
INSTALLATION 
Westinghouse I. L. 41-971. 4G 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
PILOT WIRE INSULATION AND PROTECTION 

FOR HCB AND HCB-1 RELAYING 

A PPL IC A TIO N 

The insulation and protection equipment shown 

in Fig. 1. is used with the HCB or HCB-1 pilot wire 

relay. A complete installation for one terminal of a 

line consists of an insulating trausformer, neutral­

izing reactor, capacitors, mutual drainage reactors 

and neutralizing reactor KX 642 tube. 

AC Bypass Capac itor (C) 

The AC bypass capacitor (C) is required only 

when DC monitoring and/ or remote trip relays are 

used. Otherwise connect H2 to H3 on the insulating 

transformer (refer to Fig. 1.). Use a 10 ufd capacitor 

for 50/ 60 m� applications. 

Excit ing Capacitors (Cg) 

The exciting capacitors (Cg) and ground connec­

tion are omitted when the neutralizing reactor is not 

used. Use a 1.0 ufd capacitor for 50/ 60 H� applica­

tions. 

For an application using de monitoring remote­

trip relays without the insulating transformer for 

HCB/HCB.l relaying, capacitor C should be con­

nected across the wires to minimize the metallic 

voltage (wire-wire voltage) generated by the un­

unbalanced impedance of capacitors cg. 

Mutual Drai nage Reactor 

The mutual drainage reactor is applied to drain 

off longitudinally induced voltages which may occur 

by lightning surges (not a direct stroke) or the par­

allel association of the pilot wire with faulted power 

circuits. 

The mutual drainage reactors must be applied at 

more than one terminal or location to provide a path 

for the drainage currents to flow. 

With the mutual drainage reactor only (hence no 

SUPE RSEDES I. L. 41-971.4 F  
*Den otes changes from s u perseded issue. 

rise-in-station ground hazard), the remote and sta­

tion ground are essentially equal, and the KX 642 

tube ground should be connected to the station 

ground. 

By forcing equal current flow from the two wires 

into ground, the reactor minimizes metallic voltage 

(wire-to-wire voltage). The reactor cannot, however, 

eliminate all metallic voltage even though the long­

itudinally induced voltages (common mode) are equal 

and the currents are equal on the two wires unless 

the wire resistances are identical. 

Since it is not practical to make the wire re­

s istances equal, there is a limit to the amount of in­

duced voltage which can be handled without intro­

ducing the possibility of relay misoperation due to 

)f. the generation of spurious metallic voltage. Care 

must be taken to assure that the resistance un­

balance does not generate a metallic voltage greater 

than 7 volts when the induced voltage is drained. 

If this value cannot be obtained then use a cable 

with sufficient insulation to withstand the induced 

voltage stress or improve the shielding to reduce 

this voltage. 

N eutr a l i z i ng Reactors 

The neutralizing reactors are applied where the 

difference between station ground and remote ground 

can exceed 600 volts rms during power system faults. 

This rise in station ground potential appears across 

the neutralizing transformer inserted in the pilot 

wire. Thus all equipment and circuitry to the left of 

the neutralizing reactor terminals H2 and H4 (Fig. 1.) 

are essentially at station ground. All equipment, cir­

cuits, pilot wire, sheath, etc. to the right of H1 and 

H3 (Fig. 1.) are at remote ground and must be insu­

lated from station ground and operating personnel in 

the station area. The shunt capacity to ground of the 

pilot wire pair should be on the order of 1 ufd or 

more. If not, capacitance (Cs) should be added as 

shown to provide equivalent of approx. 1 ufd. total 

on each wire to ground. 
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T E C HN IC A L  D A T A 
I n su l ating T ran sfo rmer 

R 
a Fre• Refer- Outline 

Style � Schematic Refer-1 quency ence 
n 
g ence 

4/1 
50-60 

1575394 HZ 
20D147 2 Fig. 2 Fig. 3(a) 

6/ 1 
50-60 

16D958 3 Fig. 2 Fig.3 (a) 1629502 
HZ 

* 
Insulation 4/1 6/1 4/1 6/1 

60 Sec. Rating Units 60 HZ 50 HZ 

H to L 12 12 12 12 

H to GND KV 12 12 12 12 

L to GND 4 4 4 4 

General 4/1 6/1 4/1 6/1 

Specifications Units 
60 HZ 50 HZ 

Rated 

Voltage 

H1-H2 and 
Volts 60 90 60 90 

H3-H4 

Rated 

Voltage Volts 30 30 30 30 

X1-X2 

Continuous 
Rating MA. 12 8 12 8 

H Windings 

Resistance 
of each Ohms 2 0.4 46.5 20.4 46.5 

H Winding 

Continuous 
Rating MA. 48 48 48 48 

X Winding 

Resistance 
of Ohms 1. 7 1.7 1.7 1.7 

X WINDING 

2 

I 

General 4/1 6/1 4/1 6/1 

Specificatidns Units 
60HZ 50 HZ 

-- ·  

Exciting 
Impedance 850- 850- 850- 790-

X1-X2 at Ohms 1250 1250 1250 1030 

30 v. 

Approx. 
Lbs. 25 25 25 25 

Weight 

KX-642 Gas Tu be 

A.C. nns voltage breakdown 300 - 500 Volts 

Tube Voltage drop, average D.C. 20- 30 Volts 

1 Second current rating 90 Amp s 

2 Second current rating 40 Amps 

N eutral i zi n g  Reactor 

With Outline KX642 Refer-
Style Freq. Schematic Refer-

Tube & ence 
ence 

Socket 

815A629G03 60 Yes 6D1260 Fig.2 
Fig.4 

(b) 

815A629G01 60 No 6D1260 Fig.2 
Fig.4 

(b) 

815A629G03 50 Yes 6D1260 Fig.2 Fig.4 

( b) 
'- · _j_ 

Au xi I i aries 

949 12 2  1 mfd exciting capacitor - 2 required Res. 

50-60 H7; NF>utralizing Reactor 

The neutralizing reactor and mutual drainage 

reactor may be used together as shown or either may 

be applied separately depending on the hazards en-

countered. 

The neutralizing reactor may be applied at one 

terminal only if there is no rise in voltage at the 

other terminals. 

N eutralizi ng R eactor Tube KX642 
The neutralizing reactor tube KX642 is recom­

mended to minimize wire to wire voltage during a 

disturbance with one wire accidentally grounded. 
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TYP E HCB AND HCB-1 R ELAYING ______________________ _.:..:.I .::_:L ·:...:4�1:.:·9.:._:7 1�.4�G 

Shie ld  Ground i ng 

In order to be electromagnetically effective the 

shield must be grounded at least twice to provide a 

path for the flow of demagnetizing current-the 

question, though, is where? Should the shield be 

grounded or insulated from the station mat? 

Neutral iz ing Reactor, Cont. 

General 
Units 

Specifications 
60HZ 50 HZ 

Voltage Rating 
Between Volts 500 500 
Windings 

Voltage Rating 
Across Winding Volts 4000 4000 
in Parallel 

Exciting 
Impedance-both Ohms 134,000- 56,750-
Windings in 267,000 113,500 
Parallel at 4KV 

Leakage 
Reactance Ohms 65 54 
Each Winding 

Resistance 
of Each Winding Ohms 88 88 

Total Impedance 
One Reactor 

Ohms 219 207 Adds to the 
Pilot Wire Loop 

Test Voltage 
Windings to Volts 10,000 10,000 
Ground 

Continuous 
Current Rating MA 10 10 
Each Winding 

One Second 
Current Rating MA 50 50 
Each Winding 

Approx. 
Lbs. 76 76 Weight 

Mutual D rainage Reactor.s 

Inc. 

Socket Inc. Refer- Outline 

Style Freq. for KX642 Schematic ence Refer-

Tube Tube 

881A868G03 
60

1 Yes Yes 253A180 Fig.2 
Fig.5 

50 (a) 

881A868G02 
60

1 Yes No 247A775 Fig.2 
Fig.5 

50 (a) 

General Units 60 50 
Specifications HZ HZ 

Test Voltage 
Between Windings 
and Between Volts 4000 4000 
Windings and 
Ground-for 1 Minute 

Excitation 
Impedance a t  
120 Volts 24,000- 17,000-
from Hl to H4 Ohms 48,000 33,000 

H2 to H3 
connected together 

D.C. Resistance-

Each Winding 
Ohms 8. 8. 

Leakage Reactance 
Ohms 1.5 1.2 

Each Winding 

One Second 

Rating- Amps 90 90 

Each Winding 

Two Second 

Rating - Amps 22 22 

Each Winding 

Approx. Weight Lbs. 40 40 

Saturation Point 
Hl & H3, to Volts, 500 400 

(Winding in Rms. 
Parallel) 
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TYPE HCB AND HCB-1 RELAYING-------------------------

4 

849 -A -136 
Fig. l. External Schematic fo r  P ilot Wire an d P rotective Equipment for H C B  and H CB-1 R elaying. 

If the shield is grounded to the power-station 

mat the shield may be damaged by current generated 

by a rise in station-ground potential during a power­

system fault. Unless, the shield has sufficient con­

ductivity to withstand the thermal stress, it should 

be insulated frolJl station ground. Note that an in­

crease in shield conductivity does not cause a pro­

portional increase in shield current due to the in­

ductance in the loop. If the shield is insulated from 

station ground (i.e., within 500 ft. of station) it is 

not effective in reducing induced voltage in the in­

sulated section; if this voltage is large a high-con­

ductivity shield which can thermally withstand the 

stress of a mat ground is indicated. The "insulated 

shield" section must be remote grounded to minimize 

electric-field pickup. 

Where the two stations are within about 1500 ft. 

or less of each other either a single shield ground 

should be used or the shield should be tied to both 

mats. In such an application it is common to inter­

connect the two mats via large power cables (in 

addition to the overhead shield wires); these reduce 

the 60 Hz mat voltage difference. However, they 

have a limited effectiveness due to the cable in­

ductance. 
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TYP E HCB AND HCB- 1 R ELAYING-----------------------

6 

H4 H3 ·a 17 
6 8 

I I I .J I J 
� � ' 

r 1 

_l I I t- --t--

I . .... � ... -------- � l 
4 

·'.1 

INSTRUCTION PLATE 

I')CX) 
en 

CLAMP TYPE TERMINAL 

FOR tt4 WIRE MAX. 

7 i6 DIA. MTG. HOLES 

4- TOTAL 

INSULATING TRANSFORMER OUTLINE FOR 50 AND 60 CYCLE OPERATION 

899-C- 09 5 
Fig. 3. Insulating Tran sfo rmer O utlines for P rotection Equipment for HCB and H CB-1 R elaying. 
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TYP E HCB AND HCB- 1 R ELAYING -----------------------1 .-L_. 4_1_-9_7 1_ .4_G 

C(! I 
r· 

815A6 59 
Fig. 4. Neutralizing Reactor outlines 50 and 60HZ Operation, for Protective Equipment for HCB 

and HCB- 7 Relaying. • • 

o/6-tb lE.RM. STUD 
S-TDTA.L 

�--+--� ------�� �2i� 2� 
815A568 

Fig. 5. Mutual Drainage Reactor Outline, 50 and 60HZ Operation, for Protectiye Equipment for 

HCB and HCB- 7 Relaying. 
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INSTALLATION 
Westinghouse I.L 41-971.3G 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HCB-1 PILOT WIRE RELAY SYSTEM 

CAU TION Before putting protective relays into s er­
vice,  rem ove  all blocking which m ay  h ave been in­

s erted for the purp os e o f  s ecuri ng the p arts duri ng  
s hipm ent, m ak e  s ure that all m oving  p arts operate 
freely, ins p ect the contacts to s ee that they are 
clean and clos e properly, and operate the relay to 
check the s ettings and electrical connections . 

A PPL IC A TIO N  

The type HCB- 1  relay is a hig h s peed pilot wire 
relay des igned for the com plete  phas e  and ground 
p rotection of two an d  three term inal transm iss ion 
lines .  Sim ultaneous tripping of  the relay at each ter­

m in al is obtained in about 20 m illis econds for all 
faults . A com plete ins tallation for a two term inal 
line cons is ts o f  two relays , two ins ulating trans ­
form ers ,  and an interconnecting pilot wire  circuit. 
For a three term inal line, three relays , three ins ul­
ating trans form ers ,  and a wye-connected pilot wire 
circuit with branches of  equal s eri es res is tance are 
required. 

The HCB- 1 and HCB relays are not com p atible, 
s ince the f ilter res pons e is not the s am e. 

C O N S T RU C T IO N  

The relay cons is ts o f  a com bination pos itive ,  
negative, and zero phas e  s equence filter, a s aturating 
auxiliar y  trans form er, two full wave rectifi er units , a 
polar unit , a Z ener clipper ,  and an indic ating con­
tact or s witch ( ICS) ,  all m ounted in a s ingle cas e . 
The external equipm ent norm ally s upplied with the 
relay cons is ts of an ins ulating trans form er ,  a 

m illiam eter and tes t  s witch. 

SEQUENCE F ILTER 

The s equence filter cons is ts of  a three-legged 
iron core reactor and a s et of  res is tors des ignated 
R1 and Ro. The reactor has three windings; two 
p rim ary and a tapped s econdary winding, wound on 
the center leg of  a "F" type o f  lam ination. The 

s econdary taps are wired to the A,  B and C tap con-

SUPE RSEDES I.L . 41-971.3F 
*D en otes change from superseded issu e. 

nections in  the front of the relay. Ro cons is ts of 
three tube res is tors with taps wired to the F, G and 
H tap connections in the front of  the relay. 

SATU RATING T RAN SFORMER 

The output of  the s equence filter connects to the 
prim ary of  a two-winding s aturating trans form er. The 
prim ary winding is tapped and wired to a tap block T 
in the front of the relay . The s econdary winding is 
connected to the Z ener clipper circuit and from a 
fixed tap to the relay coil circuits . 

POLAR U N I T  

This unit cons is ts of a rectangular-s haped m ag­
netic fram e, an electrom agnet, a perm an ent m agnet, 
and an arm ature with either one or two contacts .  The 
poles of  the cres ent-s haped perm anent m agnet bridge 
the m agnetic fram e. The m agnetic fram e  cons is ts of  
three pieces joined in the rear with two brass rods 
and s ilver s older. Thes e  non�m agnetic joints rep­
res ent air gaps which are bridged by two adjus table 

m agnetic s hunts .  The operating and res traint wind­
ings are concentrically wound around a m agnetic  
core. The  arm ature is fas tened to  this core at one 
end and f loats in the front air gap at the other end. 
The m oving contact is connected to the free end of 
a leaf s pring. 

RESTRAI N T  TAPS 

A s et of  res trai nt taps are located on the front of 
the relay near the pol ar unit. Thes e taps are the 

m axim um and m inim um res traint taps of  the relay, 

I N DICATI N G  CON TACTOR SWI TCH UN I T  ( I CS) 

The d-e indicating contactor s witch is a sm all 
clapper-type device. A m agnetic arm ature , to which 
leaf-s pring m ounted contacts are attached, is at­
tracted to the m agnetic core upon energization of the 

s witch. When the s witch clos es , the m oving contacts 
bridge two s tationary contacts ,  bypass ing the m ain 
relay contacts .  Als o during this operation, two fin-
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T Y PE HCB-1 P I LOT WIRE RELAY SYST E M-----------------------------

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 tar­

get, provides restraint for the armature, and thus 

controls the pick-up value of the switch. 

O PE RA T IO N 

The connection of the HCB-1 system of relays 

to the protected transmission line shown in Fig. 

10. 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 4, the composite se quence 

filter of each HCB-1 relay receives three phase cur­

rent from the current transformers of the trans­

mission line. The composite sequence filter of the 

HCB-1 converts the three-phase current input into a 

single-phase voltage output, VF, of a magnitude 

which is a function of the positive, negative and 

zero sequence components of fault current. This 

voltage, VF, is impressed on the primary wiring of 

the saturating transformer. The saturating trans­

former output voltage, Vs, is applied to the relay 

coils and to the pilot wire through an insulating 

transformer. The saturating transformer and a zener 

clipper across its secondary winding serve to limit 

the energy input to the pilot wire. 

During an external fault, assuming matched re­

lays, 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 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 restraint coil currents are such that 

the relay is restrained. 

During an internal fault, the relative Vs polar­

ities reverse. Since the Vs voltages now oppose 

each other, most of the current flowing in the re­

straint coils is also forced through the operating 

coils with a minimum of current in the pilot wire. 

This increase in operating current overcomes the re­

straining effect and both the relays operate. 

Within limits, as defined in Figure 7 and under 

"Characteristics," all the relays will operate for an 

internal fault regardless of the fault current distri­

but ion at the various stations. The nominal pickup 

2 

(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. 

P I LOT WI RE E F F ECTS 

In Figure 4 it can be seen that a short-circuited 

pilot wire will short circuit the relay operating coils. 

Depending on the location of the short, at least one 

of the relays will fail to trip during an internal fault. 

If the pilot wire is open circuited, almost all the re­

straint coil current will flow through the operating 

coil, and the relay operates as an over-current relay 

on fault currents. 

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. 

The pilot wire re quirements are given in Table IV. 

POLAR U N I T  THEORY 

The polar unit flux paths are shown i n  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 turn­

ing 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. 

Electrical flux produced by current flowing in 

the operating and restraint windings of the polar 

unit either adds to or subtracts from the magnetic 

flux. In the case of restraint current, the flux adds 

to the magnetic flux to keep the armature to the 

right. On the other hand, the operating current sub­

tracts from the magnetic flux to move the armature to 

the left. On an ampere turn basis, the polar unit 

operates when the operating ampere turns are greater 

than the restraint ampere turns plus the magnetic 

restraint or bias expressed in ampere turns. 

C HA RA C T E RIS T IC S  

The voltage, VF, impressed by the filter upon 

the saturating transformer varies with the tap setting 

(A, B, C) of the relay. 

The sequence network in the relay is arranged 

-
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I.L. 41 -971.3G 
T Y PE HCB-1 P I L O T  W I R E  R E LA Y  SY S T E M  ________________________ _ 

POLAR UNIT  
R EAR T E RMINALS- OPERATING 
COI L- F RONT T E RMI NA LS­
R ESTRA I N I NG COI L- START 
RIGHT HAND T E RMI NAL -
F I N I SH L E F T  HAND T E RMINAL 

Rc RESISTOR 

T 
TAP B LOCK--.� ... 

R 1 TAP 
B LOCK 

I NDICAT ING 
CONTACTO R-----1� 
SWITCH 

F . 1 T HCB - 1  Relay Without  Case (Front View). '9· . ype 

REST RAI NT 
TAP 

R0 TAP B LOCK 

3 TU B E  
RESI STORS R0 

3 WI NDING 
MUTUAL R EACTO R 
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TY PE HCB- 1 P I LOT W I R E  R E LAY SYST EM ________________________ _ 

4 

NON-ADJ USTABL 
R ESISTOR POINT 

Z E N E R  CLI P P E R 

FORMED 
RESISTOR 

U P P E R  ADJUSTAB L E  
R ESISTOR POI NT 

MIDDLE ADJ UST ABLE 
R ESISTOR POI NT 

Fig. 2 .  Type HCB-1 Relay Without Case (Rear View). 
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I.L. 41-971.3G TY PE HCB-1 PILOT W I R E  R E LAY SYSTEM ____________________________ _ 

ZEI!IIlC 
CLIP'f:l 

�- - -
TillE--­IUISTOIS 

FttNlD 
WIIEIUIISTOR 

POUIUIIIT 

UTURATUli 
TIUitSFOnlt 

3 IUDIIfG MITUL IUCTGI 

ClllSSIS OPIUTID 
- SHOITII& ftiTCI 

-- CUIIUT TEST JlCl 
TEST SIITttt 

TUMIIiL 

763A628 
Fig. 3. Internal Schematic of the Type HCB -1 Relay in 

FT -42 Case (Double Trip Circuit). For the 
Single Trip Relay the Ci rcuits A s sociated with 
Term inal II  are omitted. 

for several possible combmations of sequence com-

ponents. For tap C the output of the network will 

contain the positive, negative and zero sequence 

components of the line current. In this case, the 

taps on the upper tap plate indicate the balanced 

three phase amperes (positive sequence amperes) 

which will pick up the relay with the pilot wire 

open. 
For phase-to-phase faults AB and CA, enough 

negative sequence current has been introduced to 

allow the relay to pick up at 86% of the tap setting. 

For BC faults, the relay will pick up at approxi­

mately 53% of the tap setting. This difference in 

pick-up current for different phase-to-phase faults 

is fundamental; and occurs because of the angles 

at which the positive and negative sequence com­

ponents of current add together. 

In some applications, the maximum load current 

and minimum fault current are too close together to 

set the relay to pick up under minimum fault current, 

and not operate under load with the pilot wire ac­

cidentally open. For these cases, tap B is available 

which cuts the three phase sensitivity in half, while 

the phase-to-phase setting is substantially un­

changed. The relay then trips at 90% of tap value 

for AB and CA faults, and at twice tap value for 

three-phase faults. The setting for BC faults is 65 

percent of tap value. 

It is possible to eliminate response to positive 

sequence current entirely, and operate the relay on 

negative-plus-zero sequence current. Tap A is avail­

able to operate in this manner. The relay picks up 

at about tap value for all phase-to-phase faults, but 

is unaffected by balanced load current or three-phase 

faults. 

For ground faults, separate taps G and H are 

available for adjustment of the ground fault sensi­

tivity to about 1/4 or 1/8 of the upper tap plate 

setting. For example, if the upper tap plate is set 

at tap 4, the relay pick-up current for ground faults 

can be either 1 or 1/2 ampere. It is possible to 

eliminate response to zero sequence current. Tap F 

provides such an operation. 

The response of the relay to various types of 

faults are summarized in the following tables 

TABLE I - PHASE FAULTS 

Sequence Components Taps Pickup-
in Sequence Multiples of T 

Filter Output 3({ AB BC 
CA 

Pos., Neg., Zero c 1 .86 . 53 
Pos., Neg. , Zero B 2 .9 . 65 
Neg. , Zero A - 1.00 1. 00 

TABLE II - GROUND FAULTS 

Ground Fault Pickup 
Comb. Lower Left Multiples of T Tap 

Tap 
Tap H Tap G 

1 c . 25 .12 
2 B .20 .10 

3 A . 20 . 10 

The voltage, VF• impressed by the filter upon 

the saturating transformer is: 

(1) 

Table Ill shows the values of the C-constants in 

Eq. (1). 

TABLE III - CONSTANTS FOR EQUATION ( 1) 

Tap c 1 c 2 co 

A 0 0.26 -

B -0.08 0.34 -

c -0.20 0.46 -

F - - 0 

G - - 2. 5 

H - - 4.9 

For tap settings of C and H, the voltage, Vp, 

impressed by the filter upon the saturating trans­

former is 
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TY PE HCB-1 P I LOT WIR E  R E LAY SYST E M----------------------------

V F = - . 2  Ia 1  + . 46  Ia2 + 4. 9 lao V olts ( 2) 

SI NGL E R ELAY PI CKU P ( PI LOT WI R E  O P EN) 15 

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

V F = 0 . 2T (Tap C)  
V F = 0 . 1 6T (Tap B) 

V F = 0 . 15T (Tap A) (3 )  

where T i s  the  saturating transformer tap value. 
Single relay pickup is defined by equating ( 2) & (3 ) :  

0 . 2T = -0 . 2  Ia1 + . 46 Ia2 + 4 . 9 lao (4) 

Current Is varies with the type of  fault. For ex­
ample,  for a 3 phase fault, I s = IA 1 • since only 
positive sequence current is  present. Substituting 
Is = IA 1  in Eq .  (4) and rearranging, 't he 3 phase 
fault pickup is: 

Is = IA 1  =
0 . 2T = T 

. 2 

For 4 tap:  

Is = T = 4 amp. 

(3 phase fault) ( 5) 

(3 phase fault) 

For a phase A to ground fault, i f  IA 1  = IA2  = lAo 
(IA2  is the phase A negative sequence current): 

0 . 2T = - . 2  IA 1  + . 46 IA2  + 4 .9 lAO 

IAl = 0· 2T = IA2 =lAo 
5. 2 

But: Is = IAl + IA2 +lAo 

= 31A 1 

So : Is = 3IA 1  
(0 . 2Tx3) 

5 . 2  0 . 12T ( A-G fault) 

For T = 4 

Is = 0 . 5  

NOMINAL P I CKUP (ALL R ELAYS) 

The nominal pickup, Inom• is defined as 

Inom = Kls 

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

6 

Is = singl e-relay pickup with pilot wire 
di sconnected ( see above) 

(6)  

(7)  

For example , in the previous example or  a phase-A­
ground fault , the single-relay pickup was determined 
as Is = 0 . 5  ampere for 4CH taps with the pilot wire 
open . For a two-terminal line .  the nominal pickup for 
a phase-A-to-ground fault (4CH taps) is :  

Inom (A to G)= 0 .5  = 0 .5  x 2 = 1 . 0  ampere . 

MIN IMUM TRI P (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 
example .  Figure 6 shows the relay operating points 
for a two-terminal line .  assuming input current one 
relay only. 

An example of the characteristics with various 
current distributions is shown in Figure 7 .  The 
filter output voltage , V F . of each relay ,  as defined 
by equation ( 1 )  must be in phase or 18 0 degrees out 
of phase. in order for Figure 7 to apply . 

I NSULAT ING T RANSFORM E R  

U nless 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 (H1 -H4 Terminals) is connected 
to the pilot-wires .  

P ILOT- WI R E  REQU I R EM EN T S  

The rel ays s houl d  not be appl ied with pil ot -wir e  
series resistance o r  shunt capacitance exceeding the 
following val ues :  

TABLE IV 

Insulating_ Transformer Ratio 
No. of  
Relays 4/ 1 6/ 1  

2 

3 

RL cs RL 

2000 1 . 5  -

500/LEG 1 .8 1000/LEG 

RL = series loop resi stance in ohms.  

Cs = total shunt capacitance in microfarads. 
(total wire to wire capacitance)  

cs 

-

0 .75  

Where the  shunt capacitance exceeds the  above 
amount, it may be feasibl e in some cases to provide 
shunt reactor s to compensate for the excessive ca­
pacitance. The amount of capacitance which can be 
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T Y P E  HCB-1 P I LOT W I R E  R E LAY SYST E M  _________________________ I ._L_. _41_-_97_1_·3-G 

I NSULATING TRANSFORMER 

N 
I P I LOT \ 
�-- -- --� 

" 
A A 
8 -- 5. B 
c c 

R - RES TRA I N T  CO I L  
OP - OPERAT I N� CO I L  

W I RE 

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

183A061 
Fig. 4. Simplified External Schematic of the H CB-1 Relay System. 

BALANCED AIR GAPS 

- PERMANENT 

MAbNET 

SHUNT 
/ 

/ 

UNBALANCED AIR �APS 

-ADDITIONAL 

FLUX PATH 

183A062 
Fig. 5. Po lar Unit Permanent M agnet Flux Paths. 

compensated is limited and varies dep ending upon 
the m agnitude of the pilot -wire distributed effect. 

A shielded, twisted pilot wire pair, preferably of 
ltl9 AWG or l arger, is recommended; however, open 
wires may be used if they are frequently transposed 
in areas of expo sure to power circuit induction. The 
voltage impressed acro ss either insulating trans ­
former (HI-H4 Terminals) as a result of induction or 
a rise in station ground potential , should be less 
than 7.5 volts to prevent undesired relay operation. 

F or three- terminal applications, the loop resis­
tance of all l egs of the pilot wire mus t  be balanced 
within 5 p ercent , with variable resistors. The pilot 
wire resistance to be balanced i s  divided by 16  and 
36 for the 4 to 1 and 6 to 1 ratio insul ating trans-

formers respectively, since th e bal ancing resistors 
are located on the relay side of the insulating trans­
formers. 

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

a) Neutralizing reactors may be connected in 
series with the pilot wire to hold the pilot wire 
potential close to the remote ground potential in the 
presence of a rise in station-ground potential .  They 
do not limit pilot-wire voltages to safe values in 
the presence of a longitudinal induced voltage . When 
using the neutralizing reactor, the pilot-wire sheath 
should be insulated from station ground to minimize 
sheath -to -p air potential in the presence of a rise in 
station -ground potential . All other pairs in the cable 
which are connected to station ground should also be  
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Fig. 6. Typical Curves Showing the Effect of the Pilot 
Wire on M inimum Trip Current, Two-Terminal 
Line (Maximum Restraint Tap). In sulating Trans· 
former 4/ 1 ratio. 

protected with neutralizing reactors to minimize 
pair -to-pair 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 
effective in limiting pair -to -ground voltage in the 
presence of an induced voltage. When the tube 
fl ashes,  both wires are connected to g round through 
the drainage reactor windings which offer a low im­
pedance to ground but maintain a high impedance to 
an a -c voltage across the wires.  Thus, the HCBL 1 
system will operate  normally even though the pro­
tector tube has flashed over. The drainage re actor is  
not  intended to  handle a rise in  ground IXJtential .  

c)  The neutralizing and drainage reactors m ay 
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. 

For information with reference to the insulation 
and protection equipment ,  refer to Ill. 41-971.4. 

T RI P  CI RCU I T  

The m ain contacts will safely clo se 30 amperes 
at 250 volts d. c. , and the seal -in contacts of  the 
indicating contactor switch will safely carry this 
current long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 
that provide a 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. 

8 

S E T T IN 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 t aps, connect the lead in front of  
the  relay to  the correct tap .  

2 )  T tap - 4, 5, 6, 7, 8, 10, and 12 

3) R 1 tap - A, B, C 

4) Ro tap - F, G and H 

I N DI CATI N G  CON TACTOR SWI TCH (I CS) 

The only setting requi red on the ICS is the se­
lection of  the 0.2 or 2.0 ampere tap setting. This 
selection 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 IN G .  CA L CU L A T IO N S  
The HCB- 1 relay has four sets of taps: Rl . T ,  

Ro , and restraint taps. The following discussion 
establishes limits for the various tap settings under 
different 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 

A, B, C, F, G, H- Relay t aps 
r3p - total minimum internal 3-phase second­

ary fault current fed from all terminals .  
divided by  the number of  terminals 
( 2 or 3) 

IL - m aximum secondary load current flo w­
ing through the protected line. 

Ig - total minimum secondary ground fault 
current fed into the p rotected 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 (I) ,  R Nc (II) - current transformer ratio at 
Station I and II respectively. 
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T Y PE HCB-1 P I LOT W I R E R E LA Y  SYST E M----------------------------

PHASE FAULT SENSIT I V I TY (Rl  and Taps) 

The phase fault pickup is determined by the B ,  
C and T taps . I n  order t o  operate on the minimum 3 
phase fault current , the T tap should be set for not 
more than: 

T = I3p (tap C); T = 0.5 I3p (tap B )  (8)  

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

T = IL (tap C ) ;  T =�L 
(tap B )  ( 9)  

The available taps are : 

T : 4 ,  5 ,  6 ,  7 ,  8 ,  1 0 ,  1 2  

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

T = 1 . 25 IL (tap C ); T = 0 .62  IL (tap B )  ( 1 0) 

The taps must be set the same at all stations . 
Where the CT ratios are not identical use auxiliary 
CT's to match the currents within 5% of each other. 

GROUND FAULT SENSITIVITY ( Ro Tap) 

The gruund fault pickup is determined by G ,  H 
and T taps . (T should be determined by the phase 
sett ing . )  The minimum fault current Ig should exceed 
the following : 

Tap A or B Ig = . 20T (Tap G) ;  Ig = .lOT (Tap H )  
Tap C Ig = .25T (Tap G) ;  Ig = . 1 2T (Tap H)  

For cable circuits ,  where the line charging cur­
rent exceeds 5% of nominal pickup current , set tap 
G ;  otherwise set tap H .  

The taps must be  se t  identically at all stations. 
Use auxiliary CT's where t he main CT's have a 
different ratio. The currents should match within 5%. 

RESTRAI NT TAP (Max. and Min. Taps) 

Set in  maximum restra int tap for al l  two-term ina l  
l i ne s. Set i n  m i n i mum restraint tap  for a l l  three­
termina l  l i nes. The use of maximum restraint on two 
terminal applications allows the relay to be used for 
all pilot wires as indicated in Table IV . The use of 
minimum restraint on three terminal applications 
compensat es for the desensitizing effect of a third 
terminal. 

10 

Note: The relay pick-up calibration will change 

slightly (within 5%) between minimum restraint 

tap and maximum restraint. In most appli­

cation, it is not necessary to recalibrate the 

relay when changing to the minimum restraint 

tap. 

TAPPED LOADS 

Where one transformer bank is tapped to a line 
protected with two HCB-1 relays,  the critical point 
is to set above the fault current flow for a fault on 
the other side of the bank. Set the T tap for not 
less than: 

T = 1 . 91  IPL (tap C ) ;  T = 1 .33  IPL (tap B) ( 1 2) 

where IPL = total secondary fault current feed from 
all terminals to a phase-to-phase fault 
on the low side of the bank , divided by 
the number of terminals (2 or 3 ) .  

Not e  that the  tapped bank must not act as a ground 
source for high-side faults . Ordinarily this means 
that the Ro tap settings (G ,  H) need not be changed, 
since no zero-sequence current flows in the line 
when the low side is grounded. 

SETTI NG E XAMPLE 

Assume :  
Two-terminal line .  

CT ratio = 
Full-load current = IL = 

600/5 
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 II = 

a. Phase fault p ickup: 

400A 
285A 

( . 
) 

_ _ 1500 + 2500 
_

5
_ 

= 1 6 . 7  ( tap C )  
I maximum - I3 P - 2 

x 
600 

I (maximum) = 0 .5  I3 p = 8 . 3  (tap B )  

400 
I (minimum) = IL = -- =  3 3 (tap C )  

1 20  
. 

I (minimum) = �L 
= 1 .  7 (tap B )  

The phase 1lt current is sufficient to allow 
the relay to be set to prevent tripping on an open­
circuited pilot wire . Therefore , the desired taps 
would be :  
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T Y PE HCB-1 P I LOT WIR E R E LAy SYST EM --------------------------I..:. L_ 
. ..:4_1 ..:.-9.;_71..:· .:..3 G:. 

T = 1 . 25 rL = 4 . 1  (tap C )  

T = 0 .62  rL = 2 . 0  (tap B) 

Set both relays for T = 4 ,  R1 = C 

The nominal 3 phase fault pick-up current from 
equation 7 is: 

rnom = 2T = 8 amperes 
b. Ground fault pickup:  

Set Ro = H 

For line to ground fault: 

= 4 00 + 285 � = 2 85A rg 2 
X 

600 
. 

rnom = 2 X 0 . 1 2  X 4 = 0 . 96A 

c. Restraint tap 

Use maximum restraint tap. 

IN S T A L L A T IO N  

The relays should b e  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 pro­
jection mounting . Either a mounting stud or the 
mounting screws may be utilized for grounding t he 
relay .  The electrical connections may be made 
directly to the terminals by means of screws for 
steel panel mounting or to the terminal studs fur­
nished 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. 

F'or d etailed Fle xitest case information , refer to 
I .L.  4 1 -076 . 

A CCE PT A N CE T E S T S  

The following tests are recommended when the 
relay is received from the factory. 

MAI N  UNIT 

Connect the  relay to the insulating transformer 
as shown in Figure 8 ,  and set C ,  H, 4 and maximum 
restraint tap. With the insulating transformer ter­
minals H1 and H4 open circuited , measure the min­
imum pick-up current , r79  (min . ) ,  with current applied 
through terminals 7 and 9. This value should not 
be greater than: 

2 .25  amperes 

Note: The relay may operate at values of current 

lower than 2.25 amperes depending upon the 

insulating transformer used and the prior 

history of the polar unit. The pickup should 

not be lower than 1.4 amperes. To increase 

pickup, short H1-H4 of insulating transformer, 

apply 40 amperes momentarily to terminals 3 
and 5 of relay and check pickup of relay. 

Should be 2.12 ± 5% amperes. If not, the polar 

unit should be recalibrated per "Polar Unit 

Calibration." 

Now , connect a resistance ,  Rpw ,  across H1  and 
H4 of the insulating transformer ,  with a 1 0-mfd 
capacitor connected between H2 and H3 . C onnect a 
capacitor.  Cpw ,  in parallel with Rpw.  With Rpw 
and Cpw set as specified in Table V suddenly apply 
r35 = 30 amperes (through terminals 3 and 5 ) .  

T A BL E  V 
Rpw Test - Max. Restraint Tap 

R 1 = C ,  Ro = H, T = 4 

INSULATING 
TRANSFORMER Rpwt IN OHMS 

cpw 
IN 

RATIO MICROFARADS 

4 to 1 1 200 1 900 0 . 75 

6 to 1 2700 4300 0 . 33 

tThe 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. 

INDICAT ING CONTACTOR SWI TCH ( ICS) 

Close the main relay contacts and pass suf­
ficient direct current through the trip circuit to close 
the contacts of the res . This value of current should 
not be great er than the particular res tap setting 
being used. The indicator target should drop freely. 

CA L IBRA T IO N  CHE CK 

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

OV ER-ALL R E LAY CHECK 
Over-all calibration can be checked by the pro­

cedure described under "Acceptance Tests ."  If the 

relay has been recalibrated in the minimum restraint 
tap ( factory calibration is made in the maximum re-
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Fig. 8 .  HCB - 1  Relay Test Circuits with S#508A46860 1 - G02 Type W -2 Switch and S#29 1 B 3 18A09 Mil l iammeter 0 - 5 -25 mo. 

straint tap )  the Rpw test should be made in ac­
cordance with Table VI instead of Table V. 

T A BL E  V I  

Rpw Test - Min. Restraint Tap 

R 1 = C ,  R0 = H ,  T = 4 

Insulating Rpw t Cpw 
Transformer in in 

Ratio ohm s Microfarads 

4 to 1 800 1400 0 . 75 

6 to 1 1800 3100 0 . 33 

t The rel ay should not operate  at the lower 

value of Rpw. but should operate  at the higher 
value. 

SEQUENCE F I L T E R  

Remove tap screw from upper tap ·plate and con­
nect a high-resistance voltmeter across the common 

12 

of the upper tap plate and Terminal 2 .  Energize the 
relay with I79 = 2.05 amperes (terminals 7 and 9 ). 
The measured open-circuit voltage,  Vp, should be: 

Vp = . 8  ± 5% volts with tap settings C and H. 

Repeat t his voltage measurement with 159  = 3 . 44 
amperes.  

OP ERATI N G  U N I T :  

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 trans­
former (H l  to H4) ,  and connect d -e milliammeters in 
series with the operating and restraining coils of the 
polar unit by opening these circuits. (The restraint 
can be opened at the tap circuit for max. and min. 
restraint. The operating circuit has to be opened at 

the polar unit .  The operating coil terminals are the 
rear t erminals of the polar unit . )  These milli­
ammeters should have low r esistance and should be  
capable of reading in t he  order of 20  to 25  rna i n  the 
operating coil and 1 00 to 150 rna in the restraining 
circuit . Using C ,  H, and 4 ,  energize the relay with 
I35 = 10  amperes (terminals 3 and 5)  and increase 
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the variable resistance across the insulating trans­
former high-voltage t erminals until the relay just 
trips.  The values obtained should conform to the 
following equations: 
For minimum restraint 

For maximum restraint 

Io = 0 . 1 6  IR + 7 

where Io and IR are operating and restraining coil 
currents, respectively, in milliamperes. The results 
are subj ect to variations between individual rel ays,  
due to different exciting impedances of the in­
sulating transformers. However, the value should 
never be lower than: 

For minimum restraint 

Io = 0. 1 2  I R + 4 

For maximum restraint 

Io = 0. 16 I R + 4 

CA L IBRA TIO N  PRO CE D U RE 

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

A. F I L T E R  CALI BRATION 
This adjustment is performed by m eans of the 

taps on the formed wire resi stor (see Fig. 2 for 
location) 

1. Remove tap screw from upper tap plate and 
set lower t ap screws in A and H .  

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

3. Pass 10 amperes a. c .  into terminal 7 and out 
terminal 5 of the relay and record voltage 
(Voltage should be .70 to . 80 ) .  

4 .  Remove voltmeter leads and connect them to  
non  -adjustable point of formed resistor in  
rear of relay and the front screw of l eft 
hand tube resistor (F. V. ) 

5. Adjust upper adjustable point of formed re­
sistor until voltmeter reads 1 . 7 3  times  volt­
age of step 3. 

6. Check of Calibration 

a. Set taps on C and H. (T tap removed) 
Pass 1 0 amps . into terminal 7 and out 
terminal 9 .  Measure the voltage across 
terminal 5 and common of upper tap block. 
(Should be between  3 .8 and 4 :0 volts) 

b. Pass 1 0  amperes into terminal 5 and out 
terminal 7. Measure voltage across non­
adj ustable point of formed resistor in 
rear of relay and the front screw of left 
hand tube resistor (F .V . ) .  Voltage should 
be equal to 1/3 of voltage of step 6a. 

7. Connect voltmeter to middle adjustable point 
and upper adjustable point of formed resistor. 

8. Pass 10  amperes into terminal 5 and out 
terminal 7. 

9. Adj ust middle adjustable point until voltage 
equals 1/ 3 of that of step 4. 

B , R0 TAPS 

No adjustments can be made on the Ro resistors. 
Value of resi stance can be checked by passing 5 
amperes a.c .  through terminal 3 and out terminal 5. 
T tap must be disconnected. Following voltages 
should be measured across terminal 2 and the sp ec­
ified tap of R0 .  

Ro Tap Volts 
Setting A .C .  

G 3 .8  to 4 . 2 

H 7 . 6  to 8 . 4  

C. POLAR U N I T  CON TACT ADJUSTMENT 

Place a . 088 to . 095 inch feeler gage between 
the right hand pole face and the arm ature. Thi s gap 
should be m easured near the front of the right hand 
pole face. Bring up the backstop screw until it j ust 
makes with the moving contact. Place . 045 to . 050  
gage between moving contact and the  stationary con­
tact on the l eft -hand side of the polar unit. Bring 
up the stationary contact until it j ust makes  with 
the gage and lock in place. For relays with double 
contacts m ake  sure that both upper and lower con­
tacts make at the same time.  
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D. POLA R U N I T  CALI BRATION 

Connect the restraint tap link in the position in 
which it will be used. Connect terminals  X1 and X2 
of  the insulating transformer across the pilot -wire 
terminal s  of the relay.  Connect the relay taps on 
4, C ,  and H. 

The sensitivity of  the polar unit is  adjusted by 
means of two magnetic, screw type shunts at the 
rear of the unit . 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 left 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 units , b e  sure that a definite toggle action 
is obtained, rather than a gradual movement of the 
armature .  

Start with both shunts out 4 to 5 turns. Short out 
the pilot wire on the high side of the insulating 
transformer. Momentarily apply 40 amperes from ter­
minal s  5 to 3. Now remove the short from H 1 to H4 
and apply current to terminals 7 and 9 .  Adjust the 
shunts at the rear of the polar unit such that the 
unit operates at 2 . 1 0  to 2 . 15  amp eres and resets at 
1 .  0 amperes or higher. 

Note: Right hand shunt controls pickup while 
left hand shunt control s dropout. 

After this adjustment is complete, short out 
pilot wire and apply 40 amperes momentarily from 
terminal s  5 to 3. Now remove the short from H 1 to 
H4 and check pickup for I 79. If value has changed 
from before,  it will be  necessary to re -adjust the 
right hand shunt. Several trial s may be necessary 
before  the rel ay will pickup at 2 . 10  amperes and 
dropout at 1 . 0  amperes or higher. In each case, 40 
amperes should be applied to terminal 5 and 3 with 
the H 1 and H4 terminal s shorted before any ad­
ditional adjustments are performed on  the shunt. 

After the shunts have been adjusted, apply 40 
amperes momentarily to terminals 3 and 5 of  the re­
l ay with the pilot wire open. Pickup will be  approx­
imately 1 . 4  amperes with current applied to t erminals  
7 and 9 .  This change in pickup is  due t o  a change 
in the residual magnetism in the polar unit of the 
rel ay. In the de -energized state ,  the permanent 
magnet of  this unit produces a flux or magnetic bias 

1 4  

t o  keep the contacts open. When t he  unit i s  ener­
gized, a second flux ( electrical )  is produced which 
either adds to or subtracts from the magnetic flux. 
When the electrical flux is removed, the magnetic 
structure of the polar unit is changed. Hence, the 
flux produced by an excess of restraint current, adds 
to the magnetic bias, and the flux produced by an 
excess of operating current subtracts from the mag­
netic bias. Thi s characteristic is  inherent in the 
polar unit and has no effect on the overall pe r ­
fo rmance o f  t he  relay. 

After the shunt adj ustment has been made ,  
change the input current connections to terminals 
3 and 5. Apply 40 amperes momentarily with H 1 and 
H4 terminals shorted. Remove short and measure 
pickup with current applied to terminals  3 and 5. 
The relay should trip with I 35 0 . 45 to 0 . 55 
amperes. 

ROUTIN E MAINTENAN C E  

Contacts:  All contacts should be cleaned per­
iodically. A contact burnisher, S:tt 1 82A8 36H0 1 ,  is 
recommend ed for this purpose. The use of abrasive 
material for cleaning is not recommended, because 
of the danger of  embedding small particles in the 
face of  the soft silver and thus impairing the 
contact. 

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

Operating  Unit: Check the relay minimum pick­
up, with the pilo t wires di sconnected from terminals  
H 1  and H 4  of the insulating transformer, by  ener­
gizing with I79 current (terminals 7 and 9) .  Pick -up 
current should be: 

I79  (min) = . 53 T ± 5o/c amperes 

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

CO M PL 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 check s be made ,  
with the pilot wire connected. 
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MINIMUM PICKUP 

P R E CAUTION : In making this test with the 
relay in place on the switchboard, it i s  necessary 
to connect the load box in the circuit between the 
relay and the "hot" side of the supply circuit. If  
thi s precaution is  not observed, it is possible to 
cause a short circuit between the grounded station 
service supply circuit and the ground of the current 
transformer circuit. 

The minimum pickup of each relay should be 
checked before starting the system tests .  With taps 
4CH , as specified in Fig. 9 ,  and the pilot wire circuit 
open on the high side of the insulating transformer, 
each rel ay should trip with IAN = 0 . 45 to 0 . 55 amp 
or with IBc = 2. 10 to 2 . 15 amp. 

With the pilot wire connected, energize one relay 
with IAN and determine the minimum pick -up of all 
relays. Repeat this test by energizing the other re­
lay or relays. Record these values for future 
reference .  

V E R I F ICATION CI RCUIT T ESTS ( R E F. F I G. 9) 

In performing these tests, the following pro­
cedure should be used. 

1 .  Standard testing equipment is recommended for 
permanent installation with the rel ays as shown 
in Fig. 8 .  If  this equipment is not available, a 
similar portable test should be set up using a 
low -resistance - a -c milliammeter. 

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

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

4. When the test calls for delivering only specified 
currents to the relay, it is necessary to use a 
thin piece of insulating material in the ammeter 
test j ack. For example , test tt5 of Fig. 9 rel ay 
"N".  To apply phase A to N current to the near 
relay only, the switches associated with term­
inals  6, 7 , 8, 9 of figure 3 must be open. Open­
ing switches 6 and 8 short circuits the current 
transformers for phases B and C. However, it is 
al so necessary to insert the insulating material 
in the ammeter test j acks associated with term­
inals 7 and 9 in order to break up the connection 
between the filter in the relay chassis and the 
grounded input circuits from current transformers 
in phases B and C. 

5 .  To facilitate making test 11 2 of Fig. 9 , two am­
m eter 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 
associated with terminal 7, Figure 3, and the 
other shoved in the ammeter test j ack asso ciated 
with terminal 9, Figure 3. ( This should not be 
done until the switches for terminals 6 and 8 
have been open, thus short circuiting the current 
transformers involved). It is desirable to wire 
the test plugs together such that when one is 
shoved 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 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. 9 .  After these  
tes t  plugs are p roperly inserted ,  i t  is then ap­
propriate to close the switches associated with 
terminals 6 and 8,  Fig. 3 ,  in order to remove the 
short circuit from the current transformer 
secondaries.  

P erform the tests  as indicated in Figure 9 re­
cording the milliammeter readings and the relay i nput 
current at the same instant, for future reference. 
The headings "Circulating" and "Remote" in the 
table of Figure 9 refer to the test switch positions, 
"CIRC " and "REM. " For tests 3 to 6 of  Figure 9, 
the input current should be increased to about 1 .  5 
ampere s by an auxiliary current transformer, if the 
secondary load current is below this value.  Also 
record the input and output readings with the t est 
switch in the "Local" position. Typical values for 
the "Local"  position readings are shown in 
Figure 13.  

TH RE E T E RMI N AL LI N ES 

A similar procedure to Figure 9 should be fol­
lowed for three-terminal line applications .  In this 
case open the line circuit breaker at one terminal , 
and disconnect the leads from the pilot wire term­
inals to the insulating transformer ( open H 1  and 
H4) at that terminal . This leaves the remaining 
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 t hese tests have 
been satisfactorily completed ,  return the third t erm­
inal relay to normal and close the breaker at that 
station . Repeat the above procedure with a different 
breaker open and relay disconnected.  This will com­
plete  the c heck of the three terminal line .  
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EN E RGY R EQUIREMEN TS 

The volt -ampere burden of the type HCB - 1  relay 
is practically independent of the pilot -wire re sis­
tance and of the current tap used. The following 
burdens were measured at a balanced three -phase 
current of 5 amperes: 

Relay Phase A Phase B Phase C 
Taps VA Angl e  VA Angl e  VA Angle 

A-F- 4 2 .4  5 0 0 . 6  0 0 2 . 5  5 0  ° 

A-H- 1 0  3 . 25 0 0 0 .8  100 ° 1 . 28 55 ° 

B-F- 4 2 . 3 0 0 0 . 63  0 0 2 .45  55 ° 

B-H- 10 4 .95  0 0 2 . 35  90 ° 0 . 3  6 0  ° 

C-F- 4 2 . 32  0 0 0 .  78 0 0 2 . 36 50 ° 

C-H- 10 6. 35 342 ° 3 .83  80 ° 1 . 98 185 ° 

* Sin gl e  Phase To Neutral Current of SA 
Relay Phase A Phase B Phase C 
Tap s  VA Angl e  VA Angle VA Angle 

A-F- 4 2 . 47 0 0 2 . 1 1 0  ° 1 . 97 20 ° 
A-H- 10 7 . 3  6 0  ° 1 2 . 5  53 ° 6. 7 26 ° 
B-F- 4 2 .45  0 0 2 . 09 15 ° 2 .07  1 0  ° 
B-H- 10 16 .8  55 ° 22 . 0  50 ° 1 2. 3  38 C) 

C-F- 4 2 .49 0 0 1 . 99 15 ° 2 . 1 1  15  ° 

C-H- 1 0  3 1 . 2  4 1  ° 36 .0 38 ° 23 .6  35 ° 

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

The continuous rating of the relay is 1 0  amperes .  

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

PI LOT · WI R E  EN ERGY 

The current and voltage impressed on the pilot 
wire do not exceed 100 milliamperes and 60 volts. 
The wave form and magnitude of the pilot-wire 
current are such that telephone interference is with­
in the limits allo wed by the Bell Telephone Com­
pany. Thi s permits the use of leased telephone lines 
as a pilot -wire channel.  

REN 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. 

A P P R 0 X I M A T E  RE S I S T A N CE V A L  U E S 0 F C 0 M P 0 N E N  T S I N H C B- 1 RE L A Y  

Transformer Secondary Winding Start to Tap 20 to 30 ohm s 
Start to Finish 1 10 to 1 40 ohm s  

Polar Unit Operating Coil 290 - 3 20 ohms 

Polar Unit Restraining Coil Maximum 1 2 - 16  ohm s  

Minimum 9 - 1 2  ohms 

Resistor Rc 4 1 - 44 ohms 
Tube Resistor Ro Total of 1 . 6  ohms 

F ormed Resistor R 1  0 . 1 3 1  ohms 

Rectifiers IN9 1  Germanium Diodes 

Indicating Contactor Switch 0 . 2  amp.  Tap 6 . 5  ohms 

2.0 amp . Tap 0 . 15  ohm s  
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I . L .  41 -971 .3G 
T Y PE H C B- 1  P I L O T  W I R E R E LAY SYST E M  ___________________________ _ 

PILOT WIRE RESISTANCE = 0 OHMS - TAPS . T = 4, R • = C , Ro • H  
MINIMUM RESTRAINT TAP 

26 

24 

22 

::l 20 a: w Q. 18 :IE < ::::; 16 _J i ..... 14 z w a: 
12 a: :::> (.) 

·W 10 
a: 
3: 8 ..... 0 _J 6 0: 

4 
2 

/; 
- CI�CuL!TINd CU�REN� /, � 

WITH 10 .�
��C

SAPACITOR\ � / 
)f} '/ 

� v 
FAR RELAY CURREN� w WITH 10 MFD. CAPACITOR 

11 REM" 

� \  � �lfifo<G�
L
�
T
��D

C
�f�fc�fOR 

j r< � \ FAR RE LAY CURRENT 
WITHOUT 10 MFD CAPACITOR 

I# 
I) 

2 3 4 5 

POSITIVE SEQUENCE AMPERES IN BOTH RELAYS 

538 1 03 
Fig. 1 7 . Typ ical Test Output vs. Input R elay Current in 

a Two - Terminal Line with Zero P ilot - Wire 
R esi stance. 

26 

24 

2 2  / 
(/) w 20 a:: w Q. 
:IE 18  < ::::; _J 16 i 
.... 14  z w a:: 

1 2  a: 

/ v / 
MAXIMUM RESTRAINT v TAPS : T=4 R,=C Ro=H 

v 
/ 

:::> u 
w 10 / 
a:: 
3: 8 .... 0 

/ 
/ ..J 

6 0: v 
4 

2 1/ 
/ 

2 3 4 5 

POSITIVE SEQUENCE AMPERES IN BOTH RELAYS 

538 1 02 
Fig. 13. Typical Curve of Relay Output vs. Positive · 

Sequence Input - Test Switch in Lo cal Position. 

26 
PILOT WIRE RESISTANCE =  2000 OHMS 

24 TAPS' T = 4, R o =C ,  Ro= H 
MAXIMUM RESTRAINT TAP 

2 2  
PI LOT WIRE CAPACITANCE = 0.75 

MFD. PER TERMINAL 
(/) w 20 a:: I I I 
w Q. 
:IE 1 8  
< ::::; ..J 1 6  
:::0 
.... 1 4  z w a:: 

1 2  a: :::> u 
w 1 0  
a:: 
3: 8 .... 0 ..J 6 0: 

4 

2 

/ 
CIRCULATING / CURREN�\ 
I 

"C IRC "  / 
IY / v 

FAR RELAY v v CURRENT\ - '' R E M '' v v 
v > v 

/ v 
� v 

� v 
2 3 4 5 

POSITIVE SEQUENCE A MPERES IN BOTH RE LAYS 

538101 
Fig. 12. Typical Test Output vs. R elay Current in a Two­

Terminal Line with 2000-0hm P i lo t - Wire R e­
sistance With or Without 10 -mfcl Capacitor. 

� � ·[" � 9 . 500 
1 0 . 375 

8 8 0 A 7 9 7 
Fig. 14 .  Outline and Drilling P lan of S#2908664G65 Bal­

an cing Resistor for Three-Terminal Line Ap­
plications. 
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T Y PE HCB-1 P I L OT W I R E  R E LA Y  SY ST E M-----------------------------
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- - - - - - - � -

I _I ,.____ __ 6 _· _ ___ _j 

INSTRUCTION 
PLATE 

POLARITY 
MARKS 

_L 
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H4 H3 H2 HI 
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f--- ·-- 6� - - - · - � 

t-----� - -- s l -----1 

1 DIA. MTG. HOLES 
16 4 TOTAL 

1 3 - C - 5342 
Fig. 1 5. O utline and Drill ing Plan o f  HCB - 1  Relay In sulating Tran sformer. 

i /4 - 28 THO TERMINALS 

. 1 12 -40 THO. 

184A7 39 
Fig. 16. Outline an d Drilling Plan o f  th e Sem i -Flush - Typ e 

Test M ill iammeter. 
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T Y P E  H C B - 1  P I L OT W I R E R E LAY S Y S T E M  ------------------------' ·_L_. _4_1 --97_1_. J_G 

-- - - - - - 3 -b;- -

+ 

.2.50 D I P. .  1-tOL.£ ( r HOLCS) 

��� L 4> -� I 

�- 3 --- -- - - - - - �  

. \ 9 0 -32. T H O. 

5-D- 1 523 
Fig.  1 7. Outline of the Test Mill iammeter A u xiliary Transformer. 
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DRI LLI NG P LA N .Ts-1--Z.Ob� 

PILOT WIRE TEST 
PI..Ll OUT LOW SCA.LE 

NOINAL 

REMOTE""' I ;-C!RC. � 0 �LOCAL 

--­
NP50ZA�4HOI ModetnUSA 

PILOT WIRE W-2 TEST SW. 5"508A468 

CONTACT REM REM 

A l l  8 1 1  X X 
AI2-BI2 
AI 81  
AS B5 X X 
A6 86 
A7 -B7 
C l l  Dl l 
( 12  012 
C l D l  
C5 05 
C6 -06 
C7 -07 
E12-EI X 12 Fl X 
E6 E7 X 

F6 F 7  X 

NORM NORM 

X X 

X X 

X 
X 

X 
X 

I I N 
CIRC CIRC 

X 

X 

X 

X 

. . 
X 

X 

X 

X 

{GOI- 602 

LOCAL LO AL 
f-'l . 

X X 

X X 

X 
X 

X 
X 

Xo DE NOTES CONTACT CLOSED 
P.O. PULL-OUT POSITION SPRING RETURN TO NORMAL 
EACH POSITION WITH SPRING RETURN F ROM PULL- OUT 
GOI y8• PANEL 

G02 1 - 1  Yi PANEL 

293B226 
Fig. 18. Outline an d Drilling P l an of the Type W -2 Test Switch. 
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TY P E  H C B - 1  P I L OT W I R E  R E LA Y  SYST EM _________________________ _ 

24 
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I'AIIEL LOCATION ------------------­
SOU .,. FLUSH MTG. 
PROJ ECTlOII MTG, 

• 1 90-32 SCREW 
TOOTHED 
LOCKWASHER 

SPACERS FOR 
TH i ll  PAIIELS 

5 - 1 8  SCREW 
16 ( FOR TH I C K  

PAIIEL USE 5- 1 8  STUD 
1 6  

/ _/  • 1 90-3 2  SCREW 

TERNI MAL AIID 
IIMITIIG DETAI LS 

't)J 

�b� f r t -r-�� [�.��� � -� -i' i:,r J � 8 I 
PANEL CUTOUT l DR I LLI NG 
FOR SEM I - FUJSH MTG. 

PANE L  DR I LL I NG OR 
CUTOUT FOR PROJ ECTIQN MTG. 

( FRONT V I EW )  

Fig. 19.  O utline and Drilling P l an for t h e  Type HCB-1  R elay in th e Type F T-42 Case. 
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I N STA L L  A Tl 0 N • 

Westinghouse I.L. 41-971.2D 

OPERAT 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  R E LAY 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. 

SEQU ENCE F I L T E R  

The sequence filter consists o f  a three-l egged 
iron core reactor and a set o f  resi stors desi gnated R l  
and Ro. The reactor has three windings; two primary 
and a tapped secondary winding, wound on the center 
l eg o f  a "F" type o f  lamination. The secondary tap s 
are wired to the circularly arranged R l  tap connec­
tions in the front of the rel ay. The R l  tap links al so 

connect to the R 1 resi stor (looped resi stance wire). 
Ro consists o f  three tube resi stors with taps  wired 

SUPERSEDES I . L. 41-971 . 2C 
*Denotes change from s u perseded 1ssue . 

* 

to the circularly arranged Ro tap conn ection s  in the 
front  of the relay. R 1A tap s are on  the R 1 resistance 
wire and are wired to the circul arly arranged R 1A 
tap connections in the front of the relay. 

SATURATI NG TRANSFORM E R  

The output of 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 .  

POLAR U N IT 

This unit consi sts  o f  a rectangular-shap ed mag­
netic frame, an electromagnet, a permanent magnet, 
and an armature with ei ther one  or two contacts. The 
pol es of the cresent- shaped permanent magnet bridge 
the magnetic fram e. The magnetic frame consfsts  
o f  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 o ther 
end. The moving contact i s  connected to the free 
end of a 1 eaf spring. 

R ESTRAI N T  TAPS 

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

I NDICATI NG CONTACTO R  SWI TCH U N I 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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TYP E  HCB P ILOT WI R E  REL AY 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 spring, in addition to holding the target, 
provides restraint for the armature, and thus control s 
the pick-up value o f  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. 

PILOT WIRE  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 the location of  the short, at least one 
of the rel ays will fail to trip during an internal fault .  
If the pilot wire is open circuited, almost all the re­
straint coil current will flow through the operating 
coil and the relay operates as an over-current device. 

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

* POLAR UNIT T H EORY 

The polar unit flux p aths 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 
pr6duces 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; 

lA 1 and lAo are the positive and zero sequence 
phase A current inputs,  respectively, in amperes. 
Thes e  are vector quantities. 
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TY P E  HCB P ILOT WI RE REL AY SY STEM 

COMMON 
CON N ECTION 

3 TU B E  R ESI STO RS 
( Ro) --..£...;; 

INDICATI NG 
CON TACTO R 
SWI TCH 

·---------------- I.L. 41·971.20 

POLAR UNIT 
(Rear Term i na l s Operat ing  
Coi l .  Front Termi nal s 
Restraint Coi l .  Start Ri ght 
Hand Terminal s, F i n i sh 
Left Hand Term i nal s . )  

R ESTRAINT 
TAP 

--- 3 WI NDING 
MUTUAL REACTO R 

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

4 

0. 15 R1 A 
TAP 

0. 10 R1 A 
TAP 

0.  07 R1 A 
T AP 

COMMON O F  
R1 A AND RO 

DIODE 
BRI DGES 

FORM RESI STO R ( R 1 ,  R 1 A) 

0.07 R 1 TAP 

0. 10 R1 TAP 

Fig. 2 Type HCB R elay Without Case ( R ear View). 
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TYP E  HCB P I LOT W I R E  REL AY SYSTEM _____________________ I. L_._.c_l -_97_1_. 20 

III'DICATUIG 
COITICTOR W!Tetf 

TUBE -­
IESI STOI 

IIOTI!: 

T!ltMIUlS 3,,,6,1 8 liE TO BE JIJIPERED 
AT RELAY CASE 

INTERNAL SCHEMATIC 

' . . F' R o � ....- V o  ... w 629A312 
Fig. 3 .  Internal Schematic of th e Type HCB Relay in 

F T-42 Case (Double Trip Ci rcuit). For the Single 
Trip Relay th e Circuits Associated with. Term inal 
II are omi tted. 

SINGL E R EL AY P I CKUP (P ILOT WI R E  OP E N) 1 5  

Single relay pickup , Is, i s  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 valu e. 
Single relay pickup is defined by equating ( 1) & ( 2) :  

(3)  

Current I s 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 present. Substituting Is = IA 1  
in Eq. ( 3) & rearranging, the 3 phase fault pickup is :  

I - I -
0 ·  2T - __..I_ ( 3 phase fault) s - A 1  - 2 R 1 

- 10Rt 

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

I = ____I_ "' _4_ = 4 amp . (3 phase fault) s 
10Rt 10X0. 1 

(4)  

For a phase A to ground fault ,  if  I A 1 = I A2  = I AO 

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

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

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

But: Is = iA 1  + IA2 + lAO 

= 3IA 1  

So : Is = 3IA 1  
0 . 2T 

(A-G fault) 
R1 + Ro 

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

I _ 0 . 2T = s - R 1 + Ro 

0 . 2x4  
0 . 1  + 1 . 6  

= �--� = 0 .47 1  amp . (A-G fault) 

NOMINAL PICK UP (ALL REL AYS) 

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 I AG = 0. 47 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. 

MI N IMUM TRIP (ALL R EL AYS) 

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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TYP E  HCB P ILOT WI R E  R EL AY SYSTEM _______________________ _ 

N 

1 
2 
3 

R - RES TRA I N T  CO I L  
OP - OPERAT I N G  CO I L  

I NSULAT I NG TRANSFORMER ���: I LOT �5\ 

W I RE 

Vs - SATURAT I NG TRANSFORMER VOLTA3E OUTPUT 
( RELA1 1 V E  POLAR I T I ES ARE FOR THRU CuRRENT OR EXTERNAL FAULT ) 

Fig. 4. Simplified External Sch ematic of the HCB Relay System. 

BALANCED A I �  �APS 

�-- P E RMAN ENT 
MAuNET 

SHUN T 

UN SALAHCED A I R  uAPS 

Fig. 5. Polar Unit Perman ent Magnet Flux Paths. 

following val u e s :  output voltag e ,  Vp,  o f  e ac h  relay ,  as defined b y  
equatio n  ( 1 )  m u s t  b e  i n  p h a s e  o r  1 80 d e grees o u t  o f  
phase,  i n  o rder f o r  F i g u r e  7 t o  app ly. TABL E I 

�---- � 

N 

1 
2 
3 

183A061 

183A062 

I NSUL ATING TRANSFORM E R  Insul ating Transformer Ratio 

Unl e s s  otherw ise noted,  all characteristic s pre­
sented include an insulating transformer with each 
r el ay .  Two ratio s are avai l ab l e :  4/ 1 and 6/ 1 .  The 
high voltage side i s  connected to the pilot-wires.  

P I LO T-WI R E  REQU I REM E N TS 

The relays should not b e  applied with pilot-wire 
series resistance or shunt c ap acitance e x ce eding the 

6 

No. o f  4/ 1 
� r--

6/ 1 I Relay s  
R L  cs I RL cs 

! 2 2000 1 . 5 I - -
3 5 00/L EG 1 . 8  1 1 000/L EG 0. 75 

RL = series loop r e sistance i n  ohm s .  
C s = total shunt c ap acitance i n  microfarads.  
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... ,. � <> 
;;: 
� 
i 
:5 
� 
� 

160 
1110 
120 

h-100 
80 

60 

LIO 

20 

0 0 

-+· 

�t+ 

tt �t tJ;r . .  i lj, H-� ·� T f  � ·t r t -

�L ·r . + ft : �  1- -+-ft. I '  . j + + . 
' ·  ;. +l B;� �h+--- � 
.p::r-=:� �·�. rt NEAR RELAY TRIPS� 

FS,B RELAY TRIPS .::r 
-rt-:-+ "+ ft,_t �iTI +- �1 �h I · !  � I i I ; j j � . I 

( �-±+ . ,  
IF+ + t--· : j. ,  1-.----! ++=-. c - �� 

! H  · I , H; � . t �! f-: ! I I - +t . j-:: �:i- . ;  . : . t 

H + - ::j rt:t: -- i H� ;_ ���. l+� i  f--+� � � : _ _  + -+ 
500 1000 1500 2000 2000 
R = P I LOT W I RE R E S I STANCE I N  OHMS 

M I CROFARADS D I STR I BUTED CAPAC I TY = .OO!R  

Fig. 6 Typ ical Curves Sho wing the Effect of the P i lot  
Wire on Minimum 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 be 
compensated is  limited and varies depending upon 
the magnitude of the pilot-wire distributed effect. 

A shi elded, twisted pilot wire pair, preferably of 
lt 19  AWG or larger ,  is recommended; however, open 
wires may be used if they are frequently transposed 
in areas of exposure to power circuit induction. The 
voltage impressed across either insulating transformer 
(H- 1 to H-4) as a re sult 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 be balanced is  
divided by 16  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) N eutralizing reactors may be connected in  
series with the pilot wire to  hol d  the pilot wire 
potential clo se to the remote ground potential in 
the presence of a rise in statioE- gro und potential. 

* 

They do not limit pilot-wire vol tages to safe values in 
the presence of  a longitudinal induced vol tage. When 
using the neutralizing reactor, the pilot- wire sheath 
should be insul ated from station ground to minimize 
sheath-to-pair potential in the presence  of  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 
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 ver. 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. I f  the  neutralizing reactor is to  be 
of any value , the  drainage reactor through the KX642 
protector tube must be connected to remote ground. 

For information with reference to the insula­
tion and protection equipment , refer to I .L .  4 1-97 1 . 4 . 

T RIP CI RCU I T  

The main contacts will safely clo se 3 0  amperes 
at 250 volts d. c . ,  and the seal-in contacts of the in­
di�ating 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 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.  
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TYP E  HCB P I LOT WI R E  R E L AY SYSTEM----------------------

3) R1 tap- 0 .07 ,  0 . 10 ,  0 . 1 5 
To change taps,  loo sen 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 

Inom. <P-P) - nominal internal phase 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. 

tap link to desired tap. Tap screw and center * PHASE FAULT SENSI T I VI TY ( R l and T Taps) 
screw to be tight after tap change is made. 

* 5) R l A  Taps - (0 .07 ,  0 . 10 ,  0 . 1 5)  

Note:  I t  i s  recommended that these tap s be set 
in the same  tap as the R1 tap for all appli­
cations. 

To change tap s, loosen 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 ( 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 

R1 , T, R0 - Relay taps 

1 0  

r3p - 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.  

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 i f  
the pilot wires become  open circuited, the R 1 and T 
tap s  should be set for not  l ess than: 

T 

R= lOlL 
1 

The available taps are :  
R1: 0 .07 ,  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 
--= 1 . 25 X lOlL = 1 2 . 5IL R l 

(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 l ess. 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 SEN SI TI VI TY ( R0 Tap) 

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

0 . 2T 
Ro = -r ­g 

( 10) 
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TY PE HCB P I LO T  WI R E  REL AY SYS T EM ---------------------=-I.:..:. L:.:.. . .::..4 1:.:..- 9:..!.7..!..:1 .=2 0 

The avai labl e Ra tap s  are: 0 . 39 ,  0 . 5 I ,  0 . 6 8 ,  0 . 9 0 ,  
1 . 2 , and 1 . 6 . 

* R l A TAPS 

* 

The R I A t ap s ,  0 . 07 ,  O . I O , an d O . I 5 ,  are utilized 
to set R0 = I /3 R I • where no zero s equen c e  s en sitiv­
ity is desired.  Equation ( IO)  does not apply for these 
three tap s .  These tap s  are used where R0 i s  s et i n  
0 .  For a l l  o t h e r  s ettings o f  R0 , the R I A tap s  are 
automat i c ally bypas sed.  

For  overhead line s ,  it  i s  recommended that the 
1 . 6  R0 tap b e  used to obtain maximum s e nsitivity .  

For c ab l e  circuit s ,  where the line c harging cur­
rent exceeds 5% of nominal pickup current , s et R0 
for about: 

- T Ro - --7 . 5  

The R 0 taps at e ac h  line terminal should b e  set i n  
the s ame proportion a s  the R I taps . (See phas e fault 
sensitivity . )  

* RESTRAI NT TAP (Max. an d Min . )  
S e t  i n  m aximum restraint tap for all two-te rminal 

lin e s .  Set in minimum re straint t ap for all thre e­
termi nal lines.  The use of maximum re straint on two 
termi n al applications all o w s  the relay to be used for 
all pilot wires as i ndic ated i n  Tabl e I. The use of 
minimum restraint o n  three term inal applications com­
p ensates for the d e sensitizing effect of a third ter­
minal .  

* Note: The relay pick up will change by approximately 

5% between s etting in max. and min. restraint taps. 
R elay is shipped calibrated in the max. restraint tap. 

If s et in min. restraint tap, calibrating will change. 

See "Adjustments and Maintenance" for re-calibration 

procedure. 

TAP P E D  LOADS 

Where one transformer bank is tapped to a line 
protected with tWJ HCB relay s ,  the critical point i s  
to s et above t h e  fault current flow for a fault o n  the 
other side o f  the bank . Set th e RI and T tap s  for 
not less than: 

T 
�= 5I3 PL ( 1 1 ) 

where I3 PL = total current for a 3-phase fault on the 
low side o f  the b ank . 

Note that the t app e d  bank must not act as a ground 
sour c e  for hi gh- side faults ( e . g .  high side connected 
i n  delta).  Ordinarily this me ans that the Ra tap set­
tings need not be changed,  since no zero- s equ ence 
current flow s  i n  the line when the low side is 
ground ed.  

SETTING EXAMPL E  

CASE I 
Assume : 

Two-termi n al line.  
CT ratio = 600/ 5 
Full-load current = IL = 400A 
Mi ni mum 3-phas e i nternal fault current : 

Through Station I = I 500A 
Through Statio n  II = 2500A 

Mini mum internal line-to-ground fault 
current : 

Through Station I = 

Through Station II = 
4 0 0 A  

0 

P hase fault pick up : 

T ( . ) 5 5 _1_5_0 0_+_2_5_0_0 x -5_,_ 8 3 _ 3 - m a x1mum = r 3p = x -
R 1 2 600 

R
T ( m aximum ) =  ��IL = 10 x 400 x 6�0 = 3 3 . 3  

1 

The p hase fault current is sufficient to 
allow the relay to be s et to prev�nt tripping 
on an op en-circuited pilot wire. Therefo r e ,  set :  

T 
R I 

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

S e t  both relay s  for :  T = 4 ,  R I = 0 . 1 .  

The nominal pick-up current from equation 6 
for a phase-to-p hase fault i s :  · 

T 4 In0 m( P - P )  = 2 _ 89R I = 0 _ 289 = 1 3 . 8  amp e r e s, 

T [ In0 m (P-P ) = 1 . 9 2R 1 
for three- terminal line s ]  

Ground fault pick up : 

0 . 2T 0 . 2  X 4 600 R0 ( m i nimum) =. � = 4001 2 x-5- =  0 . 48 

An R 0  tap exceeding 0. 48 will provide trip­
ping.  As r ecommended for overhead line s :  

Set R0 = 1 . 6. 

The ground fault nominal p ickup i s :  

Inom(P-G) = 0 . 4T = 

Ro + R 1 

[ Inom (P-G) 

1 . 6  
1 . 6  1 .0 ampere,  

for three-terminal lines ] 
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TY P E  H C B  P ILOT WI R E  REL AY SYST EM _____________________ _ 

1 2  

REMOTE POSITION 

C7-D7 �E I  

E6-E7 X 

NORMAL POSITION 

HQIU TEST SWITCH IS SUPPLI£0 WITH ASSEfleLEO CONNECTORS. 

TI-«.JS EXTERNAL CONM::CTIONS NEED ONLY BE MADE AT 

DESIGNATED TERMINALS. 

(�·- �) 
NOTE 2. TEST SWITCH CONTACTS SHOWN IN

"
NORti' POSITION. 

' X 

- r---r----- ­,-

CIRCULATING POSITION 

\ 
\__ INSTRUMENT TRANSFORMER 

X • DENOTES CONTACT CLOSED. 
PO- PULL OUT POSITION 

SPRING RETURN TO NORMAL. 
EACH P O S I TION WITH SffiJNG 

RETURN FROM PULL OUT. 

GOI� Ye" PANEL 

G02 - J - I  !12" PANEL 

PILOT WIRE TEST 
PULL OUT LOW SCALE 

NORMAL 

REMOTE\ I ,� CIRC � 0 :LOCAL 

_; I -

293B22.5 
Fig. 9. HCB R elay Test Circui ts with S#508A46860 1- G02 Type W-2 Switch an d S !t29 1 B 3 18A09 M i ll iammeter 0- 5-25 mo. 

Restraint tap . 

Use maximum restraint tap .  

CASE II (DIFFERENT CT  RATIOS) 

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

At Station I, s et R0 = 1 . 6  as in  Cas e  I. How­
ever, s et R 1 = 0 . 15  to obtain  R1 s ettings pro­
portional to the CT ratio. From e quation 9 :  

T = 12 . 5R11L 

Set T = 8 

12. 5 X 0 . 15  X 400 x 6g0 = 6 . 25 

Station II settings are : 

RNc (II) 400 R 1 = 0 . 15 
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 be 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 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 means of screws for steel panel mounting or 
to the terminal studs furni shed 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 . 4 1-076 .  

A D J U S T M E N T S A N D  M A IN T E N A N CE 

CAU TION Make sure that the neon lamp is in place 

whenever relay operation is be ing checke d. 
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TY PE HCB PILOT WI R E  REL AY SYST EM ___________________ _:I�. L�-.:;:.4..:..:1 -4.!97:..!.1 :.::. 2.::..0 

* 

ACCEPTANC E T ESTS 

The following tests are recommended when the 
relay is received from the factory. 

Main Unit 

Connect the relay to the insulating transformer, 
as shown in Figure 8 ,  and set R1 = 0 . 1 0 , Ro = 1 . 6 ,  
T = 4 ,  and maximum restraint tap. With the insulat­
ing transformer terminals H1 and H4 open circuited, 
measure the minimum pick-up current, I79 (min. ) ,  
with current applied through terminals 7 and 9 .  This 
value should not be greater than : 

7 . 28 amperes . 

* NOTE : The relay may operate at values of current 
lower than 7 . 28 amperes depending upon the 
insulating transformer used and the prior 
history of the polar unit .  The pickup should 
not be lower than 4 . 8  amperes . To increase 
pickup ,  short H1 ·:E14 of insulating trans­

former , apply 40 amperes momentarily to 
terminals 3 and 5 of relay and check pickup 
of relay .  Should be between 6 . 9  to 7 . 0  
amperes .  I f  not , the polar unit should b e  
recalibrated per " polar unit calibration . "  

Now, connect a resistance, Rpw. acro ss H 1  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 
I35 = 30 amperes (through terminals 3 and 5 ) .  

TABL E I I  

Rpw Test - Max. Restraint Tap 

R1 = 0 .  I 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 . 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. 

Indicating Contactor Switch ( ICS) 

Close the main relay contacts and pass sufficient 

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

CAL I B RATION CH ECK 

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

Over-a l l  Rei ay Check 

* Over-all calibration can be checked by the pro-
cedure described under "Acceptance Tests . " If the 
relay has been re-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 

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

Insulating Rpw t Cpw ! Transformer in in 
Ratio ohms microfarads i 

I 

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 Fil ter: Remo ve 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 I79 = 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 I 59 = 6 . 94 
amperes. 

Operating Unit: The following test will check 
the polar unit calibration and the performance of the 
rectifiers. Connect a variable non-inductive resistor 
across the high-voltage terminals of the insulating 
transformer (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 opened 
at the polar unit. )  These milliammeters should have 
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TY P E  HCB P I LOT WI R E  R ELAY SYST EM 

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 I35 = 10 
amperes (terminal s  3 and 5)  and increase the variable 
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 

I0 = 0 . 1 2  IR + 8 
For maximum restraint 

I0 = 0. 1 6  I R + 8 

where I0 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 transform ers. However, 
the value should n ever be lower than: 

For minimum restraint 

I0 = 0. 1 2  I R + 4 

For maximum restraint 

I0 = 0. 16IR + 4 

CAL I B RATION P ROCEDU R E  

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

F I L T E R  CAL I B RATION 
A. R 1 Taps 

B. 

14  

1 .  Disconnect T current tap link and place 
Ro tap in 1. 6 

2. Connect vol tm eter (low-reading, high resis­
tance  rectox) across  relay t erminal 2 and 
the com mo n  of  T tap blo ck. 

3 .  Pass 5 amperes a.c. into terminal 5 and out 
terminal 9 of the relay. 

4. Adjust the corresponding R 1 slide wire po si­
tion ( se e  Fig. 2 for location) to be within 
limits o f .  following tabl e for each sp ecifi ed 
s etting o f  R 1 tap screw. 

R 1A 

R1 T ap 
Setting 

. 15 

. 10 

.07  
Tap s  

Volts  
A .  C. 

0 .865  ± . 008 

0. 577 ± .007 

0 . 433  ± .005 

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

2. Connect a. c. voltmeter acro ss relay t erminal 
3 and the common connection of  R lA and Ro 
(see  Fig. 2 for location). 

3. P ass 5 amperes a. c .  into terminals 5 and out 
terminal 9 of the relay. 

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 lA Tap screw 

R lA Tap 
Setting 

C.  Ro Taps 

. 15 

. 10 

.07  

Volts 
A. C.  

0. 250 ± .00 5 

0. 167 ± . 003  

0. 1 25 .003 

No adjustments can be made on the Ro resi stors. 
Value of resistance  can be checked by passing 
5 amperes a. c. through t ermina 13 and o ut terminal 
9. T tap must be disconnected. Follo wing vol t­
ages should be m easured across terminal 2 and 
the specified tap of Ro .  

Ro Tap Volts 
Setting  A. C. 

. 39 1 .85 to 2. 05  

. 5 1 2 .45 to 2. 68 

. 68 3. 28 to 3 . 60 

.90 4. 33  to 4. 70 

1 . 20 5 .78 to 6 . 27 

1 . 60 7. 7 2  to 8 . 38 

Polar Unit  Contact Adjustment: Place a 0 .065 
to 0.072 inch feeler gage between the right hand 
pol e face and the armature. This gap should be 
m easured near the front of  the right hand  pol e face. 
Bring up the back-stop screw until it just m ak es  

* with the moving contact . P lace a 0 . 03 0 to 0 . 045 
fe eler gage between the moving contact and the 
stationary contact on the l eft-hand side of the pol ar 
unit. Bring up the stationary contact until it j ust 
m ak e s  with the gage and lock in pl ace.  For relays 
with doubl e contacts make sure that both upp er and 
lower contacts m ak e  at the same tim e  . 

Polar  Un i t  Cal i bration: Connect the restraint tar: 
link in the position in which it will be used. Con­
nect terminals Xl and X2 of the insulating trans­
former acro ss 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 amo unt  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 of the insulating 
transformer. Momentarily apply 40 amp eres from ter­
minals 5 to 3. Now remove the short from H l  to H4  
and, adjust  the right hand  shunt such that t he  con­
tacts close with a po sitive snappy toggl e action at 
I 79 = 6 .9  to 7 .0  amperes. After this adjustment is  
complete, short ou t  pilot wire and apply 40  amp eres 
mom entarily from terminals 5 to 3. Now remove the 
short from H l  to H4 and, check pick up for I79· If 
value  has chan ged from before, it will be  n ecessary 
to re-adj ust the right hand shunt. Several trial s may 
be n ecessary before the pick up will be con stant. In 
each case, the 40 amperes 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 i s  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 Qurrent 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 terminals 
3 and 5. Apply 40 amperes with H, and H4 terminal s 
shorted. Remove short and measure pickup with 
current applied to terminals 3 and 5. The relay 
should trip with l35 = 0 . 45 to 0 . 55 amperes. 

ROUTI N E  MAI NT E NANCE 

Contacts: All contacts should be cleaned period­
ically. A contact burnisher, Sit 18 2A836HO 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. 

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

Operating Unit: Check the relay minimum pickup, 
with the pilot wires disconnected from terminals H 1 
and H 4 of the insulating transformer, by energizing 
with I79 current (terminals 7 and 9) .  Pick-up current 
should be: 

179 (min) 
T 

----- ± 5o/c amp eres 
5. 77 R 1 

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

CO M PL 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. 

MINIMUM 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 relay 
and the "hot " side of the supply circuit. If this pre­
caution is not observed, it is possible to cause a 
short circuit l)etween the grounded station service 
supply circuit and the ground of the current trans­
former circuit. 

The minimum pickup of each relay should be 
checked before starting the system tests. With taps 
as specified in Fig. 10, and the pilot wire circuit 
open on the high side of the insulating transformer, 
each relay should trip with IAN = 0.45 to 0.55 amp . 
or with IBc = 6. 9 to 7 .0 amperes 

With the pilot wire connected, energize one relay 
with IAN and determine the minimum pick-up of all re­
lays .  Repeat this test by energizing the other relay or 
relays. Record these values for future reference. 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  

Note: 

� . � 0  �z 

4 

6 

C . T .  ' s  

£ 1-------------�--�·-------�r--l ��·: r�an,mi,ion LCne 

� 
"N" Relay rrinsulatlng Transformers i\ "F" Rel . .  y � l Pilo� Wim t � mGot Wire Curhnt" read vlth Milliem.�� 
�-:------_____ Test. Svitches-� 

�----� �----� 

The line sho u l d  b e  c arrying through load current amounting to a t  least 1 .  5 amperes a s  
measured in the secondary of the Current Transformers. This test is based on t h e  ratio o f  
t h e  C.  T. ' s  being t h e  same at each e n d  of  t h e  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 "  R E L A Y  " F "  

Test Relay Relay 0Pilot Wire Current" Test Relay Relay ' ' Pilot Wire Current ' '  

Switch Current Trip Circulating Remote Switch Current Trip Circulating Remote 

t t t t  A, B,C,N No ( 1 )  ( I )  n n  A , B ,C , N  No ( 1 )  ( 1 )  
n x  A , C , B , N  N o  ( 2 )  (2)  n x  A , C , B ,N No (2)  (2)  

tk; b b b b 
A , N  Yes ( 3) (0) 'U'vllR 0 Yes (3) (3) (4) 

b b b b th; �� 0 Yes (3) (3 )  (4) A,N Yes (3) None 

tLv� A , N  No (3 )  (3 )  � A , N  N o  (3 )  ( 3 )  

lt� A , N  Yes (6) �n  B , C , N  Y e s  (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 
lB + 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 12 .  

( 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 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 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. www . 
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I N T E R P R ETATION OF TESTS 

1. Tests Il l  and 112, Figure 1 0 ,  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 112, 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 111 for the local relay, and if cur­
rent for test 112 is in line with Figure 1 3 ,  then it is an indication that that particular relay 
has been connected for the wrong phas e 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 t est 11 1 ,  but it 
will be possible to read pilot-wire current from the remote relay. (b) Both relays will trip on 
test 115.  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 -H 4 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 of one 
insulating transformer, or at the output terminals of  the relay, 11 1 8  and 11 1 9 ,  Figure 3. 

3.  If the phases are rolled at one end of  the line, then this will be picked up by test ·115. 
On test 115 ,  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 discuss ed. However, if one or 
both relays trip , then try checking the near relay, phase-A-to-neutral current, against phase­
E-ta-neutral current at the far relay. Also, check phase- 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 when 
phase-A-to-neutral current is used for the near relay and phase-E-ta-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  1 80 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  thi s ,  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 Il l .  However , test 115 may be used to identify this combina­
tion of errors. When the condition exists as described, when test 115 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 al ways 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 116 is a final verification test. 

Fig. 1 0  (continued) 
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LOADED CI RCU I T  TEST 

In p erforming t h e s e  t e s t s ,  the following procedure 
should b e  u s e d. 

1 .  Standard t e sting equip ment i s  recomm ended for 
p ermanent install ation with the relay s  as sho wn 
i n  Fig. 9. If  thi s equipment is not availab l e ,  a 
similar p ortable test should be set  up using a 
l o w-re si stan c e- a- c  milli am m e t er. 

2. R e d- han dl e fl exitest c a s e  s wi tch shoul d be op en 
to interrup t t h e  break er trip circuit. 

3. A t e st crew is n e c e s s ary at each substatio n  with 
a m e ans o f  communicatio n between them. 

4. When the t est calls for deliv ering only specified 
currents to the relay, it i s  n e c e s s ary to u s e  a 
thin p i e c e  o f  i nsul ating material in the ammeter 
test j ac k .  For e x amp l e ,  test !1 5  o f  Fig.  1 0  relay 

, " N " .  To app ly phase A to N c urrent to the n e ar 
relay only,  the s witches asso ci ated with t ermi­
n al s  6, 7, 8 ,  9 of figure 3 m u st be op en. Op enin g  
switc h e s  6 and 8 short circuits t h e  current tran s­
form ers fo r p h ases B and C .  However, i t  i s  al so 
necessary to i n sert the i n su lati ng  materi al i n  the 
ammeter test j acks  associ ated w i th termina l s 7 
and 9 in order to break up the connection between 
the f i l ter i n  the rel ay ch ass i s and the grounded 
i nput c i rcu i ts  from cu rrent tran sformers in phas· 
es B and C. 

5 .  T o  facilitate making t e st 112 o f  Fi g .  1 0 ,  two am­
meter t est plugs wired tog ether with a foot or two 
o f  fl exible wire should be used. With these two 
test plugs suitably wired togeth e r ,  o ne o f  them 
may b e  shoved i n  the ammeter test j ack associ­
ated with termin al 7 ,  F'i gure 3,  and th e o th e r  
sho v e d  i n  th e amm et er test  j ack asso c i at e d  with 
terminal 9, F i gure 3. ( Thi s sho ul d not be don e  
until the switches for terminal s 6 and 8 have been 
open,  thus short  circuiting the current trans for­
mers invo l v e d ) .  It is d e sirabl e to wire the test 
plugs together such that when one is shov ed in 
the one amm eter test j ack with the red side up , 
and the other is sho v e d  in the other amm eter test 
j ack with the b l ack side up , it i s  then known that 
the B and C phase currents to the rel ay have b e en 
reversed at the input to the chassis in line with 
test tt2, Fig. 1 0 .  Aft e r  these t e st plugs are pro­
perly i n s erted, it  i s  then appropri ate to close the 
switches asso ciated wi th terminals 6 and 8, Fig.  
3 ,  i n  order to remove the short circuit from the 
current transformer seco ndari e s .  

1 8  

P erform the tests as indi c at ed i n  Figure 1 0  r ec­
o rding the milliammeter readi ngs and the relay input 
current at the same instant, for future reference.  The 
headings " Circulati n g "  and " Remote " i n  the tabl e 
o f  Figure 10 refer to the test switch p o sitio n s ,  ' ' CIRC ' '  
and " REM . " For te sts 3 t o  6 o f  Figure 1 0 ,  the input 
current should b e  increased to about 1 .  5 amp eres by 
an auxiliary current transformer,  if the secondary load 
current i s  b elow thi s v al u e .  Also record the input and 
output r eadings with the test switch in the " L o c al "  
p o si ti o n .  Typical v al u e s  for the " L o c al ' ' position 
r eadings are shown i n  Figure 1 3 .  

TH R E E  TE RMI NAL L I N ES 

A simi l ar pro c e dure to Figure 1 0  should b e  fol­
lowed for three-terminal line applicati o n s .  In thi s 
c ase o p en the line circuit break er at one terminal,  
and disconnect the lo ads fro m the pilot wire terminal s  
o f  t h e  H C B  relay at that termi nal .  This l eav e s  the re­
maining portion o f  the line operating as a two terminal 
l i n e .  N o w  perform the normal tests as outlined for the 
two t e rminal line system test. When these tests hav e  
b e e n  sati sfactorily compl e t e d ,  retu rn the third terminal 
rel ay to normal and close the break e r  at that station.  
Repeat the abov e  procedure with a different break e r  
o p e n  a n d  relay disconnected.  T h i s  will complete t h e  
check o f  t h e  t hr e e  terminal l i n e .  

E N E RGY REQU I REMENTS 

T h e  volt- ampere burden o f  t h e  typ e  HCB relay i s  
practic ally independent o f  t h e  pilot- wire resist ance 
and o f  the current tap used.  The follo wing burdens 
were me asured at  a b al anced three-phase current o f  5 
amp e r e s :  

For tap 4 ,  R 1 = 0 . 07 5  and R0 = 0 . 3 9 

Phase A 
Phase B 
Phase C 

1 . 2 5 volt- amperes 
0 . 3 0 vo lt-amperes 
0 . 9 0  volt- amp eres 

For tap 4 ,  R 1  = 0 . 1 5  and R0 = 1 . 6  
Phase A 2 . 3  volt-amp eres 1 20 °  
Phase B 4 . 6  volt- amperes 2 8 5 °  
Phase C 5 . 3  volt-amperes 

The angl e s  abov e  are the degrees by whi c h  
t h e  current l a g s  its  r e sp e ctive voltag e .  
T h e  continuous r ating of t h e  relay i s  1 0  
amp er e s .  

T h e  two - s econd ov erl o ad ratings o f  the relay 
ar e 1 50 amp eres phase and 1 2 5 amp eres ground 
currents.  
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C I RCULAT I N G  CIJRRENT 

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

Fig. 1 1 . Typical Test Output vs. Input Relay Current in 
a Two- Terminal Line  with Zero Pilot- Wire Resis­
tance. 

2 
POSITIVE SEQUENCE AMPERES 

282585 
Fig. 13. Typ i cal Curve of R elay Output  vs. Positive­

Sequence Input - Test Switch in Local Po sition. 

25 •• 

Ulll Ii i i i  !I l l  I I  I I  I i lrJ-..!l 
P I LOT W I R E  RESI STANCE • 2000 OHMS 
TAPS: T • ij, R 1 • . I ,  Ro • 1 . 5  
NAK lMU� RESTR A I N T  TAP 
� I LOT W I RE CAPAC I TANCE•0-75 MFO. PER TERMINAL 

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

Fig. 12. Typical Test Output vs. Relay Current in a Two­
Terminal Line with 2000-0hm P ilot-Wire Resist­
ance With or Without 10-mfd Capaci tor. 

<'>lao - -IN l � - -----rrw=. '� b_ 01 A. 2 HOLES 

Lrl 31.5 1 OHMS 

A 

Fig. 14. Ou tline and Drilling Plan o f S# /20999 1 B alan cing 
Resistor for Three- Terminal Line  App / ications. 
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[\ I  11/ I 

r 

f- "1 - F-

20 

POLARITY 
MARKS 

X� 
ll i1  

H4 H3 H2 HI 

CLAMP TYPE TERMINAL �-3� -----�- 2�-1 // FOR'*" 4 WIRE MAXIMUM 

x/ 

I_; 

� 

� 
r<>lco 

"' ..., ,.., Cl) 
I I 
I 

/ t  
3 DIA. MTG. HOLES . 16 4 TOTAL 

. / : _i__J___F�====r=�::t:_L I ; 
-5 � ------<>4 I 

3 i t-------- - - - -- 6  4 ----. 

OUTLINE S WIRING DRAWING FOR 
HCB RELAY INSULATING TRANSFORMER 

N.T.S. 
13-C- 5342 

Fig. 1 5. Outline an d Dri llin g P lan of HCB R elay In sulating  Tran sformer. 

i /4 - 28 THO TERMI NALS 

<f 
0 

. 1 12- 40 THO. 

184A739 
Fig. 16.  Outline and Drill ing P lan of the Semi-Flush- Type 

Test Mil li ammeter. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB P ILOT WI R E  R ELAY SYST EM -------------------:.;;I.L;;.;:·....;4...;..1-...;..97:....:.1=.2D 

I H 

.2.50 D I A .  HOLE \ ( Z HOUS) 

1 

3 --� -----'"1 
. \ 9 0 -3� T HO. 

5-D- 1523 
Fig. 1 7. Outline of the Test Mil l iammete r A uxiliary Transfo rme r. 

: i . .- - -

! : I :"-----A--____A___/'J n l[ - - -� - J 
. 31  

��uf-------
.75--l----z.oe,� 

PILOT WIRE W-2 TEST SW S 508A468 {GOI-G02 

PILOT WIRE TEST 
PU..L OUT LOW SCALE 

NORMAL 

REMOTE"' I r-CIRC. � 0 --::LOCAL 

_/ I '-

WlstnghOUH 
NPS02AOS4HOI Madem USA. 

CONTACT 

A l l  8 1 1 
AI2-RI 
A I  · B I 
A5 B5 
A6-B6 
A7 -87 
C l l  -DI I 
C l2- 12 
Cl -DI 
C5 -D5 
C6 -D6 
C7 -D7 
E12-EI 
FIZ Fl 
E6 E7 
F6 F 7  

RE M  REM I P.C .  
X X 

X X 

X 
X 

X 
X 

PO I I N 
NORM NORM CIRC CIRC L AL LO AL 

P.C P.C. P.C 
X X 

X X 

X X 
X X 

X X 

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 PULL- OUT 
GOI Ye" PANEL 

G02 l - i )t2"
PA NEL 

293B226 
Fig. 18. Outl ine one/ Dri lling P lan of the Type W-2 Test Swi tch. 
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2 2  

- I � 
..yl � 

.------=-+-----\ _l_  - 1-r----1 _.I 3 l_ I 't l' I 16 

\..---- s l_J �� 
PAIIEL LO:AT IOM � 
SEMI· FLUSH MTG. ------­
PROJ ECTI ON MTG. 

TERMINAL AND 
MOUNTI NG DETAI LS 

. 1 90-32 SCitEW f 

j_ _ 
TERMINAL lllJoiBER 

2 � -{ 32 

PANEL CUTOUT & DRI LL I NG 
FOR SEMI-FLUSH MTG· 

PANEL DRI LL I N G  OR 
CUTOUT FOit PROJECTION MTG. 

( FROIIT V I EW} 

Dl A.� HOLES FOR 
. 19Q-32 MTG. SCREWS 

-- � 

57-D-7905 

Fig. 19. Outline and D ri ll ing P lan fo r th e Type HCB R el ay in the Type FT-42 Case. 
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P I LOT-W I R E  ENE RGY 

The current and voltage impressed on the pilot 
wire do not exceed 1 00 milliamperes and 60 volts. 
The wave form and magnitude of the pilot-wire cur­
rent are such that telephone interference is within 
the limits allowed by the Bell Telephone Company. 
This permits the use of leased telephone lines as a 

pilot-wire channel. 

R E NEWAL 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 t o  Tap 20 to 3 0  ohms 
Start to Finish 1 10 to 140 ohms 

Maximum 
Minimum 

290 - 3 20 ohms 
1 2 - 16 ohms 
9 - 1 2  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 

* Rc used in conjunction with 1N9 1 germanium diodes in order to match characteristics of relay 

with older style HCB relay using copper oxide rector type rectifiers.  
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I N STA L L ATI ON 
Westinghouse I. L. 41-971. 2C 

• OPERATI O N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPE H C B  PILOT W I R E  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 
fre ely, 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 spe ed pilot wire 
relay d esigned 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. 

SEQU E NCE F I L T E R  

The sequence fil ter consists o f  a three-l egged 
iron core reactor and a set of resistors designat ed R l 
and Ro. The reactor has three windings; two primary 
and a tapped secondary winding, wound on the center 
l eg o f  a "F" type o f  lamination. The secondary taps 
are wired to the circularly arranged R l tap connec­
tion s  in the front o f  the relay. The R l  tap links al so 

connect to the R 1 resistor (looped resistance  wire). 
Ro con si sts  of three tube resistors with taps wired 

SUPE RSEDES I. L. 41-971. 2B 
* Denotes change from superseded i ssue. 

to the circularly arranged Ro tap conn ections in the 
front o f  the relay. R IA tap s are on the R1 resi stance 
wire and are wired to  the circularly arranged R lA  
tap connections i n  t he  front of  the relay. 

SATURATI NG TRANSFO RM 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. 

POLAR RELAY U N I T  

This unit consists  o f  a rectangular- shap ed mag­
n etic frame, an electromagnet, a permanent magnet, 
and an armature with either one  or two contacts. The 
pol es o f  the cresent- shaped perm anent  magnet bridge 
the m agnetic frame. The m agnetic frame consfsts 
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 m agnetic shunts. The operating  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 ESTRAI N T  TAPS 

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

I NDICATI NG CONTACTOR SWI TCH U N I 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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TYP E HCB PILOT WI R E  REL AY 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 loc ated at the bottom 
of the cover. 

The front spring, in addition to holding the target, 
provides restraint for the armature, and thus control s 
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 of Vs at both stations will be the same. 
The rel ative polarities of the Vs voltages will be as 
shown in Figure 4 .  Since the voltages add, most of 
the , current wil l  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. 

PILOT WIRE  E F F ECTS 

In Figure 4 it can be seen that a short-circuiterl 
pilot wire will short circuit the rel ay operating coils .  
Depending on the 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 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 con­
dition and the relays will not operate.  

OP E RATI NG U N I T  T H EORY 

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 
p roduces 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: 

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

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

lA 1 and lAo are the positive and zero sequence 
phase A current inputs ,  respectively, in amperes. 
These are vector quantities. 
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TY P E  HCB P I LOT WI RE REL AY SY ST EM _. 

COMMON 
CONNECTION 

3 T U B E  R ESI STO RS 
( Ro) ---'-

INDICATI NG 
CONTACTOR 
SWI TCH 

I . L. 41 -971.2C 

POLAR U N I T  

-- 3 WI NDI NG 
MUTUAL R EACTOR 

Fig. 1. Type HCB Relay Without Case ( Front View). 
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TYPE HCB P I LOT WI R E  REL AY SYS TEM ______________________ _ 

4 

0. 1 5 R 1 A 
TAP 

0. 10 R 1 A 
TAP 

0.  07 R l A 
TAP 

COMMON O F  
R1 A AND RO 

DIODE 
B R I DGES 

FORM RESI STO R  ( R 1 ,  R 1 A) 

0.07 R 1 TAP 

0. 10 R 1 TAP 

* Fig. 2 Type HCB Relay Without Case ( R ear View) . 
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IIDIUTIIIG 
COITICTOR SWITCN 

ffOT!:: 
TEIMIIALS l,lt,l,l 8 
Att TCI fiE JIJIIPUED 
AT RELAY CASE 

INTERNAL SCHEMATIC 

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

FT-42 Case (Double Trip Ci rcuit). For the Single 
Trip Relay the Circu its A ssociated with Terminal 
II  are omitted. 

SINGL E  RELAY P I CKUP (P ILOT WI R E  OP EN) 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 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 I s varies with the type of fault. For ex­
ample ,  for a 3 phase fault, I s = IA l , since only posi­
tive sequence current is present. Substituting Is = IA l 
in Eq. (3 )  & rearranging , the 3 phase fault pickup is :  

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

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

I = _I_ = _4_ = 4 amp .  ( 3  phase fault) s 
lOR 1 lOXO . l 

(4)  

For a phase A to ground fault, if  I A 1 = I A2 = I AO 

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

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

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

But: Is = iA l  + IA2 + lAO 

= 3IA 1  

0 . 2T 
(A-G fault)  

Rl + Ro 

If R 1 = 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 UP (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 = single-relay pickup 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 lAG = 0 .47 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 )  
i s :  

Inom ( A  to  G) = 0 .471K = 0 .47 1 x 2 = 0 . 942 ampere.  

MI N IMUM TRIP (AL L  R EL AYS) 

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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TYP E  HCB P ILOT WI R E  R EL AY SYSTEM ______________________ _ 

" 
1 
2 
3 

R - RES TRA I N T  CO I L  
OP - OPERAT I N G  CO I L  

I N SULAT I NG TRANSFORMER 

I�� �I LOT � �\ 

W I RE 

Vs - SATURAT I NG TRANSFORMER VOLTAGE OUTPUT 
( RELA1 1 Y E  POLAR I T I ES ARE FOR THRU CURRENT OR EXTERNAL FAULT) 

Fig. 4. Simplified External Schemati c of the HCB R elay System. 

BALAN C ED A I K  �APS 

__ P E RMAN ENT 
MAuN ET 

SHUN T 

UN BALANCED A I R  GAPS 

Fig. 5. Polar Unit P erman ent Magnet Flux P aths. 

output voltag e ,  Vp . of e ac h  relay , as defined by 
equation ( 1) must b e  i n  phase o r  1 80 degr e e s  out of 
p hase ,  i n  order for Figure 7 to apply. 

following val u e s :  

TABL E I 

N 

1 
2 
3 

183A061 

I 
183A062 

I NSULATING TRANSFORM E R  Insul ating Transformer Ratio 

Unless otherwise noted,  all characteristics pre­
sented include an insulating transformer with each 
r el ay .  Two ratio s are availab l e :  4/ 1 and 6/ 1 .  The 
high voltage side is conne cted to the pilot-wires.  

P ILOT-WI R E  R EQUI R EM E N TS 

The r el ays should not be applied with pilot-wire 
series r esistan c e  o r  shunt c ap acitance ex ceeding the 

6 

No. o f  4/ 1 
Rel ay s  

RL 

2 2000 
3 5 00/L E G  

-

cs 

1 . 5 
1 . 8  

I 
I RL 
! 
i -

6/ 1 

l l OOOfL EG 

RL = serie s loop r esistance in o h m s .  

cs 

-
0 .  7 5  

C s = total shunt c ap acitance in microfarads .  
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R = P I LOT W I RE RES I STANCE I N  OHMS 

M I CROFARADS " I ST R I BUTED CAPAC I TY = . OO I R  

Fig. 6 Typ i cal Curves Showing t h e  Effect of t h e  P ilot 
Wire on Min imum Trip Current, Two- Terminal 

L ine (Maximum R estraint Tap). Insulating Trans­
fo rmer 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 
comp ensated is  limited and varies depending upon 
the magnitude of the pilot-wire distributed effect . 

A shielded , twisted pilot wire pair, preferably of  
#19  AWG or  larger, is recommended; however, open 
wires may be used if they are frequently transposed 
in areas of exposure to power circuit induction. The 
voltage impressed acro ss either insulating transformer 
(H- 1 to H-4) as a re sult of induction o r  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 16 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 p ilot wire to hold the p ilot 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 induced 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 o ther p airs in the cable 
which are connected to station ground should also be 
p ro tected with neutralizing reactors to minimize p air­
to-pair rol tages. 

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 acro ss the wires. Thus ,  the HCB system 
will operate normally even though the protector tube 
has flashed o ver. 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. 

TRIP  CI RCUI T 

The main contacts will safely clo se 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 tap s  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 lead in front of 
the relay to the correct tap .  

2 )  T tap- 4,  5, 6, 8, 10 ,  1 2 ,  and 15  
To change taps ,  loosen center screw and move 
tap link to desired setting. Tap screw and cen­
ter screw to be tight after tap change is made.  
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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 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 Tap s - (0 .07 ,  0 . 10 ,  0 . 15) 

Note: I t  i s  recomm ended that the se taps be set 
in the same tap as the R 1 tap for all appli­
cations. 

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 CO NTACTOR SWI TCH ( I CS) 

The only setting required on the ICS is the selec­
tio n 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
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 terminal s.  

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 
terminal s. 

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

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

current transformer ratio at 
Station I and II respectively. 

PHAS E  FAUL T SE NSI T IV ITY 

The phase fault pickup is determined by the R 1 
and T tap s. 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 operation on  load current i f  
t he  pilot wires become open circuited, the R 1 and T 
tap s should be set for not  l ess  than: 

(8)  

The available tap s  are: 
R f 0 .07 ,  0 . 10 ,  and 0. 15  

T : 4 ,  5 ,  6, 8 ,  1 0 ,  1 2 ,  and 15  

Where sufficient fault current is  available ,  i t  i s  
recommended that the  relays be  se t  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 
1000 ohms or l ess.  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 SENSI T I 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 = -r ­g 

( 10 )  
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TY PE HCB P I LO T  WI R E  REL AY SYS T EM _____________________ I _. L_. _41_-9_7_L_2 c 

The avai labl e Ro tap s  are: 0 . 3 9 ,  0 . 5 1 ,  0 . 6 8 ,  0 . 90 ,  
1 . 2 , and 1 . 6 .  

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

For o verhead lines,  it is recommended that the 
1 .  6 R0 t ap b e  used to obtain maximum s e n siti vity . 

For c able ci rcuit s ,  w h ere t he line c harging cur­
rent exceeds 5% of nominal pi ckup current, s et R0 
for about :  

T Ro = --7 . 5  

The R0 tap s  need not b e  id entical a s  r e quired 
with the R 1 tap s  for three terminal lines and two 
terminal lines over 1000 o hms pilot wire re sistance, 
where the zero sequ e nc e  relay currents at the line 
termi nal s  are not i d entic al for an external fault. How­
ever ,  for a conv entional line s ecti o n  the R0 taps are 
set i n  the same proportion as are the R 1 tap s .  

RESTRAI NT TAP 

Set i n  maximum restraint tap for all two-terminal 
line s .  Set in mi nimum re straint t ap for all three­
termi nal line s.  The use of m aximum re straint on two 
terminal applications all o w s  the relay t o  b e  used for 
all pilot wire s as indicated in Table I .  The u s e  of 
mini mum re straint on three terminal applications com­
p en sate s  fo r the d e s ensitizing effect of a third ter­
minal .  

Note: The relay p ick-up calibration must be changed 
if set in the minimum restraint tap. See "Ad­
justments and M aintenance." 

TAP P E D  LOADS 

Where one transformer bank is tappe d  to a line 
protected with t m  HCB relay s ,  the criti c al point is 
to s et above the fault current flow for a fault on the 
other side o f  the bank. Set the R1 and T taps for 
not less 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 tapp e d  b ank must not act as a g round 
source for high- side faults ( e . g .  high side connect t'd 

in d el t a ) .  Ordinarily this m e an s  that the Ro tap set­
tings need not be chang e d ,  since no z ero- sequence 
current flo w s  i n  the l i ne when the l o w  side i s  
grounded. 

SETTING E XAMPL E 

CASE I 
Assum e :  

Two-terminal line.  
C T  ratio = 600/ 5 
Full-load current = IL = 4 0 0 A  
Mini mum 3-phase i nternal fault current : 

Through Station I = 1 50 0 A  
Through Stati o n  II  = 2 5 0 0 A  

Minimum internal line-to-ground fault 
current :  

Thro ugh Station I = 

Through Station II = 

P hase fault pick up : 

4 0 0 A  
0 

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

....!_ ( m aximum ) =  lOlL = 10 x 4 0 0  x -5- =  3 3 . 3  R 1 600 

The phase fault current i s  sufficient to 
allow the relay to b e  set  to prevent trippi n g  
o n  a n  open- circuited p i l o t  wir e .  Therefo r e ,  s e t :  

T 
R l 

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

Set both relay s  for :  T = 4 ,  R 1 = 0 . 1 .  

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

T 4 
InomC P-P )  = 2 _ 8 9 R 1 = 0 _ 289 = 1 3 . 8  amp eres,  

T [ I nom ( P-P )  = --- for three- termi nal line s ]  1 . 9 2R l  

Ground fault pickup : 

. . 0 .  2T 0 .  2 X 4 600 R0 ( m 1 mmum) = --- = --- x-- = 0 4 8  I g 400/ 2 5 . 

An R0 tap exc eeding 0. 48 will provide trip­
ping.  As r ecomme nded for o v e rhead line s :  

Set R 0  = 1 . 6 .  
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TY P E  HCB P I LO T  WI R E  REL AY SYSTEM _____________________ _ 

C7-D7 
E12 - E I  
F12·FI 

E6-E7 
F6-F7 X 

� T E S T  SWITCH IS SUPPLIED WITH ASSEl.I3LED CONNECTORS. 
Tf-I.JS EXTERNAL CONNECTIONS NEED ONLY BE MADE AT 
DESIGNATED TERMINALS. 

(·· �) 
� TEST SWITCH CONTACTS SHOWN IN"NORM" POSITION. 

- f---x X 

'------{MA \ 
0-25 MA \__ INSTRUMENT TRANSFORMER 
0- !5 MA ( I N  PULLOUT 

POSITION) 

X·DENOTES CONTACT CLOSED. 
PD.-PULL OUT POSITION 

SPRING RETURN TO NORMAL. 
EACH POSITION WITH SPRING 
RE TURN FROM PULL OUT. 
GOJ- .113 " PANEL 
G02 - I - I  Y2"PANEL 

PILOT WIRE TE5T 
PULL OUT LOW SCALE 

NORMAL 

REMOTE\ I I CIRC. � 0 :LOCAL 

_J I '� 

�-
293B22.5 

Fig. 9. HCB R elay Test Circui ts wi th S#508A46860 1- G02 Type W-2 Switch an d S tt29 1 B3 18A09 M i ll iammeter 0- 5-25 mo. 

The ground fault nominal pickup is :  

Inom(P-G) = 0 . 4T = 
Ro + R 1 

1 . 6 
1 . 6  

1 .0  ampere, 

[ Inom <P-G) for three-terminal lines ] 

1 2  

Restraint tap . 

Use maximum restraint tap .  

CASE 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 . 15 to obtain R 1 settings pro­
portional to the CT ratio. From equation 9 : 

T = 1 2. 5R11L 

Set T = 8 

12. 5 X 0. 15  X 400 X t)gO = 6 . 25 

Station II settings are: 

RNc (II)  400 
* R 1 = 0 . 15 

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  mo unted 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 means 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 ins erted 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 .  

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 sure that the neon lamp is in place 

whene ver relay operation is being checked. 
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TY P E  HCB PILOT WI R E  REL AY SYSTEM _____________________ r ._L_. 4_1_-9_7_L_2c 

ACC EP 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 i t  

Connect the relay to  the insulating transformer, 
as shown in Figure 8 ,  and set R 1 = 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, r79 (min . ) .  
with current applied through terminals 7 and 9.  This 
value should be:  

!79  (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 
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. 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 icat ing Contactor Swi tch ( ICS) 

Close the main relay contacts and pass sufficient 
direct current through the trip circuit to close the 
contacts of the res. This value of current should not 
be greater than the particular res 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 Rel 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 o f  
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 Un it: 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 terminal s of the insulating 
transformer (H1  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 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 r35 = 10  
amperes (terminals 3 and 5)  and increase the variable 
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TY P E  HCB P I LOT WI R E  R E LAY SYST EM ----------------

resistance acro ss the insul ating transformer high­

voltage termin al s until the relay just trip s.  The 

values obtained should conform substantially to the 

following equati o n s :  

For minimum re straint 

For maximum restraint 

I0 = 0. 16 I R + 8 

where I0 and I R ar e operating and restraining coil 

coil currents, re specti vely ,  in milliamp eres.  The 
results are subj ect to variati o n s  b etween i ndi­

vidual rel ay s,  due to different exciting imp ed­

anc e s  o f  the i n sul ating tran sform ers. Ho w ever, 

the value shoul d n ever be lo wer than: 

For minimum restraint 

I0 = 0 . 1 2 I R + 4 

For maximum restraint 

I0 = 0 . 1 6IR + 4 

CAL I B RATION P ROCEDU R E  

If  the factory calibration has been disturb ed, the 

following procedure should be fo llowed to recalibrate 

the relay. 

F I L T E R  CAL I B RATION 

A .  R 1 Tap s 

1 4  

1. Di sconnect T current tap l i nk and p l ac e  

R o  tap i n  1 . 6 

2. Connect voltmeter (low- readi n g ,  hi gh resi s­

tan c e  recto x) acro ss rel ay t erminal 2 and 
the com mon of T tap block. 

3. P as s  5 amperes a. c .  into terminal 5 an d out 

t erminal 9 o f  the relay. 

4 .  Adj ust the corresponding R 1 sli d e  wire po si­

tion ( se e  Fi g. 2 for l o cation) to be within 

limits o f .  following tabl e for each sp ecifi ed 

s etti n g  of R 1 tap screw. 

R 1 T ap Vol t s  

Setting A .  C. 
� -----

. 1 5 0 . 8 6 5  _+: . 0 0 8  

. 10 0 . 577 ± . 0 0 7  

. 0 7  0 . 433 ± . 00 5 

B. R 1 A  Tap s  

L Di sconn ect T current tap link and set Ro 

in 0 tap. 

2. Conn ect a. c" voltmeter acro s s  rel ay terminal 

3 and th e common connection of R l A and Ro 

( see Fi g. 2 for lo cation).  

3 .  P ass 5 amp eres a. c .  i nto termi n al s  5 and out 

termin al 9 of the rel ay .  

4 .  Adjust th e corresponding R l A sli d e  wire 

po sition ( see fig. 2 for location) to within 

l imits of following tabl e for each sp eci fi ed 

setting of R 1 A  Tap screw 

R lA Tap 
Setting 

C. Ro Tap s 

. 15 

. 10 

. 0 7  

Vol t s  
A .  C.  

0 . 250 ± . 0 0 5  

0 . 1 67 ± . 0 0 3  

0 . 1 2 5  . 0 0 3  

N o  adj u stm ents can be m a d e  o n  t h e  R o  resi stors. 

Value of resi stance can be check ed by p a s si n g  

5 amp eres a. c. through terminal 3 and o ut terminal 

9. T tap must be disco nnected. Foll o wi n g  volt­

ages should be m easured acro ss terminal 2 and 

the sp ecifi ed tap of Ro . 

Ro Tap Vol t s  

Settin g  A . C. 
-----

. 39 1 . 8 5  to 2. 0 5  

. 5 1  2. 45 to 2. 68 

. 68 3. 28 to 3. 60 

. 90 4. 33 to 4. 70 

1. 20 5. 78 to 6 . 27 

1 . 60 7. 7 2  to 8 . 38 

Pol a r  Un i t  Contact Adj u stment: P l ac e  a 0 . 08 8  

to 0 . 09 5 inch feel er gage betw e en th e right h and 

pol e  face and the arm ature. Thi s g ap shoul d be 

m easured near the front o f  the ri ght hand pol e fac e. 

Bri n g  up the back- stop screw until it j u st m ak e s  

with the m o ving contact. P l ac e  a 0 . 0 4 5  to 0 . 0 50 

feel er gage between th e moving contact and th e 

stationary contact on the l eft-hand si d e  o f  th e polar 

uni t. Bri n g  up the stationary contact until i t  j ust 

m ak e s  with the gage and l o ck in pl ace.  Fo r relays 

with doubl e contacts mak e  sure that both upp er and 

lower contacts m ak e  at the sam e time. 

Pol or  Unit Cal i brotion: Connect the re straint tar: 
link i n  the po sition in whi c h  it w i l l  be used.  Con­

nect terminals X l  a!ld X2 of the insulating trans­

fo rmer acro s s  the pilot- w i r e  termi nal s of the rPlay . 

Connect the  relay taps on T = 4 ,  R 1 == 0 . 1 ,  H0 - 1 . 6 .  
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TYP E HCB P I LOT WI R E  R E LAY SYST EM ____________________ ,_. L_. _4_1 -_9 7_L_2 c 

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 of the insulating 
transform er. Momentarily apply 40 amp eres from ter­
minal s  5 to 3. No w  remove the short from H l  to H4  
and,  adjust the  right hand  shunt such that the  con­
tacts close with a positive snappy to ggl e action at 
I 79 = 6. 9 to 7 .0  amperes. After this adjustment i s  
compl ete, short out  pilot wire and apply 40 amp eres 
momentarily from terminals 5 to 3. Now remove the 
short from H l  to H4  and, check pickup for I79· I f  
value has changed from before, it  will be necessary 
to re-adj ust the right hand shunt. Several trial s may 
be n ecessary before the pickup will be constant. In 
each case, the 40 amperes should be applied before 
any additional adjustments are p erformed on the 
shunt. 

After the shunts have been adjusted, apply 40 
amperes mo mentarily 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 made, 
change the input current connections to terminal s  
3 and 5. Apply 40 amp eres with H,  and H 4  terminal s 
shorted. Remove short and measure 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  MAIN T E NANCE 

Contacts: All contacts should be cleaned period­
ically. A contact burnisher, SII 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. 

ICS Un i t: Close the main relay contacts and 
pass sufficient direct current through the trip circuit 
to clo se the contacts of the ICS. Thi s value of cur­
rent should not be greater than the particular ICS tap 
setting being used. The indicator target should drop 
freely. 

Operati ng Un it: Check the relay minimum pickup , 
with the pilot wires disconnected from terminals H 1 
and H 4 of the insulating transformer, by energizing 
with I79 current (terminals 7 and 9) .  Pick-up current 
should be: 

179 (min) T 
----- ± 5o/c amperes 
5. 77 R 1 

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

CO M PL 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. 

MINIMUM 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 relay 
and the "hot " side of the supply circuit. If this pre­
caution is not observed, it is possible to cause a 
short circuit l;>etween the grounded station service 
supply circuit and the ground of the current trans­
former circuit. 

The minimum pickup of each relay should be 
checked before starting the system tests. With taps 
as specified in Fig. 10 ,  and the pilot wire circuit 
open on the high side of the insulating transformer, 
each relay should trip with I AN = 0. 45 to 0.  55 amp . 
or with IBc = 6. 9 to 7. 0 amperes 

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

1 5  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  HCB P I LOT WI R E  R E LAY SYST EM---------------------

1 6  

C . T .  1 s  
. A A  1---------�====��--------�r--l ��·: 'f"an.m1,1on Line ·- L____rr""" 

"N" Relay rrinsulatlng Transformers i'\ "F" Rel .y l=b l Pilo� Wim � ct=l 1fiGot Wire Cur�ent" read wlth Milliamm� 
�� Test Switches�� 

�----� �------� 

Note:  The line shoul d  b e  c arrying 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 "  R E L A Y  " F "  

Te s t  Relay Relay u Pilot Wire Curre nt " Test 

Switch Current Trip Circulating Remote Switch 

t n t  A , B , C , N  N o  ( I )  ( I )  n n  
n x  A ,C , B ,N No (2)  (2 )  n x  
t6 0 0 0 0 

A , N  Y e s  ( 3 )  (0) 'UwiU' 
4 

0 0 0 0 l6 � 0 Yes ( 3) ( 3 )  (4) 

tb! A , N  No (3 )  ( 3 )  tk! 
6 lL� A , N  Yes (6) � n  

R E M A R K S  

Relay Relay 

Current Trip 

A , B , C , N  N o  

A , C , B ,N No 

0 Yes 

A , N  Y e s  

A , N  No 

B , C , N  Yes 

1 1 Pilot Wire Current" 

Circulating Remote 

( I )  ( 1 )  

(2 )  (2 )  

( 3 )  (3 )  (4) 
( 3) None 

( 3 )  (3 )  

(6)  

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 
lB + lc = - lA, 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  

H b b 
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 scal e ' '  depending upon the magnitude of the load current. 

( 4) The relay at this station should reset when the ' 'far : '  current i s  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 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 P roc edu re. 

'"'""""'" 
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TYP E HCB P ILOT WIRE  R EL AY SYSTEM ---------------------1 .-L_. 4_1_-9_71_. 2c 

I NTERPRETATION OF TESTS 

1 .  Tests 111 and 112, Figure 1 0 ,  are designed to indicate that the relays have been wired 
with the correct phase rotation. When the phase rotation i s  deliberately a nd temporarily 
changed by test 112, 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 11 1  for the local relay, and if cur­
rent for test 112 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 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 Il l ,  but it 

will be possible to read pilot-wire current from the remote relay. (b) Both relays will trip on 
test 115. 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 -H 4 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 of one 

insulating transformer, or at the output terminals of  the relay, 1118 and 11 1 9 ,  Figure 3 .  

3.  If the phases are rolled at  one end of  the line, then this will be picked up by test  ·115. 
On test 115,  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-e-ta-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 l et 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 11 1 .  However, test 115 may be used to identify this combina­
tion of errors. When the condition exists as described, when test 115 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 116 is a final verification test. 

Fig. 10 ( continued) 

1 7  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  HCB P I L O T  WI R E  R E LAY SYS T EM _____________________ _ 

LOADED C I RCU I T  TEST 

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

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

2. Red-handle 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 tt 5  of Fig. 1 0  relay 

, "N " .  To apply phase A to N current to the near 
relay o nly, the switches associated 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
formers for phases B and C. However, i t  i s  a l so 
necessary to i n sert th e i n su l at ing  materi al i n  th e 
ammeter test j acks  associ ated w i th term ina l s 7 
and 9 in order to break up th e connection between 
the fi l ter  in the rel ay ch ass i s and the groun ded 
i nput c i rcu i ts  from current tran sformers in phas­
es B and C. 

5 .  To facilitate making test tt 2  of  Fig.  1 0 ,  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 terminal 7, Figure 3, and the other 
shoved in the amm eter 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 shoved 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 rel ay 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 .  

18  

Perform the tests as indicated in Figure 1 0  rec­
ording the milliammeter readings and the rel ay 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 positions,  ' 'CIRC ' '  
and "REM . "  For tests 3 to 6 of Figure 1 0 ,  the input 
current should be increased to about 1 .  5 amperes by 
an auxiliary current transformer ,  if the secondary load 
current is below this value. Also record the input and 
output reading s with the test switch in the "Local "  
position .  Typical values for the "Local" position 
readings are sho wn in Figure 1 3 .  

T H R E E  TE RMI NAL L I N ES 

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 terminal s 
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 EQUI 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 . 3 9  

Phase A 
Phase B 
Phase C 

1 . 25 volt- amperes 
0 .  30 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 
Phase C 

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

285° 

45° 

The angles above are the degrees by which 
the current lags its 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 2 5 amp eres ground 
currents. 
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U) � 20 �--�-,--����--�--��47(���---+�Y 
:1i 

w 
� 
:; 

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

Fig. 1 1 . Typical Test Output vs. Input Relay Current in 
a Two- Terminal Line with Zero P i lot- Wire Resis­
tance. 

0 2 
POSITIVE SEQUENCE AMPERES INPUT 

282585 
Fig. 13. Typi cal Curve of Relay Outp u t  vs. Positive­

Sequence Input - Test Switch in Local Posi tion. 

25 

20 

15 

i � 10 
w "' 
:; 
,_ :: 5 
;;: 

0 

� � 

eft 
-j-1 +'-

0 

, ,_ 
PI LOT W I R E  RES I STANCE • 2000 OHMS 
TAPS: T • �.  R t • . I ,  R o • 1 . 6  
NAKlMUN RESTRA I N T  TAP 
P I LOT W I R E  CAPAC I TANCE•0-75 MFD. PER TERMINAL 

H , H .  
C I RCULAT I N G  t 
CURRENT + 

" C I RC" 

��:R:!�AY l� 
1 

'REM' 

t +:± 

1 
t t:+ 

+-

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

h 

H 

Fig. 12. Typical Test Output vs. Relay Current in a Two­
Terminal Line with 2000-0hm Pi lot-Wire Resist­
ance With or Without 10-mfd Cap acitor. 

8 c;; 3 1 . 5  

I OHMS 

A 
2 HOLES 

Fig. 14. Outline and Drilling Pl an ofS!t 12099 9 1  B alancing 
Resistor for Three-Terminal L in e  Appl ications. 
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POLARITY 
MARKS 

X2 XI � r-1 11  
H4 H3 H2 HI 

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

--.------+��...... %/ 

l'> lal 

r' 

f 
I 
i I 
I I 

l'>lal 
CJ) 
I I I /l DIA. MTG. HOLES 

/ 16 4 TOTAL /l 
l_j��==f=��� I I -5� ----� 

I 1-----6� 
" I 1------- - - - -- s �  ---! 

OUTLINE a WIRING DRAWING FOR 
HCB RELAY INSULATING TRANSFORMER 

N.T.S.  

Fig. 1 5. O utline an d Dril l in g P lan of HCB R el ay Insulatin g Tran sformer. 

1 /4 -28 THD TERMI NALS 

. 1 1 2-40 THD. 

184A739 
Fig. 16. Outline and Drilling P l an of the Semi-Fiush- Type 

Test M i ll iammeter. 

13-C- 5342 
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_
1_

·9
_
71

_
. 2

_
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PILOT WIRE TEST 
PI.LL OUT LOW SCALE 

NORMAL 

REMOTE-.. I r-{:IRC. � 0 --::LOCAL 

� � 

'Nhfi!QhOUH 
NPS02A054HOI Made1nUSA. 

7 -l"<t 8 
j_ __ 

cnj<'J - t"l  
+ 
I H 

.2.50 D I A . I-I O LE ( ZHDLC'S) 
t ...L 4 �l  

L I 

3 -� -- -"1 . \ 9 0  -3'l.. T HO. 

5-D- 1523 
Fig. 1 7. O u tline of the Test Milliammeter A u xiliary Transfo rmer. 

PILOT WIRE W-2 TEST SW. S 508A468 tGOI- G02 
PO I ION 

CONTACT REM REM NORM NORM CIRC CIRC LOCAL LO AL 
. . P.C. P.C. P.C. 

A l l - 8 1 1  X X 
AI2-BI X X 
AI "81 X X 
AS 85 X X 
Ao-8o X X 
A7 -87 X X 
C I I -DI I  X X 
Cl2 Dl2 
Cl  -DI 
C5 -D5 X X 
co -Do 
C7 -D7 
E12-EI X X X X 
F12 Fl X X X X 
Eo E7 X X X X 
Fo F 7  X X X X 

X: DENOTES CONTACT CLOSED 
P.O. PULL-OUT POSITION SPRING RETURN TO NORMAL 
EACH POSITION WITH SPRING RETURN FROM PULL- OUT 
GOI Ya" PANEL 

G02 1 - 1  Yi PA NEL 

293B226 
Fig. 18. O utline an d Dri lling P lan of the Type W- 2 Test Swi tch. 
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� 
! . I 

�.� - - h---.! _.1 3 1  I 1· ·1 I 16 

� 6 1__J i' 
PAIIEL LO:AT I OII � 
SEMI- FLUSH MTG. ----­
P�OJ ECTIOII MTG· -

TERMI NAL Allll 
MOUIITI IIG DETAI LS 

• 1 90-32 SC�EW 

PANEL 

_l _  
TERMINAL 11114BE� 

2 � -r 32 

5 !  � 
16 I _ 

� :� � ! v- -. 

PAIIEL CUTOUT & Dill LLI II G  
FOR SEM I -FLUSH MTG. 

PAN EL DR ILLING  0� 
CUTOUT FO� P�OJECTIOII MTG. 

( FROIIT Yl EW) 

D I A.� ttOLES FO� 
. 19Q-32 MTG. SC�EWS 

57-D- 7905 

Fig. 19. Outline and D rilling P lan fo r th e Type HCB Rel ay in the Type F T-42 Case. 
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PILOT-W I R E  ENE RGY 

The current and voltage impressed on the pilot 
wire do not exceed 1 00 milliamperes and 60 volts. 
The wave form and magnitude of the pilot-wire cur­
rent are such that telephone interference is within 
the limits allowed by the Bell Telephone Company. 
This permits the use of leased telephone lines as a 

pilot-wire channel . 

RENEWAL PARTS 

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

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 3 0  ohms 
Start to Finish 1 10 to 140 ohms 

Maximum 
Minimum 

290 - 3 20 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 . L. 4 1-972. 1 

I N S TA L L A T I O N  • O PE R A T I O N  • M A I N T E N A N CE 

I N ST R UC T ION S 
TYPE TSP MAGNETIZING INRUSH TRIPPING SUPPRESSOR 

FOR USE WITH TYPE HCB PILOT WIRE RELAYS 

C AU T I O N  Before putting relays into service , re­
move all blocking which may have been inserted for 
the purpose of securing the parts during shipment, 
make sure that all moving parts operate freely, in· 
spect 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 T8P suppressor provides a time delay 
to prevent unnecessary tripping of transformer bank 
breakers upon the occurrence of a magnetizing inrush 
or recovery surge, but does not interfere with the 
prompt operation of the differential relay when a 
fault exists in the transformer bank or on the trans· 
mission line either during normal operation or when 
it is initially energized. 

The suppressor described in this leaflet is in­
tended for use with type HCB Relays and not with 
the types CA, CA4 and CA6 relays. The type T81 
tripping suppressor is for use with the induction type 
relays mentioned above and is covered in I.L. 4 1-346. 1.  

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

The type TSP relay consists of three type SV 
voltage units, synchronous timer, and three aux:iliary 
contactor switches. The construction of the units is 
described below. 

T yp e  SV V o l ta g e  U n i t s  

These units, designated 81,  82 , 83 are solenoid 
types with a U-shaped iron frame that supports the 
coil and serves as the external magnetic path for the 
coil. The coil surrounds a core and an adjustable 
flux shunt by which calibration is obtained. The 
plunger moves in the core and is guided by two bear­
ings, one at the top of the assembly, and one at the 
bottom of a bronze guide tube for the flux shunt. 

Make and break contacts are required. The moving 
contacts are assembled on Micarta insulation plate 
attached to the upper end of the moving plunger. The 
electrical connections are made by means of coiled 

NEW INFORMATION 

flexible wire. The stationary contacts are attached 
to the end of a slotted bracket. The bracket is held 
in place by screw·s to which the electrical connections 
are made. 

S y n chrono u s  T i m e r  

The timer designated T2 is  a small synchronous 
motor operating on voltage and driving a moving con­
tact arm thru a gear train. The contact arm termin­
ates in a short flat spring with contacts on the op­
posite outer ends. When the arm travel time elapses,  
the moving contacts strike two rigid stationary con­
tacts to stall the motor. Contact follow is obtained 
by the deflection of the moving contact spring. 

The synchronous motor has a floating rotor which 
is in mesh with the gear train only when energized. 
The rotor falls out instantly when the motor is de­
energized and permits a spiral spring to reset the 
moving arm quickly. 

A u x i l i a r y  C o n t a c to r  S w i t c h e s  

These switches designated as C81,  C82, CS3 are 
small solenoid type switches. A cylindrical plunger 
with a silver disc mounted on its lower end moves in 
the core of the solenoid. As the plunger travels up­
ward, the disc ·bridges three silver stationary con­
tacts , only two of which are used in this relay. A 
small threaded stud projects below the plunger which 
supports the silver disc and carries the adjusting 
nuts. A weight is used on the plunger assembly to 
improve the drop-out characteristics of the switch. 

O P E R A T I O N  

The operation of the tripping suppressor in con­
junction with the type HCB relay is as follows with 
reference to the schematic diagram Fig. 2. 

The voltage units Sl, 82, and 83 are energized by 
potential transformers. These transformers should be 

energized at the same time the power transformer is 
energized. ( An alternate method, using bus potential 
transformers ,  is described under "Installation"). 
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TYP E TSP TRIPPING SUPPRESSOR -----------------------

AUX I L I ARY SWI TCHES 

R I GHT FRONT SI'ITCH­
( F . V . )  

LEFT FROtH SIIITCH---­
( F . Y . )  

TYPE S Y  Y OL  TAG£ 
UNITS 

FROIIT VIEW 

l£FT REAR SWITCH 
(F. 'I. ) 

____sYNCHRONOUS TIMER 

TEST SWITCH 

ERNIIUL 

182A741 
Fig. l. Internal Schematic ol the Type TSP Tripp ing Supo 

pre .. or In the Type FT3 1  Case. 

Assume that a circuit breaker is closed to ener­

gize the transformer bank and line included in the 

type HCB differential zone, and that the circuit is 

not faulted. The voltage units operate, so that the 

break contacts,  81,  82, 83, open to remove a short 

circuit around C81 ,  C82 and the internal resistor. 

This causes C81 and C82 to operate. The C81 switch 

short circuits the output terminals of the type HCB 

relay on the relay side of the insulating transformer. 

If the type HCB relay contacts have already closed 

due to the inrush, they will immediately reset when 

this short circuit is established before tripping can be 

accomplished. It is the purpose of the type SG relay 

inserted in the trip circuit to provide a slight time 

delay in tripping to guarantee that C81 will be able 

to operate in time to block tripping. The C82 switch 

closes the circuit to the synchronous timer T2, the 

front contacts of the voltage units 81 , 82, and 83 

having closed when the voltage units picked up. At 

the e xpiration of the time interval corresponding to 

the setting of the timer, the timer contacts, T2, will 

close and energize auxiliary switch coil , C83 . Con· 

tacts C83 short circuit the coils of C81 and C82, 

which open their contacts and remove the short cir­

cuit from the type HCB relay output terminals . When 

the C82 contacts open, the timer wlll be de-energized 

and will reset. However, CS3 contacts provide a seal 

in circuit, and C83 remains in the operated position. 

If a short circuit now occurs in the transformer bank , 

or on the line, operation of the type HCB relays will 

trip the breakers. If a short circuit occurs during the 

inrush period, the voltage will be reduced causing 

one or more break contacts 81,  82 or S3 to close, 

2 

STATION dUS 

87X T 

IMSULATIHG 

��;��� 1� 3 l PHGT 

',.,. {���('� 1 
OF HCB 87X 

TEIIMI HALS hJ f II I RE 

H��· -+---- RELAY -

POS. 

On ICE KUMI!ER CHART 
87 - P I LOT WIRE RELAY, TYPE HCB 

ICS - I N O J C A T I N IJ  COIHACTOR S W I TCH 
I N  TYPE 1\CB RELAY 

87X - MAaNET i l i N (i  I N RUSH TRIPPif'lli 
SuPPRESSOR, TYPE TSP 

�SH AUX I L I ARY SWI TCHES I N  ��J)- T'I'PE TSP SUPPRESSOR 

;�l �OUA.j£ UHITS IN T't'PE 
SJ }- TSP SUPPRESSOR 

T.:: - TIMER I N  TYPE TSP SUPPRESSOR 

lj/Y - AUX I L I ARY RElAY, TYPE: SG 
52 - POtfii[R C I RCU I T  BREAKER 

a - BREAKER AUXH IARY Stfiii TCtl 
TC - 3REAKER TR I P  COil 

182A823 
Fig. 2. Ext:trna/ Schematic lor tire Type TSP Tripping 

Suppressor usecl with the Type HCB Relay. 

which will cause C81 and C82 to drop out , thus re­

moving the short circuit from the type HCB relay out­

put terminals, and permitting a tripping operation. If 

a fault already exists when the breaker is closed, the 

low voltage encountered will fail to open one or more 

break contacts, 81,  82 or 83 and operation of the 

type HCB relay will not be blocked. 

In the event of a severe external fault, which re· 

duces the system voltage to such an extent that the 

power bank will suffer another magnetizing inrush, or 

recovery surge, when the fault is cleared, then the 

suppressor will act in the same way as for an initial 

inrush. This is because the low voltage during the 

short-circuit will cause one or more of the 8V units 

to drop out, thus short circuiting the CS3 and there­

by opening the seal in circuit so that the synchronous 

timer will have to time out again when the external 

short-circuit is cleared and the voltage goes back to 

normal. 

C H A R A C  T E R I  S T I  C S  
The type T8P tripping suppressor is rated 120 

volts , 60 cycles and separate models are available 

for 125 or 250 volt d-e trip circuits. The type 8V 

voltage units pick-up at approximately 100 volts and 

drop out at approximately 90 volts or more . The 
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TYPE TSP T R I P PING SUP P RE SSOR ______________________ I .L_. __ 4_1·-=9 72�·--' 

1000 0 - 125 v . o. c .  
!lOOO 0: - 250 V . O . C .  

TYPE TSP RELAY 
FRONT 'I I EW 

VOLTMETER 
0-130 VOLTS 
POTENTI OMETER 

====4=�=======:t:=} 2�� ����is 
====±�==========} �u;PLY 

183A597 
Fig. 3. Diagram ol Test Connections lor the Type TSP 

Tripp ing Suppressor in the Type FT31 Case. 

pick-up setting is adjustable , however, and the drop 
out is from 90-98 per cent of the pick-up. The syn­
chronous timer scale is marked in 30 cycle divisions 
and is adjustable up to 5 seconds. 

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 projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay. The elec­
trical connections may be made directly to the ter­
minals by means of screws for steel panel mounting 
or to the terminal studs furnished with the relay for 
thick panel mounting. The terminal 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 FT case information refer to I.L. 
41-076. 

The potential transformers used to energize the 
type TSP tripping suppressor should be located with-

in the differential zone so that they are energized at 
the same time that the power transformer is energized. 
An alternate method is to use bus potential trans­
formers, in which case auxiliary switches on the 
breakers must be used so that the voltage units of 
the tripping suppressor are de-energized when the 
power transformer is de-energized. In this case, it 
is preferable that the breaker auxiliary switch con­
tacts close before the main contacts close. This 
alternate scheme will not be effective , however , if 
the bank is energized by closing the breaker at the 
far end of the line. 

The multi-contact auxiliary tripping relays should 
have suitable contacts to open the trip circuit after 
the breaker trip circuits are energized and sealed in. 

S E T T I N G S  

The settings to be made are the pickup values on 
the voltage units , and the time setting on the syn­
chronous timer. The drop-out voltage of the SV volt­
age units should always be higher than the drop out 
of the synchronous timer. 

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  

The proper adjustments to insure correct opera­
tion 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 relay 
take n apart for repairs , or if it is desired to check 
the adjustments at regular maintenance periods, the 
instruction below should be followed. 

All contacts should be periodically cleaned. A 
contact burnisher S�t182A836H01 is recommended for 
this purpose . The use of abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

T y pe SV V o l tage U n i t s  

Adjust the make contact for 9/64 inch contact 
separation with the break contact out of the way. In 
other words, when the plunger rises from the de­
energized position it should travel 9/64 inch before 
the make contacts touch. 

The clearance between the bob on the back-up­
spring and the silver stationary contact should be 
.00 8  to .015 inch. 

Adjust the magnetic shunt on each unit so that 
the elements pick-up at 100 volts ,  60 cycles.  When 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E TSP TRIPPING SUPPRESSOR-----------------------

J I 

� I r\r t 
��� J V  t " f f� NOM I NAL M'm f� t--.1� 

�� 4 ,  CENTERS �� -
.., 2 I 5 --� 8 ,. 

- I� 

14-D-6486 
Fig. 4. O utline ol tho> External Resistor. 

moving the shunt be sure that the locking lever is 

pushed out to free the shunt. Energize all three 

units at once, and make sure that all three contacts 

maintain a steady circuit to the motor with 100 to 130 

volts on the type SV units. This is indicated by 

uniform operation of the motor without flutter. 

The drop out of the units should be 90 volts or 

more when the pick-up setting is 100 volts, 60 cycles. 

Synchrono u s  T i me r  

The moving contacts should have approximately 

1/ 16 inch follow after the motor stalls. Make sure 

that the spiral spring returns the contact arm to the 

full open position quickly when the motor is de-ener­

gized. The motor should pick-up and run in synchron­

ism at 100 volts, 60 cycles, and drop out at below 

90 volts. 

A ux i l i a ry Conta ctor S w i t c h e s  

Adjust the stationary core of the switch for a 

clearance between the stationary core and the moving 

core when the switch is picked up. This can be 

most conveniently done by turning the relay up-side 

down. Screw up the core screw until the moving core 

4 

starts rotating. Now, back off the core screw until 

the moving core stops rotating. This indicates the 

point where the moving core just separates from the 

stationary core screw. Back off the stationary core 

screw 1/2 turn beyond this point and lock in plac e 

with the locknut provided. This prevents the moving 

core from striking and sticking to the stationary core 

because of residual magnetism. Adjust the contact 

clearanc e for 1/16 inch by means of the two small 

nuts on either side of the Micarta Disc. The switch 

in the 125 volt relays should pick up on not less than 

75 volts d-e. Test for sticking when 125 volts d-e 

is removed. For the 250 volt relays, double the volt­

age values above. 

Overa l l  T e s t  

Connect the relay per Fig. 3 with all switches 

closed. All three SV units should pick up and the 

timer motor should run at all voltages from 100 to 130 

volts. With the SV units set for 100 volts pick-up. 

Close switches X, Y, Z and K, with the voltage 

adjusted for 1 15 volts. The lamp should light until 

the timer times out, at which time the lamps should 

go out and the timer should reset. 
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TYP E TSP TRIPPING SUPPR ESSOR ____________________ ___;I..;..;;.L...;_. -'-41_·9_72_. 1  

E N E R G Y  R E Q U I R E M E N T S  

The burdens of the type TSP Tripping Suppressor are as follows: 

E l ement 

Auxiliary Switches 

Synchronous Timer T2 

Type SV Unit, Sl, S2 , S3 (each) 

W atts at 

1 25 V  or 250V d-e. 

8 . 8  

V o l tamp ere s 

at 1 20 vo I t s, 

60 c y c l e s  

2.72 

7. 95 

P . F . A n g l e  

D e grees L a g  

5 6 . 6  

62.2 
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TYPE TSP TRIPPING SUPPRESSOR------------------------

6 

190-32. sau:.w 

S�CER FoR 
THIN PM••Ls. 

.5-IQ ':.CREW '" (F'OR \HICK 
��EL \JSE �-16 �T\.JD) 

. t90-3Z. SCREW (FOR I H I C\o<, 
P".-..Na.L US.E: 

. 1 9 0 ·32. 51UD) 

-- �DIA.-
Tt::'RM INA.L. A� D 

MOUNT I NG DEIA.I LS. 

� DIA.. 4- �0LE S. FOR 
. 1 90-32. MTG.. scR£Ws 

PANEL C.UTC\JT � DRILLI!-1<&­
FOR. 'SEMI -FLU r:.H MTQ-. 

PJI\NEL DRI LL\� OR C.UTOU'T 
PROJ�CT\ ON MTC.. 

( FR.�T \/lEW) 

TERMI I\IAL 
�U MSER. 

57-D-7902 

Fig. 5. O utline ana Drilling Plan lor the Type TSP Tripping Suppressor In the Type FT3 l Case. 
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