

H�B AI 3 
�p wo 

� 12 �� Hl,l!. 

�· � 20C � � 
�. � l I{_ 24G� !� 
26 I -{__ 

REAR VIEW 8-D-!5685 

10 Q +� II 12 

147 16 

13 IS 

1• H 
L

Jl �lA,A I =-=' 

I 2 3 

� 

TYPE "W" 
TEST SWITCH 

POS. 
NEG. 

RIP COIL 

INSTRUMENT 
TRANSFORM£ R 

MULTI RANGE 
Ml L LIAMMETE R 

17-B-8665 

Fiq. 11- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line With a Transformer Bank. 

numerical values of T are the positive 

ence currents required to operate the 

when R1 is set on . 10. Therefore, to 

pensate for the value of R1 used in the 

ula, T, must be divided by 0.1 thereby 

taining the factor "5·7". 

sequ­

relay 

com­

form-

ob-

Where line-to-line currents are not la10wn, 

an alternate equation can be used. 

The alternate equation is: 

(10) 

where I 3� is the total minimum internal three 

10 

phase secondary fault current fed from all 

terminals divided by the number of terminals. 

The factor ".86" is used as line-to-line fault 

current is 86% of the three phase fault cur­

rent when the negative sequence impedance of 

the system equals the positive sequence im­

pedance of the system. 

Equation (9) 

of "T" which 

operation on 

and 

must 

the 

(10) give the upper 

not be exceeded to 

line-to-line faults. 

actual setting should always be below 

values obtained from equation (9) or 

limit 

obtain 

The 

the 

(10). 
The minimum limits for this setting are dis­

cussed below. 

f 
I. 
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TYPE HCB RELAY 

The setting 
tion on load 

of "T" which will cause opera­
current if the pilot wires be-

come accidentally open circuited is given by 
the equation: 

T 10 I) I Load 
(11) 

where "I " is the L.oad 
load balanced current 
terminal. 

maximum secondary full 
flowing through the 

It is generally desirable to select a value 
of "T" which will not cause operation if the 
pilot wires are accidentally open circuited. 
A safety factor of at least 25% is generally 
recommended to prevent such operations. That 
is, "T", should be set 25% above the value ob­
tained from equation (ll) if the relay is not 
to operate on load current with the pilot 
wires open circuit ed. 

This consideration may be neglected if it is 
realized that relay operation will be obtained 
if pilot wires are opened during heavy load 
currents, 

NOte: "T11 must be set the same at all termi­
nals (even where different transformer 
ratios are used. ) 

Zero Sequence Tap 

The lower tap (Ro) has taps .025, .033, .05, 

.39, .51, .68, .90, 1.2 and 1.6. (The first 
two taps are actually marked .02 and .03 be­
cause of space limitations). The three lowest 
taps are not used in applications where high 
sensitivity to ground faults is required. 
They are used on special applications where 
response to positive sequence current only is 
required. Where such response is required, R0 
is set to equal to 1/3 Rl 

Maximum sensitivity to ground faults is ob-

I. L. 41-971 

tained with Ro = 1 . 6. This setting is gener­
ally recommended where current transformers 
with the same ratio are installed at all 
terminals. Where current transformers of dif-
ferent ratios are installed at the various 
terminals, values of R0 should be selected 
which are most nearly proprotional to the 
transformer ratios. When the ratio of the R0 
taps can not be made to exactly match the 
ratio of the R1 taps, pick the ratio to match 
as closely as possible, and use maximum re­
straint tap. 

The minimum tap to obtain operation on mini­
mum ground faults is expressed by th� equa­
tion: 

(12) 

where Ig is the total minimum secondary 
ground fault current fed into the section from 
all terminals (taking into account possible 

ground fault resistance), divided by the num­
ber of terminals, and where "T" is the actual 
tap selected (not th� Y9.lue calculated from 
equation (9) or (10) . 

It is recommended that "R011 be set as high 
above the value obtained from equatio� (12) as 
possible keeping the value of R0 approximately 
proportional to the current transformer 
ratios. 

Restraint Tap 

The restraint coil has a tap which permits 
the entire coil or part of it to be used. The 
relay is normally shipped with the restraint 
tap link cqnnected in the maximum restraint 
position. This link is in the upper left hand 
corner of the panel carrying the polar ele­
ment. The link is connected to the left for 
minimum restraint, and to the right for maxi­
mum restraint. Maximum restraint should be 
used with pilot wires of 1500 to 2000 ohms. 

Example of Relay Settings 

Assume a two terminal line with current 
transformers rated 400/5 at sta�ion 1 and 
300/5 at station 2. Also assume tha� full 
load current is 300 amperes, and on minimum 
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TYPE HCB RELAY----------------------

internal phase-to-phase faults 2000 amperes * 
feed into the fault from station 1 and 1000 INSTALLATION 

amperes from station 2. Further assume that The relays should be mounted on switchboard 

or their equivalent in a location free on minimum internal ground faults, 400 am- panels 

peres feed into the fault from station 1 and 

none from station 2. 

Positive Sequence Filter Tap 

Set R1 proportional to the transformer 

ratio. R1 at station 1 = 0.10, R at station 

2 = 0.075· 

Positive Sequance Current Tap 

T 

or 

T 

From equation (9) 

5.7 X 3000 X 5 X .] 
400 X 2 

5.7 X 3000 X 5 X .075 
300 X 2 

This represents the highest 

which setting. The setting 

permissable 

will cause 

tripping on load current if the pilot wire be­

comes accidentally open circuited is given by 

equation (11). 

T 

or 

10 X .l X 300 X 5 
400 

T = 10 x 0. 075 x 300_x 5 

300 

Select T at both stations 

Zero Sequence Tap 

3·75 

3·75 

6. 

The minimum tap which will cause tripping to 

minimum internal ground faults is given by 

equation (12). 

Ro 
= 

0.2 X 6 X 400 
200 X 5 

0.2 X 6 X 300 
200 X 5 

.48 at station 1 

.36 at station 2 

Select R0 at station 1 
An� R0 at station 2 

1.6 
1.2 

12 

from dirt, moisture, excessive vibration and 

heat. Mount the relay vertically by means of 

the two mounting studs for the standard cases 

and the type FT projection case or by means of 

the four mounting holes on the flange for the 

semi-flush type FT case. Either of the studs 

or the mounting screws may be utilized for 

grounding the relay. The electrical con­

nections may be made direct to the terminals 

by means of screws for steel panel mounting or 

to terminal studs furnished with the relay for 

ebony-asbestos or slate panel mounting. The 

terminal studs may be easily removed or in­

serted by locking two nuts on the studs and 

then turning the proper nut with a wrench. 

Th� relay is shipped with the operation in­

dicator and the contactor switch connected in 

parallel. This circuit bas a resistance of 

approximately 0.25 ohm and is suitable for all 

tr.ip currents above 2.25 amperes d-e. If the 

trip current is less than 2.25 amperes, there 

is no need for the contactor switch and it 

should be disconnected. To disconnect the 

coil, remove the short lead to the coil on 

the front stationary contact of the contactor 

switch. This lead should be fastened (dead 

ended ) under the small filister-head screw 

located in the Micarta base of the contactor 

switch. The operation indicator will operate 

for trip currents above 0.2 amperes d-e. The 

resistance of its coil is approximately 2.8 
ohms. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed after 

receipt by the customer. If the adjustments 

have been changed, the r�lay taken apart for 

repairs, or if it is desired to check the ad­

justments at regular maintenance periods, the 

instructions below should be followed. 

All contacts should be periodically cleaned 

with a fine file. 3#1002110 file is recom­

mended for this purpose. The use of abrasive 

material for cleaning contacts is not ·recom-
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TYPE HCB RELAY ______________________________________________ I.�L.�4� 1 - 9�7 1 

z 
ol.4 ... 
< 
a..� L2. C/) < % �1.0 
� 
irl .8 a:: 
a:: �.6 
z 

�.4 
C/) 
.... 
a:: :e .2. 2 < 

0 

+ 

500 1000 

N£AR RELAY TRIPS 
. FAR RELAY TRIPS 

1500 
R." PILOT WIRE RESISTANCE IN OHMS. 

MICROFARADS DISTRIBUTED CAPACITY•. 001 R 
Curve 282581 

Fig. 12-Typical Curves Showing the Effect of Pilot Wires 
Resistance and Capacitance on Minimum Trip Cur­
rent With Minimum Restraint. 

mended, because of the danger of embed�ing 

s�all particles in the face of the soft silver 

and thus impairing the contact. 

CAUTION 1. Make sure that the neon lamp is 

in place, whenever relay operation is being 

checked. This is required to limit distortion 

in pilot wire voltage wave. 

2. When changing taps under load the spare 

tap screw should be inserted before removing 

the other tap screw. 

Sequence Filter 
There are no adjustments to be made in the 

zero sequence resistor. The taps on the R1 
resistor are adjustable, however, but this is 

a factory calibration which should not 

ordinarily be disturbed. To check the posi-

tive sequence current filter, pass 
I = 6.94 amperes through a pair 

a current 
of phase 

terminals, for example, in at phase B, out of 

phase C ( see Figure 2) and measure the open 

circuit filter voltage with a high resistance 

voltmeter. This may be done by re�oving the 

positive sequence current tap screw, T, and 

connPcting the voltmeter across the open 

circuit thus for�ed. The voltage should be 

-1.6/tH+HtH-:R+t-mJ:H+t+:l:-W=��jj_j_-i-l!--UJ:!� 
z 
0 
... 1·4�-tt:m+H::ttmrni+ttr++J+tt=ttm-::h�� < 

�L2Hi��rHiTt+rH,f++rH�++����HJ��H c :I: Q. 
-I.Oi:t+t±l:im'!$titt:Wi � ·  
.J �·8Mlfr���HtfGtp���j±�tt==tp� 
a: � .6 H-1--'-T+++-'--I+t 
z 

�AHi1T��++�++�++��rr��rH��CT� C/) .... a: le·2 2 c 
c 1000 1500 2000 

R• PILOT WIRE RESISTANCE IN OHMS. 
MICROFARADS DISTRIBUTED CAPACITY•.OOI R 

Curve 282580 

Fig. 13-Typical Curves Showing the Effect of Pilot Wire 
Resistance and Capacitance on Minimum Trip Cur­
rent With Maximum Restraint. 

8R1 plus or minus 5% for each of the three 

phase-to-phase combinations, AB, BC, or CA. 

For example, at I= 6.94 amperes and R1= .1, 
the voltage should be 0.8 volts. 

Polar-Type Element 

Contact Adjustment: Adjust the left-hand 

( front view ) contacts until they just make a 

light circuit, when the armature rivet touches 

the left-hand pole face. Give both the left­

hand contact screws four to five additional 

turns, and lock in position with the lock n uts 

provided. This moves the armature rivet away 

from the left-hand pole face and provides 

contact follow. Now adjust the right-hand 

backstop screws until they just touch the 

moving contacts when the moving contacts are 

in the contact closing position as above. 

Back off each backstop screw two turns and 

loc:_ in p:Jsition. 

Calibration: Connect the restraint tap link 

in the position in which it will be used. 

Connect the low voltaGe terminals of the in­

sulating transformer across the pilot wire 

terminals of the relay. Connect the relay 

taps en T = 4, R1 = .1, Ro = 1.6. 
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TYPE HCBRELAY __________________________________________ __ 

A d ju s t  the right -hand 

out as required , un tJ l 

c on t a c t s  at 6 . 9  t o  7 . 0  

pha s e  C current . When 

magn et i c  shunt in or 

the relay just c l o s e s  

amp eres pha s <o B t o  

t hi s  adjus tment has 

been made , change the in put current c c nnec ­

t i ons t o  pha s e  A t o  neutra l . The rel ay shou l d  

trip f o r  pha s e  A t o  n eutra l current b et ween 

. 4 5  and . 55 ampers . 

The above i s  given a s  a l a b orat ory c a l ibra ­

t i on on an individaul rel a y  with i t s  insul a ­

t ing transformer . This does n ot t ake into 

c on s i dera t i on the chara c t er i s t i c s  of the p i l ot 

wire c i rcuit between the rel ays . 

Figs . 1 2  and 13 show typ i c a l  vari a t ion s o f  

minimum trip curren t f o r  various l engths o f  

p i l ot wire c ircuit s  u p  t o  t h e  l imiting v a l u e s  

o f  1500 ohms f o r  r e l a ys opera ting on minimum 

res traint ( Fig . 1 2 )  and 2000 ohms for r e l ays 

opera t ing on maximum r e s t raint (Fig . 1 3 ) . 

For the s e  curves , b oth rel ays are s et on 

tRps T = 4 ,  R1 = 0 . 1 ,  R0 = 1 . 6 .  Each relay i s  

origin a l l y  c a l ib ra t e d  t o  t rip o n  a current o f  

. 47 amp eres , pha s e  A t o  neutra l , w i t h  t h e  high_ 

s i de of the insu l a t ing t ra n s former op en - c i r ­

cuit ed . T h i s  v a l u e  o f  current i s  equi v a l ent 

in the relay fi l t er t o  4 amperes p osit ive s e ­

quen c e  on l y ,  with the t a p s  a s  specified ab ove . 

R e s t ra ining Coil : The effect i vene s s of the 

r e s t ra in ing c o i l  of the r e l a y  e l emen t ,  and the 

p erforman c e  of the R e c t ox unit s ,  may be 

checked a s  fol l ows , i f  des ired . C onnect a 

vari a b l e  n on -induc t ive res i s t or a c r o s s  t h e  

tligh vol tage t e rmin a l s  o f  the insulat ing 

tran s forme r ,  and c onnect d-e mi l l iammet ers in 

s eri es with the opera t ing and restra in ing 

c oi l s of the e l ement , by op ening t h e s e  c i r ­

cui t s  a t  t h e  t e s t  l inks provided for t h i s  

purp o s e .  T h e s e  mi l l iammeters shou l d  have l ow 

re s i s t an c e , and shou l d  be c apab l e  of rea ding 

in the orde r of 20 t o  25 rna . in the operat ing 

c o i l  and 1 00 to 1 50 rna . in the restraining 

c ircuit . Us ing T = 4 ,  R1 = . 1 ,  Ro = 1 . 6,  p a s s  

1 0  amperes 60 cyc l es from pha s e  A t o  Neutra l 

in the re l ay ,  and increa s e  the vari ab l e  

r e s i s t a n c e  a cr o s s  the insulat ing t ra n s former 

high voltage t e rminal s  unt i l  the rel ay just 

14  

t rips o 

2000 

Read 

This should be in the order of 1400 t o  

ohms when maximum re st raint i s  u s e d . 

the d - e  current (mil liampere s ) in the 

operating and re st raining coi l s  at this point . 

The value s obtained should conform subst an ­

t ially t o  the f o l l owing equations . 

For Minimum Rest raint 

For Maximum Rest raint 

where I0 and IR are operating and re s t raining 

c oi l  current s ,  re spe ctive l y ,  in mi l l iamperes . 
The result s are sub j e ct t o  s l ight variat ions 

between individual re lays . 

The po larity of the conn e c t ions to the pilot 

wire s ,  and the correct " Phasing out " of A, B ,  

C phase s  a t  the two s t at i ons may b e  checked by 

the six t e st s out lined on Page 1 7 .  

Pi l ot Wire Current 

The pilot wire current whi ch shou l d  f l ow 

under normal load condit i on s  is given in 

Fig s . 3 an d 4 .  I f  the re l a y  t a p s  in u s e  

differ from tho se indicated i n  the se figure s ,  

suit able conversion factors must b e  used as 

given in the text . The pi l ot wire current 

wil l  vary inversely with T and dire c t l y  with 

Rl . 

Contact o r  Swit ch 

Adjust the stationary core of the switch for 

a c learance between the s t at ionary core and 

the moving core of 1/64 " when the switch i s  

picked up . This can be done by turning the 

re l ay up- s ide -down or by d i s connecting the 

swit ch and turning it up - s ide -down . Then 

s crew up the core s crew unt i l  the moving c ore 

s tart s rotat in g .  Now, back off the core s c rew 

unt i l  the moving c ore s t op s  rotat ing . Thi s 

indicat e s  the poin t s  where the p lay in the 

as sembly is t aken up, and where the moving 

c ore just separat e s  from the stationary c ore 

s crew. Back off the core s crew approximate ly 
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TYPE HCB RELAY ______________________________________________ �I.=l.�41=-9�71 

one turn and lock in place. This prevent s thE 

moving core from striking and st icking to the 

s t at ionary core because of re s idual magn e t i s m. 

Adjust the contact clearance for 3/32 11 by 

mean s  of the two small nut s on e ither s ide of 

t he Micarta d i s c .  The switch should pick up 

at 2 ampere s d - e . Te st for st icking after 30 
ampere s d - e  have been pas s e d  through t h e  coil. 

Ope rat ion Indicat or 

Adjust the indicator to operate at 0 . 2  am ­

pere d - e  gradually applied by l o o sening t he 

two screws on the under s ide of the assembly, 

and moving the bracket forward or backward . 

If t he t wo helical springs which reset the 

armatl<:'e are replaced by new springs, t hey 

s hould be weakened slightly by stre t ching to 

obtain the 1 ampere calibrat ion. The coil 

re s i stance i s  approximat ely 2 . 8  ohms . 

ENERGY REQUIREMENTS 

The volt -ampere burden of t he type HCB re ­

lay is pract ically independent of t he pilot 

wire re s i s t ance and of the current t ap u s e d. 

The following burdens were measured at a bal­

anced three - phase current of 5 ampere s :  

For t ap 4 R1 = . 075 and R0 = ·39 

Phase A 

Phase B 

Phase c 

For tap 

Pha s e  A 
P ha s e  B 

Phase C 

4 R1 

1 . 25 volt -ampere s 

. 30  volt -ampere s 

. go volt-ampere s 

. 15 and R0 = 1 . 6  

2 . 3  v o l t -amp eres 

4 . 6  v o lt -amperes 

5 . 3  v o l t -amp eres 

The angle s above are the d�gfee s  by which 

t he current lags it s re spect ive voltage . 

The t wo second overload ratings of the relay 

are 150 ampere s phas e  and 125 ampere s ground 

current s .  
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TYPE HCB RELAY _____________________ _ 

1 6  

c . T .  ' s  C . T .  ' �: 
Transmi s s ion Line 

"N" Relay "F" Re l: .y 

No t e : The line should be c arrying through load c urrent amount ing to at least L :i ampere� a s  
measured in the s e c ondary or t h e  Current Transrormers . Thi s  t e s t  i s  based on t h e  rat i o  
o r  t h e  C . T . 1 s  be ing t h e  s am e  at e a c h  end or the l ine, in which c a s e  s e t  the taps or b o t h  
r e lays t o  R 1  = . l ; R0 = 1 . 6 ; T = 4 r o r  this t e s t . 

p 
"' . 
Q) 0 e.< :c;  

l 

2 

3 
4 

5 

1 6 

T e s t  
Swi t c h  

tH� 
; �x 
� 
H .l .l  
MU 

� u;; 

RELAY "N" 

R e lay R e lay " P i l o t  Wire 
Current Trip C irculat ing 

A , B , C , N  No ( l )  

A, C , B , N No ( 2 )  
A, N Yes ( 3 )  

0 Yes ( 3 )  
A, N No ( 3 )  
A, N Ye s ( 6 )  

RELAY !lp ll 

Current " T e s t  R e lay R e lay " P i l o t  Wi.re Current " 
R e lay F Switch Current Trip C irculat i ng Re lay N 

( l )  Htt A, B , C , N No ( 1 )  ( l )  

( 2 )  u� A, C , B , n  No ( 2 )  (2 ) 
H U  

(0) � 0 Yes ( 3 )  ( 3 )  ( 4 )  

( 3 )  ( 4 )  � A, N Ye s ( 3 )  (0)  

( 3 )  � A, II No ( 3 )  ( 3 )  

uq h B , C , N  Ye s ( 6 )  
REMARKS 

'Cests 1 and 2 are to c he c k  normal po s i t ive sequenc e r o t at ion or phas e s .  The t e s t  s w i t c h  c on­
n e c t ions or t � s t  #2 may be made r ead ily with re lays in the Flexi t e s t  c a s e  by us ing c l ip leads 
and insulat ing barr iers in the amme ter t e s t  jacks . However, care s hould be u s ed to avo i d  ac­
c identally open- c ircuit ing the current transr ormer c ircuit s .  
T e s t s  3 and 4 s imulate internal Phas e A to Ground rault w i t h  s ingle end r g ed . 
T�s imulat e s  a n  external Phase A t o  Ground rault . ( 5 )  
Test �_? imula t e s  a n  int ernal Phas e  A t o  Ground rault , w i t h  equal f e ed rrom t h e  t w o  end s , s inc e 
IB + Ic = - IA, w i t h  balanced load . 

LEGEND OF 
TEST SWITCH 

SYMBOLS : ��} f Y 1 t ���m�����=c ��on. 
EXAMPLE 

Phase A 
C . T .  I s 
Phas e B 
shorted 

current rrom 
to R e lay ; 

and C C . T .  1 s  
t o neutral . 

( l ) 

( 2 )  
( 3 )  ( 4 )  

( 5 )  

( 6 )  

� R e lay . 

To C . T .  1 s .  
'i'he " p i l o t  wire current " wi l l  vary depending upon the ma�ni � UclR of 
,rent and the c harac t er i s t i c s of_ the p i l o t  wire . S§ e F igures 4 c.::od 
Sinc e the re lay i s  temporarily c or�e c t ed for negat ive s equ€n� e ,  i t  
i c a l ly z e r o  output in t h i s  t e s t ,  

t-,he f;l1r ough load 
5 i should have 

The s e  readings may be " off s c a l e "  d e pending upon the magni tude of the load c urrent . 

cur-

prac t-

The re lay at t h i s  s t&t ion should reset when the "far " c urrent i s  be ing read b e c au s e  the 
local re lay will b e  rec e iv ing no current from e i ther the pilot wire or the current 
transf ormer s ,  
T e s t  4 and 5 c an be repeated us ing phase B t o  neutral current , ancl again w i t h  phase C 
to neutral current , but t h i s  is not s t r i c t ly nec e s sary on the ba s i s  tllat , having proved 
the phase sequenc e w i t h  t e s t s  l and 2, and havinf proved the c orre s pondence of phase A at 
the two ends of the line witi1 t e s t  5 ,  then pha s e s  B and C must b &  c orrec t .  
Some p i l o t  wire current w i l l  be read , depending upon the magnitude of the d i s t:r ibuted 
capac ity of the p i l o t  wire in c ombina t i on with the magne t i zing impedance of the in­
sulat i�G transformer . 
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TYPE HCB RELAY _____________________________________________ L_t_41_-9_71 

- - - - - - - - - - - - - -

POLARITY 
MARKS 

X2 XI 

� 
rwl ii  H4 H3 H2 HI 

CLAMP TYPE TERMINAL //FOR*4 WIRE MAXIMUM 

I DIA. MTG. HOLES 16 4 TOTAL 

l l - C -2942 

Fig_ 1 4-0utline and Drilling Plan of the Insulating Transformer. For Reference Only. 

57-D-20 

Fig. 15- Outline and Drilling Plan of  the Projection Type 

Test MUliarnmeter. For Reference Only. 

5 7 - D-426 

Fig. 16---0utline and Drilling Plan of the Semi-flush Type 
Test Milliammeter. For Reference Only. 
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TYPE HCB RELAY�----------------------

18  

.2.50 D I A .  H O LE \ { ZHou:s) 

. 1 9 0 -32. T H O. 

? -D - 1 52 3  

Flq. 17-0utline o f  the Test Milliammeter Auxiliary Transformer. For Reference Only. 

II TW. PII.NEL ... 5#1491(.27 'A TK. ""-NEL .._. s•t4'3lbZ.8 

5WITCI-I POSITION TABULATION 
POSITION COH,.,..., REM. REM. .......,.. ........ CII<'C ClRC. LOCAL 

P.o. P. o. P.O. 
7 ·8 � X X 
9 -10 X X X 

II - 12 X X X X X X 
13 · 14 X X X X 
15- ICO X X X 

)(·DENOTES CONTACTS CLOSED 

LOC-'L. 
P.O. 
X 
)( 

)( 

ORIU.INE, PL AN. 

Fiq. 18-0utline and Drilling Plan of  the Type W T&st Switch. For Reference Only. 

1 8 -D-5058 
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TYPE HCB RELAY ________________________________________________ 1 . L_. 4_1 -__ 971 

i OtA DRILL 
FO� THICK PANFLS 

r------7 :& -----J 

\ 

MOUNTING, 

1�0 3l TEJ{M �<.RE-W 8:. STOPS k -lO MOIJNTIN& SC.I<.:EW 
6;,. STI..I D S  

U!o€: SC.RE.WS 
FOR THIN PANELS 

US£ STUDS 
FOR T H I C K  PANEL"" 

39-C -942 

Fiq. 19-0utline and Drilling Plan For the Projection Type Standard Case. See the Internal Schematics For The Terminals 
Supplied. For Reference Only. 

( 0 

l ' l  I i 

19 5 

� I I  
�f471'1TGSC. I - -0 L_ 

�Q � ____,.. �e:�-----j 
/ 

PANEL LOC�T\01< RlR 
SE.MI �LUS\1 HPE MTC. 2 "  WITH �CRE'-J �-18 HTC.. 5T\Jl>(2. R'<.Q) 

2 .1  'WITH STU!> .. 

CUT OUT FOR 
PROJEC\\ON 
M"TG.ON\HIN 
P�NE�J;. 

16 -B-2478 
Fig. 20-vutline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Case. See the Internal Schematic for the 

ferminals Supplied. for Reference Only. 
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