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INSTRUCTIONS• � ·  _j.' ..;. t., 

CAUTION 

Before putting protective relays into 
service, remove all blocking which may have been 
inserted for the purpose of securing the parts 
during shipment , make sure that all moving parts 
operate freely , inspect the contacts to see that 
they are clean and close properly , and operate 
the relay to check the settings and electrical 
connections. 

APPLICATION 

The type HCB relay is a high speed 
pilot wire relay designed for the complete phase 
and ground protection of two and three terminal 
transmission lines . Simultaneous tripping of 
the relay at each terminal is obtained in about 
1/60 of a second for all faults. A complete in­
stallation for a two terminal line consists of 
two relays, two insulating transformers , and an 
interconnecting pilot wire circuit. For a three 
terminal line three relays , three insulating 
transformers , and a wye-connected pilot wire 
circuit with branches of equal impedances are 
required . 

CONSTRUCTION 

The relay consists of a combination 
positive and zero phase sequence filter, a sat­
urating auxiliary transformer , two rectox units, 
a polar type relay unit , and a neon lamp all 
mounted in a single case . The external equip­
ment normally supplied with the relay consists 
of an insulating transformer, a milliammeter and 
test switch. The construction of these compon­
ents is as follows: 

Sequence Filter: 

The currents from the current trans­
former secondaries are passed thru a filter con­
sisting of a three winding iron core reactor and 
two resistors . The secondary of the three wind­
ing reactor and the resistors are tapped to ob­
tain settings for various fault conditions. The 
output of this filter provides a voltage across 
the primary of the saturating transformer pro­
portional to the positive sequence current plus 
a constant times the zero sequence current. 
This combination is selected as the discriminat­
ing. function because it can be adjusted to have 
definite values lying in a comparatively small 
range for all types of phase and ground faults . 
Thus, a single operating element can be used for 
all types of faults . The two lower tap dials 
provide the adjustment of the relative amounts 
of positive and zero sequence currents that are 
combined to produce the required discriminating 
voltage . The right-hand lower tap dial (front 
view}, figure 1 adjusts the sensitivity to ground 
fault currents . The left-hand lower tap dial 
adJusts the positive phase sequence sensitivity 
when the ratio of the current transformers at 
tht terminals of the line are not equal. 

Saturating Auxiliary Transformer 

The voltage from the filter is fed in­
to the tapped primary (upper tap plate) of a 
small saturating transformer. This transformer 
is used to limit the voltage impressed on the 
pilot wire , and to provide a small range of 
voltage for a large variation of maximum to min­
imum fault currents. Th�s , high operating ener­
gy is obtained for very light faults and limited 
operating energy for heavy faults. The relay 
operating characteristic changes from percentage 
differential at low current values to approxi­
mately directional characteristics at high cur­
rent values . 

The upper tap plate changes the output 
of the saturating transformer , and is marked in 
amperes required to operate the relay when the 
pilot wire is open or when equal amounts of cur­
rent are fed to an internal fault thru the line 
terminals. For further discussion , see section 
entitled , "Settings" . 

Rectox Units 

The secondary of the saturating trans­
former feeds the two rectox units , the insulat­
ing transformer , and the pilot wire , as shown 
schematically in figure 5. The rectox units are 
used to convert the a-c . output of the saturat­
ing transformer for use on the d-e. polar-type 
relay element . The use of a sensitive polar 
type relay, requiring a small amount of energy, 
keeps the volt-ampere burden on the current 
transformers very low. 

Polar-Type Relay 

This element co nsists of a re ctangular 
shaped magnetic frame, an e le c t romagne t ,  a per­
manent magnet , and an armature with a double set 
of contacts. The poles of the permanent magnet 
clamp directly to each side of the magnetic 
frame. Flux from the permanent magnet divides 
into two paths , one path across the air gap at 
the front of the element in which the armature 
is located , the other across two gaps at the 
base of the frame . Two adjustable shunts are 
located across the rear air gaps. These change 
the reluctance of the magnetic path so as to 
force some of the flux thru the moving armature 
which is fastened to the leaf spring and attach­
ed to the frame midway between the two rear air 
gaps . Flux in the armaturE polarizes it and 
creates a magnet bias causing it to move towards 
one or the other of the poles, depending upon 
the adjustment of the magnetic shunts. Two con­
centric coils are placed around the armature and 
within the magnetic frame. The coils are con­
nected in opposition with one used as a re­
straining winding and the other as an operating 
winding. The restraining winding sets up a mag­
netic field , which , in conjunction with the 
field from the permanent magnet holds the con­
tact in the normal open position. The operating 

*SUPERSEDING I.L. 2723-E - 1 -

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB RELAY 

and ordinate s cales may be interpolated as fol­
lows to  show the operating characteristics for 
other conditions using T = 4 .  

For ground fault s using other R0 and 
R1 taps multiply s cales by: 

Phase A to Ground Fault s 

1.7 
R0 + J . 577 R1 Phase B or C Ground Fault s .  

by: 
For three -phase faults  multiply s cales 

.85 
Rl 

For line - to  - line faults multiply 
s cales by: 

1 .47 
= � 

The relay i s  normally shipped with the 
minimum restraint tap, T, connected as shown in 
upper left corner ,  figure 1 .  The maximum re­
straint tap, F, is available for use on maximum 
length pilot wires and when the current tran s ­
former ratios are n o t  well -matched . 

SETTINGS 

The following nomenclature will be 
used throughout this section: 

Ig 

Ro 

T 

One-half the total minimum internal three 
phase fault current in the relay fed from 
both terminals or a two -terminal line . 
For three -terminal lines I3� is one -third 
the total from the three terminals .  

One -half the total minimum internal line ­
to-line fault current in the relay fed 
from both cerminals of a two-terminal 
line . For three terminal line s, ILL is  
one -third the total from the three term­
inals. 

One -half the total minimum internal 
ground fault current in the relay (taking 
into account ground fault resistance )  fed 
from both terminal s of a two -terminal 
line. For three -terminal lines Ig is one 
third the total from the three terminals . 
( Ig equals three time s the zero sequence 
current ) .  (Average fault resistance is 
approximately 20 ohms .) 

The positive phase sequence filter re­
sistance in ohms . (The positive sequence 
filter taps are expre ssed in R1 ohms ) . 

The zero -phase sequence filter resi stance 
in ohms . (The zero sequence filter taps 
are expre s sed in R0 ohms ) .  

The positive sequence current tap value . 
When R1 = .10, T equals the balanced 
three pnase or positive sequence minimum 
pick -up current in ampere s .  The minimum 
pick -up value s of· T for other R1 taps are 
shown in Table I .  (Minimum pick -up on 
two -terminal lines fed from one end only 
is 2 time s  tap T values; and for three 
terminal lines fed from one end only i s  
3 times tap T value s .  The multiplier may 
be increased somewhat for pilot wires of 
more than 1000 ohms resistance . 

Rat io of minimum pnase fault current to 
minimum pick -up current of the relay . 

Ratio or minimum ground fault current to 
minimum ground current pick -up of the re­
lay . Sg should be greater thar S�, as 
increased sensitivity of ground settings 
is generally required . The minimum pick ­
u p  of the relay on ground currents varies 
with the taps, T, R1, and Ro, and is 
approximate ly equal to 2 R1 T .  The values 

Ro 
of T are selected from table 1 .  

The HCB relay protecting a transmi s ­
sion line system should be s e t  to produce suf­
fi cient discriminating pilot wire voltage to 
correctly operate or block the relay at each of 
the terminals under all conditions of  internal 
and external fault s .  This requires individual 
re lay settings for operation on minimum internal 
(A ) line-to -line and three phase fault s, (B)  
line -to-ground fault s .  This i s  accomplished by 
setting each of three different taps: 

1 .  The Positive Phase Sequence Current Taps ( T )  

4 5 6 d 10 12 lS 

2. The Positive Phase Sequence Filter Taps 
(Rl ohms ) 

. 075 .100 . 150 

3· The Zero Phase Sequence Filter Taps ( R0 ohms ) 

. 025* . 033* . 05* ·39 . 51 .68 .90 1. 2 1.6 

* These taps are to  be used with R1 = . 075, . 10, 
and . 15, respe ctively, t o  obtain response pro­
portional to  positive phase sequence currents 
only . The value s are re spectively l/3 of R1. 

The setting with equal ( Case I )  and 
unequal (Case II) current transformer ratios for 
two -terminal lines, and the settings for a three 
terminal line ( Case III)  will be considered be ­
low . As discus sed previously, all settings are 
based on the total fault current fed into  mini­
mum internal fault s .  The designation letters 
(A, B )  and numbers (1, 2, 3) below refer to  sim­
ilar designation above . 

CASE I - TWO TERMINAL LINE 

(With equal current transformer ra­
tios ) . The relay settings at each terminal will 
be the same . 

A .  Three Phase (Positive Sequence ) Setting 

1 .  Upper Tap Plate ( T )  

The nature of the sequence filter fixes 
the current setting for line-to -line faults at 
1. 73 times the three -phase setting whi ch means 
that the three -phase trip settings must be 57% 
or the desired line -to-line current setting . 
Therefore, this setting should be made with re­
gard to  correct operati on on line-to -line fault s 
and the relay will trip for three-phase fault 
magnitudes 57% of the phase setting . 

The settings on 
should be made according to 
lowing equations . 

the upper tap plate 
either of the fol-

For minimum three -phase fault current 
values: 

I3� X .86* X . 57 
Tap Setting (T )  = F s� 

Select the next lowe st tap 
(1) 

* Line -to-line fault current is 86% of the three 
phase fault current when the po�it ive phase se­
quence impedance equals the negat ive phase se­
quence impedance . 
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TYPE HCB RELAY 
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AMPERES I N  NEAR RELAY 

Figure 3 
Typical Operating Characteristics on Phase A to Ground Faults with Currents in Phase . 
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TYPE HCB RELAY 

For minimum line-to -line fault current 
value ( ILL) :  

Tap Setting ( T )  = ILL x ,57 
s¢ 

Select the next lower tap . 

( 2 )  

The value o f  S0 is  arbitrary and may be sele cted 
so that the re1ay minimum pick -up value is below 
maximum load with no danger of incorrect opera­
tion except when the pilot wire s are opened . 
Then,  as previously pointed out , the relays may 
trip under load conditions . To avoid incorrect 
operation on opened pilot wire s choose S¢ s o  
that the value of T will b e  above maximum load 
and as far below minimum fault current as pos si­
ble . 

The current tap ( T )  found from formu­
las ( l )  o r  ( 2 )  wil l  b e  a s  marked on the upper 
tap plate except when R1 is set on the .075 or 
. 15 tap .  In this case ,  consult Table I .  

2 .  Lower Left Tap ( R1 ) Use R1 = . 1  for all 
cases except where values of  T les s  than 
4 are required . Consult Table I for 
calibration values of T on other value� 
of R1 . 

B .  Ground (Zero Sequence) Setting 

3 .  Lower Right Tap Plate (R0 )  

The relay should b e  set more sensitive 
t o  ground current s than to phase currents .  For 
lines with transformers of  good quality ( ratios 
matched and maintained during maximum thru 
fault s )  and with pilot wire circuits of 1000 
ohms or les s ,  it is recommended that the most 
sensitive ground tap ( R0 = 1 . 6 )  be used in all 
cases without regard to the formulas that fol­
low.  

The limit to  setting the ground tap 
sensitively depends on the current transformers 
used; since more sensitive ground setting means 
adding resistance (R0 type values are resi stance 
in ohms ) in the zero sequence branch of the 
filter which increases the energy requirement 
on the current transformers during ground 
fault s .  

In general , The ratio of the ground 
resistance tap (R0) to the positive phase se­
quence resistance- tap (Rl ) can  be selected to  
give the desired ground current setting by  the 
following equation: 

Ro 
= 2 R1 T Sg 

Ig 

( select the next highest tap ) 

where T is the three -phase current tap setting 
sele cted above . Sg i s  an arbitrary constant , 
which should be larger than S¢ . 

On light ly grounded systems , particu­
larly those grounded thru a reactor,  it may be 
neces sary occasionally to re connect the sequence 
filter for a negative K.* This is  done as  fol­
lows with reference to  figure l .  Disconne ct 
leads marked a, c ,  and d at the terminals A, C 
and D ,  respectively . Then reconnect lead a ,  to  
coil  terminal D ,  lead c to  terminal A, and lead 
d ,  to terminal C .  This  condition rarely o ccurs 
and requires special consideration beyond the 
scope of this leaflet .  

* For further di scus sion of this problem refer­
ence is  made to  "A Single Element Pilot Wire Re ­
lay System" by E .L .  Harder and M.A . Bostwick -
Electric Journal , Nov . 1938 . 

Example for Case I (With equal current 

t ransformer ratios at all relay terminals) . 

HCB relays are to be set on e. two 
terminal line sect ion where the minimum fault 
currents ( t otal from both ends ) are 3000 amperes 
for a three -phase fault and 600 e�peres  for a 
line -to -ground fault ( considering possible fault 
resistance ) .  Maximum load current is 420 am­
pere s . The current transformer ratio at both 
ends is  600/5 . The setting for phase faults is  
as follows using equation ( 1 ) . 

I3 � �OOO = 12 5 amperes P 1 0 X 2 ' 

T = 12 .5 X . 86 X . 57 = 4 . 1  
1 . 5  

Select Tap = 4 .  S¢ was sele cted 150% 
by inspection . Tap 4 is above maximum load to  
prevent tripping if the pilot wire accidentally 
opens . 

The setting for ground faults using 
equation ( 3 )  is as follows: R1 = . 1  Tap . 

600 Ig = 120 x 2: = 2.5 amperes 

Ro = 
2 X . 1 X 4 X 3 .00 _ 96 2 . 5  - • 

Select R0 Tap = 1 . 2 .  Sg = 300% was 
intentionally sele cted higher than 80 = 150% . 
Note in this case the sensitivity to ground 
faults is less  than that recommended above by 
using R0 l .  6 .  

CASE II - TWO TERMINAL LINE 

(With unequal current transformer ra­
tios ) .  The relay settlngs at each terminal will 
be dlfferent . 

A .  Three Phase (Posit ive Sequence Setting)  

1 .  Upper Tap Plate ( T ) . 

The setting should be made in the same 
manner as des cribed above under Case I ,  except 
that the taps  should be picked from the follow·· 
ing table , since value s of  R1 other than . 1  must 
be used . 

As pointed out previously, the upper 
left -hand tap plate is calibrated and marked for 
three-phase current setting when R1 = .1 o n  the 
lower left -hand tap plate . This table gives 
calibration values of the upper tap plate when 
R1 is set on .075 and . 15 taps . 

I 
Value of R1 Use 

Tap 
. 1  .075 .15 Marked 

4 5 . 34 2 . 67 4 
5 6 . 67 3-33 5 

Value of 6 8 .0 4 .0 6 
T in 8 10 . 7  5 . 34 8 

equations 10 13 .3  6 . 66 10 
( 1 )  & ( 2 )  1 2  16 . 0  8 .0 12  

15 20 .0 10 .0 15  

Table 1 .  
The table i s  used t o  determine the proper tap 
setting for calculated value s of T from equation 
( 1 )  and (2)  when value s of  R1 = .075 , and . 15 are 
used , that is , if T = 16 .0 and R1 = .075 , the 
tap s crew should be inserted in tap 12 . 

2 .  Lower Left Tap Plate (Rl ) 

The relay is  
left -hand tap plat e )  

supplied with taps ( lower 
which make s  it possible to  
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TYPE HCB RELAY 

set the relay 
former ratios 
2 to 3· The 
section of R1 

with the unequal current trans­
in the order of 2 to 1, 3 to 4 and 
example will best illustrate the 
for the unequal ratios. 

B .  Ground (Zero Sequence) Setting 

3· Lower Right Tap Plate (R0) 

This setting should be made using the 
equation (3) as described under Case I (B ) . 

When using the .15 R1 tap, it is im­
possible to give equally sensitive settings for 
ground currents at all terminals, so that ground 
taps should be chosen to give as near equal sen­
sitivity as possible . This will not cause in­
correct operations, but limits the amount of 
permissible unbalance caused by saturation or 
unequal transformer characteristic . 

Example for_Case II (With unequal current 
transformer ratios at the relay term1nals) . 

In the example of Case I the relay 
settings are to be given for current transformer 
ratios of 600/5 and 300/5 . 

As calculated above -

For the 600/5 Terminal 

I3,0 12 . 5  amperes 

Ig 2 . 5  amperes 

For the 300/5 Terminal 

I3_0 25.0 amperes 

Ig 5.0 amperes 

R1 is to be chosen giving equal sensi­
tivity for phase faults . (The ratio of the cur­
rents for the two terminals above is one to two 
so the R1 taps should be chosen in the inverse 
ratio which is two to one; or 

R1 . 15 for the 600/5 Terminal 

R1 .075 for the 300/5 Terminal 

The value of T for three phase faults 
from equation (1) . 

For the 600/5 Terminal 

T 12 . 5  X . 86 X .57 
1 . 50 

For the 300/5 Terminal 

T 
25 X .86 X ·57 

1 . 50 

4 . 1  

8.16 

and from Table 1 the taps chosen will be tap 6 
for both terminals . In both cases S,0 150% 
which gives values of T above maximum load. 

NOTE: 
used'. 

Equal current taps (T) must always be 

The ground fault setting will be, us­
ing equation (3): 

For the 600/5 Terminal 

Ro = 
2 X . 15 X 4 X 3 . 00 1 .44 

F'or the 300/5 Terminal 

Ro = 2 X • 075 X 8 X 2 . 00 
5 . 0  • 72 

Choose ground taps 1.6 for the 600/5 
Terminal and .9 for the 300/5 Terminal. 

This does rwt give equal sensitivity 
as polnted out above, since there is not a 1.8 
ground tap available. It will be observed that 
the range of the relay is considerably reduced 
by having unequal current transformer ratios. 

CASE III - THREE TERMINAL LINE 

The settings for this case are made 
the same as for Case I or II except I3� or ILL and Ig values are l/3 the total minimUm fault 
current fed from the three terminals . 

On three-terminal lines, the relay 
pick-up for feed from one terminal only is 3 
times the tap (T) values as discussed above. 
The additional length of pilot wire increases 
the shunt pilot wire paths and consequently 
slightly more than 3 times tap value may be 
needed to operate the relays. This makes it de­
sirable to use larger values of S,0 in equations 
(1) or (2) . On the other hand three-te-rminal 
lines are more susceptible to faulty operation 
on apparent ground currents set up by transform­
er ratio breakdown on heavy external faults . 
Thus, it may be desirable to limit the sensitiv­
ity of ground current settings. Consequently, 
on three-terminal lines it is necessary to use 
good quality transformers that will not saturate 
on maximum external faults . 

INSTALLATION 

The relays should be mounted on 
switchboard panels or their equivalent in a lo­
cation free from dirt, moisture, excessive vi­
bration and heat. Mount the relay vertically by 
means of the two mounting studs. Either of 
these studs may be utilized for grounding the 
metal base. The electrical connections may be 
made direct to the terminals by means of screws 
for steel panel mounting or to terminal studs 
furnished with the relay for ebony-asbestos or 
slate panel mounting . The terminal studs may be 
easily removed or inserted by locking two nuts 
on the studs and then turning the proper nut 
with a wrench. 

The external connections are shown in 
figure 5· The relay is shipped with the opera­
tion indicator and the contactor switch connect­
ed in parallel. This circuit has a resistance 
of approximately 0.25 ohms and is suitable for 
all trip currents above 2.25 amperes d-e. If 
the trip current is less than 2.25 amperes, 
there is no need for the contactor switch and it 
should be disconnected . To disconnect the coil, 
remove the lower lead on the front stationary 
contact of the switch and this lead should be 
fastened (dead ended) under the small filister­
head screw located in the Micarta base of the 
switch. The operation indicator will operate 
for trip currents above 0.2 amperes d-e. The 
resistance of its coil is approximately 2.8 
ohms. The resistance of both coils in parallel 
is approximately 0 .25 ohm. 

ADJUSTMENTS AND MAINTENANCE 

Caution 

1. Make sure that the neon lamp is in 
place, whenever relay operation is being check­
ed. This is required to limit distortion in pi­
lot wire voltage wave • 

2. When changing taps under load the 
spare tap screw should be inserted before remov­
ing the other tap screw . 

All contacts should be periodically 
cleaned with a fine file. S#l002110 file is re-
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TYPE HCB RELAY 

commended for this purpose.  The u s e  of abras i ve 
ma terial for cleaning contacts i s  not recommend ­
ed, b ecaus e  of the danger of emb edding small 
parti cles in the face of the soft si lver and 
thus impairing the conta ct .  

The proper adjus tments to ins ur e  cor ­
r ect o peration o f  this r elay have b een made a t  
the factory and s hould n o t  b e  dis turbed after 
r eceip t by the cus tomer . If the adjus tments 
have b een changed or the r elay taken apart for 
r epairs , the following ins tructions should b e  
fo llowed i n  rea s s emb ling and s etting i t .  

Sequence Fi lter 

There are no adjustments to b e  made in 
the fi lter . 

Po lar-Type E lement 

Back off the contact s crews so that 
they do not make contact. S crew the magneti c 
shunts into the a ll-out p osition . The armatur e  
sho uld remain against whi chever side i t  is push ­
ed wi th thi s  adjus tment. 

Contact Adjustment: Ad jus t b oth left-hand 
(front vi ew) contacts unti l they barely make a 
light circuit, when the armatur e is against the 
left s top . A fli ck ering light i s  p ermis sible. 
Give both the left-hand contact s crews an addi ­
tional 1/ 3 turn . 

Ca libration : Screw in the lef t-hand mag ­
netic shunt so tha t only the top air gap i s  
shunted . Thi s increases the armature bias to­
wards the right. The right-hand top air gap 
sho uld no t be shunted by the magneti c shunt.  
Energize the operating coi l  wi th .0078 amp er e 
d - e .  thru the right test link wi �h the polari ty 
as shown in figure 1. Then adjus t the right­
hand shunt by s crewing it toward the left unti l 
the r elay contacts close.  The contacts should 
clo s e  wi th a snappy a ction . Check to s ee that 
the contacts r es et when the coi l  is deenergized .  

Close the right-hand op era ting coi l  
tes t link and op en the left-hand res training 
coi l  tes t link . Energi z e  the r es training coi l  
wi th ,10 amp er e d - e .  thru the res training coi l  
wi th polari ty as shown i n  figure 1 .  The con­
tacts sho uld tend to move toward the right. 

Overall T es t  
Clo s e  the tes t links and place the 

neon lamp in the circui t .  Us e taps Ro = 1.6, 
R1 = .1-.1, and T = 4. Connect a 1500 ohm r e-
s i s tor b etween terminals 15 and 16 to simulate 
the magnetizing imp edance of the insu la ting 
transformer . Pa s s  6.95 amper es ,  60 cycles , thru 
termina ls 19 to 22 (figur e  1) . The r elay sho uld 
operate. It should also trip when .45 to .55 
amper es , 60 cycles , are pas s ed thru terminals 21 
to 22 . 

If it is desired to ca librate the re­
lay to actual pilot wire conditions , th� insul­
ating transformer should be conn ected acro s s  
termina ls 15 and 16 (figur e l) with one-ha lf of 
the pilot wire capa ci tance connected a cross the 
high vo ltage terminals of the transformer . Wi th 
thes e connections, the polariz ed element sho uld 
b e  adjusted as outlined above. After calibrat­
ing in this manner, an equi valent pilot wire re­
s i s tance can be determined by connecting a s lide 
wir e  res i s tor acro s s  terminals 15 and 16 ins tead 
of the insulating traDsformer and by varying the 
magnitude until the 8�ne trip value is ob tained . 
Then in the futur e this r€sis tance can be us ed 
ins tead of the 1500 o hms s ugges ted abo ve . 

The pha s e  current trip s etting on the 
relay may be made by passing 60 crcle curr ent 
thru terminals 19 to 22 (Figur e l). The trip 

- 8 -

current should b e  1 . 7 3  times the desired three 
phase magni tud e .  For the ground current s et­
ting s ,  the relay should trip on the d esired mag­
ni tude of ground current when 60 cycle current 
i s  pas s ed thru terminals 19 and 21 (Figure 1). 

Pi lo t  Wire Polari ty Check 

The polarity o f  the pilot  wires are 
mo s t  eas i ly checked whi le the line is carrying 
load (l amp er e or more). Thi s is done by short­
cir cuiting the current transformers to create an 
apparent z ero s equence current thru the r elays 
and obs erving the relay operation . The proced ­
ure is as follows : Set R0 tap on 1 . 6  and tap T 
on 4. At one end short- circuit the pha s e  A cur­
r ent transformer and then di s connect the lead 
to terminal 20 . At the other end short cir cuit 
ei ther pha s e  B or C current transformers and 
then dis connect the corresponding lead to the 
r elay (ei ther terminal 19 or 22, r espectively). 
If the pi lo t  wire i s  properly connected to the 
r elays, the r elays should trip . Reco nnect the 
lead to either terminal 19 or 22 and r emove the 
short a cross B or C phase.  Now short phas e A 
current transformer and r emove the lead to term­
inal 20. The relays shou ld no t operate with 
correct polari ty .  

Contactor Swi tch 

Adjus t the s tationary core of the 
swi tch for a clearance b etween the s ta tionary 
core and the mo ving core of l/64" when the 
swi tch is pi cked up . This canbb e done by turn­
ing the relay up -side-down and s cr ewing up the 
core s cr ew of the swi tch unti l the contacts jus t  
s eparate. Then ba ck up the cor e  s cr ew approxi ­
ma tely one turn and lock in p lace. This pre­
vents the moving cor e  from s triking and s ti cking 
to the s ta tionary cor e  b ecaus e of residual mag­
neti sm .  Adjus t the conta ct clearance for 3/ 32" 
by means of the two small nuts on ei ther s ide of 
the Mi carta di s c .  The swi tch should pick up at 
2 amp er es d - e .  Tes t  for s ti cking after 30 amp­
eres d-e. is pas s ed thru the coi l. 

' 

Operation Indi ca tors 

Adjust the indi cators to op era te at 
0 .2 ampere d - e .  gradually increased . T es t  for 
s ti cking after 5 amperes d - e .  has b een appli ed . 

ENERGY REQUIREMENTS 

The vo lt-amp er e burden of the type HCB 
relay is pra cti cally independent of the pilo t  
wire res i s tance and o f  the curr ent tap used .  

The burdens are approximately equal to 
I2R1 where Rl i s  the positi ve s equence tap u s ed 
and I is the balanced thr ee-phas e  current used .  
To i llus trate the following b urdens were measur ­
ed at a ba lanced three-phas e  current of 5 am­
peres : 

For tap 4 R1 

Phas e  A 
Phas e  B 
Phas e  C 

For tap 4 R1 

Phas e  A 
Pha s e  B 
Phas e  C 

.075 and Ro = ·39 

1 .25 vo lt-amp eres 
. 30 vo lt-amp eres 

.90 vo lt-amp eres 

. 15 and R0 = 1 .6 

2 . 3 vo lt-amperes 
4.6 volt-amperes 
5·3 volt-amperes 

00 
285° 

45° 

120° 
285° 
45° 

The angles above ar e the degrees by 
whi ch the current lags i ts resp ecti �e voltag e .  

The two s econd overload ratings o f  the 
relay are 150 amp eres pha s e  and 125 amp er es 
ground currents . www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



J'tiS. 

ABC 

"'···· 

TYPE HCB RELAY 

P�OT�CTcD T�ANSMISSION LIN 

MILL./AMMET£11: 

PHASE:. ROrATION 
A-B-C 

ABC 

Figure 5 
External Connections of the Type HCB Relay for a Two Terminal Line. 

SlOTS fOR !�U-e>OLTS 
fOR MOUNTING; ON PIPE 

4H.II. LEADS 

Figure 6 

NAM£ PLATC 

SECONDARY POLARITY MARKER 

L.\1. TERMINAL 8LOCK 

Outline and Drilling Plan of the Insulating Transformer. 
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Figure 8 Figure 7 
Outline and Drilling flan of the Test Milliammeter 

for l/8" panel Mounting. 
Outline and Drilling Plan of the Test Switch. 
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!j .32: DIA.DRILL 
(2.-HOLES) 

OPENIN<itS FOR 
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MOUNTINCio. 

DIMENSIONS IN INCHES 

. "0-3Z TERM. SC.REW 8t. STUPS ;j:-ZO MOUNTIN� SCREW 
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Figure 9 
Oultine and Drilling Plan for the Standard Projection Type Case. 
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Outline and Drilling Plan for the Standard Flush Type Case. 
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TYPE HCB PILOT WIRE RELAY 
1 \ I .. './ \·" 

; , 1 \J ; t� i 
l I 

INSTRUCTIONS � J 1tA . . .' 

CAUT ION 

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 . 

APPLICATI ON 

The type HCB relay is a high speed 
pilot wire relay designed for the complete phase 
and ground protection of two and three terminal 
transmtssion lines . Simultaneous tripping of 
the relay at each terminal is obtained in about 
1/60 of a second for all faults . A complete in­
stallation for a two terminal line consists of 
two relays, two insulating transformers, and an 
interconnecting pilot wire circuit . For a three 
terminal line three relays, three insulating 
transformers, and a wye-connected pilot wire 
circuit with branches of equal impedances are 
required . 

C ONSTRUCTION 

The re .ay consists of a combination 
positive and zero phase sequence filter, a sat­
urating auxiliary transformer, two rectox units, 
a polar type relay unit, and a neon lamp all 
mounted in a single case. The external equip­
ment normally supplied with the relay consists 
of an insulating transformer, a milliammeter and 
test switch. The construction of these compon­
ents is as follows: 

Sequence Filter: 

The currents from the current trans­
former seC"C.hdaries are passed thru a filter con­
sisting of a three winding iron core reactor and 
two resistors . The secondary of the three wind­
ing reactor and the resistors are tapped to ob­
tain settings for various fault conditions . The 
output of this filter provides a voltage across 
thP primary of the saturating transformer pro­
po.-�ional to the positive sequence current plus 
a constant times the zero sequence current . 
This combination is selected as the discriminat­
ing function because it can be adjusted to have 
definite values lying in a comparatively small 
range for all types of phase and ground faults . 
Thus, a single operating element can be used for 
all types uf faults . The two lower tap dials 
provide the adjustment of the relative amounts 
of positive and zero sequence currents that are 
combined to produce the required discriminating 
voltage . The right-hand lower tap dial (front 
view) figure 1 adjusts the sensitivity to ground 
fault currents. 'lhe left-hand lower tap dial 
adjusts the positive phase sequence sensitivity 
when the ratio of the current transformers at 
the terr:a::i.nals of the lin8 C..:'e r:ot equal. 

I 
Saturating Auxiliary Transformer 

The voltage from the filter is fed in­
to the tapped primary (upper tap plate) of a 
small saturating transformer. This transformer 
is used to limit the voltage impressed on the 
pilot wire, and to provide a small range of 
voltage for a large variation of maximum to min­
imum fault currents . Th�s, high operating ener-

� gy is obtained for very light faults and limited 
operating energy for heavy faults . The relay 
operating characteristic changes from percentage 
differential at low current values to approxi­
mately directional characteristics at high cur­
rent values . 

The upper tap plate changes the output 
of the saturating transformer, and is marked in 
amperes required to operate the relay when the 
pilot wire is open or when equal amounts of cur­
rent are fed to an internal fault thru the line 
terminals. For further discussion, see section 
entitled, "Settings" . 

Rectox Units 

The secondary of the saturating trans­
former feeds the two rectox units, the insulat­
ing transformer, and the pilot wire, as shown 
schematically in figure 9. The rectox units are 
used to convert the a-c. output of the saturat­
ing transformer for use on the d�c . polar-type 
relay element . The use of a sensitive polar 
type relay, requiring a small amount of energy, 
keeps the volt -ampere burden on the current 
transformers very low . 

Polar-Type Relay 

This element consists of a rectangular 
shaped magnetic frame, an electromagnet, a per­
manent magnet, and an armature with a double set 
of contacts. The poles of the permanent magnet 
clamp directly to each side of the magnetic 
frame. Flux from the permanent magnet divides 
into two paths, one path across the air gap at 
the front of the element in which the armature 
is located, the other across tvo gaps at the 
base of the frame . Two ad justablE; shunts are 
located across the rear air gaps . These change 
the reluctance of the magm:tic path so as to 
force some of the flux thru the moving .<J.rmature 
which is fastened to the leaf spring and attach­
ed to the frame midway between the two rear air 
gaps. Flux in the armaturE polarizes it and 
creates a magnet bias causing it to move tovmrds 
one or the other of the poles, depending upon 
the adjustment of the magnetic shunts. Two con­
centric coils are placed around the arMature rmd 
within the magnetic frame . The coils are con­
nected in opposition with one used as a re­
straining winding and the other as an operating 
winding . The restr'linin::; 1dncHng ets up a mag­
netic field, which, in cor .. '·�·��ct Cl'"l 'c:ith the 
field fl'Om the permanent :-:JClD'cl' '· .n·>_c'.:·. tllc· con­
tact in the normal open position. The c,,_.r:cr·ating 
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TYPE HCB RELAY 

winding produces a magnetic field which acts to 
move the armature in the contact closing direc­
tion. The restraining winding is tapped and the 
leads are brought out to taps at the upper left 
of the relay. The taps are marked T and F sig­
nifying Tapped and Full winding, respectively. 

The moving contacts are fastened on 
the free end of the leaf spring. Two stationary 
contact screws are mounted to the left (front 
view ) of the moving contact assembly and are ad­
justed for normally open contacts. 

Insulating Transformer 

The insulating transformer is connect­
ed as shown in figure 9 and serves to isolate 
the terminal equipment from the pilot wire. 
This avoios interconnection of station grounds 
that may have large differences of potentials 
between them. The mid-taps of the parallel­
wound secondary windings are brought out separ­
ately to provide a means of connecting supervis­
ory relays symmetrically within the pilot wire 
circuit. When auxiliary supervisory relays are 
not used, these mid-taps are to be connected to­
gether and may be grounded to drain the voltages 
induced along the length of the pilot wires when 
these voltages approach the voltage limit of the 
cable. This is discussed further under Pilot 
Wire below. 

The transformers have a 4/1 ratio and 
are insulated for 5000 volts. 

Pilot Wire 

One pair of pilot wires connecting the 
secondaries of the insulating transformers is 
required to provide a continuous circuit between 
the relaY,S. For the pilot wires a lead-covered 
twisted pair of No. 19 wire or larger is recom­
mended; however, open wires may be used. The 
following points should be considered in select­
ing pilot wire circuits. 

1. The total -circuit 
tween terminals of the Type HCB 
of the insulating transformers 
terms of the pilot wire voltage 
2000 ohms. 

resistance be­
relays exclusive 
and expressed in 

must not exceed 

2. The shunt capacity between pilot 
wires should not exceed 0.75 microfarads per pi­
lot wire terminal. In cases where this value is 
exceeded, auxiliary reactors may be required to 
reduce the shunt currents which tend to desensi­
tize the relay. 

3· The 
induced voltage 
should not exceed 
relay ). 

difference in the longitudinal 
which appears between wires 15 volts total (7. 5 volts per 

4. The induced voltage to ground 
which occurs on the pilot wires during maximum 
fault conditions should not exceed the rating of 
the pilot wires or insulating transformers. The 
transformers are insulated for 5000 volts. In 
general, the pilot wires will be insulated for a 
much lower voltage. 

Induced vnltages and differences be­
tween station ground potentials which appear a­
long the pilot wire may be reduced to safe lim­
its by the following means: 

a. Excessive voltages 
by grounding the mid-taps of 
transformers and allowing current 
over the pilot wires to ground. 
requirement of 15 volts difference 
tained. 

b. For more serious 

can be reduced 
the insulating 

to circulate 
However, the 

must be main -

induction two 

winding neutrali zing transformers can be used to 
limit the voltages. In cases where the sheath 
current may be sufficient to cause damage the 
sheath must be insulated from ground and three 
winding neutrali zing transformers should be 
used. Transformers are available for 1000 and 
2000 volt neutralization. 

O PERATION 

The HCB pilot wire relay o�erates as a 
percentage differential device when the fault 
currents are small, and has essentially direc­
tional characteristics, comparing the direction 
of current flow at the terminals of the protect­
ed section when the fault currents are large. 

The voltage appearing across the sec­
ondary of the saturating transformer is balanc­
ed against a similar voltage at the opposite end 
of the protected line section, thru the re­
straint winding of each relay, the insulating 
transformers and the pilot wires, as shown in 
figure 9 .  On external faults, a flow of fault 
powe1· thru the protected line section, produces 
voltages across the secondaries of the saturat­
ing transformers which are essentially equal and 
in series. These voltages act to circulate cur­
rent thru the restraining coil of each relay 
which is co�nected in series with pilot wire. 
Under this condition the operating coils con­
nected across the pilot wires do not receive 
sufficient current to overcome the restraint and 
so tripping does not occur. 

For internal faults with equal feed-in 
from the terminals, the voltages across the sat­
urating transformers are in oppositlon. This 
results in all of the current flowing thru the 
restraining and operating coils in series and 
none thru the pilot wires. The relays at the 
ends of the section operate under this condition 
to give simultaneous tripping of the breakers at 
the terminals of the protected section. 

The impedance of the filter and the 
operating coil can be adjusted so that the sum 
of the minimum trip currents from all terminals, 
when fed in from only one terminal, is suffic­
ient to trip the relays simultaneously. This is 
affected somewhat by very low or very high pilot 
wire impedance, since in this case energy to 
trip any terminal not supplying current to the 
fault, must be carried over the pilot wire. 
Consequently, settings are based on total fault 
currents fed in from all terminals disregarding 
the current distribution from the terminals. 

If the pilot wire becomes open Clr­
cuited, all of the current in the restraining 
coil will also flow thru the operating coil. 
While this condition exists the relay operates 
as an overcurrent device and will trip on all 
faults and also on heavy loads greater than the 
relay setting. A short circuit on the pilot 
wires will prevent tripping, since it short cir­
cuits the operating winding of the relay. 

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 is 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. 

SUPERVISION 

A faulted pilot wire mentioned above 
may be detected by the milliammeter and test 
switch (supplied with the relay ) or by a contin­
uously-operated supervisory circuit supplied a� 
extra equipment. 
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TYPE HCB RELAY 
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FRONT VIEW 
Figure 2 
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R.E"CTOQ. 

Tt:.I2.MIN.a...L 

Internal Connections of the Type HCB Relay For 
Projection Mounting. 

Internal Connection of The Type HCB Relay For 
Projection Detachzble .. il.rld All Flush Type Mounting. 
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Typical Operating Characteristics on Phase A to Ground Faults with Currents thru the Two Terminals 
30 ° Out of Phase. Maximum Restraint With Insulating Transformers And 2000 Ohm Pilot Wires. Taps 
4 , . l-. l , and l . 6 . 
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TYPE HCB RELAY 

Che cking the condition of the pilot 
wire under normal load conditions by the test 
swit ch and mi lliammeter may be done as fol lows : 

1 .  Pre s s  the push but ton part way t o  
open the short -circuit around the meter and the 
meter reading will indicate the magnitude of p i ­
lot wire current being c irculat ed . 

2 .  Pre ss the push button all the way 
t o  short the near ·end of the pi l ot wire and the 
meter will indicate the magnitude of current 
that is sent over the pilot wire s from the far 
re lay . 

A comparison of the se readings will 
indicate the condition of the pilot wire . With 
normal pi lot wi re s the se cond readings wi l l  be 
somewhat less than the first reading . When the 
pi lot wires are short ed , the second reading will 
be reduced to zero . In the event the second 
reading is considerably less  than expected , a 
high re si stance fault b�tween wires i s  indicat ­
ed . If a pi l ot wire is open, both readings will 
be zero . It should be noted that the re lays are 
made inoperat ive when the test switch is fully 
depre ss ed . 

CHARACTERISTICS 

The overall operating characteri stics 
of the re lay are il lustrated in figure 3 ·  The 
general shape of the se curves are similar for 
other types of fault s , relay settings , and pilot 
wire lengths . Figures 4 and 5 are enlarged 
first quadrant s of figure 3 taken under the con­
dit ion noted on the curve . The ampere abs cissa 
and ordinate scales may be interpolated as fol ­
lows to show the operating characteri stics for 
other conditions using T = 4 .  

For ground faults using other R0 and 
R 1 taps multiply scales by : 

Phase A to Ground Faults 

1 . 7 
R0 + j . 5T7Rl 

Phase B or C Ground Faults 

by : 
For three -phase fault s multiply scales 

. 85 
R1 

For line - to - line faults multip ly 
s cales by : 

1 . 7\13 - 1 . 47 2Rl - �  
The re lay is normally shipped with the 

minimum re straint tap ,  T , conne cted as shown 
in upper left corne r ,  figures l & 2 .  The maxi ­
mum restraint tap ,  F, is available for use on 
maximum length pi lot wire s and when the current 
transformer ratios are not we l l -matched . 
SETTINGS 

The HCB relay has three different taps 
which are provided to obtain flexibility for a 
wide range of application . The taps to provide 
correct operation for any given app licat ion are 
eas ily se lected and have a wide latitude That 
i s ,  correct operation can be obtained for 
different combinations of tap value s .  The fol ­
l owing dis cuss ion establi shes limits for the 
various tap settings under different operating 
condit ions . It should be kept in mind that set ­
t ings to obtain operation on minimum internal 
fault condit ions are based on the total current 
that flows into the s e ction from all t erminals . 

Posit ive Sequence Filter Tap 

The lower left tap (Rl ) has three a ­
vailable taps . 075 , . 10 ,  and . 15 ( taps are 
actually marked . 07 ,  . 1 0 ,  and . 15 because of 
space limitations ) .  These taps permit compen­
sation for current transformers of different 
ratios at the various terminals . Where the cur ­
rent transformers have the same ratio s ,  the 
value s of R1 should be the same on all re lays . A 
value of R1 = . 10 is usually recommended except 
where a more sensitive setting of 11 T11 (des cribed 
below ) is des ired than is obtainable with R1 = 

. 10 .  Where the current transformers are differ ­
ent at the different terminal s ,  se lect the value 
of R1 which is most nearly proporti onal to the 
current transformer ratios .  For example , as sume 
rat io of 300/5 at one terminal and 600/5 at an­
other terminal . Set R1 = . 075 at the 300/5 
terminal and R1 = . 15 at the 600/5 terminal . The 
same procedure applies t o  three terminal line s . 

Positive Sequence Current Tap 

The upper tap ( T )  has values of 4 ,  5 ,  
6 ,  8,  10,  1 2 ,  and 1 5 .  This tap should be se ­
lected to assure operation on minimum internal 
line to line faul t s ,  and where possible , to pre ­
vent tripping on load current if the pilot wire 
becomes acc identa lly open c ircuited . The high­
e st setting of 11T11 that will cause operation on 
internal line to line fault s  is given by the 
equat ion : 

T = 5 · 7  ILL R1 ( 1 )  
where ILL i s  the t otal minimum inter­
nal l ine -to-line secondary fault cur ­
rent fed from all terminals , divided 
by the number of terminals . 

The factor "5 · 7 "  is used as the operation of the 
positive sequence filter and ls such that the 
re lay require s 1 . 73 t imes as much current for 
operation on a line-te-line fault as on a three 
phase fault , which means that the three -phase 
trip setting should be 57� of the de sired line ­
t o - line current setting . Also,  the numeri cal 
value s of T are the posit ive sequence currents 
required to operate the re lay when R1 is set on 
. 10 .  Therefore , to compensate for the value of 
R1 used in the formula, T must be divided by 0 . 1  
thereby obtaining the factor " 5 · 7 " · 

Where line -to-line fault current s are 
not known , an alt ernate equation can be used . 

The alt ernate equation i s : 

T = ( 5 . 7 ) ( . 86 ) ( I3p) R1 ( la )  
where I3p i s  the t otal minimum inter­
nal three phase s e condary fault cur ­
rent fed from all terminals divided by 
the number of terminals . The factor 
" . 86" is used as line -to-line fault 
current is 86� of the three phase 
fault current when the negat ive se ­
quence impedance of the system equals 
the positive sequence impedance of the 
system . 

E�uation ( 1 ) and ( l a )  give · the upper 
l imit of "T ' which must not be exceeded to ob ­
tain operation on line -to-line fault s .  The 
actual sett ing should always be below the value s 
obtained from equat ion ( 1 ) or ( la ) . The minimum 
l imits for this sett ing are di s cussed bel ow . 

The setting of 11T11 which wi l l  cause 
operation on load current if the pilot wire s be ­
come accidentally open circuited is given by the 
equation : 

T = 10 R1 Itooad 
where 11 ILoad is the maximum 

( 2 )  
secondary 
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Figure 4 
Typical Operating Characteristics On Phase A to Ground Faults with Current s in Phase . 
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Typical Operating Characteristics On Phase A to Ground Faults with Currents in Phase 

r: 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB RELAY 

full load balanced current flowing 
through the t erminal . 

It is gene rally desi rable to select a 
value of "T"  which ·wi l l  not cause operation if 
the pilot wire s are accidenta lly open circuit ed . 
A safety factor of at least 25% is generally 
recommended to prevent such operat ions . That i s ,  
" T " , should b e  s e t  25% above the value obtained 
from equation ( 2 )  if the relay is not to operate 
on load current with the pilot wire s  open cir­
cuited . 

Thi s cons iderat ion may be negle cted if 
it is realized that re lay operation wi l l  be ob­
tained if pilot wire s are opened during heavy 
load current s ,  or if supervis ory relays are in­
stalled and conne cted to block the HCB on the 
oc currence of pilot wire failure s .  If super ­
vis ory re lays are installed t o  block HCB oper ­
ation under heavy load conditions with the pilot 
wires opened, it is ne ces sary to introduce a 
time de lay of approximate ly one cyc l e  by inter ­
pos ing an auxil iary relay in the trip circuit at 
each terminal to allow the supervis ory relays 
t ime to coordinat e with the high speed of the 
HCB re lay . 

It is r·ecommended that 11T 11 be set 
reasonably below the value obtained from equa­
t ion ( 1 )  without causing incorre ct operation on 
load current in the event of a pilot wire 
failure . Such a sele ct ion assure s  abundant 
energy for the simultaneously tripping of all 
relays on light internal fault s .  

NOTE : 11 T 11 must be set the same at all terminals 
( even where different transformer rat io s 
are used . ) 

Zero Sequence Tap 

The lower tap (R0 ) has taps . 025 , . 033 , 
. 05 ,  . 3 9 ,  . 51 ,  . 6 8 ,  . 9 0 ,  1 . 2  and 1 . 6 .  The 
first two taps are actual ly marked . 02 and . 03 
be cause of space l imitations . )  The three lowest 
taps are not used in applications where sensi­
t ivity to ground fault s i s  required . They are 
used on special app lications where re sponse t o  
posit ive sequence current only is required . 
Where such re sponse is required,  R0 is set to 
e qual t o  1/3 R1 . 

Maximum sensit ivity to ground faults 
i s  obtained with R0 = 1 . 6 .  This sett ing is 
generally recommended where current transformers 
with the same rat io are installed at all termi ­
nal s . Where current transformer s  of different 
rat ios are installed at the various terminals , 
value s of R0 should be s e le cted which are mo st 
nearly proportional t o  the transformer rat ios . 

The minimum tap to obtain operation on 
minimum ground fault s is expres sed by the 
equat ion : 

0 . 2T 
Ro = Ig ( 3 )  
where I g  i s  the t otal minimum s e conda­
ry ground fault current fed into the 
section from all  terminals ( taking in­
t o  ac count pos s ible ground fault re ­
sistance ) ,  divided by the number of 
terminals . 
And where " T "  is the actual tap s e l e c ­
t e d  (not the value cal culated from 
equation ( 1 )  or ( la ) . 

It is re commended that "R0 " be set as 
high above the value obtained from equation ( 3 )  
a s  pos s ible keeping the value of R0 approximate ­
ly proportional to the current transformer 
ratio s .  It is further recommended that "R0 " be 
set with a great er safety factor than "T" . That 
i s ,  the value obtained from equation (1) or ( la )  

- 6 -

divided by the actual tap select ed for "T"  
equal s  the safety factor S� . The actual value 
of R0 sel ected divided by the value obtained 
from equation ( 3 )  equals the safety factor Sg . 
Sg should be larger than S� to obtain greater 
sensit ivity to minimum ground fault s than to 
minimum phase fault s .  
N OTE : Ro at various terminal s  should be s e l e c ­

t e d  which are mo st nearly proportional t o  
the current transformer ratio s .  

Restraint Tap : 

The restraint coil has a tap which 
permits the ent ire coil or part of it to be used . 
The relay is shipped from the factory with the 
conne ct ion to the tap to obtain minimum re ­
straint . Thi s conne ct ion is re commended for 
mo st appl ications but the additional restraint 
is available where needed for spe cial appl ica­
tions . 

Example of Relay Settings 

As sume a two terminal l ine with cur ­
rent transformers rated 400/5 at station 1 and 
300/5 at stat ion 2 .  Also as sume that ful l load 
current is 300 ampere s ,  and on minimum internal 
phase -t o -phase fault s 2000 ampere s feed into the 
fault from stat ion 1 and 1000 amperes from 
station 2 .  Further as sume that on minimum in­
ternal ground faul t s ,  400 amperes feed into the 
fault from station 1 and none from stat ion 2 .  

Po sit ive Sequence Fi lter Tap 

Set R1 proportional to the transformer 
ratio . R1 at stat ion 1 = 0 . 10 ,  R1 at station 2 

0 . 075 · 

Posit ive Sequence Current Tap 

From equation 1 

T = 5 . 7 X 3000 X 5 X . 1  
400 X 2 

or 

T = 5 . 7 X 3�gg � � X  . 075 
= l 0 . 7  

This repre s ent s the highe st permi s sa­
ble setting . The setting which wi l l  cause 
tripping on load current if the pilot wire be ­
comes accidentally open circuited is given by 
equation ( 2 ) . 

T 10 X . 1  X 300 X 5 3 - 75 400 or 

T 10 X 0 . 75 X 300 X 5 3 - 75 300 

Se lect T at both stat ions = 6 

Zero Sequence Tap 

The minimum tap whi ch wi l l  cause 
tripping to minimum internal ground fault s is 
given by equation 3 ·  

0 . 2  X 6 X 400 Ro= 200 x 5 . 48 at stat ion 1 

0 . 2  X 6 X 300 Ro= 200 x 5 . 36 at stat ion 2 

Select R0 at station 1 
And R0 at station 2 

The factor of safety 
6/3 .75 = 160% . 
The factor of safety 
1 . 6/ . 48 = 334% . 

1 . 6 
1 . 2  

on phase fault s  

on ground faults 

( S� ) 
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TYPE HCB RELAY 

INSTALLATION 

The relays should be mounted on 
switchboard panels or their equivalent in a lo ­
cation free from dirt ,  moisture,  exces sive vi­
bration and heat . Mount the relay vertically by 
means of the two mounting studs . Either of 
these studs may be ut ilized for grounding the 
metal base . The electrical connections may be 
made direct to the terminals by means of screws 
for steel panel mounting or to terminal studs 
furnished with the relay for ebony-asbe stos  or 
slate panel mounting . The terminal studs may be 
easily removed or inserted by locking two nuts 
on the studs and then turning the proper nut 
with a wrench . 

The external connections are shown in 
figures 9 ,  10 ,  1 1 ,  12 . The relay is shipped with 
the operation indicator and the contactor switch 
connected in parallel . This circuit has a re ­
sistance of approximately 0 . 25 ohms and is suit ­
able for all trip currents above 2 : 25 ampere s 
d-e . If the trip current i s  less than 2 . 25 am­
peres there is no need for the contactor switch 
and it should be disconnected . To disconnect the 
coil ,  remove the short lead to the coil on the 
front stationary contact of the swit ch and this 
lead should be fastened ( dead ended ) under the 
small filister-head s crew located in the Micarta 
base of the switch .  The operation indicator 
will operate for trip current s above 0 . 2  ampere s 
d-e . The resistance of its coil is approximately 2 . 8  ohms . The resistance of both coils in para­
llel is approximately 0 . 25 ohm. 

ADJUSTMENTS AND MAINTENANCE 

Caution 

1 .  Make sure that the neon lamp is in 
place , whenever relay operation is being check­
ed . This is required to limit distortion in pi­
lot wire voltage wave . 

2 .  When changing taps under load the 
spare tap s crew should be inserted before remov­
ing the other tap s crew . 

All contacts  should be periodically 
cleaned with a fine file . 3#1002110 file is  re­
commended for this purpose . The use of abrasive 
material for cleaning contact s is not recommend­
ed, because of the danger of embedding small 
particles in the face of the soft silver and 
thus impairing the contact . 

The proper adjustments to insure cor­
rect operation of this relay have been made at 
the factory and should not be disturbed after 
receipt by the customer . If the adjustments 
have been changed or the relay taken apart for 
repair s ,  the following instructions should be 
followed in reassembling and setting it . 

Sequence Filter 

There are no adjustments to  be made in 
the filter . 

Polar-Type Element 

Back off the contact screws so that 
they do not make contact . Screw the magnetic 
shunts into the all -out position . The armature 
should remain against whichever s ide it is push­
ed with this adjustment . 

Contact Adjustment : Adjust both left -hand 
( front, view} contacts until they barely make a 
l ight circuit , when the armature is against the 
left stop . A flickering light is permissible . 
Give both the left -hand contact screws an addi­
tional 1/3 turn . 

Calibration :  Screw in the left -hand mag­
netic shunt so that only the top air gap is 
shunted . This increases the armature bias to­
wards the right . The right -hand top air gap 
should not be shunted by the magnetic shunt . 
Energize the operating coil with . 0078 ampere 
d-e . thru the right test link with the polarity 
as shown in figure 1 .  Then adjust the right ­
hand shunt by s crewing it toward the left until 
the relay contacts close . The contacts should 
c lose with a snappy action . Check to see that 
the contact s reset when the coil is deenergized . 

Close the right -hand operating coil 
test link and open the left -hand re straining 
coil test link . Energize the restraining coil 
with . 10 ampere d-e . Thru the restraining coil 
with polarity as shown in figure 1 .  The con­
tact s should tend to move toward the right . 

Overall Test 

Close the test links and place the 
neon lamp in the circuit . Use taps R0 = 1 . 6 ,  
R1 = . 1 - . 1 ,  and T = 4 .  Conne ct a 1500 ohm re-
sistor between terminals 15 and 16 to simulate 
the magnetizing impedance of the insulating 
transformer . Pas s  6 . 95 ampere s ,  60 cycle s ,  thru 
terminal s 19 to 22 ( figure 1 ) .  The re lay should 
operate . It should also trip when . 4 5  to . 55 
ampere s ,  60 cycles , are passed thru trrminals 21 
to 22 . 

If it is des ired to calibrate the re ­
lay to actual pilot wire conditions , the insul­
ating transformer should be connected across  
terminal s 15 and 16 ( figure 1)  with one -half of 
the pilot wire capacitance connected across  the 
high voltage terminals of the transformer . With 
these connection , the poiarized element should 
be adjusted as outl ined above . After calibrat -

. ing in this manner ,  an equivalent pilot wire re­
sistance can be determined by conne cting a slide 
wire resistor across  terminals 15 and 16 instead 
of the insulating transformer an� by varying the 
magnitude until the same trip value is obtained . 
Then in the future this resistance can be used 
instead of the 1500 ohms sugge sted above . 

The phase current trip setting on the 
re lay may be made by passing 60 c1c1e current 
thru terminals 19 to .22 ( figure 1 ) .  The trip 
current should be 1 . 73 times the desired three 
phase magnitude . For the ground current set ­
tings , the relay should trip on the desired mag­
nitude of ground current when 60 cycle current 
is passed thru t erminals 19 and 21 ( Figure 1 ) . 

Pilot Wire Polarity Check 

The polarity of the pilot wires are 
most easily checked while the line is carrying 
load ( 1  ampere or more ) .  This is done by short ­
circuiting the current transformers to create an 
apparent zero sequence current thru the relays 
and observing the relay operation . The proced­
ure is  as fol lows : Set R0 tap on 1 . 6 and tap T 
on 4 .  At one end short -circuit the phase A cur ­
rent transformer and then dis conne ct the lead 
to terminal 20 . At the other end short circuit 
either phase B or C current transformers and 
then disconnect the corresponding lead to the 
relay ( either terminal 19 or 22 , re spe ct ively} . 
If the pilot wire is properly connected to the 
relays , the re lays should trip . Reconnect the 
lead to either terminal 19 or 22 . and remove the 
short across  B or C phase . Now short phase A 
current transformer and remove the lead to term­
inal 20 . The relays should not operate with 
correct polarity . 

Contactor Swit ch 

Adjust the stationary core of the 
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TYPE HCB RELAY 

switch ror a clearance between the stationary 
core and the moving core or 1/64" when the 
switch is picked up . This can be done by turn­
ing the re lay up -side -down and screwing up the 
core screw or the switch unti l  the contacts just 
separate .  Then back up the core screw approxi­
mately one turn and lock in place . This pre ­
vents the moving core rrom striking and sticking 
t o  the stationary core because or residual mag­
netism. Adjust the contact clearance ror 3/32"  
b y  means or the two small nut s  on either s ide or 
the Micarta disc .  The switch should pick up at 
2 amperes d-e . Test ror sticking arter 30 amp­
eres d-e . is pas sed thru the coil . 

Operation Indicators 

Adjust the indicators to operate at 
0 . 2  ampere d-e . gradually increased . Test ror 
sticking arter 5 amperes d-e . has been applied . 

ENERGY REQUIREMENTS 

The volt -ampere burden or the type HCB 
relay is practically independent or the pilot 

-�� ---- � � �  
I I ' 

�--

SLOTS FOR itiU·f>OLTS 
FOR MOUNTING; ON PIPE 

4H.V. LILADS 

Out line and Drilling 

"' 

! i H 
�-��-�----- - 1 �-�---­
f-.--.-·------ 3 

Figure 7 
Outline & Drilling Plan or the Test Milliammeter 
ror 1/8 " Panel Mount ing . 

wire resistance and or the current tap used . The 
rollowing burdens were measured at a balanced 
three -phase current or 5 amperes : 

For tap 4 Rl . 075 and Ro = . 39 

Phase A 1 . 25 volt -amperes 0 0  
Phase B . 30 volt -ampere s  285° 
Phase c . go volt -ampere s 45°  

For tap 4 Rl . 15 and R0 = 1 . 6  

Phase A 2 . 3  volt -amperes 120 ° . 
Phase B 4 . 6  volt -amperes 285 ° 
Phase c 5 · 3 volt -amperes 45° 

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

The two second overload ratings or the 
re lay are 150 amperes phase and 125 amperes 
ground current s .  

NAM£ PLAT£ 

SECONDARY POLARITY MARICILR. 

L.V. T£1tMINAL BLOCK 

Transrormer . 

JIZ-4<> Tttb. 

Figure 8 
Outline & Drilling Plan or the Test Milliammeter 
ror Flush Type Mounting . 
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TYPE HCB RELAY 
P�O TEC TeD T�ANSIV11SSI0f'l 

ti 1/IISULIITINfii 7 T�ANSFO�MEirS 

MILL../AMME TEie !VI ILL.. lAM M E:.T £,le 

PHASE. leOTA T!ON 
A � B � C  

Figure 9 

Tli!IP COIL 

ABC 

External Connect ions of the Type HCB Relays For Phase and Ground Fault Protection of a Two­
Terminal Line . 

PR.OTE.CTE:D L.INE SECTIO"l A ��� 0����----------��--------------------------• L: 
s ��� 0�����------------------------------------, 
c -++t-1<> 

RESTRA\MT 

OPEitAI ING; 

MILLIA.ME:TE:.R 
Figure 10  

Z-:0 - 154-4-(.RE.A.R. \1 \E.IN) 

TE.SI PUSH "e>UTTON 

External Connections of the Type HCB Re lays For Phase and Ground Fault Protection of a two­
Terminal Line Thru a Star -Delta Transformer Bank at One End . 
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TYPE HCB RELAY 

A-tfot--to �����-+4C e .... t-to o.t-t"!!!IIIY!�H-ftll.S 
c: -i+l-to 

PIZO"'C'ECTEO UNE SECTlON 01-�1-A. 
*"�� · 
*"��c:. 

-�.�����HrJV� _,,.c-., 

Figure 1 1  

Z·'])-15'4 4-(�lt. 'IIC:.W) 

T£1ST PUSH IWTTOIO& 

External Conne�t ions of the Type HCB Relays for Phase and Ground Fault Prote ction of a Two ­
Terminal Line Thru Two Star Delta Transformer Banks . 

I 
. ,  t 

A !!I C 

P1!ASE "DTATION A.B.C, 

Figure 12  
Ext ernal Connections of the Type HCB Re lays f o r  
Phase and Ground Prot ection of a Three Terminal 
Line . 

0RtLLIN� PLAN 

Figure 13 
Outline And Drilling Plan of the Test Switch 
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".._: D IA . DR I LL 
FOR THICK 
PANELS· 

3i. DIA. DRILL (Z.-HOLES) 
OPENINGiS FOR 
THIN P.O.NE.L 
MOUNTIN<o. 

D I M E N S I O N S  IN INCHES 

TYPE HCB RELA't 

. I ,0-3Z TERM.SC.REW 8c. STUPS 
,;\:-ZO MOUNTINc; SCI::E W'  

8c. STUDS 

U S E  STUD S 
FOR THICK PANELS 

Figure 14 
Out line and Drilling Plan for The Standard Projection Type Case . ( See Internal and External 
Connections For Terminal Supplied . )  
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Figure 15 
Out line And Drilling Plan For The Standard Detachable Type Case for 1/8 " Pane l Moun� ing . 
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P � I NTED  I N  U . S . A . 

Westinghouse Electric & Manufacturing Company 
Newark Worka, Newark, N. J. 
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Westinghouse 

TYPE HCB P IL OT W I RE RELAY 

INSTRUCTI ONS 

CAUT ION 

Before put t ing prote ctive re lay s  into 
service , remove al l b l ocking which may have been 
inserted for the purp o se of se curing the part s 
during shipment , make sure that a l l  moving part s 
operate fre e l;r , in spe ct  the cont act s t o  see, that 
they are cleah and c l o se properly ,  and o�e r.te 
the re lay to che ck the se tt ings and e l e elt rical 
c onne ctions . 

;; 
t<,· 

.,; ' 
�-. � 

The t ype HCB re lllt..; is  a high spe e� 
p ilot w ·e re lay de s igne��To��he c omplete  pha� 
and gro nd prote ctio� .o�" two and three termi� 
tran smi ., . Ji , 3im�ltane ous  t r ipp>�n # fy! 
the re lay , _,k:e rmi')"l�l i s  obt ained )n bo t' 
l/6 0  of a se c o  for a l l  fault s .  A c oroPl e in ­
stallat ion a two t e�inal l ine co�s1 t s  of 
two re lay s ,  o insulat ing t ransform�f s ," and an 
interconne c�· ng pilot  wire circuit . •  " For a three 
t e rminal l ine , thre 1 re lays , thr�e insulating 
transforme r s ,  anfd ::p a WY.f -C)flme cted pilot wire 
circ�it with bra he s )or /equal impedance s are 
requlred . Yr '/ !. 

CON ST RUCTION /�. :; . 
, 

T��e lay consi st s of a c o,
,
bination 

po sit ive ada zero  phase sequenc� f i l t e  , a sat ­
urat ing auxi l iary t ran sforme r ,  two _J:'ect, x unit s ,  
a polar type re lay unit , an�d .  · . on · amp a l l  
mounted i n  a single case . T . l  ext e rnal e quip ­
ment normally supp lied with · re lay consi st s 
of an in sulat ing t ran sforme r , · mi l l iammeter  and 
te st push but t on . The con struction of the se 
component s is as f o l l ow s :  

Sequence Fi lter  

The currents  from the current tran s ­
forme r se c onda r i e s a r e  pa s se d  thru a f i l t e r  c on ­
s i s t in g  o f  a three winding iron core re a c t or and 
two re si stor s .  The se c ondary of the three wind­
ing reactor and the re si stor s are tapped t o  ob ­
t ain sett in·g s for v a r i o u s  fau l t  cond ition s .  The 
output of this f i l t e r  p r ovide s a voltage a c ro s s  
the primary of the saturat ing t ran sforme r pro­
portional to the posit ive seque n ce c u r r e n t  plus 
a constant t ime s the ze ro  sequence current . 
Thi s c ombinat ion i s  se le cted : • s U1e c U s c r  i.Jiilnat­
ing function be cau se it can be adjust e d  to have 
de finite value s lying in a c ompa rat ive l y  smal l  
range for a l l  type s of pha se and g r ound fault s .  
Thu s ,  a s in g l e  ope rating e lement can be used  for 
all type s of faul t s .  The two lowe r tap dial s 
provide the adju stment of the re lat ive amount s 
of vo s i t ive and z e r o  sequence current s that a r e  
c omb i n e d  t o  produce the required 6 i s cr imina t in g  
voltage . The r ight -hand l ower t ap d i a l  ( r r ont 
v i e w ) ad j u s t s the s e n s i t i v i t y t o  ground fau l t  
current s .  The le ft -hand lowe r t a p  d i a l  ad j u s t s 
t he p o s i t ive pha se se que n c e  s e n s i t i v ity whe n the 
rat i o or the curre n t  t ran srorme r s at the t e rmi -

nal s of the' _ l,ine are not equal . lit' ; t Sa:t;a�t ing Auxiliary Transforme r 

! ' . . . The voltage from the filter  i s  fed l int o the t apped primary (upper tap p iate ) of a 
sma l l  saturat ing t ransforme r .  Thi s t ran sformer 
i s  u sed  t o  l imit the voltage impr e s s ed on the 
p ilot w�re , and to provide a sma l l  range of 
volt ag�� for a large variation of maximum to min ­
imum f · lt .curre nt s .  Thus , high operating e ne r ­
gy i s  o ned for very l ight fault s  and l imited  
ope rat ing ene rgy for  heavy fault s .  The re lay 
ope rat ing characte r i s t i c  change s from percentage 
different ial at low current value s to approxi ­
mate ly dire ctional characte ris�ics at high cur ­
rent value s .  

The upper t ap p late change � the out ­
put of the saturat ing t ran sforme r ,  and i s  marked 
in ampe re s required to ope rate the re lay when 
th� pilot  wire is  open or when e qual amount s of 
ctl/rent are fed t o  an internal fault  thru the 
l�e t e rminal s .  For furthe r d i s cus sion , see 

_
fl ction ent it led , " Se t t ings " . 

Re c t ox Unit s 

The s e c ondary of the saturat ing trans­
former f e e d s  the  ,two rec tox units , the  j_n sul­
ating tran s forme r ,  and the p i lot wir e ,  as shown 
s c hema t i c ally in Fi[ure 8 .  The rectox  units are 
used t o  c onvert the a- c output of the s aturating 
transformer t o  d- e for use on the' d- c po lar- type 
re lay e lement . The use of a s ens i t ive polar 
type r elay ,  requiring a small amount of energy , 
keeps the volt- ampere burden on the current 
transformer· s very low . 

Po lar -Type Re lay 

Thi s e lement con s i st s  of a re ctangu ­
l a r  shaped magne t i c f r ame , an e l e ct r omagne t , a 
pe rmanent magne t ,  and an armature with a double 
set of cont act s .  The p o le s of the pe rmanent  
magne t  c l amp d i re c t l y  t o  each s ide of the mag ­
ne t i c  f r ame . Flux from the pe rmanent magne t 
divide s int o  two paths , one path acro s s  the air 
gap at the front o f  the e l ement in which the 
arma ture i s  locate d ,  the othe r acro s s  two gap s 
at the base of the f rame . Two ad justable shun t s  
a r e  l ocated acro�s the rear air gap s . The se 
change the re l u c t a n ce of the magnet i c  path so a s  
t o  force some o f  the f lux thru the moving arma ­
ture w h i ch i s  fastened t o  the leaf spring and 
attached t0 the frame midway between the two 
rear air gap s . Flux in the armature polarize s 
it and creat e s  a magnet bias causing it t o  move 
t owards one or the othe r of the pole s ,  depe nding 
upon the ad j u stme n t  of the magne t i c  shunt s .  Two 
c on c e nt r i c  c o i l s  a r e  p l a c R d  a r ound the a rmat u r e  
a n d  w i t h in tl1e mac_:netic f'rarne " The c o i l s  are 
c onne c t e d  in oppo s i t ion with one u se d  a s  a re ­
s t r a ining winding and the othe r a s  an operat ing 
winding . T h e  r e st r a i n i n g  w i n d i n g  se t s  u p  a mag -
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l . l. 4 1 -658C 
I N STA L L A T I O N  • O PE R A T I 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 HCB PILOT WIRE RELAY 

Before putting protective relays 
into service , remove all blocking which may 
have been in serted for the purpose of securing 
the part s during shipment , make sure that all 
moving part s operate freely, in spect the con ­
t act s t o  see that they are c lean and cl ose 
properly, and operate the re lay to  che ck the 
settings and electri cal conne ction s .  

APPLICATION 

The type HCB relay i s  a high speed pilot 
wire re lay de signed for the complete phase and 
ground protect ion of two and three terminal 
t ran smis sion 
the relay 
about 1/60 

l ine s .  Simultaneous t ripping of 
at each terminal is obtained in 

of a se cond for all fault s .  A 
complete instal lation for a tvo terminal l ine 
consists of two r e lays , two insulating trans­
formers , and an interconne cting pilot wire 
circuit . For a three terminal line , three 
re:rays-, three in sulating t ran sformers ,  and a 
wye -connected pilot wire circuit with branche s 
of equal impedan ces are required . 

CONSTRUCTION 

The relay consists  of a combination positive 
and zero phase sequen ce filter ,  a saturating 
auxil iary t ran sforme r ,  two re ctox unit s ,  a 
polar type relay unit , and a neon lamp all 
mounted in a single oose-. The external equip ­
ment normally supplied with the re lay consists  
of an in sulating t ran sformer,  a mil liammeter 
and test swit ch. The con struct ion of the se 
component s is as follows : 

Sequence Filter 

The current s from the current t ran sformer 
secondarie s are passed thru a filter con­
sisting of a three winding iron core reactor 
and two re sistors . The secondary of the three 

N EW I NFORMATI ON 
(FORMER I.L. 41-6SBB REVISED) 

winding reactor and the re sistors are tapped 
to obt ain setting s for various fault con ­
dition s .  The output o f  this  filter provide s a 
voltage across  the primary of the saturating 
t ran sformer proport ional to the positive 
sequence current plus a con stant time s the 
zero sequence current . Thi s combinat ion i s  
selected a s  the discriminating fun ct ion 
because it can be adjusted to have definite 
value s lying in a comparat ive ly small range 
for all types of phase and ground fault s .  
Thu s ,  a single operat ing element can be used 
for all types of fault s .  The two lower tap 
dials provide the adjustment of the re lative 
amount s  of positive and zero sequence current s 
that are combined to produce the required 

discriminat ing voltage� The right -hand lower 

tap dial ( front view ) adjust s the sensit ivity 
to ground fault current s .  The left -hand lower 
tap dial adjust s the · positive phase sequence 
sensitivity when the ratio of the current 
t ran sformers at the terminal s of the line are 
not equal . 

Saturat ing Auxiliary T ran sformer 

The voltage from the filter is  fed into the 
tapped primary (upper tap plate ) of a small 
saturating t ran sformer . This t ran sformer is  
used to  l imit the volt age impre s sed on the 
pilot wire , and t o  provide a small range of 
voltage for a large variat ion of maximum to 
minimum fault current s .  Thu s ,  high operat ing 
ene rgy is obtained for very l ight fault s and 
limited operating energy for heavy fault s .  
The re lay ope rating characteristic  change s 
from percentage differential at low current 
value s to approximately directional charac ­
teristics  at high current value s .  

The upper tap plate change s the out -put of 
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TYPE HCB RELAY ______________________ _ 

PILOT WIRE RESISTANCE • O  OHMS 
TAPS: T• 4, A,=,l , Ro•l.6 
MINIMUM RESTRAINT TAP 

+tH+t+tH +++++++ 
f:j: CIRCULATING CURRENT 

gj I+ WITH 10 MFD. CONDENSER � 10 F+f i-++H++++ttltf:l±l� ::& oC FAR RELAY CURRENT 

WITH 10 MFD. CONDENSER 

H+t­
•ltli 3 � IS 

Ffi �1 q: 
., CIRCULATIN� CURRENT 

'-'--- . WITHOUT 10 MFD. CONDENSER 

p.;: +-�-H,'-+:+ r;.rth±rt ,, r-c"- tt:!'M ,:j:j: :t:-t-it+t)::;.f_,.±-�,.:H-:�-+r±:H± l=j: (:-_¢ r, !-l#[f 11 FAR RELAY CURRENT �0J1 
� l"_i1) 1 WITHOUT 10 M FD. CONDENSER l1 cT! 

m- f+-c.,.�� � ·+r-:f ++-h+ tt: n �,. -EF��; "mf�i :rc-:l rwr-t�ii$1!H-Hi· p-u: � ltt-:'-+�1:-=:r 'r� �� 1-'-f :�rmur:�::: � 
0 2 3 4 

P061TIVE SEQUENCE AMPERES (60 CICI.fS) IN BOTH RELAYS 

Fig. 4-Typical Test Output Vs. Input Relay Current In A 
Two Terminal Line With Zero Pilot Wire Resistance. 

2 .  The shunt capacity between p i l ot wire s 

should not e x c e e d  0 . 75 mi c r ofarad s per p i l o t  

w i re t e rminal f o r  tvro t e rminal l in e s  ( 0 .  60 

mfd , p e r  t e rminal f o r  chree t e rminal l in e s ) . 

In ca se s whe re thi s value i s  ex ceeded , aux i l i ·· 

ary re ac t o r s  may be required t o  reduce the 

shunt current s ';Thich tend t o  de sen s it iz e  the 

r e l ay . 

3 .  The diffe re n c e  in the l on g itudinal in � 

duced volt age which appe a r s  between wire s 

should not exceed 15 volt s t o t al (7 . 5  v o l t s 

p e r  re l ay ) . 

4 .  The in duced v o l t age t o  ground whi ch o c ­

cur s o n  the p i l ot wire s during maximum fault 

c ondi t i on s should n ot exceed the rat ing o f  the 

p i l o t  vire s or in sulat ing t ran s f orme r s . The 

t r an s f orme r s  are in su lated f o r  5000 v o l t s .  In 

gene ral , the p i l ot wire s vri l l  be in sul at e d  f o r  

a much l o,,re r v o l t age . 

Induc ed v o l t age s and diffe ren ce s becween 

s t ation ground p ot en t ial s which appear along 

the p i l ot wire may be reduced to safe l imi t s  

b y  the f o l l owin g me an s :  

4 

POSITIVE SEQUENCE AMPERES ·(60 CYCLE$ IN BOTH RELAYS 

Fig. 5-Typical Test Output Vs. Input Relay Current In A 
Two Terminal Line With 2000 Ohm Pilot Wire Resis­
tance With or Without the 10 MFD. Condenser. 

a .  Exce s s ive v o l t age s can b e  r e duced by 

grounding t he mid -t ap s  o f  the in sulating 

t ran s f o rme r s  and al l owing current t o  

c i r culate over the p i l ot wire s t o  

groun d . Howeve r ,  the r e quirement of 15  

v ol t s d i f f e re n c e  mu s t  b e  maint ain e d . 

b .  For more se rious induct ion two vrinding 

n eut ral i z in g  t r an s f orme r s  c an b e  used to 

l imit the v o l t age s . In c a s e s  whe re the · 

sheath current may be suf f i cient t o  

cau s e  damage the sheath mu s t  be in ­

sul at e d  � r om ground and three winding 

neut ralizin g  t ran s f o rme r s  should b e  

u s e d . Tran s f o rme r s  are available f o r  

1 000 and 2000 v o l t  neut ralizat i on . 

c .  Another method c on s i s t s  of conn e ct ing a 

suitable two vrin d in g  react o r  and a p r o ­

t e c t o r  t ube , such a s  t he type KX642,  t o  

the p i l o t  w ire s at �uitable p o int s .  The 

arrangement is such that when the tube 

f l a she s b e c au s e  of high e x t rane ou s  v o l t -

age s ,  b oth vire s 

groun d ,  through the 

are conn e c t e d  t o  

reactor and the 

tube . The impedan c e  t o  ground i s  l ow ,  

but the impedan ce between w i re s i s  kept 

high to avoid int e rfe ring with the ope r ­

ation of the HCB re lay s .  

• 

• 

• 
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TYPE HCB RELAY _______________________________________________ L_L _4_1 - 6_sa __ c 

OPERATION 

The HCB p i l o t  wire re lay operat e s  as a pe r ­

centage differen t i al device when the fault 

current s are smal l ,  and has e s sent i a l l y  di re c ­

t i onal charact e r i st i c s ,  c omparing the d i re c ­

t i on of current f l ow a t  the t e rminal s of the 

prot e ct e d  s e c t i on when the fault curren t s  are 

l arge . 

The v o l t age appearing acro s s  the s e c ondary 

of the s aturating t ran s f o rme r is balan c e d  

again s t  a s imilar v o l t age a t  t h e  opp o s i t e  end 

of the prote c t ed l in e  s e ct i on ,  thru the re ­

s t raint windi n g  of e ach re l ay, the in sul at in g  

t ran s f orme r s  and the p i l ot wire s ,  a s  shown in 

Figure 8 .  On external fau l t s ,  a f l ow of fau l t  

powe r thru t h e  prot e cted l ine s e c t i on , pro ­

duce s v o l t age s acr o s s  the s e c ondari e s  of the 

saturat ing t ran sforme r s  which are e s se n t i a l l y  

e qual a n d  in serie s .  The s e  v o l t age s act t o  

c i rculate current t hru the re st rain ing c o i l  of 

each re l ay which is c onnected in s e rie s with 

p i l ot wire . Under this c ondition the ope r -

ating c o i l s  conn e c t ed acro s s  the p i l ot wire s 

do n o t  re ce ive suffic ient current t o  ove r c ome 

the r e s traint and s o  t r ipping d o e s  no t o c c ur . 

F o r  in t e rnal faul t s  with e qual feed-in from 

the t e rminal s ,  the v o l t age s acro s s  the satu ­

rat in g t ran s forme r s  are in oppo sit ion . Thi s 

re sul t s in al l of the current f l owing thru the 

re s t raining and ope rating c oi l s  in ser i e s  and 

n one thru the p i l ot vrire s .  The re l ay s  at the 

e n d s  of the s e c t ion operate under thi s condi ­

t ion t o  give simul t an e ou s  t ripping of the 

b re ake r s  at the t e rminal s of the protected 

s e c t i on . 

The impedan ce of the f i l t e r  and the ope r ­

at ing c o i l  can b e  ad j u s t e d  s o  that the sum of 

the min imum t rip current s from all t e rminal s ,  

when fed in from only one t e rmin al , i s  suffi c ­

ient t o  t rip the re l ay s  s imul t an e ou s l y .  Thi s 

i s  affected s omewhat by very l ow or very high 

p i l ot -.rire impedan ce , s in c e  in thi s case en ­

e rgy t o  t rip any t e rminal not supp lying cur­

rent to the fau l t , mu st b e  carried over the 

p i l ot wire . C on sequen t l y ,  s e t t in g s  are based 

on t ot a l  fau l t  current fed in from a l l  t e rmi ­

n a l s d i s regarding the current d i s t ribution 

from the t e rminal s .  

If the p i l ot vTire b e c ome s open c i rcui t e d ,  

a l l  of t h e  current in the re s t raining c o i l  

w i l l  a l s o  f l ow thru the ope rat ing c o i l . Whi l e  

thi s c ondit i on exi s t s the re l ay ope rat e s  a s  an 

ove rcurrent device and v i l l  t rip on a l l  fau l t s  

and a l s o  o n  heavy l oad s gre ater than the re ­

l ay s e t t in g . A short c i rcuit on the p i l o t  

wire s wi l l  prevent t rippin g ,  s i n c e  it short 

c i rcuit s the ope rating winding of the re l ay . 

Hove ve r ,  if the short c i rcuit on the p i l o t  

wire i s  s o  plac ed that it i s  1000 o r  more 

pilot wir e  ohms from one of the two r e lays , 

then that r e lay will not be b l o cke d ,  

The current and v o l t age impre s sed o n  the 

p i l ot wire do not exceed 100  mi l l iampe r e s  and 

60 v o l t s .  The wave f o rm and magnitude of the 

p i l ot wire current i s  such that t e lephone in ­

t e rference i s  within the l imit s a l l owed by the 

Be l l  T e l ephone Compan y .  Thi s permit s the u s e  

of l e a s e d  t e l ephone l in e s  a s  a p i l ot 

chann e l . 

SUPERVISION 

wire 

A fau l t e d  wire p i l o t men t i oned above may be 

det e ct ed b y  the mi l liamme t e r  and t e s t  svrit ch 

( supplied with the r e lay ) or by G ont inuous ly­

ope rat e d  superv i s o ry re l ay s  supp l ied as ext ra 

e quipment . 

The c ondition of the p i l ot wire un d '' n o rmal 

l oad condit i on s  may be determined b y  reading 

the p i l ot wire current b y  mean s of the t e st 

swi t ch and mi l l iamme t e r . 

A c ompar i s on of the reading s  obtained with 

the t yp i cal value s of Figure s 4 & 5 wi l l  in ­

d i cate the c ondit i on of the p i l ot w i re . It 

should be n o t ed that , when the far re l ay cur ­

ren t i s  being read, the near r e l ay i s  short 

c i r cu i t e d ,  and the far 1'e l ay is shun ted b y  the 

re s i s t an ce of the p i l ot wire s plus the im­

pedan c e  of the near re l ay in sulat ing t ran s ­

forme r s . 

CHARACTERISTICS 

Typi cal ove rall ope rating characteri s t i c s  of 

t he re l ay are i l lu s t rat ed in Figure s 6 and 7 .  
The general shape of the se curve s i s  s imi lar 

for othe r  t ype s of faul t s ,  relay set t ing s ,  and 

p i l ot wire lengths . The ampere ab s c i s sa and 
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TYPE HCB RELAY _____________________ _ 
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Fig. 7-Typical Operating Characteristics On Phase A to Ground Faults With Currents in Phase and 2000 Ohm Pilot Wire. 

6 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB RELAY l .l. 41 -658C 
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Fiq. 8-External Connections of the Type HCB Relay in the Standard Case For Phase and Ground Protection of A Two Ter­
minal Line. 

ordinate s c a l e s  may be interpo l ated as f o l l ow s  

t o  show the operat inr charact e r i s t i c s  f o r  

othe r  c ondit i o n s  u s in g  T = 4 .  

For ground fau l t s  u s in g  othe r R0 and R1 t ap s  

mul t iply s c a l e s by: 

Phase A t o  Ground Fau l t s  

1 . 7  
Phase B or C Ground Fault s 

For three -phase f au l t s mu l t ip l y  s c ale s  b y :  

For l in e - t o - line faul c s  mu l t iply scale s b y :  

SETTINGS 

The HCB r e l ay has three different t ap s  which 

are provided to obtain f l e xibi l it y  for a vide 

range of app l i cat i on . The t ap s  t o  p r ovide 

c o r re c t  ope rat ion for any given appli c at i on 

are e a s i l y  s e l e cted and have a wide lat itude . 

That i s ,  correct ope rat i on can be obtained f o r  

different c ombinat i on s  of t ap value s .  The 

f o l l owing d i s cu s s i on e s t ab l i she s l imit s f o r  

t he various t ap s e t t i n g s  under different ope r ­

at ing condit i on s .  I t  should b e  kept in mind 

that s e t t in g s  t o  obtain ope rat i on on min imum 

int e rn al fault c ondit i on s are based on the 

t ot a l  current that f l ow s  in t o  the s e ct ion from 

al l t e rminal s .  

Po sit ive Sequenc e Fi l t e r  Tap 

The lower left tap ( R1 ) has three avai l ab l e  

t ap s  . 075,  . 1 0 ,  and . 1 5 ( the . 075 t ap i s  

actual ly marked . 07 be cause of space l imit a -
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TYPE HCB RELAY __________________________________________ __ 

t i on s ) . The se t ap s  pe rmit c ompen sat i on f o r  
current t ran s f o rme r s  of d i f fe rent rat i o s  at 

the variou s  t e rminal s .  Where the current 

t ran s f orme r s  have the s ame rat i o s ,  the value s 
o f  R1 should be the s ame on al l re l ay s . A 
value of R1 = . 1 0  i s  u sually re c ommended e x ­
c e p t  where a m o r e  s e n s i t ive s e t t in g  o f  " T "  
( de s c ribed b e l ow )  i s  de s i Pe d  than i s  obt ain -

able with R1 = . 1 0 . Whe re the current t ran s ­
f orme r s  are diffe rent at the diffe rent t e rmi ­
n al s ,  s e l e c t  the value o f  R1 which i s  propor­
t i onal t o  t he current t ran s f ormer rat io s .  For 
examp l e , a s sume a rat i o  o f  300/5 at one t e rmi ­
nal and 600/5 at an othe r t e rminal . Set R1 
. 075 at t he 300/5 t e rminal and R1 = . 15 at the 
6 00/5 t e rminal . The rat i o s  obtainable are 
1/1 , 2/1 , 3/2 , and 4/3 . The s ame 
app l ie s t o  three t e rminal l in e s .  

P o s i t ive Sequence Current Tap 

procedure 

The upp e r  t ap ( T )  has �alue s o f  4, 5, 6 ,  8 ,  
1 0 ,  12  an d 1 5 . Thi s t ap should b e  s e l e c t e d  t o  

as sure oper a t i o n  o n  minimum internal 
l ine fault s ,  and 'rhere p o s s ible , t o  
t ripping o n  l oad current i f  the pilot 

line- t o­
prevent 

wire be -
c ome s acciuentally open c i r cuit e d .  The high­
e s t s e t t in g  o f  " T "  tnat will cause ope rat ion 
on int e rnal line - t o - l ine faul t s  i s  given by 
the equat ion : 

where ILL i s  the t o t al minimum in t e rnal l ine ­
t o - line s e c ondary fau l t  current fed from al l 
t e rminal s ,  divided by the numbe r of t e rminal s .  

The fact or 11 5 . 7 11 is u s e d  as the operat ion o f  
t h e  p o s it ive s e quen ce f i l t e r  i s  such that the 
re l ay require s 1 . 73 t ime s a s  much current f o r  

ope rat i on o n  a l in e - t o - l ine fau l t  as o n  a 

three phase fault . Thi s me an s that t he three ­

phase t rip s e t t in g  should be 57% of the de ­
s i red l ine -t o - l ine current s e t t in g .  Al s o , the 

nume r i c al value s of T are the po sit ive s e qu ­

e n c e  curren t s  requi red t o  operate the r e l ay 
-.rhen R 

1 
pen sate 

is s e t  on . 1 0 .  The refore , to com­

for the value o f  R1 used in the f o rm-
u l a ,  T ,  mu s t  be divided by 0 . 1 thereby ob­
t aining the factor 1 1 5 . 7 11 • 

Whe re l ine -t o - l ine current s are n ot known , 

8 

an alt e rn at e  equat ion can be u s e d . 

The alternate e quat i on i s :  

( la )  

where I34 i s  the t ot a l  min imum in t e rnal three 
p�ase s e c ondary fault current fed f rom al l 
t e rmin a l s  divided by the numb e r  of t e rminal s .  
The factor 11 . 86 "  i s  u s e d  a s  l in e -t o - l in e  fault 
current is 86% o f  the three pha se fault cur ­
rent when the n e gat ive s e quen ce impedan ce o f  
t h e  system e qual s t h e  p o s it ive s e quen ce im­
pedan ce o f  the system . 

Equat ion ( 1 )  and ( l a )  give the upp e r  l imit 
o f  11 T 11 ;rhich mu st not b e  exceede d  to obtain 
ope rat i on on the l in e - t o - l ine fault s .  The 
actual set t in g  shou l d  always be b e l ow the 
value s obtained f r om e quation ( 1 )  or ( l a ) . 
The minimum l imit s f o r  thi s s e t t i n g  are d i s ­
cu s se d  b e l ov .  

The 
t i on 

s e t t in g  
o n  l o ad 

of 1 1 T 11 which v i l l  c au s e  ope ra ­
current i f  t h e  p i l o t  w i re s be -

come ac c iden t a l l y  open c i r cuit e d  i s  given by 
the equat i on :  

T ( 2 )  

vhere " ILoad " i s  the maximum s e c ondary ful l 
l o ad balan c e d  current f l owing thr ough the 
t e rminal . 

It i s  gen e ra l l y  de s irab l e  t o  s e l e ct a value 
o f  1 1T 11 which w i l l  not cause operat ion i f  the 
p i l ot wire s are a c c identally open circuit e d . 
A safety fact o r  of at l e a s t  25% i s  gen e ra l l y  
r e c ommended t o  prevent s u c h  operat i on s .  That 

i s ,  11 T 11 , should be s e t  25% above the value ob­

t ained f rom equat ion ( 2 )  i f  the re l ay is n ot 

t o  operate on l o ad current with the p i l o t  
w i re s open c i r cuit e d . 

Thi s c on s id e rat ion may be n e g l e c t e d  if it i s  

realized that re l ay ope rat i on w i l l  b e  obtained 
i f  p i l ot w i re s are opened during heavy l oad 
current s ,  or i f  supervi s ory re lays are in ­
s c al le d  and conne c t e d  t o  b l ock the HCB on the 

o c currence o f  p i l ot wire f ailur e s . If sup e r ­
v i s ory r e lays are lnstalled t o  block HCB oper-
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Fig. 10-External Connections of the Type HCB Relay in the Type FT Case and Ground Protection of a Two Terminal Line. 
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TYPE HCB REJ.A.,_,Y _____________________ _ 

at ion under heavy load conditions with the 
pilot wire s opened, it is nece s sary to intro­
duce a t ime delay of approximate ly one cycle 
by interposing an auxiliary relay in the t rip 
circuit at each terminal to al low the super­
visory relays t ime t o  coordinate with the high 
speed of the HCB relay .  

Note : "T" must be set the same at all termi­
nal s (even where different tran sformer 
ratios are used . ) 

Zero Sequence Tap 

The lower tap ( R0 ) has taps . 025 , . 033, . 05 ,  
.39 ,  . 5 1 ,  .68,  .90 ,  1 . 2 and 1 . 6 .  (The first 
two taps  are actually marked . 02 and .03 be ­
cause of space limitation s ) . The three l owe st 
taps  are not used in applicat ion s  where high 
sensitivity to ground faults  is required .  
They are used on special applications where 
re spon se to positive sequence current only is  

required .  Where such re spon se is required , R0 
i s  set to equal to 1/3 R1 . 

Maximum sensitivity t o  ground fault s is  ob­
tained with R0 = 1 . 6 .  This setting is gener­
ally recommended where current t ran sformers 
with the same ratio are installed at all 
terminal s .  Where current transfor�ers of dif ­
ferent rat ios are in stalled at the various 
terminal s ,  value s of R0 should be selected 
which are most nearly proportional to  the 
t ran sformer ratio s .  When the ratio of the R0 
taps can not be made t o  exactly match the 
ratio of the R1 tap s ,  pick the ratio to mat ch 
as closely as 
straint tap .  

pos sibl e ,  and use maximum re -

The minimum tap t o  obtain operation on mini­
mum ground fault s is  expre s sed by the equa­
tion :  

0 . 2T 
r;- ( 3 )  

where Ig i s  the total minimum se condary 
ground fault current fed into the section from 
all terminal s (taking into account pos sible 
ground fault re sistance ) ,  divided by the num­
ber of terminal s ,  and where "T"  is  the actual 
tap selected (not the value calculated from 

10 

equation ( 1 )  o r  ( la ) . 

It is recommended that " R0 "  be set as high 
above the value obtained from equation (3 ) as 
pos sibl� keeping the value of R0 approximately 
proport ional t o  the current t ran sformer 
ratios . 

Re straint Tap 

The re straint coil has a tap which permit s 
the ent ire coil or part of it to be used . The 
relay is normal ly shipped with the restraint 
tap link connected in the maximum re straint 
position . Thi s link is  in the upper left hand 
corner of the panel carrying the polar ele­
ment . The link is  connected t o  the left for 
minimum re st raint , and to  the right for maxi­
mum re st raint . Maximum re st raint should be 
used with pilot wire s of 1500 t o  2000 ohms . 

Example of Relay Settings 

As sume a two terminal line with 
tran sformers rated 400/5 at station 

current 
1 and 

300/5 at stat ion 2 .  Also as sume that ful l  
load current is  300 ampere s ,  and on minimum 
internal pha se-to-phase fault s  20oo- ampere s 

feed int o  tlie fault -from station 1 and 1000 
ampere s from station 2 .  Further as sume that 
on minimum internal ground fault s ,  400 am­
peres  feed into the fault from station 1 and 
none from station 2 .  

Posit ive Sequence Filter Tap 

Set R1 
ratio . R1 
2 = 0 . 075 . 

proport ional to  the transformer 
at station 1 = 0 . 10 ,  R1 at station 

Positive Sequence Current Tap 

From Equat ion 1 

T 2 •7 X 2000 X 5 X . 1  
400 X 2 1 0 . 7  

or 

T 5 . 7 X 3000 X 5 X . 075 
300 X 2 = 1 0 . 7  

Thi s repre sent s the highe st permis sible 

� 
� 
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settin g .  The setting which will  cause 

tripping on l oad current if the pilot wire be ­
come s accidentally open circuited i s  given by 
equation ( 2 ) . 

T 1 0 X . 1  X 300 X 5 
= 400 

or 

T 1 0 X . 075 X 300 X 5 

3 - 75 

3 - 75 

Select T at both station s  6 .  

Zero Sequence Tap 

The minimum tap which wil l  cause tripping t o  
minimum internal ground fault s is  given by 
equation 3 .  

0 . 2  X 6 X 400 4 R0 = 200 x 5 = ·  8 at station 1 

R = 0 . 2  X 6 X 300 
O 200 X 5 .36 at station 2 

Select R0 at stat ion l 1 . 6 
And R at station 2 1 . 2 0 

BELAYS IN TYPE FT CASE 

The type FT case s are dust -proof enclosure s 
combining relay element s and knife -blade test 
swit che s in the same case . Thi s combination 
provide s a compact flexible assembly easy to  
maintain , inspect , test and adjust . There are 
three main unit s of the type FT case : the 
case , cover and chas si s .  The case is an all 
welded steel housing containing the hinge half 
of the knife-blade test swit che s and the 
terminal s for external connection s .  The cover 
is a drawn steel frame with a clear window 
which fit s over the front of the case with the 
switche s closed . The chassis i s  a frame that 
support s the relay e lemen t s  and the contact 
jaw half of the test switche s . Thi s slide s in 
and out of the case . The electrical con­
nection s  between the base and chassis are com­
pleted through the closed knife -blade s .  

Removing Chas sis 

To remove the chassis ,  first remove the 
cover by unscrewing , the captive nut s at the 

corners . Thi s exposes the relay element s and 
al l the test swit che s for in spection and 
testing . The next step i s  t o  open the test 
swit che s .  Always open the elongated red 
handle switche s � before any of the black 
handle swit che s or the cam action lat che s .  
This opens the trip circuit t o  prevent ac ­
cidental trip out . Then open al l the re ­
maining switche s .  The order of opening the 
remaining swit che s is not important . In open­
ing the test swit che s they should be moved al l 
the way back against the stops . With all the 
swit che s ful ly opened,  grasp the two cam 
act ion latch arms and pul l  outward . Thi s re ­
leases the chas sis  from the case . Using the 
lat ch arms as handle s ,  pul l  the chassis out of 
the case . The chassis  can be set on a test  
ben ch in  a normal upright position as wel l  as  
on  it s top, back or side s for  easy inspection, 
maintenan ce and test . 

After  removing the chassis a duplicate 
chassis may be in serted in the case or the 
blade prot ion of the swit che s can be c losed 
and the cover put in place without the 
chas sis . The chassis operated shorting 
switch l ocated behind the short circuiting 
test switch prevent s open circuiting that cir­
cuit when the short circuiting type test 
swit che s are closed . 

When the chassis is t o  be put back in the 
case , the above procedure is to be followed in 
the reversed orde r .  The elongated red handle 
swit ch should not be closed until  after the 
chassis  has been lat ched in place and all of 
the black handle swit che s closed . 

Electrical Circuits 

Each terminal in the base connect s thru a 
test switch t o  the relay element s in the 
chas sis  as shown on the internal schemat ic 
diagrams . The re lay terminal i s  identified by 

numbers marked on both the inside and out side 
of the base . The test switch position s  are 
identified by letters marked on the top and 
bottom surface of the moulded blocks , The se 
letters can be seen when the chassis  is re ­
moved from the case . 
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TYPE HCB RELAY _____________________ _ 

The potential and control circuit s thru the 
relay are dis connected from the external cir­
cuit by opening the associated test .'3wit che s .  
Opening the short circuiting test switch 
short -circuit s that circuit and disconne ct s 
one side of the relay coil but leave s the 
other side of · the coil connected to the ex-
ternal circuit thru the current test j ack 
jaws . Thi s circuit can be isolated by in sert ­
ing the current test plug (without external 
connection s )  by in serting the t en circuit test  
plug , or by in serting a piece of in sulat ing 
material approximate ly 1/32" thick" int o the 
current test jack jaw s .  Both switche s of the 
current test  swit ch pair must be open 
when using the current test plug or insulat ing 
material in this manner to short -circuit the 
current t ran sformer secondary . 

A cover operated switch can be supplied with 
it s contact s wired in series with the t rip 
circuit . Thi s swit ch open s the trip circuit 
when the cover is removed . Thi s switch can be 
added to the exi sting type FT cases at any 
time . 

Testing 

The re lays can be te sted in service , in the 
case but with the external circuit s 
or out of the case as follow s :  

Testing in Service 

isolated 

The ammeter test plug can be in serted in the 
current test jaws after opening the knife ­
blade swit.ch to  che ck the current thru the 
relay . Thi s plug consists  of two conducting 
st rips separated by an in sulating st rip . The 
ammeter i s  connected to the se strips by termi ­
nal screws and the leads are carried out thru 
holes  in the back of the in sulated handle . 

Voltage s between the potential circuit s can 
be measured convenient ly by clamping #2 clip 
leads on the pro j e cting clip lead lug on the 
contact jaw .  

Testing in Case 

With all blade s in the ful l  open posit ion , 
the ten circuit test plu� can be in serted in 

1 2  

the contact jav s .  This connect s the relay 
e lement s to  a set of binding posts and com­
pletely isolates  the re lay circuit s from the 
external conne ction s  by mean s of an in sulating 
barrier on the plug . The external test cir-
cuit s are conne cted to  the se binding post s .  
The plug i s  in serted in the bottom test j aws 
with the binding post s up and in the top test 
switch jaws with the binding post s down . 

The external test  circuit s may be made to  
the re lay e lement s by  #2  test  clip leads in­
stead of the test plug . When conne cting an 
external test circuit to  the current 
e lement s using clip lead s ,  care should be 
taken to see that the current t e st j ack jaws 
are open so that the relay is  completely iso­
lated from the external circuit s .  Sugge sted 
mean s for isolating thi s  circuit are out lined 
above , under "Electrical Circuit s . "  

Te sting Out of Case 

With the chas sis ,  removed from the base ,  
relay e lement s may b e  te sted b y  using the ten 
circuit test plug or by #2 t e st clip leads as 
de scribed above . The fact ory calibration i s  
made with the chassis in the case and removing 
the chassis from the case will change the 
calibration value s by a. small percentage . It 
is re commended that the re lay be checked in 
position as a final check Dn calibrat ion . 

INSTALLAnON 

The relays should be mounted on swit chboard 
pane l s  or their equivalent in a location free 
from dirt , moi sture , exce ssive vibration and 
heat . Mount the re lay vertically by mean s of 
the two mounting studs for the standard case s 
and the type FT pro jection case or by mean s of 
the four mounting hole s on the flange for the 
semi -flush type FT case . Either of the studs 
or the mounting screws may be ut ilized for 
grounding the relay .  The electrical con ­
ne ctions may b e  made dire ct to  the terminal s 
by mean s of screws for steel panel mounting or 
t o  terminal studs furni shed with the re lay for 
ebony-asbestos  or s late panel mounting .  The 
terminal studs may be easily removed or in­
serted by l ocking two nut s on the studs and 
then turning the proper nut with a wren ch . 
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The relay is  shipped with the operation in ­
dicat or and the contactor switch connected in 
parallel . Thi s circuit has a re si stance of 
approximate ly 0 . 25 ohm and i s  suitable for all 
t rip current s above 2 . 25 ampere s d-e . If the 
t rip current is  l e s s  than 2 . 25 ampere s ,  there 
is no need for the contactor swit ch and it 
should be disconrlected . �o disconnect the 
coi l ,  remove the short lead to the coil on 
the front stationary contact of the contactor 
swit ch . This lead should be fastened ( dead 
ended)  under the small fili ster-head screw 
located in the Micarta base of the contactor 
switch . The operation indicator will  operate 
for t rip current s  above 0 . 2 ampere s d-e . The 
re si stance of it s coil i s  approximately 2 . 8  
ohms . 

ADJUSTMENTS AND MAINTENANCE 

The proper 
operation of 
factory and 
receipt by 

ad justment s to insure correct 
thi s relay have been made at the 
should not be disturbed after 

the custome r .  If the adjustment s 
changed,  the relay taken apart for 

or if it is  de sired to  che ck the ad­
at regular maintenance period s ,  the 

have been 
repairs ,  
justment s 
in structions oelow should be followed . 

All contact s should be periodically cleaned 
with a fine file . 3#1002110 file is recom­
mended for thi s  purpose . The use of abrasive 
material for cleaning contact s is not re com­
mended , because of the danger of embedding 
small particle s in the face of the soft silver 
and thus impairing the c ontac t .  

CAUTION 1 .  Make sure that the neon lamp i s  
in place , whenever relay operation is  being 
che cked . Thi s is required to l imit dist ort ion 
in pilot wire voltage wave . 

2 .  When changing taps  under load the spare 
t ap screw should be in serted before removing 
the other t ap screw . 

Sequen ce Filter 

There are no adjustment s to  be made in the 
filte r .  

Polar-Type Element 

Contact Adjustment : Adjust both left -hand 
(front ' view ) contact s until they barely make 

a light circuit , when the armature i s  again st 
the left stop .  A flickering light is permi s ­
sible . Give both the left -hand contact s crews 
an additional 1/3 turn , and lock in position 
with the lock nut s provided . • 

Calibration: Connect the restraint t ap link 
in the posit ion in which it will be used . 
Conne ct the low voltage terminal s of the insu­
lating t ran sformer acro s s  the pilot wire 
terminals of the relay .  ( If thi s i s  not 
available , use a 1500 ohm re sistor . ) Connect 
the relay t ap s  on T = 4, R± = . 1 , R0 = 1 . 6 .  

Screw in the left -hand magnetic shunt all 
the way and lock it in position by mean s  of 
the locking screw provided . Adjust the 
right -hand magnetic  shunt in or out , as re ­
quired , until the relay just c loses  contact s 
at 6 . 9  to 7 . 0  ampe re s phase B to phase C cur­
rent . When this  adjustment has been made , and 
che cked with both magnetic shunt s locked in 
posit ion , change the input current connection s 
to phase A to neut ral . The relay should t rip 
for phase A to neut ral current between .45 and 
. 55 ampere s .  

Re straining Coil : The effe ctiven e s s  of the 
re st raining coil of the relay element , and the 
performance of the Rectox unit s ,  may be 
che cked as follow s ,  if de sired : Connect a 
variable re s i s t or acros s the high voltage 
terminal s of the in sulating t ransformer,  and 
conne ct d-e  mil lia.mmeters .in serie s with the 
operating and re straining coi l s  of the ele­
ment,  by  opening the se circuit s at  the test  
links provided for thi s purpose . The se 
mil lia.mmeters should have l ow re sistance ,  and 
should be capable of reading in the orde r of 
20 to  25 rna . in the operating coil and 100 t o  
150 rna . i n  the re st raining circuit . Using 
T=4 , R= . l ,  R0=1 . 6 ,  pass 10  ampere s 60  cycles  
from phase A t o  neutral in the relay,  and in ­
crease the variable re si stance acr o s s  the in ­
sulat ing t ran sformer high voltage terminal s 
until  the re laJ just t rip s .  Read the d-e  cur­
rent (milliampere s )  in the operat ing and re ­
st raining coil s at thi s point . The value s ob -
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TYPE HCB RELAY----------------------

tained should conform sub stantially to the 
following equat ion s . 

For Minimum Re st raint 

I = 0 . 12 IR + 8 

For Maximum Re straint 

I = 0 • 16 IR + 8 

where I0 and IR are operating and re st raining 
coil curren t s ,  re spectively, in mil liampere s .  
The re sult s are sub ject to  sl ight variation s  
between individual relays . 

The polarity of the connect ion s  t o  the pilot 
wire s ,  and the correct "Phasing out " of A, B, 
C phase s at the two station s  may be che cked by 
the six t&st s out lined on Page 15 . 

Pilot Wire Current 

The pilot wire current which should flow 
under normal l oad condit ion s i s  given in 
Figure s 4 and 5 .  If the relay taps in use 
differ from those indicated in the se figure s ,  
suitable c.onversion factors mu s t  b e  used as 
given 
will 
Rl . 

in the text . The pilot wire current 
vary inversely with T and dire ctly with 

Contactor Swit ch 

Adjust the stationary core of the switch for 
a c learance between the stationary core and 
the moving core of 1/64"  when the swit ch i s  
picked up . Thi s can be done by turning the 
relay up- side -down or  by disconnecting the 
swit ch and turning 1t up- side -down . Then 
screw up the core screw unt il the moving core 
start s rotating . Now, back off the core screw 
unt il the moving core stops rot at ing . Thi s 
indicates  the pbint s where the play in the 
assembly i s  t aken up , and where the moving 
core just separates  from the stationary core 

1 4  

screw . Back off the core screw approximate ly 
one turn and lock in place . Thi s prevent s the 
moving core from st riking and sticking to the 
stationary core because of re sidual magnetism .  
Ad just the cont act clearance f o r  3/32 11 by 
mean s of the �wo smal l nut s on either side of 
the Micarta di sc . The switch should p1c� up 
at 2 ampere s d-e .  Te st for sticking after 30 
amperes d-e  have been passed through the coil . 

Operation Indicat or 

Adjust the indicator  to  operate at 0 . 2  am­
pere d-e  gradually applied by loosening the 
two screws on the under side of the assembly, 
and moving tha bracket forward or backward . 
If the two helical springs which reset the 
armature are replaced by new springs ,  they 
should be weakened slight ly by stret ching t o  
obtain the 1 ampere calibration . The coil 
re sistance i s  approximately 2 . 8  ohms . 

ENERGY REQUIREMENTS 

The volt -ampere burden of the type HCB re ­
lay i s  practically independent of the pilot 
wire re sistance and of the current tap used . 
The following burden s were me asured at a bal -
anced three - phase current of 5 ampere s :  

For tap 4 R1 = . 075 and R0 = · 39 

Phase A 1 . 25 volt -ampere s  
Phase B .30  volt -amperes 
Phase c . 90 volt -ampere s 

For tap 4 R1 . 15 and R0 = 1 . 6 

Phase A 2 . 3  volt -ampere s 
Phase B 4 . 6 volt -ampere s 
Phase c 5 ·3 volt -amperes 

The angles above are the degree s by which 
the current lags it s respective voltage . 

The two second -overload rat ings of the relay 
are 150 ampere s phase and 125 ampe re s ground 
current s .  
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TYPE HCB RELAY ______________________________________________ ,.L_. 4_1_-6s __ ac 

C . T .  I s  C . T .  I "  

Note : 

.!> 11) • 

·rransmi s s io n  Line 

"F" R e l:.y {r insulating Tran sformers � 
l P i l+i r e •  � 

"N" R e lay 

HCB HCB 

" P i l o t  Wire Current " r e ad with Milli amme t e r s  

--....--;---__ T e s t  Swit c h e s______----:--'V"--
The line should be carrying through load c urrent amounting to at least 1 . 5  amperes as 
measured in the s ec ondary of the Current Transformers . This test is based on the rat io 
of the C . T , I s  being the same at each end of the l ine, in whic h  case s et the taps of both 
re lays to R1 = . 1 ; R0 = 1 . 6 ; T = 4 for this t e s t .  

RELAY " N "  RELAY "F" 

Test Relay Re lay " P ilot Wire Current " Te s t  Relay Re lay " P i lot Wire Current " � �  switch Current Trip C irculat ing Relay F Switch Current Trip C ircu.Lat ing Re.Lay N 

1 ;u� A, B , C , N  No ( 1 )  ( 1 ) Ht � A, B , C , N  No ( 1 )  ( 1 ) 

2 ; ;� A, C , B , N  No (2 ) (2 )  H� A, C , B , N No ( 2 )  ( 2 )  

� u u  
3 A, N Yes ( 3 )  ( 3 )  14-H 0 Yes ( 3 )  ( 3 )  ( 4 )  

6 H 6  WJ 4 � 0 Yes ( 3 )  ( 3 )  (4 ) A, N Ye s ( 3 )  ( 3 )  

5 tt; A, N No ( 3 )  ( 3 )  u;; A, N No ( 3 )  ( 3 )  

6 tt; A, N Yes ( 6 )  U t f  B , C , N  Ye s (6 ) 
REMARKS 

•rests 1 and 2 are to check normal positive s equence rotation of phases . The test switch c on­
nect ions of t e s t  #2 may be made readily with re lays in the Flexitest case by us ing c lip leads 
and insulat ing barr iers in the ammeter t e s t  jacks . However, care should be used to avoid ac­
c identally open- c ircuit ing the current transformer c ircuit s .  Tests 3 and 4 s imulate internal Phase A to Ground rault with single end r e ed . 
�s imulates an external Phase A t o  Ground fault . ( 5 )  
�simulates an internal Phase A to Ground faul t ,  with equal feed from the two end s ,  s inc e 
IB + Ic = - IA, with balanc ed load , 

LEGEND OF 
TEST SWITCH 

SYMBOLS : 
!Ni AlB ! C 

Normal Conne c t ion. ��} Y � i i All Currents t o  EXAMPLE 

Phase A 
C . T .  I s  
Phase B 
shorted 

current from 
to Relay .  

and C C . T . 1 s 
to neutral . 

( 1 )  

( 2 )  

m 
( 5 )  

( 6 )  

� Relay .  

To C . T .  1 s .  
The " pilot wire current " will vary depending upon the ma�itude of the · through load cur­
.rent and the charac teri� t i c s  o� the pilot wire . S§e Figures 6 and 7 .  
Since the re lay i s  temporarily c onnected for negat ive s equenc e ,  it should have pract­
ic ally zero output in this t e s t . 
The s e  readings may be " off scale" depending upon the magnitude of the load current . 
The relay at this st&tion should reset when the "far " current is be ing read because the 
local relay will be rec e iving no current from e ither the pilot wire or the current 
transformers .  
Test 4 and 5 can be repeated us ing phase B to neutral current , and again with phase C 
to neutral current , but this is not stric t ly nec e s sary on the bas is that, having proved 
the phase s equenc e with t e s t s  1 and 2, and having proved the c orrespondenc e of phase A at 
the two ends of the line with test 5, then phases B and C must be c orrec t .  
Some pilot wire current will b e  read, depending upon the magnitude of the distrl.buted 
capacity of the pilot wire in c omb ination with the magnet i zing impedanc e of the in­
sulat ing transformer . 
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TYPE HCB RELAY _____________________ _ 

SLOTS FOR � u; U-BOLTS 
FOR MOUN TIN<; ON PIPE 

� ttl  SLOTS FOR M OUNTIN� 

------1--.Ji 

�� NAME PLATE: 

SECONDARY POLARITY MARI<IO:R 

Fiq. 1 1-0utline and Drillinq Plan of the lnsulatinq Transformer. For Reference Only. 

--�� .. �-t�� _ _j 
�- --- lji 

I � l l  _ _ _  _;_ l i  
f. - 3 -

----, 

[ "' .,-

MTG. STV£> 
. 1 1 2.  - .. o TH'l> 

Fiq. 12-0utline and Drillinq Plan of the Projection Type Test 

Milliammeter. For Reference Only. 

1 6  

Fiq. 13-0utline and Drillinq 
·
Plan of the Semi-flush Type 

Test Milliammeter. For Reference Only. 
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TYPE HCB RELAY _______________________________________________ 1_. L_4_1 -_65 __ sc 

.2..50 D I A .  '"' O LE ( �HDLtr5) 
7 ' *  ; l  -l.q 8 

r= + ,...,t'\1 O"'lrJ N ('l)  - (") I H L I 

L 

3i- �- - 3 

. \9 0 -3Z.. T HO. 

Fig. 14--0utline of the Test Milliammeter Auxiliary Transformer. For Reference Onlv. 

DI A.(3)\ 

* TO I t PANE.L TH ICKNESS 

NAME.PLP-IE. E.NGf'-1>-'/ING 

SWITCH PO S IT I O N  TABULAT I O N  
POSIT I O N  

CONTACT REM REM. NORM NORM CIRC CIRC. LOCAL LOCAL 

P.o. P.O. P.O. P. O. 
3 - 4  f. X X X 
5 • 6 X X X X 
7 . 8 >< X X X X X 
g .  10 X X X X 
I I  - 12. X )( X X 

X DE.NOTE.S CONTACTS CLOSED 

Fiq. IS-Outline and Drilling Plan of the Type W Test Switch. For Reference Only. 
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TYPE HCB RELAY----------------------

i DIA.DRILL 
FOR THICK PANELS 

" 3Z OIA. DRILL (Z-�OLES) OPEN�S FOR TMIN PA.N£.L MOVNTINCiio. 
. f-'0-3l TERM. SC.REW &:.. STUOS ,i-Z.OMOUNTINCi SCR':E'w' 8::.. ST\.105 

US[ STUDS 
fOR THKK PANELS 

Fig IS-Outline and Drilling Plan For the Projection Type Standard Case. See the Internal Schematics For The Terminals 
Supplied. For Reference Only. 

0 

·"0·3Z TERI'I.&C� 
PAIIIEL LOCATION fOR �fci?��M:rl!/k 
"'"""':�m,- -r ---}:C 
I I 

PANEL LDCATION 1'011 SEMI FLUSII TYPE MTCio 

I 
I 
I 
I 
I 
I 

STUDS fOil. Pli.OJ . 

TYPE MTG.j DIA. 
HOLE (aREQ.) 

�-18 11TG. STUD(2. Q.EQ) 

Fig. 17-0utline and Drilling Plan for The M-20 Projection or Semi-Flush Type FT Case. See the Internal Schematic for the 
Terminals Supplied. For Reference Only. 
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l .l. 41 -658 D 
I N STA L L A TI O N  • O P E R A T I O N  • M A I N T E N A N C E  

I N S T R V C T I  s 

CAUTION Before putting protective re lays 
int o service , remove all blocking which may 
have been in serted for the purpose of securing 
the part s during shipment , make sure that all 
moving part s operate freely, in spect the con­
tact s to see that they are clean and close 
properly, and operate the relay to check the 

settings and e le ct rical connection s .  

APPLICATION 

The type HCB relay is a high speed pilot 

wire relay de signed for the complete phase and 
ground protection of two and three terminal 
transmi ssion line s .  Simultaneous t ripping of 
the re lay at each terminal is obtained in 
about 1/60 of a second for all fault s .  A 
complete installat ion for a two terminal line 
con sist s of two re lays , two insulating 
formers,  and an interconnecting pilot 
circuit . For a three terminal line , 

tran s ­
wire 

three 
relays,  three insulating transformers,  and a 
wye -c���cted pilot wire circuit with branche s 
of equal impedances are required . 

CONSTRUCTION 

The relay consist s  of a combination positive 
and zero phase sequence filter, a saturating 
auxil iary transformer, t�0 rect ox unit s ,  a 
polar type re lay unit , and a neon lamp all 
mounted in a single case . The external equip­
ment normally supplied with the relay consists 
of an insulating transformer,  a milliammeter 
and test swi t ch .  The construction of the se 
component s is as fol lows : 

Sequence Filter 

The current s from the current transformer 
secondarie s are passed thru a filter con­
sisting of a three winding iron core reactor 
and two re sistors . The secondary of the three 

SUPERSEDES I.L. 41 -658 C 

I I I ( 

the resistors are tapped /:inding rea�tor and 
to obtain settings for various fault con ­

The output of this filter provide s a dition s .  

voltage acro s s  the primary of the satur�ting 
tran sformer proportional to the positive 
sequence current plus a con stant times the 
zero sequence current . This combination is 
selected as the discriminating function 

because it can be adjusted to have definite 
value s lying in a comparative ly smal l range 
for all type s  of phase and ground faults . 
Thu s ,  a single operating e lement can be used 

for all types of fault s .  The two lower tap 
dials provide the adjustment of the re lative 
amount s  of positive and zero sequence currents 
that are combined to produce the required 
discriminat ing voltage . The right -hand lower 
tap dial (front view) adjusts  the sen sitivity 

to ground fault current s .  The left -hand lower 
tap dial adjusts the positive phase sequence 
sensitivity when the ratio of the current 
t ransformers at the terminal s of the line are 
not e qual . 

Saturat ing Auxiliary Tr� sformer 

The voltage from the filter is fed int o the 
tapped primary ( upper tap plate ) of a small 
saturating transforme r .  This tran sformer i8 
used to limit the voltage impres sed on the 
pilot wire , and to provide a small range of 
voltage for a large variation of maximum t o  
minimum fault current s . Thu s ,  high operating 
energy is obtained for very light fault s and 
limited operating energy for heavy fault s .  
The relay operating characteristic change s  

from percentage differential at low current 
value s to approximately directional charac ­
teristics at high current value s .  

The upper tap plate change s the out -put of 
the saturating tran sformer, and is marked in 
ampere s required to operate the re lay when the 
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TYPE HCB RELAY ____________________________________________ _ 

S W I NDING 
M UTUAL RE...CTOA 

REAR V I EW 

FULL WA'I/E 
RECTIFIERS 

NEON LAMP 

SATURAT I N G  
TRANSFORM&: A 

PH ..... SE B 
NeUTRAL 

TOP TEST SWI TCH )[� -- - --11-TO BASE TE<'M.S 
U Ji--TO eELAY I ;II I 1 --- --- --

f?ECT!FIE€S 

Fiq. 1-Internal Schematic of the Type HCB Relay in the 
Standard Case. 

Fiq. 2-lnternal Schematic of the Type HCB Relay in the 
Type FT Case. 

1---4----1 TR IP A R E  A ---4--+--f---

F 

N � ""' � ����IX} 
WITH MATCHED TRA NSF"ORERS �IX�"� 
N O R MAL LOAD AND THRU FAULT-..,."'-

�C�U�R�I F�£�N�T�S�A�L�L�A�L�O�N�G�I�H�IS�L�.I�NN�E���--����-t--r � ��� � TRZ AR���� � 
�L:�J��s�������� THESE AREAS ONLY O NE RELAY TRIPS 

"' " "  '\j '\J '\.  )(' 
F N 

V') w a: "' a.. 
::i 
• 
I 

5 10 15 2'o 25 30 40 
+ AMPERES I N  F"AR R£LAY \F1 

TRIP A R E A  

- -

N I----�J;L_ 
TRANS M ISSION L I N£ LJ 

-­
+ 

+ + CURRENTS : THRU FAULT 
+ - CURRENTS = I NT£RNAL FAULT 

Fiq. 3-Typical Operatinq Characteristics on Phase A to Ground Faults With Currents Thru the Two Terminals 30° Out of 
Phase. Maximum Restraint With Insulatinq Transformers and 2000 Ohm Pilot Wires. Taps T = 4, R, = .1, Ru = 1.6. 
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TYPE HCB RELAY ----

pilot wire is open or when e qual amount s of 
current s are fed to an internal fault thru the 
line terminal s . For further discussion, see 
section entitled, "settings " .  
Re ctox Unit s 

The secondary of the saturating t ransformer 

feeds the two rectox units ,  the insulating 
transformer ,  and the pilot wire , as shown 
s chematically in Figure 8 .  The rectox unit s 

are used to convert the a-c output of the 
saturating transformer to d-e for use un the 
d-e polar-type relay e lement . The use of a 
sensit ive polar-type relay, requiring a small 
amount of energy, keeps the volt -ampere burden 
on the current transformers very low.  

Polary-Type Relay 

This e lement consist s of a rectangular 

shaped magnetic frame , an electromagnet ,  a 
permanent magnet , and an armature with a 
double set of contact s .  The pole s  of the 
pe rmanent magnet clamp directly t o  each side 
of the magnetic frame . Flux from the permanent 
magnet divides int o two pa�hs , one path across 
the air gap at the front of the element in 
which the armature i s  located, the other a­

cross two gaps at the base of the frame . Two 
adjustable shunts are located across  the rear 
air gaps . These change the re luctance of �he 
magnetic yath so as to force some of the flux 
thru the moving armature which is fastened to  
the leaf spring and attached to  the frame mid­
way between the two rear air gap s .  Flux in 
the armature polarizes  it and create s  a ma�­
netic bias causing it t o  move t owards one or 
the other of the pole s ,  depending upon t he ad­

justment of the magnetic shunt s .  Two con­

centric coils are placed around the armature 
and within the magnetic frame . The coils are 
connected in opposition with one used as a re ­
straining winding and the other as an oper­
ating winding . The restraining winding set s 

up a magnetic field, which, in conjunction 
with the field from the permanent magnet holds 
the contact in the normal open posit ion .  The 
operating winding produces a magnetic field 
which acts to move the armature in the con­

tact closing dire ction . The restraining 
winding is tapped and the leads are brought 

out t o  taps at the upper left of the relay .  
The taps are marked T an d  F signifying Tapped 
and Full winding, re spectively. 

I.L. 41 -658 D 

The moving contacts are fastened on the free 
end of the leaf spring . Two stat ionary con­
tact s crews are mounted to  the left (front 
view) of the moving contact assembly and are 
adjusted for normally open contact s .  

In sulating T ransformer 

The insulating 
shown in Figure 
terminal e quipment 

t ransformer is connected as 
8 and serves to isolat e  the 
from the pilot wire . This 

avoids interconnection of station grounds that 
may have large differences of potentials 
between them . The mid-taps of the parallel­

wound secondary windings are brought out 
separately t o  provide a means of connecting 
supervi sory relays symmetrically within the 

pilot wire circuit . When auxiliary super­
visory relays are not used, these mid-taps are 
to be connected together and may be grounded 
to drain the voltages induced along the length 
of the pilot wires wnen these  voltage s ap­
proach the voltage limit of the cable . This 
is discus sed further under Pilot Wire below. 

The transformers have a 4/1 ratio and 
insulated for 5000 volt s .  

Pilot Wire 

are 

One pair of pilot wire s connecting the 
secondarie s of the insulating transformers is 
required to  provide a continuous circuit be ­
tween the relays . For the pilot wirea a lead­
covered twisted pair of No . 19 wire or larger 

is recommended , however,  open wires may be 
used . The following p oint s should be con­
s idered in se le ct ing pilot wire circuit s .  

1 .  The total circuit resistance ( including 
neutralizing transformers when used) between 
terminal s of the Type HCB relays exclusive of 
the insulating t ransformers and expres sed in 
terms of the pilot wire voltage must not ex­
ceed 2000 ohms for two terminal lines ( 500 
ohms per wye branch for three terminal line s ) .  

2 .  The shunt capacity between pilot wires 

should not exceed 0 . 75 microfarads per pilot 

wire terminal for two terminal line s (O.oO 
mfd .  per terminal for three terminal line s ) .  
In cases where this value is exceeded , auxili­
ary reactors may be required to  reduce the 
shunt current s  which t end to desensitize the 
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TYPE HCB RELAY ____________________________________________ _ 

0 I 2 8 4 I 
P061TIVE SEQUENCE AMPERES (60 C'ti:LES) IN BOTH RELAYS 

Fig. 4--Typical Test Output Vs. Input Relay Current in A 
Two Terminal Line With ZAro Pilot Wire Resistance. 

relay, except that , when the 
brated in place , connected t o  

relays are call­
the pilot wire s ,  

t o  1 . 0  mfd . for the value s may be 
two terminal line s .  

increased 
See 11Adjustment s 11 • 

3 .  The difference in the longitudinal in­
duced voltage which appears between wires 
should not exceed 15 volt s t otal (7 . 5  volt s 
per relay ) .  

4 .  The induced voltage t o  ground which oc­
curs on the pilot wire s during maximum fault 
conditions should not exceed the rating of the 
pilot wires or insulating transformers . The 
t ransformers are insulated for 5000 volt s .  In 
general , the pilot wires will be insulated for 
a much lower voltage . 

Induced voltage s and difference s 

station ground potent ials which appetir 
the pilot wire may be reduced to safe 
by the following mean s :  

between 
along 

l imit s 

4 

a .  Exce ss ive voltage s can be reduced by 
grounding the mid-taps of the insulating 
transformers and allowing current t o  
circulate over the pilot wires t o  
ground . However ,  the requirement of 1 5  

volt s difference must be maintained. 

b. For more serious induction two winding 
neutralizing t ransformers can be usen tn  

PILOT WIRE RESISTANCE • 2000 OHMS 

TAPS : T• 4, R o = .l, Ro • l.6 
MAXIMUM RESTRAINT TAP 
PILOT WIRE CAPACITANCE • 0.75 MFD. PER TERMINAL 

Ul ; :: j � 10 �4+--�������th��+h;h����� 
... ... 
� < 
3 16 ����G+��;=���tH�!H�+h+ri��� :i 
� 
lz � IO H+���������+YtHiHTHTH+rTH+H+n� 
a 
... a: � 5 H+��+-����H+H+H++n+H+H+H�H+H+� 
15 -' a: 

0 
POSITIVE SEQUENCE AMPERES ·(60 CYCLE$ IN BOTH RELAYS 

Fig. 5-Typical Test Output Vs. Input Relay Current In A 
Two Terminal Line With 2000 Ohm Pilot Wire Re­
sistance With or Without the 10 MFD. Condenser. 

limit the voltage s .  In cases where the 
sheath current may be sufficient to  
cause damage the sheath must be in­
sulated from ground and three winding 
neutralizing t ransformers should be 
used . Transformers are available for 
1000 and 2000 volt neutralization . 

c .  Another method consists of connecting a 
suitable two winding reactor and a pro­
tect or tube , such as the type AX642,  to 
the pilot wires at suitable point s . The 
arrangement is such that when the tube 
flashe s because of high extraneous volt­
age s ,  both wires are connected to  
ground , through the reactor and the 
tube . The impedance t o  ground is low, 
but the impedance between wires is kept 
high to avoid interfering with the oper­
ation of the HOB relays . 

OPERATION 

The HOB pilot wire relay operat e s  as a per­
centage differential device when the fault 
currents are small ,  and has e s sentially direc­

t ional characteristics ,  comparing the direc­

t ion of current flow at the terminals of the 
protected sect ion when the fault current s are 
large . 
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TYPE HCB BELAY ____ _ 

The voltage appearing acro s s  the se condary 
of the s aturating transformer is balanced 
against a simi lar voltage at the opposite end 
of the prote cted l ine section ,  thru the re -­
straint winding of e ach re l ay, the insulat ing 
t ran sforme rs and the pilot wire s ,  as shown in 
Figure 8 .  On exte rnal fault s ,  a flow of fault 
p ower thru the protected l ine sect ion , pro­
duces voltage s acro s s  the s e condaries of the 
s aturating t ran sformers which are e s sentially 
equal and in serie s .  The se vo ltage s act to 
circul ate current thru the re st raining coil of 
e ach re lay which is conne cted in series with 
p i l ot wire . Unde r thi s condition the ope r­
at ing coi l s  conne cted acro s s  the pilot wire s 
do not re ceive suffi cient current to overcome 
the re st raint and s o  t ripping does not occur.  

For internal faults  with equal feed-in from 
the terminals , the voltage s acro s s  the s atu­
rating t ransformers are in opposit ion . This 
re sult s in all of the current flowing thru the 
re straining and operating coi l s  in series and 
none thru the pilot wi re s .  The re lays at the 
ends of the sect ion operate unde r this condi­
t ion to give s imultaneou s  t ripping of the 
breakers at the terminal s  of the 
s e ction. 

prot e cted 

The impedance of the filter and the oper­
at ing coil can be ad justed so that the sum of 
the minimum t rip current s from all tei•minal s ,  
when fed in from on ly one terminal , i s  suffic­
ient t o  t rip the re l ays simultaneously.  This 
is affe cted somewhat by very low or very high 
pilot wire imPedance , s in ce in thi s  case en ­
e rgy to t rip any terminal not supplying cur­
reht to the fault , must be carried ove r  the 
pilot wire . C on sequently, settings are based 
on t otal fault current fed in from all termi­
nals dis regarding the current dist ribut ion 
from the terminal s .  

If 
all  
will 

the pilot wire become s open circuited,  
of the current in the res t raining coil 
also flow thru the ope rating coi l .  Whil e  

this condition exists  the rel ay operate s  as an 
overcurrent device and wi l l  t rip on all  fault s 
and also on heavy l oads greater than the re ­
lay setting . A short Jircuit on the pilot 
wire s wil l  p revent t ripping, since it short 
c ircuit s the operat ing winding of the re l ay .  

Howeve r ,  
wire i s  

l.l. 4 1 -658 0 

if the short circuit on the pilot 
so placed that it is 1 000 or more 

p i l ot wire ohms from one of the twn re l ays , 
then that re l ay wi l l  not be blocked . 

The current and voltage impre s sed on the 
pilot wire do not exceed 1 00 mi l l iamperes and 
60 volt s .  The wave form and magnitude of t he 
pilot wire current is such that telephone in ­
terference is within the l imit s allowed by the 
Be l l  Telephone C ompany .  This permit s  the use 
of leased te lephone l ines as a pilot 
channe l .  

SUPERVISION 

wire 

A faulted wire pilot mentioned above may be 
dete cted by the mi l l iammeter and test switch 
( suppl ied with the re l ay )  or by cont inuous ly­
operated supervisory re lays supplied as extra 
equipment . 

The condition of the pilot wire under normal 
load condit ions may be determined by reading 
the pilot wire current by means of the teat 
switch and mil l iammeter.  

A comparison of the readings obtained with 
the typical values of Figure s 4 & 5 wi l l  in ­
di cate the condition of the pilot wire . It 
should be noted that , when the far re l ay cur­
rent is being read , the near re l ay is short 
circuited, and the far re lay is shunted by the 
re sistance of the pilot wire s plus the im­
pedance of the near re l ay insulating t ran s ­
formers . 

CHARACTERISTICS 

Typical overal l oper ating charact eristics of 
the re lay are i l lustrated in Figure s 6 and 7 . 

The general shape of the s e  curve s is s imilar 
for othe r types of fault s ,  relay settings , and 
pilot wire �engths . The ampere abs ci s s a  and 
ordinate s cales may be interpolated to show 
the operating characterist ics  for other con­
dit ion s and t ap settings by the use of the 
fol l owing equat ion : 

where Ian is the value t o  read on the curve 
(Figures 6 and 7 ) .  
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AMPERES IN NEAR RELIW 

Fig. 6-Typical Operating Characteristics On Phase A to Ground Faults With Currents In Phase and 1500 Ohm Pilot Wire. 
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Fig. 7-Typical Operating Characteristics On Phase A to Ground Faults With Currents in Phase and 2000 Ohm Pilot Wire. 

6 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB BELAY l.l. 41 -658 D 

I 2 3 I 2 3 

PROTECTED LJNE SECTION PHASE ROTATION I · �  ·:o! � _'-' 
-

..... 

HI• POS . 

� 1 Ta. NEG. 

r-;:::... 
! l!o _9�RI P  COfL 

d; INSULATING o' /t'LOT -sSFORMER WIRES 

:=; / -<:3 "' 

y� � 
R E A R  V IEW 

I?• I �� 
1 4  l1 s  

-
'tt' 

POS. 
,. 

l NEG. >-�•· -

ITRI� .. ..,,..,. , I "" 
'-(� ' 

... � 

sc =�L 
@ '-- f-

REAR VIEW I · D · 2141 

8 1 0 .� i/ -.... I I  1 2  W TYPE u w "  
TES T SWITCH T 14 "CLI 6  ·-....: 

13 T l5 
PILOT WIRE " w '  TEST SWITCH S. l49 1 6 2 7 - 8 

13 f 15 
I I ±  ;:V\1\�� JJ _ht .:� " �L P O S I T I O N J.! 

CONT. 
INST RU ME N T  

NSFORMER TRA � REM. REM. NORM. it-IORM erR c. CIRC, �AL LOCAL l 
P. O. P.O. 

7 - 8  X X 
9 - 10 X X 

= 1 1 - 1 2  X X X X 

P. O. 
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X 

X X 

P. 0. 

X ['-' 
X 

ot==I MU LTIRANGE 
L I A M METER M I L  

13- 14 X X X X 
15- 1 6  X X X X 
X DENOTES C ON TACTS CLOSED P. 0. • PULL OUT 

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

For example , assume relay tap settings of 
T = 6, R1= . 1 ,  Ra = . 68, and also assume that 
a phase b to ground fault occurs , for which 
the 11near11 relay components are as fo l lows : 

�1 10  + jo  ( 2 ) 

( 3 )  

In equation (3 } ,  the fact or . 9  was arbi­
t rarily used as a reminder that the distribu­
tion factors for pos itive and zero sequence 
components are not necessarily equal for any 

. 2 given system. Al so ,  the operator a .  signifie s 
that Iao is 240 °  leading Iao for a phase b t o  
ground fault , neglecting dis similarities in 
the sequence networks . First substituting the 
particular condition of equation ( 3 }  in equa­
tion ( 1 )  gives 

Ian = � Ial { 2R1 + . 9a
2 

(R1 + 3R0 > } (4 ) 

Substituting value s for the several taps in 
( 4 }  give s 

I an = 2 .35  Ial { 2 x . 1  + . 9  ( - . 5-j . 866 ) } 
6 ( . 1 + 3 x . 6 8 }  (5 ) 

I an . 392 Ia1{- . 763 - j l .67} (6 ) 

I an t · 718 1 245 . 4 °  a.L 
(7 )  

Substituting the 
given by equation 

I 
value for Ian of 

I an= . 718 x 10 

numberical value for Ia l  
( 2 }  results in a numerical 

7 . 18 amperes .  

This is the value to read on the curve for 
the typical values chosen for the t ap s  R1 , tl0 , 
and T at the particular phase b t o  ground 
fault values indicated by equations ( 2 )  ana 

( 3 ) .  It should be noted that the tot al �hase 
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b current t o  the "near" relay is  Ib = Ibl + 

Ib2 + Ibo = 29 ampere s ,  assuming Ib2 = Ib1 • 

For a phase t o  phase fault , there i s  no zero 
sequence 
is equal 

current , and 
in magnitude 

phase 
t o :  

to  phase 

the phase current , ILL, 
to ""{5 Ial . Hence ,  for 

faul t s ,  equat ion ( 1 )  reduce s 

I an = 
2 ·�5 {f �� R1 } 

SETTINGS 

( 8 )  

The HCB relay has three different taps which 
are provided to obtain flexibility for a wide 
range of application . The taps to provide 
correct operation for any given applicat ion 
are easily selected and have a wide latitude . 
That i s ,  corre ct operation can be obtained for 
different combinat ions of tap value s .  The 
following discussion e stablishe s limit s for 
the various tap set t ings under different oper­
ating condition s .  It should be kept in mind 
that sett ings t o  obtain operation on minimum 
internal fault condit ions are based on the 
t otal current that flows into the sect ion from 
all terminals ,  

Po sit ive Sequence Filter  Tap 

The l ower left t ap ( Rl ) has three available 
taps  , 075,  , 1 0 ,  and . 15 (the . 075 tap is  
actually marked . 07 be cause of space limita­
t ions ) .  These t ap s  permit compensat ion for 
current t ransformers of different ratios at 
the various terminal s .  Where the current 
t ran sformers have the same ratios ,  the value s 
of R1 should be the same on all relays . A 
value of R1 = . 10 is usually recommended ex­
cept where a more sensit ive setting of "T" 
( de scribed below} is  desired than is obtain­
able with R1 = . 1 0 .  Where the current t rans­
formers are different at the different termi­
nal s ,  select the value o f  R1 which is  propor­
tional to the current t ransformer ratios . For 
example,  assume a ratio of 3 00/5 at one termi­
nal and 600/5 at another terminal . Set R1 
• 075 at the 300/5 terminal and R1 = . 15 at the 
600/5 terminal . The ratios obtainable are 
1/1 , 2/1 ,  3/2 ,  and 4/3 . The same procedure 
applies to three terminal l ine s .  

8 

Positive Sequence Current Tap 

The upper tap (T ) has values of 4 ,  5 ,  6 ,  8, 
10, 12 and 15. This tap should be sele cted to 
as sure operation on minimum internal l ine -to­
l ine fault s ,  and where possible , t o  prevent 
t ripping on load current if the pilot wire be­
come s accidentally open c ircuited . The high­
e st setting of 11T11 that will cause operation 
on internal l ine-to-line faults is given by 
the equation 

where ILL is the t otal minimum internal line­
to-line secondary fault current fed from all 
terminal s ,  divided by the number of terminals .  

The factor 11 5 . 7 11 is used as the operation of 
the posit ive sequence filter is  such that the 
relay requires 1 .73 t ime s as much current for 
operation on a l ine -to-line fault as on a 
three phase fault .  This means that the three­
phase t rip setting should be S7� of the de ­
sired line -to-line current setting .  Al so,  the 
numerical value s of T are the positive sequ­
ence currents required to operate the relay 
when R1 is set on . 10 .  Therefore , t o  com­
pensate for the value of R1 used in the form­

ula, T, must be divided �y 0 . 1  thereby ob­
taining the factor " 5 · 7 " · 

Where line -to-line current s are not known , 
an alternate equation can be used . 

The alternate equation i s :  

( 1 0 )  

where I 3 p  i s  the total minimum internal three 
phase secondary fault current fed from all 
terminal s  divided by the number of terminals .  
The factor 11 . 86 "  i s  used as line-to-line fault 
current is 86� of the three phase fault cur­
rent when the negative sequence impedance of 
the system equals the positive sequence im­
pedance of the system • 

Equation (9 ) and ( 10 )  give the upper l imit 
of 11T11 which must not be exceeded to obtain 
operation on the line -to-line fault s .  The 
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Fig. 9-External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line. 
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Fig. 10-External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of A Three 
Terminal Line. 
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Fig. 1 1 -External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line With a Transformer Bank. 

actual sett ing shoul d  always be b e l ow the 

valu e s  obtained from equat ion ( 9 )  or ( l O ) o  

'l'he minimum l imit s for this settin g  are d i s ­

c u s s e d  b e l ow .  

The sett ing of 11T 11 which wil l  cause  ope ra­

t i on on load current i f  t he pilot wire s be ­

c ome ac cidentally open c ircuited i s  g i ven by 

the equat i on : 

T 1 0  R1 I 
Load 

( 1 1 ) 

where " I  11 is  
Load 

load balanced  

1 0  

the maximum s e condary ful l  

current flowing through the 

terminal . 

It i s  general l y  d e sirable  t o  s e l e ct a value 

of "T " which wil l not cau s e  ope rat ion if t he 

pilot wire s are accidentally open circuit ed o  

A s afety factor of at l e ast 25% i s  general l y  

re c ommended t o  pre vent such ope rat ion s o  That 

i s ,  11T 11 ,  shou l d  be se t  25% above the value ob­

t ained from e quat i on ( 1 1 )  if the re lay is not 

t o  operate on l oa d  current wlth t he pilot 

wire s open c ircuit ed .  

This considerat ion may be neglected if it i s  

realized that relay ope rat ion will b e  obtained 

if pilot wire s are opened during heavy load 
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current s ,  or if supervisory re lays are in­
stal led and conne cted t o  block the HCB on the 
occurrence of pilot wire failure s .  If super­
visory relays are inst alled t o  block HCB oper­
at ion under heavy load c onditions  with the 
pilot wire s opened , it is n e ce ssary t o  intro­
duce a t ime de lay of approximate ly one cycle  
by  interposing an auxiliary re lay in the t rip 
circuit at each t e rminal t o  allow the super­
visory re lays t ime t o  coordinate with the high 
speed of t he HCB relay .  

NOte : "T " must be s e t  the same at a l l  termi­
nal s ( even where different t ransforme r 
rat ios are used . ) 

Zero Sequence Tap 

The lower tap ( Ra )  has taps . 025 , . 033 , . 05 ,  
. 39 ,  . 5 1 ,  .6 8 ,  . g o ,  1 . 2  and 1 . 6 . (The first 
two tap s  are actually marked . 02 and . 03 be ­
cause of space limitations ) .  The three lowe st 
taps are not used in appl icat ions where high 
sensitivity t o  ground fault s :l.s required .  
They are used on spe cial appl ications where 
re sponse to posit ive sequence current only is  
required . Where such re sponse is required ,  R0 
is set t o  equal t o  1/3 R1 � 

Maximum sensit ivity t o  ground faults  is ob­
tained with Ro = 1 . 6 . This setting is  gener­
ally re commended where current t ransformers 
·t�ith the same ratio are installed at all 
t erminal s .  Where current t ransformers of dif-
ferent rat ios are installed at the various 
t e rminal s ,  value s of R0 should be s e l e ct e d  

which are m o s t  nearly proprotional t o  the 
t ransfo�mer rat io s .  When the rat io of the R0 
taps can not be made t o  exact ly match the 
ratio of the Rl tap s ,  pick the ratio to mat ch 
as c losely as possible , and use maximum re ­
st raint tap .  

The minimum tap t o  obtain operation on mini­
mum ground faults  is expre ssed by  the equa­
t ion : 

where Ig is the t otal 
ground fault current fed 
all terminals ( t aking 

( 12 )  

minimum secondary 
into t he section from 
into account possible 

ground fault re sistance ) ,  divided by the num­
ber of terminal s ,  and where "T " is the actual 
tap selected (not the 'T<>lue cal culated from 
equation ( 9 )  or ( 10 ) .  

It is re commended that 11 R0" be set as high 
above the value obtained from equatio� ( 1 2 )  as 
possible keeping the value of R0 approximately 
proportional t o  the current t ransformer 
rat ios . 

Restraint Tap 

The re st raint coil has a tap which permit s 
the entire coil or part of it t o  be used . The 
re lay is normally shipped with the re st raint 
tap l ink conne cted in the maximum re straint 
position . This link is in the upper left hand 
corner of the panel carrying the polar ele­
ment . The l ink is conne cted t o  the left for 
minimum re straint , and to the right for maxi­
mum re straint . Maximum restraint should be 
used wit h  pilot wire s of 1500 t o  2000 ohms . 

Example of Relay Set t ings 

Assume a two terminal line with current 
t ransformers rated 400/5 at station 1 and 
300/5 at stat ion 2 .  Al so as sume that ful l  
load current is 3 0 0  ampere s ,  and or:t minimum 
internal phase-to-phase fault s 2000 amperes 
feed int o  the fault from stat ion 1 and 1000 
ampere s  from stat ion 2. Further as sume that 
on minimum internal ground faul t s ,  400 am­
pere s  feed int o the fault from station 1 and 
none from station 2 .  

Positive Sequence Filter Tap 

Set RJ proport ional t o  the t ransformer 
rat io .  R1 at stat ion 1 = 0 . 10 ,  R at stat ion 
2 = 0 . 075 · 

Positive Sequence Current Tap 

From equation (9 ) 

5 .7 X 3000 X 5 X . 1  T 10 . 7  
400 X 2 

or 

T 5 .7 X 3000 X 5 X . 075 10 . 7  
300 X 2 
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This repre sents the highest permissable 
setting . The setting which wil l cause 
tripping on load current if the pilot wire be­
come :3 accidentally open circuited is given by 
equat ion ( 1 1 ) .  

T = 1 0  X . 1  X 300 X 5 
400 

or 

T = 
10 X 0 . 75 X 300 5 

300 

3 · 75  

= 3 · 75 

Se lect T at both stations = 6 .  

Zero Sequence Tap 

The minimum tap which will cause tripping t o  
minimum internal ground faults  is given by 
equation ( 12 ) .  

0 . 2  X 6 X 400 
200 X 5 

0 . 2  X 6 X 300 
Ro = --------�---

200 X 5 

. 48 at stat ion 1 

.36 at station 2 

Select R0 at station 1 1 .6 
And R0 at stat ion 2 1 . 2  

RELAYS IN TYPE FT CASE 

The type FT cases are dust -proof enclosure s 
combining relay element s and knife-blade test 
switches in the s ame case . This combination 

provides a compact flexible assembly easy t o  
maintain , inspect , test  and adjust . There are 
three main units of the type FT case : the 
case , cover and chas sis . The case is an all 
welded steel housing containing the hinge half 
or the knife-blade test swit che s  and the 
terminals for external connections . The cover 
is  a drawn steel frame with a clear window 
which fit s over the front of the case with the 
swit ches clo&ed . The chassis is a frame that 
support s the relay elements and the contact 
j aw half of the test  swit che s .  This slide s in 
and out of the case . The electrical con­
ne ctions  between the base and chas sis are com­
pleted through the closed knife -blades .  

Removing Chassis  

To remove the chassi s ,  first remove the 
cover by uns crewing the captive nut s at the 

1 2  

corners . This exposes the �e lay elements and 
all the test swit che s for inspe ction and 
testing . The next step is  to open the test 
swit che s .  Always open the elongated red 
handle swit che s first before any of the black 
handle swit che s or the cam action lat che s .  
This opens the trip circuit t o  prevent ac­
cidental t rip out . Then open all the re­
maining switche s .  The order of opening the 
remaining switches i s  not important . In open­
ing the test switche s they should be moved all 
the way back against the stops . With all the 
switches ful ly opened, grasp the two cam 
action lat ch arms and pull outward . This re ­
leases the chassis from the case . Using the 
lat ch arms as handle s ,  pull the chassis out of 
the case . The chassis can be set on a test 
bench in a normal upright posit ion as well  as 
on its top ,  back or sides for easy inspe ction, 
maintenance and test . 

After removing the chassis  a duplicate 
chas sis may be Jnserted in the case or the 
blade portion of the swit che s can be closed 
and the cover put in place without the 
chassis . The chas sis operated shorting 
swit ch located behind the short circuiting 
test swit ch prevents open circuit ing that cir­
cuit when the short circuit ing type test 
switches are closed . 

When the chassis is t o  be put back in the 
case , the above procedure is to be followed in 
the reversed order . The elongated red handle 
switch should not be closed until  after the 
chas sis  has been lat ched in place and al l of 
the black handle swit ches closed. 

Electrical Circuit s 

Each terminal in the base connects thru a 
test switch to the relay elements 
chas sis as shown on the internal 

in the 
s chematic 

diagrams . The relay terminal is  identified by 
numbers marked on both the inside and outside 
of the base . The test switch posit ions are 
identified by letters marked on the t op and 
bottom surface of the moulded blocks . The se 
letters can be seen when the chassis or re ­
moved from the case . 

The potential and cont rol circuit s thru the 
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TYPE HCB RELAY 

re lay are dis conne cted from the external cir­
cuit by opening the associated test switche s . 
Opening the short circuiting test switch 
short - circuit s that circuit and dis conne ct s 
one side of the relay coil but leave s the 
other side of the coil conne cted to the ex­
ternal circuit thru the current test j ack 
j aws . This circuit can be isolated by insert ­
ing the current test plug (without external 
connections }  by inserting the ten circuit test 
plug, or by inserting a piece of insulating 
material approximately 1/32 11 thick into the 
current test j ack j aws . Both swit che s of the 
current test switch pair must be open 
when using the current test plug or insulat ing 
material in this manner to short -circuit the 
current transformer secondary . 

A cover operated switch can be supplied with 
its contact s wired in serie s with the trip 
circuit . This switch opens the trip circuit 
when the cover is removed .  This switch can be 
added to the existing type FT cases at any 
t ime . 

Testing 

The re lays can be tested in service , in the 
case but with the external circuit s isolated 
or out of the case as follows : 

Test ing In Service 

The ammeter test plug can be inserted in the 
current test jaws after opening the knife ­
blade swit ch to check the current thru the 
relay.  This plug con sist s of  two conducting 
strips separated by an insulating strip. The 
ammeter is connected to these st rips by termi­
nal screws and the leads are carried out thru 
holes  in the back of the insulated handle . 

Voltage s between the potent ial circuits can 
be measured conveniently by clamping #2 clip 
leads on the proje cting clip lead lug on the 
contact j aw .  

Testing In Case 

With all blade s in the full open posit ion, 
the ten circuit test plug can be inserted in 

I.L. 4 1 -658 D 

the contact jaws . This connect s  the re lay 
element s to a set of binding posts and com­
pletely isolates the re lay circuits from the 
external conne ct ions by means of an insulating 
barrier on the plug . The external test cir­
cuit s are connected to the se binding post s .  
The 
with 

plug is inserted in the bottom test j aws 
the binding post s up and in the top test 

switch j aws with the binding posts down . 

The external test circuit s may be made to 
the rel ay element s by #2 test clip leads in­
stead of the test plug . When connecting an 
external test circuit to the current 
element s using clip leads , care should be 
taken to see that the current test j ack jaws 
are open so that the re lay is completely iso­
lated from the external circuit s .  Sugge sted 
means for isolat ing this circuit are outlined 
above , under "Electrical Circuit s . "  

Testing Out of Case 

With the chassis ,  removed from the base , 
relay elements may be tested by using the ten 
circuit test plug or by #2 test clip leads as 
described above . The fact ory calibration is 
made with the chassis in the case and removing 
the chas sis  from the case will change the 
calibrat ion values by a small percent age . It 
is re commended that the relay be checked in 
posit ion as a final check on calibration . 

INSTALLATION 

The relays should be mounted on swit chboard 

pane l s  or the i r  equivalent in a l o cation free 

from dirt , moisture , exce ssive vibration and 
heat . Mount the re lay vertically by means of 
the two mount ing studs for the standard cases 
and the type FT project ion case or by means of 
the four mounting holes on the flange for the 
semi-flush type FT case . Either of the studs 
or the mounting s crews may be ut ilized for 
grounding the re lay .  The electrical con­
nections may be made direct to the terminal s 
by means of screws for steel pane l mount ing or 
to  terminal studs furnished with the relay for 
ebony-asbe stos or slate panel mounting . The 
terminal studs may be easily removed or in­
serted by locking two nut s on the studs and 
then turning the proper nut with a wrench . 
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TYPE HCB RELAY--
--------------------

The relay is shipped with the operation in­
dicator and the contactor switch connected in 
paral lel . This circuit has a resistance of 
approximately 0 . 25 ohm and is suitable for all 
trip current s above 2 . 25 ampere s d - e .  If the 
trip current is less than 2 . 25 ampere s ,  there 
is no need for the contactor switch and it 
should be dis connected . To disconne ct the 
coil , remove the short lead to the coil on 
the front stat ionary contact of the contactor 
switch. This lead should be fastened 
ended ) under the small filister-head 

( dead 
s crew 

located in the Micarta base of the contactor 
swit ch. The operation indicat or will operate 
for t rip current s above 0 . 2  ampere s d-e .  The 
re sistance of it s coil is approximately 2 . 8  
ohms . 

ADJUSTMENTS AND MAINTENANCE 

adjustments t o  insure correct The proper 
operation of 
fact ory and 
receipt by 

this re lay have been made at the 
should not be disturbed after 

the customer.  If the adjustments 
have been changed,  the relay t aken apart for 
repairs,  or if it is desired to check the ad­
justment s at regular maintenance periods , the 
instruct ions below should be followed.  

All contact s should be  periodically cleaned 
with a fine file . 3#10021 10 file is re com­
mended for this purpose . The use of abrasive 
material for cleaning contact s  is not re com­
mended, be cause of the danger of embedding 
small particles in the face of the soft silver  
and thus impairing the contact . 

CAUTION 1 .  Make sure that the neon lamp is 
in place , whenever relay operation is being 
checked.  This is required to limit distort ior, 
in pilot wire voltage wave . 

2 .  When changing taps  under load the a}}ftl't! 
tap screw should be inserted before removing 
the other tap screw . 
Sequence Filter 

There are no adjustment s to  be made in the 
zero sequence resistor.  The taps  on the R1 
re sistor are adjustable , however, but this is 
a factory calibration which should not 
ordinarily be disturbe d .  To check the posi­
t ive sequence current filter, pas s a current 

1 4  

I = 6 . 94 ampere s through a pair of phase 
terminal s ,  for example , in at phase B, out of 
phase C ( see Figure 2 )  and measure the open 
circuit filter voltage with a high re sistance 
voltmeter .  This may be done by removing the 
positive sequence current tap screw, T ,  and 
connecting the voltmeter across  the open 
circuit thus formed.  The voltage should be 
8R1 plus or minus 5� for each of the three 
phase -to-phase combination s ,  AB, BC, or CA . 
For example , at I = 6 .94 ampere s and R1 = . 1 ,  
the volta�e should be 0 . 8  volt s .  

Polar-Type Element 

Contact Adjustment : Adjust both left -hand 
( front view } contact s until they barely make 
a light circuit , when the armature is against 
the left stop . A flickering light is permis­
sible . Give both the left -hand contact screws 
an addit ional 1/3 turn , and lock in position 
with the lock nut s provided .  

Galibration : Connect the re st raint tap link 
in the position in which it will be used . 
Conne ct the low voltage terminal s of the insu­
lating tramsformer across  the pilot wire 
terminal s of the relay. Conne ct the re ­
lay taps on T = 4 ,  R1 = . 1 ,  R0 = 1 .6 .  

Screw in the left -hand magnetic shunt all 
the way and 
the locking 

lock it in position by means of 
s crew provided .  Adjust the 

right -hand magnetic shunt in or out ,  as re -
quired,  
at 6 . 9 

unitl the relay just closes contact s 
to 7 . 0  amperes phase B to phase C cur-

rent . When this adjustment has been made , and 
checked with both magnet ic shunts locked in 
position , change the input current conne ctions  
to  phase A to neutral . The relay should t rip 
for phase A to neutral current between .45  and 
. 55 ampere s .  

The above � s  given as 
bration on an individual 
sulating t ransforme r .  This 

a laboratory call­
relay with it s in­
does not take into 

consideration the characteristics of the pilot 
wire circuit between the relays , so  that the 
following calibration in place is recommended ,  
particularly when the distributed capacity of 
the pilot wires approaches the upper  limit for 
the applicat ion . 
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(/) 

2 .0 .. 

1.1.1 
:N T 0:: rB P ::AR 

I 
1.1.1 Cl-'::E <( 
� 
t-- I 
z 1 .0 
uJ 0:: 0:: :::> t-- !N TO TRIP NEAR R ::LAY (.) 

z � TO TRI P FAR RELAY .a 
,_!I. 

.. FOR EACH CAPACITANCE USED THE 
RELAYS WERE INDIVIDUALLY 
RECALIBRATED TO TRIP AT JAN• 

c 0 .5 1.0 
Cpw = CAPACITANCE IN .. U.f PER TERMINAL 

Fiq. 12-Typical Curves Showing the Effect of Pilot Wire 
Capacitance on Operation of the Type HCB Relay. 

With both relays set on taps T = 4 ,  R1 = . 1 ,  
R0 = 1 .6 ,  and the restraint tap which will be 
used, adjust the "near" re lay to trip at 
2 x .47 = .94  ampere s ,  phase A to Neutral,  
This is  based on two considerations . First , 

• 47 amperes is the value of phase A to Neutral 
amperes which is equivalent in the re lay 
filter to 4 ampere s  positive sequence only, 
with the taps as specified above . Secondly, 
with both relays connected to the pilot wires 
the t otal internal fault current to trip the 
two relays is substant ially two times the 
current required for one relay only, 
thus account ing for the factor of 2 .  A suit ­
able tolerance to allow in the adjustment for 
. 94 ampere s may be considered,  for example , as 
between the limits of .9 and 1 . 0  ampere . Once 
the "near" relay is  adjusted, or calibrated, 
in line with the above , it be comes necessary 
t o  repeat the procedure for the "far" re lay . 

It doe s  not peces sarily follow that when the 
"near" relay is be ing calibrated as above , 
that the "far" relay, when calibrated, will 
t rip at the same cur.rent value in the "near" 
relay that trips the "near" relay, because , 
being energized over the pilot wire s ,  it s con-

l.l. 41 -658 D 

dit ion of energizat ion is different . The cur­
rent in the "near" re lay to trip the "far" 
re lay, and vice versa, require s observers at 
both locations . The curve, Figure 12,  is 
typical of a 2000 ohm pilot wire and is 
typical of the variation to be expected witp 
different value s of distributed capacity . 

Re st raining Coil : The effectiveness of th� 
re straining coil of the relay element , and the 
performance of the Re ctox unit s ,  may be 
checked as follows , if de sired : Connect a 
variable non-inductive re sistor across  the 
high voltage terminals of the ins\l.lating 
t ransformer, and connect d-e milliammeters in 
serie s with the operating and re straining 
coil s 
cuit s 

of 
at 

the element , by 
the te st links 

opening the se cir­
provided for this 

purpose . These mill iammeters should have low 
re sistance, 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 re straining 
circuit . Using T = 4 ,  R = . 1 ,  Ro = 1 .6 ,  pass 
10 amperes 60 cycles from phase A t o  Neutral 
in the re lay, and increase the variable 
re sist ance across the insulating transformer 
high 
t rips . 
2000 
Read 

voltage terminal s until the relay just 
This should be in the order of 1400 to 

ohms • when maximum restraint is used .  
the d-e current (milliampere s }  in the 

operating and re st raining coils at this point • 

The value s obtained should conform substan­
tially to the following equations .  

For Minimum Restraint 

I0 = . 12 IR + 8 

For Maximum Restraint 

where I0 and IR are operating and restraining 
coil current s ,  re spect ively, in milliampere s .  
The re sult s are subject to  slight variations 
between individual relays . 

The polarity of the connections to the pilot 
wire s ,  and the correct "Phasing out " of A, B, 
C phase s  at the two stat ions may be checked by 
the six tests  outlined on Page 17 . 
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TYPE HCB RELAY 

Pilot Wire Current 

The pilot wire current which should flow 
under normal load conditions is given in 
Figure s 4 and 5 · If the relay tap s  in use 
differ from those indicated in the se figurfts , 

suitable conversion factors must be used as 
given in the text . The pilot wire current 
will vary inversely with T and directly with 
Rl . 

C ontactor Swit ch 

Adjust the stationary core of the switch for 
a clearance between the st ationary core and 

the moving core of 1/64 " when the switch is 
picked up . This can be done by turning the 
relay up-side -down or by disconnecting the 
switch and turning it up-side-down .  Then 
s crew up the core s crew until the moving core 
starts rotating . Now, baek off the core s crew 
until the moving co�e stop s  rotating . This 
indicates the point s where the play in the 
as sembly is taken up, and where the moving 
core just separates from the stationary core 
screw. Back off the core screw approximately 
one turn and lock in place . This prevent s the 
moving core from striking and sticking t o  the 
stat ionary core because of res idual magnetism. 
Adjust the contact clearance for 3/32" by 

means of the two small nut s on either side of 
the Micarta dis c .  The switch should pick up 
at 2 a�pere s  d-e . Test for sticking after 30 
amperes d-e have been passed through the coil . 

Operat ion Indicator 

Adjust the indicator to operate at 0 . 2  am-

16  

pere d-e gradually applied by loosening the 
two s crews on the under side of the assembly, 
and moving the bracket forward or backward . 
If the two he lical springs which reset the 
armature are, replaced by new springs , they 
should be weakened s light ly by stret ching t o  
obtain the 1 ampere calibrat ion . The coil 
resistance is approximate ly 2 . 8  ohms . 

ENERGY REQUIREMENTS 

The volt -ampere burden of the type HCB re­
lay is practically independent of the pilot 
wire resistance and of the current tap used . 

The following burdens were measured at a bal-
anced three - phase current of 5 amperes : 

For tap 4 R1 . 075 and R0 = .39  

Phase A 1 . 25 volt -ampere s  o o 
Phase B . 30  volt -amperes 285 ° 
Phase c . g o  volt -ampere s  45 ° 

For tap 4 R1 • 15 and R0 = 1 .  6 

Phase A � . 3  volt -ampere s  120° 
Phase B 4 . 6 volt -amperes 285 ° 
Phcse c 5 .3 volt-ampere s 45 ° 

The angl e s  above are the degre e s  b y  w�ch 
the current lags its respective voltage . 

The two second overload ratings of the relay 
are 150 amperes phase and 125 ampere s ground 
current s .  

) 
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TYPE HCB RELAY __________________________________________ _____ ,_.L_4_1 _-6s_s_o 

I C . T .  1 s C .  T .  ' :: 

'l':::> an sm i s  s i on L�ne 

"N" Relay rFinsulating {ransformers � 
t P i lo� Wiree � HCB 

" Pilot Wire Current " 

..___.,...._;----__ T e s t  

" F "  Rel: .y 

Not e : The line should be c arrying through load current amount ing to at lea s t  1 . 5  amperes as 
measured in the s e c ondary of the Current Transformer s .  This t e s t  i s  based on the ratio 
o f  the C . T . ' s  b e ing the s ame at each end of the l ine, in which c a s e  s e t  the taps of both 
r e lays t o  R1 = . 1 ; R0 = 1 . 6 ;  T = 4 for this t e s t ,  

··--- ------------ ·-

.p 
rn • 
(!) 0 8 "'  

l 

2 

3 

4 
5 

1 6 

T e s t  
Switch 

�H �  
� tX 
� 
6 H 6  
u.M 

iji; 
u;; 

RELAY "N" 
R e lay Re lay 

Current Trip 

A,B , C , N  No 

A, C , B , N  No 

A, N Yes 

0 Yes 

A, N No 

A, N Yes 

" P i lo t  Wire Current" Te s t  
C irculating Relay F Swit c h  

( l )  ( 1 )  Ht� 
( 2 )  ( 2 )  H� 

u u  
( 3 )  ( 3 )  � 

( 3 )  ( 3 )  ( 4 )  lliJ 
( 3 )  ( 3 )  u;; 
(6 ) U� 1  

REMARKS 

RELAY 

Relay R elay 
Current Trip 

A,B, C , E  No 

A, C , B , J: No 

0 Ye s 

A, N Yes 

A, N No 

B, C , N  Yes 

! tp ll 

1 1P ilot Wire 
C irculat ing 

( l )  

( 2 ) 

( 3 )  
( 3 )  

( 3 )  
( 6 )  

Current " 
Relay N 

( l )  

( 2 ) 

( 3 )  ( 4 )  
( 3 )  

( 3 )  

fests 1 and 2 are to check normal po s i t ive s e quenc e r o t at i on of pha s e s . The t e s t  switch c on­
nect ions of t � s t  #2 may be made readily with re lays in the F le x i t e s t  c as e  by using c lip leads 
and insulat ing barr iers in the ammeter t e s t  j ac k s . However , care should be used to avoid ac­
c identally open- c irc uit ing the current transformer c ircui t s . 
T e s t s  3 and 4 s imulate internal Phase A to Ground fault with s ingle end f � � d .  
��s�5_s imulates an external Phase A to Sround rault . ( 5 )  �s imulates  an internal Pha s e  A to Ground fault , with equal f e ed from the two end s ,  s inc e IB + I0 = - IA, with balanc ed load , 

LEGEND OF 
TEST SWITCH 

SYMBOLS : 
� ��� A!B ! C  Normal Conne c t ion, ��} t f 1 t All Currents t o  

P h a s e  A 
C . T .  1 s  

EXAMPLE Phase B 
current from 

to R e lay . 
and C c . T .  1 s  
to neutral . 

( l )  

( 2 ) 
( 3 '  ( 4 )  
( 5 ) 

( 6 )  

� R e lay . shorted 

To C . T .  t s .  
The 1 1pilot wire c urrent " will vary depending upon the maenitude of the through load c:ur­
.rent and the charac t er i s t ic s of_ the pilot wir e .  S§e F igures '+ e.nd ) . 
Sinc e the re lay is temporar i ly c onnec ted f or negative sequenc e ,  it should have prac t­
ic ally zero output in this t e s t , 
The s e  r e adings may be 11 off sc ale " depend ing upon the magnitude of the load current . 
The re lay at this s t &t ion should r e s e t  when the 1 1far 11 c urrent is be ing read b e c au s e  the 
local re lay will be r e c e iving no current from e ither the pilot wire or the current 
transformer s .  
T e s t  4 and 5 c an b e  repeated using phase B t o  neutral current, and again with phase C 
to neutral current, but this is not s t r i c t ly nec e s s ary on the b a s i s  that, having proved 
the phase s equenc e with t e s t s  l and 2, and having proved the c orre spondenc e of phase A at 
the two ends of the line with t e s t  5, then pha s e s  B and C must b e  c orrec t .  
Some p i l o t  wire c urrent will b e  read, depending upon the magnitude of the d i s t,.. i.buted 
c apac ity of the p i l o t  wire in c omb inat ion with the magnet i z ing impedanc e of the in­
sulating transf ormer . 

I I 
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� I  \ f  

I 

/ 

INSTRUCTION 
PLAT E x�J 

li rl  H4 H3 H2 HI 

C L A M P  TYPE T E R M I N A L  
FOR "* 4 W IRE MA X I M U M 

� DIA .  M TG. HOLE S 
4 T O T A L  

Fig. IS-Outline and Drilling Plan of the Insulating Transformer. For Reference Only. 

-------+-.-- li 
3 --

i"'TG. STVD /.Ul. - 40 TII'JI 

5££ T"'eoLf.: 

Fig. 14-0utline and Drilling Plan of the Projection Type 
Test Milliammeter. For Reference Only. 

18 

Fig. IS-Outline and Drilling Plan of the Semi-flush Type 
Test Milliammeter. For Reference Only. 
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I-C-------3i 

.2-50 D i ll>. .  H O LE ( �1-/0L£$) 

3 ---

. 19 0 -32. T H O. 

Fig. 16-0utline of the Test Milliammeter Auxiliary Transformer. For Reference Only. 

ll Tl(, PANEL --+ S<t\4-el'-27 � TK. PANEL --+ s• 14'31"Z.8 

�WrTCH !>OSITION TABULATION 

POSITION 
CONi,..;: I REM. REM, NORM. "'� CII�C CIRC. LOCAL 

P.O. P. o. p.o. 

7 - 8  'f. X )( 
9 -IO X )( )( 
II - IZ X X X X )( X 
13 - 14 X X ')( )( 
IS-I  CO X )( X 

)(·OENOTES CONIA.CTS CLOSeD 

LOC-'L 
P.O. 

)( 
J( 

')( 

f' DIA.(3 

ORILLINC1o 
PLAN 

NAMEPLAIE EN�AVING, 

Fig. 17-0utline and Drilling Plan of the Type W T�tst Switch. For Reference Only. 
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TYPE HCB RELAY __________________________________________ ___ 

-i DIA.DRILL FOR THICK 
PANElS 

.ii OIA.ORILL 
(Z-HOLES) 

US£ STUDS fOR TNK K PANELS 

Fiq. IS-Outline and Drillinq Plan For the Projection Type Standard Case. See the Internal Schematics For The Terminals 
Supplied. For Reference Only. 

I I 

PANEL LOC4TION I'Oit 
SEMI FLUS\\ T'IPE MTG. 

I 
I 

STUDS FOR. PROJ . 
T'IPE MTG.-iDIA. HOlE (Z.RE�.) 

l-l& l'ffa . STUD(.z. �0.� 

c.----.----n.UT 0\lT FOR PI!.O.JECT\ON 11TQ.ONTHIN P�NELS. 

Fiq. 19-0utline and Drillinq Plan for the M-20 Projection or Semi-Flush Type FT Case. See the lntemal Schematic fol" the 
Terminals Supplied. F'or Reference Only. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
M E T E R  D I V I S I O N  N E W A R K, N.J.  
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I N ST A L L A T I O N  • O P E R A T I 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 HCB PILOT WIRE RELAY 

CAUTION Before putting protect ive re lays 
int o service , remove all bl ocking which may 
have been in serted for the purpose of securing 
the part s during shipment , make sure that all 
moving part s operate freely,  inspect the con ­
t acts  to see that they are clean and close 
properly, and operate the re lay to check the 
settings and e le ctrical connection s .  

APPLICATION 

The type HCB re lay is a high speed pilot 
wire relay de signed for the complete phase and 
ground protect ion of two and three terminal 
tran smiss ion line s .  Simultaneous tripping of 
the re lay 
about 1/60 

at each terminal is obtained 
of a second for all fault s .  

in 
A 

complete installat ion for a two terminal line 
con sists  of bwo re lays,  two in sulating tran s ­
formers , and an interconnect ing pilot wire 
circuit . For a three terminal line , three 
relays , three insulating t ran sformers , and a 
wye -conne cted pilot wire circuit with branche s 
of equal impedan ces are required .  

CONSTRUCTION 

The re lay consist s of a combinat ion posit ive 
and zero phase sequence filter,  a saturating 
auxil iary transformer,  t�0 re ctox unit s ,  a 
polar type re lay unit , and a neon lamp all 
mounted in a single case . The external equip ­
ment normally supplied with the re lay consist s  
o f  an insulating transformer ,  a mil liammeter 
and test sw1 tch .  The const ruct ion of the se 
component s is as fol lows :  

Sequen ce Filter 

The current s from the current tran sformer 
se condarie s are passed thru a filter con ­
sisting o f  a three winding iron core reactor 
and two re sistors . The secondary of the three 

SUPERSEDES I.L. 41-658 G 

winding reactor and the re sistors are tapped 
to obtain settings for various fault con ­
dition s . The output of this filter provide s a 
voltage across  the primary of the saturating 
tran sformer proportional to the positive 
sequence current plus a con stant time s the 
zero sequence current . This combinat ion is 
selected as the discriminating fun�t 1on 
because it can be adjusted to have definite 
value s lying in a comparat ive ly small range 
for all type s of phase and ground fault s .  
Thu s ,  a single operating element can be used 
for all type s of fault s .  The two lower tap 
dials provide the adjustment of the re lative 
amount s of posit ive and zero sequence currents 
that are combined to produce the required 
discriminat ing voltage . The right -hand lower 
tap dial ( front view ) adjust s  the sensitivity 
to ground fault current s .  The left -hand lower 
tap dial adjust s the positive phase sequence 
sensitivity when the rat io of the current 
t ran sforme rs at the terminals of the line are 
not equal . 

Saturat ing Auxiliary Transformer 

The voltage from the filter is  fed into the 
t apped primary ( upper tap plate ) of a small 
saturating tran sformer . This transformer i&  
used to limit the voltage impre ssed on the 
pilot wire , and to provide a small range of 
voltage for a large variation of maximum to 
minimum fault current s .  Thus , high operating 
ene rgy is obtained for very light fault s and 
limited operating energy for heavy fault s .  
The relay operating characteristic change s 
from pe rcentage differential at low current 
value s to approximate ly directional charac ­
teristics at high current value s .  

The upper tap plate change s the out -put of 
the saturat ing transformer,  and is marked in 
ampere s required to ope rate the re lay when the 
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OPERATION -----.__ �-

SWITCH i::::�::�r- �7 �� : � 
, POl.A.RIZED ELEMENT 

FOR TRIP CURRENTS I / OPERATING; COIL 
LESS THA.N 2. 2 5  � AMPERES D C  DIS- ' 
CONNECT AND DEAD 
END THIS LEAD. ',......"-<1.,__-1----". 

3 W I N D I NG 
M UTUAL REA.CTOR 

REAR V I EW 

TEST L.lNKS 

PI-lASE B 
NEUTRAL 

RELAY- TVPE fiCB PILOT WIJ2E 
DOUBLE TEIP IN TYPE FT CASE 

CIRCUIT SWITCH 

Fig. !-Internal Schematic of the Type HCB Relay in the 
Standard Case. 

Fig. 2-Internal Schematic of the Type HCB Relay in the 
Type FT Case. 

N F 

AMPE RES IN FAR RELAY (F) 

� t�::f:������==��:t�;;����:�����/����f5-�tlo�:=41:5��z'�o��2�5��3to�-3t5---40i----i r ,iJ /'f + A MPERES i N  FA R R E L A Y  (F) 1 

N � � � ����IX� � I TR I P  A R E A 

WITH MATCHED TRA NSFORE RS �IX� 1 cj 
N O R MAL LOAD AND THRU FAULT�"\ rt: 

- -

F 

�C�U�R�� F�E�N�Tl;S�A�L�L�A�L�O�N�G�T�H�IS�L�II NN�·"��--��-��-+ � ��� � T� A R�rx�� � N l------1� 
TRANS M ISSION L I N E  LJ �����rx��K 

X IF PLOTTED CURRE NTS FALL I N  �� 
THESE A RE AS ONLY ONE RELAY TRIPS 

""' " " '\J ,, "" )( 
F N 

V) .., a: w a. 
:I 
<( 

-
+ 

+ 
+ 

+ CUR RENTS : THRU FAULT 
- CU R R E NTS = I NTE R N A L  FAULT 

Fig. 3-Typical Operating Characteristics on Phase A to Ground Faults With Currents Thru the Two Terminals 30° Out of 
Phase. Maximum Restraint With Insulating Transformers and 2000 Ohm Pilot Wires. Taps T = 4. R, = .1. R .. = 1.6. 
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pilot wire is open or when equal amount s  of 
current s are fed to  an internal fault thru the 
line terminal s .  For further discussion , see 
section ent itled, " sett ings " .  
Re ctox Un it s 

The secondary of the saturating t rans former 
feeds the two re ctox unit s ,  the insulating 
t ran sforme r ,  and the uilot wire , as shown 
s chemat ically in Figure 9 . The rectox unit s 
are used t o  convert the a-c output of the 
saturating t ransformer to d-e for use un the 
d-e  polar-type relay element . The use of a 
sensit ive polar-type relay,  requiring a small 
amount of energy, keeps the volt -ampere burden 
on the current t ransformers  very low. 

Polar -Type Relay 

This element 
shaped magneti c  
permanent magnet ,  
double set of 

consist s of a re ctangular 
frame , an e le ctromagnet , a 

and an armature with a 
contact s .  The poles of the 

pe rmanent magnet clamp dire ct ly to  each s ide 
of the magnetic frame . Flux from the permanent 
magnet divide s int o  two paths , one path across 
the air gap at the front of the element in 
which the armature is located , the other  a­
cross two gaps at the base of the frame . Two 
ad justable shunt s  are located acros s  the rear 
air gaps . The se change the reluctan ce of the 
magnet ic path so as to force some of the flux 
thru the moving armature which is fastened t o  
the leaf spring and attached to  the frame mid­
way between the two rear air gaps . Flux in 
the armature polarizes it and creates  a mag­
netic bias causing it to move t owards one or  
the other  of  the pole s ,  depending upon the ad-
justment of 
cent ric coil s 

the magnet ic shunt s .  
are placed around the 

Two con ­
armature 

and within the magnet ic frame . The coils are 
conne cted in opposit ion with one used as a re ­
st raining winding and the other  as an oper­
at ing winding " The re straining winding set s 
up a magnet ic field, which, in con junct ion 
with the field from the permanent magnet holds 
the contact in t h e  normal open position . The 
operat ing winding produces a magnet ic field 
which act s to  move t h cc  armature in the con­
tact closing dire ction . The re st raining 
winding is tapped and the leads are brought 
out to taps at the upper left of the relay .  

The left hand posit ion o f  the test link i s  the 
min imum re straint conne ct ion , and the right 

hand pos ition is the maximum restraint oonne�­
t ion . 

The moving contact s are fastened on the free 
end of the leaf sprin g .  Two stat ionary con­
tact s crews are mounted t o  the left ( front 
view ) of  the moving contact assembly and are 
adjusted for normally open contact s .  

In sulat ing T ransformer 

The insulat ing t ransformer is connected as 
shown in Figure 9 and serve s to isolate the 
terminal equipment from the pilot wire . This 
avoids i nterconne ction of station grounds that 
may have large differences of potentials 
between them. The mid-taps  of the paral l e l ­
wound secondary windings are brought out 
separately to provide a means of conne ct ing 
supervisory re lays symmetrically within the 
pilot wire circuit . When auxiliary super­
visory relays are not used, these mid-taps are 
to be connected t ogether and may be grounded 
to drain the voltage s induced along the length 
of the pilot wire s when the se voltage s ap­
proach the voltage l imit of the cable . This 
is discussed further under Pilot Wire below .  

The t ransformers have a 4/1 ratio and 
in sulated for 5000 volt s ,  

Pilot Wire 

are 

One pair of pilot wire s connecting the 
se condarie s of the insulat ing t ransformers is  
required to  provide a continuous circuit be­
tween the re lays . For  the pilot wire s a lead­
covered twisted pair of No . 19 wire or larger 
is re commended,  however ,  open wire s may be 
used . The fol lowing point s should be con ­
sidered in select ing pilot wire circuit s .  

l .  Th e t o t al c i r c u i t  r e s i s t an c e  ( i n c l u ding 

neut r a l i z i ng r e a c t o r s  when u s e d ) b e t we e n  

t e rminal s o f  t h e  Typ e HCB r e l ay s  ex c l u s i v e  o f  

t h e  insul at i ng t ran s f orm e r s  an d e xp r e s s e d  in 

t e rms o f  t h e  p i l o t w i r e  v o l t ag e  mu s t  not e x ­

� e e d  2000 ohms f o r  t wo t e rminal l i ne s ( 5CO 
o h m s  p e r  w y e  b r anch f o r  t h r e e  t e rminal l in e s ) . 

2 .  The shunt c ap a c i t y  b e t w e e n  p i l o t w i r e s  

s h oul d n o t  e x c e e d  0 . 75 mi crofarad p e r  p i l o t 

w i r e  t erminal f o r  t w o  t e rminal l i n e s  ( 0 . 60 
mf d .  p e r  l eg . f o r  t hr e e  t ermi nal l ine s ) .  
In c a s e s  whe r e  t h i s  v a l u e  i s  exc e e de d , c omp e n ­

s at ing r e a c t o r s  wi l l  b e  r e qu i r e d  to r e du c e t h e  
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TYPE HCB RELAY----------------------

o 1 2 a 4 
1'061TIVE SEQUENCE AMPERES (60 cm..ES) IN BOTH RELAYS 

Fiq. 4-Typical Test Output Vs. Input Relay Current in A 
Two Terminal Line With Zero Pilot Wire Resistance. 

shunt current s which tend t o  desensit ize the 
re lay .  

3 .  The d ifference i n  the l ongitudinal in­
duced voltage which appears between wire s 
should not exceed 15 volts total (7 , 5  volts  
p e r  ro lo.y ) . 

4 ,  The indu ced vol tage t o  ground which oc­
curs o n  the pilot wire s during maxinum fault 
c ondit ion s should not exceed t he rating of the 

p i l ot wi re s or in sulat ing t ran s forme r s , The 
t ran sformer s  aro insulated for 5000 volt s ,  In 
gene ral , the pilot wire s wi l l  be insulated for 
a much lower voltage . 

Induced voltage s and diffe rences 
station ground potential s which appear 

the pilot wire may be reduced to  safe 
by the following means : 

between 

along 
limit s 

4 

a .  Exc e s s i ve vol tages c an b e  reduc e d  b y  

grounding the m i d - t ap s  o f  the i n sulat ing 

transformers and a l l owing current to 

c i r c u l a t e  o v e r  the p i l ot wires t o  

ground . However , the re quirement o f  15 
vol t s  d i fferen c e  mus t  b e  maint aine d .  

b .  For more s e r i ous i n duc t ion two winding 

neutra l i z ing react ors can be u s e d  t o  

PILOT WIRE RESISTANCE • 2000 OHMS 
TAPS: T•4, R o •.l, Ro • 1.6 
MAXIMUM RESTRAINT TAP 
PILOT WIRE CAPACITANCE •0.75 MFD. PER TERMINAL 

� ao H=�������������8+���+r�� ' "'  "' Q. 
� < ::::i .... � 
� 
.... � 10 ����-r,-�fH��4+�+H��P+�r4��4+H 
a: :::> u 
"' a: 
� 
6 .... 
;;: 

0 2 3 
l>OSITIVE SEQUENCE AMPERES(/;0 CYCLE$ IN BOTH RELAYS 

Fiq. 5-Typical Test Output Vs. Input Relay Current In A 
Two Terminal Lil).e With 2000 Ohm Pilot Wire Re­
sistance With or Without the 10 MFD. Condenser. 

c .  

l imit the v o l t age s .  In c a s e s  where the 

s h e at h  current may b e  suffi c i ent to 

c au s e  damage the sheath must b e  i n ­

sul a t e d  from ground a n d  three winding 

neutra l i z ing reac t ors should b e  u s e d .  

Reac t ors are avai l ab l e  for 1 000 and 
2000 v o l t  neutra l i z a t i on . 

Another method 

sui t ab l e  two 

and a p r o t e c t o r  

KX64 2 ,  t o  t h e  

c o n s i s t s  of conn e c t i ng a 

winding drainage reac t or 

tub e ,  such as the typ e 

p i l ot wires at sui t ab l e  

p o i nt s . 

when the 

The arrangement is such 

tub e flashes b e c au s e  of 

extraneous v o l t ag e s ,  b ot h  wires 

that 

high 

are 

c onne c t e d  to groun d ,  through the react or 

and the tub e . The imp e danc e  to ground 

is l o w ,  but the imp e danc e b etween 

i s  kep t high t o  avoid int erfering 

the op e�at ion of the HCB rel ays . 

OPERATION 

wires 

with 

The HCB pilot wire relay operates  as a per­
centage differential device when the fault 
currents are smal l ,  and has es sential ly direc­
tional characteristics ,  comparing the direc­
tion of current flow at the terminals of the 
protected sect ion when the fault current s are 
large , 
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The voltage appearing across  the se condary 
of the saturating t ransformer is balanced 
against a similar voltage at the opposite end 
of the prote cted l ine section ,  thru the re­
straint winding of each relay, the insulating 
t ransi ormers and the pilot wire s ,  as shown in 
Figure 9 . On external fault s ,  a flow of fault 
power thru the prote cted l ine sect ion , pro­
duce s voltage s across  the secondarie s of the 
saturating transformers which are es sentially 
equal and in serie s .  The se voltage s act t o  
circulate current thru the re straining coil of 
e ach relay which is conne cted in serie s with 
pilot wire . Under this condition the oper­
ating coils connected across  the pilot wire s 
do not receive sufficient current t o  overcome 
the restraint and s o  t ripping does not occur . 

For internal fault s with equal feed-in from 
the terminals ,  the voltage s acro s s  the satu­
rating transformers are in opposition . This 
re sult s in all of the current flowing thru the 
re straining and operating coi l s  in series and 
none thru the pilot wire s .  The relays at the 
ends of the section operate under this condi­
t ion t o  give simult aneous tripping of the 
breakers at the terminals of the protected 
s e ct ion . 

The impedance of the filter and the oper­
ating coil can be adjusted so that the sum of 
the minimum trip current s from all te1•minal s ,  
when fed in from only one terminal , i s  suffic­
ient to t rip the relays s imultaneously . Thi s  
is affected somewhHt b y  very low o r  very high 
pilot wire impedance , since in this case en­
ergy to  trip any terminal not supplying cur­
rent to the fault , must be carried ove r  the 
pilot wire . C onsequently, settings are based 
on t otal fault current fed in from all termi-
nal s disregarding the current 
from the terminals . 

dist ribution 

If the pilot wire be come s open circuited,  
all of the current in the restraining coil 
will al so  flow thru the operating coil . While 
this condition exists the rel ay operates  as an 
overcurrent device and will trip on all fault s 
and also on heavy l oads greater than the re ­
lay setting . A short circuit on the pilot 
wire s will prevent t ripping, since it short 
circuit s the operating winding of the relay "  

However ,  i f  the short circuit o n  the pilot 
wire is so placed that it is 1000 or more 
pilot wire ohms from one of the two relays , 
then that relay will not be blocked . 

The current and voltage impre s sed on the 
pilot wire do n ot exceed 100 mil liampere s  and 
60 volt s .  The wave form and magnitude of the 
pilot wire current is such that telephone in­
terference is within the l imit s al lowed by the 
Be ll  Telephone Company . This permits the use 
of leased telephone l ines as a pilot wire 
channel .  

SUPERVISION 
A faulted wire pilot ment ioned above may be 

detected by the mil l iammeter and t e st switch 
( supplied with the relay } or by continuously­
operated supervisory relays suppl ied as extra 
equipment . 

The condition of the pilot wire under normal 
l oad condit ions may be dete rmined by reading 
the pil ot wire current by means of the test 
swit ch and mil l iammeter . 

A comparison of the readings obtained with 
the typical value s of Figure s 4 & 5 wil l  in­
dicate the condition of the pilot wire . It 
should be noted that , when the far relay cur­
rent is being read , the near relay is short 
circuited, and the far relay is shunted by the 
resistance of the pilot wire s plus the im­
pedance of the near relay insulating tran s ­
formers . 

I 2 ! 4 
DOS!TIYE SE:QUENCE AMPERES INPUT 

Fig. 6-Typical Curve of Relay Output vs. Positive Sequence 
Amperes Input. 
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Fig. 7--Typical Opc,;:ding Characteristics On Phase A to Ground Faulls With Currents In Phase and 1500 Ohm Pilot Wire. 
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Fig. 8--!yJ:W d Operating Characteristics On Phase A to Ground Faults With Currents in Phase and 2000 Ohm Pilot Wire. 
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TYPE HCB RELAY 

2 3 
PROTECTED LI N E  SECTION 

��· --<T.-----POS. 

m I .la. NEG. 

r---=._r-,::;::=::m::a:::==� I ��R I P  COIL . Ll3-. r�. �  

l . l .  41 -658 H 

�--, 
I 
I I 
I 

I v0 :-,, INSULATING ;� P I LOT 

r ii'�<;'o,.';,_E�R 
__ .J. /f'I+"-W:_:_I R=E=-S -----�! ::> m-

��----L------�� 

R E A R  VIEW REAR VIEW I ·  D ·  2141 

8 
---

1 o:-:'"s 1/ J1'1 1 12 J. \ �� ;.L, 16 · ---f--1 TYPE " W "  14 J:ls 13 T 1s 
P I LO T  W I RE " W" TEST SWITCH S. 149 1 6 2 7  8 

P O S I T I O N  
T :; T 15 TEST SWITCH 

l' ! + � <;; _ , �L )J INSTRU ME N T  H '  '""'" T R A 'l S F O RM E R  ,-----v-�-·, v CONT. REM.  REM. NORM. NORM. CIRC. CI RC. '-'>CAL LOCAL ,---------...._-1--t-- MULT I  R A N G E  1----J---+..:..P;..::.O:.:_·f---f-'P_:_.O. P. O .  P. 0. .---t_·<:_ � ___ __J oj--1 M I L L I A M M ETER 
7 - 8  X X 
9-10 
1 1 -1 2. X X 
13- 14 X 
15- 16  X 
X DENOT E S  

X X 
X X 
X 

X 
C O N TACTS 

X X 
)( 

X 
CLOSED 

X X 
X X 

X 
X 

---�----

P. 0. � PULL OUT 

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

Figure 6 shows typical value s for relay out -
put current vs . positive sequence 
rent . For this test , the 
t rans former is short circuited 

input cur­
insulat ing 

on the low 
voltage s ide s o  that the mil l iammeter is con­
nected directly across the relay output 
terminal s . 

CHARACTERISTICS 

Typical overal l oper at ing characteristics of 
the re lay are illust rated in Figure s 7 and 8 .  
The gene ral shape o f  the se curve s i s  �imilar 
for othe r type s of fault s ,  relay sett ings , and 
pilot wire lengths . The ampere abscissa and 
ordinate scales  may be interpolated t o  show 
thn operating characteristics for other con­
dit ions  and tap sett ings by the use of the 
following equat ion : 

I �" 2 ,7)r:; { 2; R + I ( R1 + 3·R0 )} an T al 1 ao ( 1 )  

where Iqn is the value t o  read on the curve 
(Figure s 7 and 8 ) . 

For example , assume relay tap 
T = 6 ,  R1 = , 1 ,  Ra = . 68 ,  and also 

settings of 
as sume that 

a phase b to ground fault occurs , for which 
the "near" relay component s are as fo llows : 

10  + j o  (2 ) 

2 
Iao , ga ( Ial ) (3 ) 

In equation (3 ) , the fact or , g was arbi­
t rarily used as a reminder that the distribu­
t ion fact ors for positive and zero sequence 
component s  are not necessarily equal for any 
given system . Al s o ,  the operat or a2 signifie s 
that Iao is 240 ° leading I

al for a phase b to  
ground fault ,  neglecting dissimilarit iee in 
the sequence networks , First substituting the 
particular condition of equat ion ( 3 )  in equa­
tion ( 1 ) give s 

( 4 )  
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TYPE HCB RELAY 

Subst ituting value s ror the several taps in 
(4 ) give s 

I an 

I an 

I an 

= 2 .35 I
al { 2 x . 1  + . 9  ( - . 5-j . 866 ) } 

6 ( . l  + 3 X .68 ) ( 5 ) 

. 392 i
al{ - . 763-jl .67} 

I:1 • 718 ! 245 . 4 ° 

(6 ) 

(7 ) 

Substituting the numberical value ror Ia l  
given by equation ( 2 ) result s in a numerical 
value ror Ian or 

1 an= . 7 18 x 1 0  7 . 18 amperes . 

This �s the value to read on the curve ror 
the typical value s chosen ror the tap s  R1 , R0 , 
and T at the part icular phase b to ground 
rault values indic�ted by equations ( 2 ) and 
(3 ) . It should be noted that the tot al phase 

b current to the "near" relay is Ib = Ibl + 
Ib2 + Ibo = 29 ampere s ,  as suming Ib2 = Ibl . 

For a phase to phase rault ,  there i s  no zero 
sequence 
is  equal 
phase to  
t o :  

current , and 
in magnitude 

the phase current , ILL, 
to 1{3 Ial . Hence , ror 

rault s ,  equat ion ( 1 ) reduce s phase 

I an = 2 . 35 --
T

-

SETTINGS 

( 8 )  

The HCB re lay has three dirrerent taps which 
are provided to obtain rlexibility ror a wide 
range or applicat ion . The taps t o  provide 
corre ct operation ror any given applicat ion 
are easily selected and have a wide lat itude . 
That i s ,  corre ct operat ion can be obtained ror 
dirrerent combinat ions or tap value s .  The 
rollowing di s cussion establishe s l imit s ror 
the variO' l -'> tap set t ings under dirrerent oper­
at ing condit ion s . It should be kept in mind 
that sett ings 
internal raul t 

t o  obtain operation on minimum 
conditions are based on the 

total current that rlows into the se ction rrom 
all terminal s .  

8 

Posit ive Sequence Filte r  Tap 

The lower len tap (Rl ) has three available 
tap s  . 075,  . 10 ,  and . 15 (the . 075 tap i s  
actually marked . 07 be cause or space l imita­
t ions ) . The se t ap s  permit compensation ror 
current t ransrorme rs or dirrerent ratios  at 
the various terminal s .  Where the current 
tran srormers have the same rat ios , the value s 
or R1 should be the same on all rel ays . A 
value or R1 = . 10 i s  usually recommended ex­
cept whe re a more sens it ive sett ing or "T "  
(de s cribed below ) i s  de s ired than i s  obtain­
able with R1 = . 1 0 .  iihere the current trans ­
rormers are dif'!'erent at the dirrerent termi­
nals , select the value or R1 which i s  propor­
tional to the current transrormer rat ios . For 
exa�pl e ,  as sume a ratio or 300/5 at one termi­
nal and 600/5 at another terminal . Set R1 

• Oc( - "t the 300/5 terminal and R1 = . 15 at the 
(:,OC>1 --' terminal . The ratios obtainable are 

1/1 ,  2/1 ,  3/21 and 4/3 .  In the event that the 
ratio of the R1 t aps is not 1/1 it will be 
ne ce s s ary to compensate ror the unbalance by 
lncreasing the minimum t rip calibration 25% 
above it s normal value or by neutralizing the 
disL�ib:!ted capacit ance or the pilot wire . 
The same procedure applies to three t e rminal 
l i:Je s .  
Pos�t ive Sequence Current Tap 

The upper tap (T _1 has values or 4, 5 ,  6 , 8, 
1 0 ,  12 and 15 . Thi'> t ap should be selected t o  
as sure operation OE Plinimum internal l ine -to­
l ine fault s ,  ana whe re pos s ible , t o  prevent 
tripping on load current ir the pilot wire be­
come s accidentally open circuit ed .  The high­
est  setting of "T " that wil l c ause operation 
on internal line--to -l ine raults is  given by 
the equation 

� = 5 .7 ILL R1 ( 9 ) 

�here ILL is the t otal minimum internal line ­
to-line secondary rault current red from all 
terminal s ,  divided by the number or t e rminals . 

The ractor " 5 , 7 "  is used as the opel"ation or 
the positive sequence rilter is such that the 
re lay require s 1 . 73 t ime s as much current ror 
operation on a l ine -to-l ine fault as on a 
three phase rault .  This means that the three­
phase t rip setting should be S7% or the de ­
s ired l ine -to-line current setting . Als o ,  the 
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Fig. 10- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line. 
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Fiq. 12-External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line With a Transformer Bank. 

nume rical value s of T are the p o s it i ve s e qu­

e n c e  curren t s  required t o  operate the re l ay 

when R1 i s  s e t  on . 10 .  The r e f o re , t o  c om­

p e n s at e  for the value of R1 used in the f o rm­

u l a ,  T ,  mu s t  be divided �y 0 . 1 thereby ob­

t aining the fact o r  "5 · 7 " · 

Where l in e - t o - l ine curre n t s  are not kl1own , 

an a l t e rnate equation can be used . 

The a l t e rn at e  equat ion i s :  

( 1 0 )  

where I 3� i s  the t ot a l  min imum internal three 

1 0  

phase s e c ondary fau l t  current fed from a l l  

t e rmin al s divided by the numbe r  of t e rmina l s .  

The fact o r  " . 86 " i s  u s e d  as l i ne - t o - l ine f au l t  

current i s  86% o f  t h e  three phase fault cur­

rent when the negat i ve sequen ce impedance of 

the system e qual s the p o s it ive s e quen c e  im­

pedance o f  the s y s t em . 

Equat ion ( 9 )  and ( 1 0 )  give the uppe r  l imit 

of "T " which mu s t  not be exceednd t o  obt ain 

ope ration on the l ine - t o - l ine fau l t s .  The 

.ctual s e t t in g  should always be be l ow the 

value s obtained from equat ion ( 9 ) o r  ( l O ) .  
The min imum l imit s f o r  this s e t t ing are di s ­

cu s s e d  be l ow .  
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TYPE HCB RELAY 

The setting of "T " which will  cause opera­
t ion on load current if the pilot wires be ­
come accidentally open c ircuited is given by 
the equat ion : 

T = 1 0  R I ( 1 1 ) 
-1. Load 

where " I 11 is the maximum secondary full Load 
load balanced current flowing through the 
terminal . 

It is generally de sirable t o  select a value 
of "T "  which will not cause operat ion if the 
pilot wires are accident ally open circuited . 
A safety factor of at least 25% is generally 
recommended to  prevent such operat ion s .  That 
i s .  "T ", should be set 25% above the value ob­
tained from equation ( l l ) if the re lay is not 
to operate on load current with the pilot 
wires open circuit ed.  

This con sideration may be  negle cted if  it  is  
realized that re lay operat ion will be obtained 
if pilot wires are opened during heavy load 
current s ,  or if supervisory re lays are in­
stal led and connected t o  block the HCB on the 
occurrence of pilot wire failures .  If super­
visory relays are installed to  block HCB oper­
at ion under heavy load conditions with the 
pilot wires opened, it is nece ssary to int ro­
duce a t ime de lay of approximate ly one cycle 
by interposing an auxiliary relay in the t rip 
circuit at each terminal t o  allow the super­
visory relays t ime to  coordinate with the high 
speed of the HCB relay .  

NOte : "T " must be set the same at all termi­
nal s ( even where different transforme r 
rat ios are used . ) 

Zero Sequence Tap 

The lower tap (Ro ) has tap s  . 025 , . 033 , . 05 ,  
. 39 , . 5 1 ,  .68,  . 90 ,  1 . 2  and 1 .6 . (The first 
two tap s  are actually marked . 02 and . 03 be ­
cause of space l imitat ions ) . The three lowe st 
taps are not used in applicat ions where high 
sens itivity t o  ground faults is required . 
They are used on special applicat ions where 
re sponse to pos it ive sequence current only is 
required .  Where such re sponse is required, R 

0 
is set to equal to 1/3 Rl , 

I.L. 41 -658 H 

Maximum sensit ivity to ground fault s is ob­
t ained with Ro = 1 . 6 . This setting is gener­
ally re commended where current t ransformers 
with the same rat io are installed at all 
terminal s .  Where current t ransformers of dif-
ferent ratios are installed at the various 
terminal s ,  value s of R0 should be selected 
which are most nearly proprotional t o  the 
t ransformer rat io s .  When the rat io of the Ro 
taps can not be made t o  exact ly match the 
rat io of the Rl tap s ,  pick the ratio to mat ch 
as closely as possible , and use maximum re -
3t raint tap .  

The minimum tap t o  obtain operation on m�ni­
mum ground faults js  expre ssed by the equa­
tion :  

( 12 ) 

where Ig is the total minimum secondary 
ground fault current fed int o  the sect ion from 
all terminals ( taking into account possiblA 

ground fault re s istance ) , divided by the num­
ber of terminal s ,  and where "T " is the actual 
tap selected (not the Y'.lluc. calculated from 
equation ( 9 )  or ( 10 ) . 

It is recommended that " R0
11 be set as high 

above the value obtained from equation ( 1 2 ) as 
possible keeping the value of R0 approximately 
proportional t o  the current t ransformer 
ratios . 

Restraint Tap 

The restraint coil has a tap which permits 
the entire coil or part of it to  be used. The 
re lay is normally shipped with the re straint 
tap l ink conne cted in the maximum re st raint 
position . Thi s l ink is in the upper left hand 
corner of the panel carrying the polar el0-
ment . The l ink is connected to the left for 
minimum re straint , and to the right for maxi­
mum rest raint . Maximum restraint should b0 
used with pilot wire s of 1500 to 2000 ohms . 

Example of Relay Sett ings 

As sume a two terminal l ine with current 
t ransformers rated 400/5 at stat ion 1 and 
300/5 at stat ion 2 .  Al so as sumi' that full 
load current is 300 ampere s ,  and ,) , l  mi:1 iraun 
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TYPE HCB RELAY 

internal phase-to-phase fault s 20GO ampere s 
feed int o  the fault from stat ion 1 and 1000 
ampere s from stat ion 2. Further as sume that 
on minimum internal ground faul t s ,  400 am­
pe re s  feed into the fault from station 1 and 
none from station 2 .  

Positive Sequence Filter Tap 

Set R1 proport ional to the transformer 
ratio . R1 at stat ion 1 = 0 . 10 ,  R 1 at .station 
2 = 0 . 075 . 

Positive Seg_•-lance Current Tap 

T 

or 

T 

From equation (9 ) 

5 ,7 X 3000 X 5 X , l  
400 X 2 

5 . 7  X 3000 X 5 X . 075 
300 X 2 

This represent s the highest  permissable 
setting . The setting whiGh wil l cause 
tripping on l oad current if the pilot wire be ­
come :3 accidentally open circuited is given by 
equation ( 1 1 ) . 

T 

or 

T 

10 X , l  X 300 X 5 
400 

10 X 0 , 75 X 300 5 
300 

Se lect T at both stations 6 .  

Zero Sequence Tap 

The minimum tap which wil l  cause tripping to  
minimum internal ground faults i s  given by 
equation ( 12 ) . 

0 . 2  X 6 X 400 
200 X 5 

0 . 2  X 6 X 300 
200 X 5 

.48 at stat ion 1 

. 36 at stat ion 2 

Se lect R0 at station 1 
And R0 a� stat ion 2 

1 . 6 
1 . 2  

1 2  

RELAYS IN TYPE FT CASE 

The type FT cas e s  are dust -proof encl osure s 
combining relay e lement s and knife-blade test 
swit che s in the same case . This combinat ior· 
provide s a compact flexible assembly easy t G  
maintain ,  inspect , test  and adjust . There are 
three main unit s of the type FT case : the 
case , cover and chas sis . The case 
welded steel housing containing the 
of the knife-blade test  swit ches 
terminal s for external conne ctions . 

i s  an all 
hinge half 

and the 
The cover 

is a drawn stee l frame with a c lear window 
which fit s over the front of the case with the 
swit che s cl osed . The chas sis  is a frame that 
support s the relay elements and the contact 
j aw half of the test switche s . This s l ide s in 
and out of the case . The electrical con­
nect ions between the base and chas sis  are com­
pleted through the cl osed knife-blade s .  

Removing Chassis  

T o  remove the cha s s i s ,  first remove the 
cover by un screwing the capt ive nut s at the 
corners . This expose s the �elay element s and 
all the test swit che s for inspe ction and 
testing.  The next step is to open the t e st 
switche s . Always open the elongated red 
handle swit che s first before any of the black 
handle swit che s or the cam action lat che s . 
This opens the trip circuit to prevent ac ­
c idental trip out . Then open all the re­
maining swit che s .  The order of opening the 
remaining swit che s is not important . In open­
ing the test switche s they should be moved all 
the way back against the stops . With all the 
swit che s fully opened, grasp the two cam 
action l at ch arms and pul l  outward . This re ­
leases the chas s i s  from the case . Using the 
lat ch arms as handle s ,  pul l  the chassis  out of 
the case . The chas s i s  can be set on a t e st 
bench in a normal upright posit ion as wel l  as 
on it s top ,  back or s ide s for easy inspection ,  
maintenance and test . 

After removing the chassis  a duplicate 
chassis  may be inserted in the case or the 
blade port ion of the switche s can be closed 
and the cover put in p lace without the 
chassis . The chas s i s  
swit ch located behind 

operated 
the short 

shorting 
circuit ing 
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TYPE HCB RELAY------------------ I . L .  4 1 -658-H 

test swit ch prevent s open circuiting that cir­
cuit when the short circuiting type test 
swit che s are closed . 

When the chassis is t o  be put back in the 
case , the above procedure is t o  be followed in 
the reversed orde r .  The elongated red handle 
swit ch should not be closed until  after the 
chass i s  has been lat ched in place and al l of 
the black handle swit che s closed.  

Electrical C ircuit s 

Each terminal in 
test  switch to  the 

the base connects thru a 
relay elements in the 

chas sis  as shown on the inte rnal schemat ic 
diagrams . The rel ay terminal is  identified by 
numbers marked on both the in side and out side 
of the base . The test switch posit ions are 
identified by letters marked on the top and 
bottom surface of the moulded blocks . The se 
letters can be sean when the chassis or re ­
moved from the case . 

The potential and control circuit s thru the 

relay are dis connected from the external cir­
cuit by opening the associated test  switche s .  
Cpening the short circuiting test  switch 
short - circuit s that circuit and dis connects 
one side of the relay coil but leave s the 
other s ide of the coil connected to the ex­
ternal circuit thru the current test  jack 
jaws . This c ircuit can be isolated by insert ­
ing the current test plug (without exte rnal 
connections ) by insert ing the t en circuit test 
plug, or by insert ing a piece of insulat ing 
mate rial approximately l/3 2 "  thick into the 
current test  jack j aw s .  Both swit che s of the 
current test swit ch pair must be open 
when using the current test plug or insulat ing 
material in this manner to short -circuit the 
current transformer secondary . 

A cover operated swit ch can be suppl ied with 
its contact s wired in serie s with the trip 
circuit . This switch opens the t rip circuit 
when the cover is removed .  This switch can be 
added to the existing type FT cases at any 
t ime . 

Testing 

The re lays can be te sted in service , in the 
case but with the external circuit s isolated 
or out of the case as follows : 

Testing In Service 

The ammeter test plug can be inserted in the 
current test  j aws after opening the knife­
blade swit ch to  check the current thru the 
re lay .  This plug consists  o f  two conducting 
st rips separated by an insulat ing strip . The 
ammeter is connected to these st rips by termi­
nal s crews and the leads are carried out thru 
holes in the back of the insulated handle . 

Voltages between the potential circuits can 
be measured convenient ly by clamping #2 clip 
leads on the projecting clip lead lug on the 
contact jaw .  

Testing In Case 

With all blade s in the full  open posit ion , 
the ten circuit test plug can be inserted in 

the contact jaws . This conne ct s 
element s to a set of binding post s 

the relay 
and com-

pletely isolate s  the relay circuit s from the 
external connect ions by means of an insulating 
barrier on the plug . The external test cir-
cuits are connected t o  these  binding post s .  
The plug i s  inserted in the bottom test  jaws 
with the binding post s up and in the top test  
swit ch j aws with the binding pos t s  down . 

The external test  circuit s may be made to  
the rel ay e lements by #2 test clip leads in­
stead of the test plug . When connecting an 
external test  circuit to  the current 
elements using clip leads , care should be 
taken to see that the current test jack jaws 
are open so that the re lay is completely iso­
lated from the external circuit s ,  Sugge sted 
mean s  for isolat ing this circuit are outl im'd 
above , under "Electrical C ircuit s . "  

Testing Out of Case 

With the chas s i s ,  removed from the base , 
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re lay elements may be te sted by using the ten 
circuit test  plug or by #2 test  clip leads as 
described above . The factory calibration is 
made with the chassis in the case and removing 
the chassis from the case will  change the 
calibration values by a small percentage . It 
is recommended that the relay be checked in 
posit1.on as a final check on calibration . 

INSTALLATION 

The relays should be mounted on switchboard 
panel s  or their equivalent in a location free 
from dirt , moisture , exce s s ive vibration and 
heat . Mount the relay vertical ly by means of 
the two mounting studs for the standard cases  
and the type FT projection case or oy means of 
the four mount ing holes on the flange for the 
semi-flush type FT case . Either of the studs 
or the mounting s crews may be utilized for 
grounding the relay .  The electrical con­
nections may be made direct to the terminal s 
by means of screws for steel panel mount ing or 
to  terminal studs furnished with the relay for 
ebony-asbe stos or slate panel mounting . The 
terminal studs may be easily removed or in ­
serted by locking t� nuts on the studs and 
then turning the proper nut with a wrench . 

The relay is shipped with the operation in­
dicat or and the contactor switch conne cted in 
paral lel . This circuit has a resistance of 
approximately 0 . 25 ohm and is suitable for all 
t rip current s above 2 . 25 ampere s d-e . If the 
t rip current is le s s  than 2 . 25 ampere s ,  there 
is no need for the contactor switch and it 
should be dis connected . To disconne ct t�e 
coil , remove the short lead to  the coil on 
the front stat ionary contact of the contactor 
swit ch. This lead should be fastened ( dead 
ended ) under the small filister-head screw 
located in the Micarta base of the contactor 
switch. The operation indicator will  operate 
for trip current s above 0 . 2  ampe re s  d-e .  The 
re sistance of it s coil is approximate ly 2 . 8  
ohms . 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustment s to  insure correct 
operation of this relay have been made at the 
factory and should not be disturbed after 

1 4  

re ceipt by the custome r .  If the adjustment s 
have been changed ,  the relay taken apart for 
repairs,  or if it is de sired to  check the ad­
justment s at regular maintenance period s ,  the 
inst ructions below should be followed . 

All contact s should be periodically cleaned 
with a fine file . S#l002110 file is re com­
mended for this purpose . The use of abrasive 
material for cleaning contact s is not re com­
mended, because of the danger of embedding 
small particles in the face of the soft silver 
and thus impairing the contact . 

CAUTION 1 .  Make sure that the neon lamp is 
in place , whenever relay operation is being 
checked. This is required to limit distort ion 
in pilot wire voltage wave . 

2 .  When changing tap s  under load the spare 
tap s crew should be inserted before removing 
the other tap s crew . 
Sequence Filter 

There are no adjustment s to  be made in the 
zero sequence re sistor.  
re sistor are adjustable,  
a factory calibration 
ordinarily be disturbed . 

The taps on the R1 
however, but this is 

which should not 
To che ck the posi-

tive sequence current filter, pas s a current 

I = 6 . 94 ampere s through a pair of phase 
terminal s ,  for example , in at phase B, out of 
phase C ( see Figure 2 ) and measure the open 
circuit filter voltage with a high re sistance 
voltmeter . This may be done by removing the 
posit ive sequence current t ap s crew, T ,  and 
connecting the voltmeter across the open 
circuit thus formed . The voltage should be 
8R1 plus or minus 5% for each of the three 
phase-t o-phase comb�nat ions , AB, BC , or CA . 
For example , at I =  6 . g4 ampere s  and R1 = . •  1 ,  
the voltage should be 0 . 8  volt s .  

P o l a r -Type � l eme n t  

Contact Ad ju stment : Adjust the left -hand 
( front view ) contact s unt i l  they just make a 

light circuit , when the armature rivet touche s 
t he left -hand pole face . Give both the left -
hand cont act screws two addit ional turn s ,  and 
l oc k  in p o s it ion with the lock nut s provided . 
Thi s mu ve s the armature rivet away from the 
left -hand pole face and provide s contact 
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R= PILOT WIRE RESISTANCE IN OHMS. 
MICROFARADS DISTRIBUTED CAPACITY = .  001 R 

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

f o l l ow .  Now ad just the right -hand backstop 

s cTew s unt i l  t hey j u st t ouch thE: moving c on ­

t act s when the moving c ::m t a c t s �:.::oe i n  the c on ­

t act c l o sing posit i on a s  above . Bac k off each 

bac k s t op s c ::oew two turn s  and l o ck in p o s it i on . 

Cal ibrat i on : Connect the rest raint t ap l ink 

in the p o s it ion in whi ch it wi l l  be used . 

Conne ct t he l ow v o l t age t e rmin a l s  of the in ­

su l at ing t ran sfo::ome r acro s s  t he pi l ot wire 

t e rmina l s  of t he re lay . Conne ct the re lay 

Screw in t he loft -hand magne t i c shunt a l l  

t he way . Adjust the r ight -hand magne t i c  shunt 

in or out , as  re qu ired , unt i l  the re lay just 

c l o se s  c ontact s at 6 . 9 to 7 . 0  amp e re s phase B 

t o  phase C current . When this adju stmen t has 

been made , change t he input current c onne c ­

t i on s t o  phase A t o  neut ral . The re l ay shou l d  

t rip for phase A t o  neutral current 

. 45 and - �5 ampe re s .  

between 

The above is g i v<?n as a laborat ory calibra­

t ion o:J a :-1  i rv:l iv idua l re lay with it s in su la ­

t; ins t rar; s f ,  • rme r . Thi s doe s n ot t ake into 

c on s ideration the charact e r i st i c s  of the p i lot 

w l.re .:1 ::->cuit betwem the re lays . 

a: � .6 1-+-;-+-:+-H-!-+-� i 
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R= P ILOT WIRE RESISTANCE IN OHM!i. 
MICROFARADS DISTRIBUTED CAPACITY s.OOI R 

Fig. 14-Typical Curves Showing the Effect of Pilot Wire 
Resistance and Capacitance on Minimum Trip Cur­
rent With Maximum Restraint. 

Figure s 13 and 14 show typical variat ions of 

min imum t rip current for variou s  lengths of 

p i l ot wire c ircu it s up to the l imiting value s 

of 1500  ohms for re lays ope rat ing on min imum 

r e s t raint ( Fig . 13 ) and 2 0 0 0  ohms for re lays 

ope rat ing on max imum r e s t raint ( Fig . 14 ) .  

For the se curve s ,  both re lays are set on 

t ap s  T = 4 ,  R 1 = � - 1 ,  R0 = 1 . 6 .  Each re lay i s  

origina l ly calibrated t o  t r ip o n  a current of 

. 47 ampe re s ,  phase A to neut ra l ,  with the high 

s ide of t he in su lat ing 

cui t e d . Thi s  value of 

in the re l ay f i l te r t o  

t ran sforme r open - c i r ­

current i s  e quivalent 

4 ampere s p o s i t ive se -

quence on ly , with the t ap s  as spe ci f ied above . 

Re st raining C o i L ;  The effe ct iven e s s  of the 

r e st raining c o i l  of i;he re lay e lement , and the 

performan ce of the Re c t ox unit s ,  may be 

che cked as f o l l ow s ,  if de s i re d .  Connect a 

var iab l e  n on - induct ive re s i st or acro s s  t the 

high v o l t age t e rmin a l s  of t he i n su l at ing 

t ran s forme r ,  and conne �t d - e  mi l l iamme�> e r s  in 

serie s 

c o i l s  

cuit s 

with the ope rating and r e s t raining 

of the e lement , by open ing t he se c i r ­

a t  the t e st l inks p rovided f o r  thi s 

purpo se . The se mi l l iamme t e r s  shoul d  have low 

re s i s t an c e , and shoula be capab le o f  reading 
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TYPE HCB RELAY ________ _ 

in the order of 20 to 25 ma . in the operating 
coil and 100 to 150 ma . in the re straining 
circuit . Using T = 4 ,  R1 = . 1 , Rn = 1 .6 ,  pass  
10 amperes 60 cycle s  from phase A to  Neutral 
in the relay, and increase the variable 
resistance across the insulating transformer 
high voltage terminals until the relay just 
trips . This should be in the order of 1400 to 
2000 ohms when maximum restraint is used. 
Read the d-e current (milliamperes }  in the 
operating and re st raining coii s at this point . 
The value s obtained should conform substan­
tially to the following equations . 

For Minimum Re straint 

I0 = . 1 2  IR + 8 

For Maximum Re straint 

where I0 and IR are operating and restraining 
coil current s ,  re spectively, in milliampere s .  
The results  are subject to slight variat ions 
between individual relals • 

The polar-'.ty of the connections to the pilot 
wire s ,  and the cor!'r ,:t "Phasing out " of A, B,  
_: ''hases at  the two 2tations may be checked by 
:,he six tests outlined on Page 17 . 

Pilot Wire Current 

The ilot wire current which should flow 
un :_j_,, -� n 1rmal load condit ion s is given in 
Pif and 5 o  If the re lay taps  in use 
d H' ' o' l:' fr liD those indicated in the se figure s ,  
suit Rble ronversion fact ors must b e  used . The 
pi ') w:i' current will  vary inversely with T 
and t , 'e ct ly with R1 . 

Contactor Swit ch 

Adjust the stationary core of the switch for 
a clearance between the stationary core and 
the moving core of 1/64" when the swit ch is 
picked up . This can be done by turning the 
relay up-side -down or by dis connecting the 
switch and turning it up-side -down . Then 
screw up the core screw until the moving core 
start s rotating . Now, back off the core screw 

1 6  

until the moving core stops rotating . Thi3 
indicates the point s where the play in the 
as sembly is taken up, and where the moving 
core just separates from the stationary :!ore 
s crew. Back off the core screw approximately 
one turn and lock in place . This prevents the 
moving core from striking and sticking to the 
stationary core because of res idual magnetism .  
Adjust the contact clearance for 3/32" by 
means of the two small nuts on either side of 
the Micarta dis c .  The switch should pick up 
at 2 ampere s  d-e . Test for sticking after 30 
ampere s d-e have been passed through the coil . 

Operat ion Indicator 

Adjust the indicator to operate at 0 . 2  am­

pere d-e gradually applied by loosening the 
two screws on the under side of the as sembly, 
and moving the bracket forward or backward . 
If the two he lical springs which reset the 
armature are replaced by new springs , they 
should be weakened slight ly by stret ching to 

obt ain the 0 .  2 amp ,'re c al ibrat ion . 

re s i s t an c e  i s  approxima t e l y  2 . 8 ohms . 

The c o i l  

ENERGY REQUIREMENTS 

The volt-ampere burden of the type HCB re­
lay is practically independent of the pilot 
wire re sistance and of the current tap used . 
The following burdens were measured at a bal­
anced three - phase current of 5 amperes : 

For tap 4 R1 = . 075 and R0 = . 39 

Phase A 1 . 25 volt -amperes 
Phase B .30  volt -amperes 
Phase c . 90 volt -amperes 

For tap 4 R1 . 15 and R0 = 1 . 6 

Phase A 2 . ) VOlt -ampere s 
Phase B 4 . 6  volt -amperes 
Phase c 5 - 3  volt -amperes 

The angle s above are the degrees by which 
the current lags it s re spective voltage . 

The two second overload rat ings of the relay 
are 150 ampere s phase and 125 amperes ground 
current s .  
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TYPE HCB RELAY _______________________________________________ I.L_. _4 1_-6_58 __ H 

C . T .  1 s C .  T .  ' �: 
·rr an sm i s  s i on L:' ne 

"F" Rel: .y "N" Re lay rF insulating {ransformers � 
l P iloj VCr' '  t HCB HCB 

" P i lo t  Wire Current " 

'--"'V'---:----__ Te s t Switches�-----
Not e : The line should be c arrying through load current amounting to at l e a s t  1 , 5  amper e 8  a s  

measured i n  the s e c ondary o f  t h e  Current Transformer s ,  Thi s  t e s t  i s  based on the r a t i o  
o f  t h e  C . T . 1 s  b e ing t h e  s ame at e a c h  e n d  of t h e  l ine, in which c a s e  s e t  t h e  t a p s  of b o th 
r e lays to R1 = . 1 ; R0 = 1 . 6 ;  T = 4 for this t e s t .  

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

.p 
" . 

• <ll 0 8 �  

1 

2 

3 
4 

5 

1 6  

T e s t  
Switch 

;u � 
t { X 
� 
6 !.1. 6  
� 

� 
u;; 

RELAY " N "  

Re lay Re lay "P ilot Wire 
Current Trip C irculat ing 

A , B , C , N  No ( 1 )  

A, C , B , N  No ( 2 )  

A, N Yes ( 3 )  
0 Yes ( 3 ) 

A, II No ( 3 )  
A, l'J  Ye s ( 6 ) 

RELAY I IF 11 

Current " Te s t  Relay R e lay " P i lot Wire Current " 
Relay F Swi t c h  Current Trip C irculat ing Re lay N 

( 1 )  t n �  A , B ,  C ,  I� No ( 1 ) ( 1 )  

( 2 )  Hx A, C , B , I: no ( 2 )  ( 2 )  
u u  

(0) � 0 Y e s  ( 3 )  (3 ) ( 4 ) 

( 3 )  ( 4 ) tt; A, N Yes ( 3 )  ( O )  

( 3 )  � A , N No ( 3 )  ( 3 )  Ub t h B , C , N  Yes (6 ) 
REMARKS 

:res t s  1 and 2 are to c he c k  normal pos i tive sequenc e r o t at ion of phas e s .  The t e s t  sw<_tch c on­
n e c t ions of t � s t  #2 may be made r e ad i ly with re lays in the Flexi t e s t  c a s e  by us ing c l ip leads 
and insulating barr i e r s  in the amme ter test jacks . However , c ar e  should be u s ed to avo i d  ac­
c identally open- c ircuit ing the current transformer c ir c u i t s .  
T e s t s  3 and 4 s imulate internal Phase A to Ground fault with s ingle end f e e d .  
Te�� s imulate s  an external Phase A t o  Ground fault . ( 5 )  
�s imulat e s  a n  internal Phase A to Ground fault ,  w i t h  equal feed from the two end s ,  s inc e I8 + Ic- = - IA, With balanced load , 

LEGEND OF 
TEST SWITCH 

SYMBOLS : 1 !!ormal C onne c t ion, 
�;A

et�a��} 
Y All Curre!'-ts t o  EXAMPLE 

Pha s e  A current from 
C , T .  1 s  t o  R e l ay .  
Pha s e  B and C C . T . 1 s  
shorted to neutr a l .  

( l )  
( 2 )  

m 
( 5 ) 

(6 ) 

� Re lay , 

To C . T .  1 s ,  
'J'he "pilot vrire current " will vary depending upon the magnitude of t.he tl1rough load c ul"­
.r ent and the charac t er i s t i c s  of_ the p i l o t  wir e . S§e F igur e s  '+ e.nd 5 .  
Sinc e the r e lay i s  temporarily c or�ec t e d  for negative sequenG e ,  it should have pract­
i c a l ly zero output in this t e s t ,  
The s e  readings may be " off s c a l e "  depend ing upon the magnitude of the load current . 
The re lay at this s te.t ion should r e s e t  when the "far " current is b e ing read b e c otuse the 
loc otl r e lay will b e  r e c e iving no c urrent from e i ther the p i l o t  wire or the current 
transformer s .  
Te s t  4 and 5 can b e  repeated us ing pha s e  B t o  neutral current , and again with pha s e  C 
to neutral current, but t h i s  is not s tr i c t ly nec e s s ary on the bas i s  that , having proved 
the phase s e quenc e with t e s t s  1 and 2 , and havinf proved the c orres pondenc e of phase A at 
the two ends of the line with t e s t  5, then pha s e s  B and C must b e  c orrec t .  
Some p i l CJ t  wire current will b e  read, depending upon the magnitucie of the d i s t � tbuted 
c apac i ty or" the p i l CJ t  wire in combination with the magne t i z ine: impedance of the ir.­
sulati�g transf ormer . 

I 
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INSTRUCTION 
PLATE 

POLARITY 
MARKS 

X2 XI 

� 
ll rl  

H4 H3 H2 HI 

CLAMP TYPE TERMINAL 

__ ___.,.,.._ _ _ 2t -1 // FOR"*"4 WIRE MAXIMUM 

-.--T---�� I / 

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

r<') ]CO 
r<') I CO  

co 

>L DIA. MTG. HOLES 

d 16 4 TOTAL 

I 5 �� r-I .. C-----6! 
�----- 6 � 

4 

t'ig. IS--Outline and Drilling Plan of the Insulating Transformer. For Reference Only. 

-! - 1 

--- 3 
I� __ --J 

- �  

Fig. IS--Outline and Drilling Plan of the Projection Type 
Test Milliammeter. For Reference Only. 

1 8  

Fig. I7-0utline and Drilling Plan of the Semi-flush Type 
Test Milliammeter. For Reference Only. www . 
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I 
-- ----- - 3  b - --------� 

cnj<'� - (")  

.2.50 D I A .  H O LE ( Z HOL€S) 

- - _j 
. \ 9 0 -3� T l-\0. 

Fig. 18-0utline of the Test Milliammeter Auxiliary Transformer. For Reference Only. 

� OIA.("3 I 

It Tl(. PI\NEL � S'*l491�27 S TK. PI'.NEL � 5� 14'3 1.,2.8 

5WrTCH POSITION TABULATION 

POSITION 
COH"T,O.<cl REM. REM. NORM. Nom-\. CIRC. CIRC. LOCAL 

P.o. P. o. P.O. 

7 - 8 'f. X )( 
9 ·10 X )( X 
II - 12 >< X X X X X 
13 - 14 X X X X 
15· 1 '- ')(. J( X 

)(·DENOTES CON'TACTS CLOSED 

I..OC"'L 
P. O. 

)( 
)( 

)( 

DRILL IN�:> 
PL AN 

NAMEPLI\TE. EN"-1'. AY IN G, 

Fig. 19--0utline and Drilling Plan of the Type W T&st Switch. For Reference Only. 
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TYPE HCB RELAY _____________________ _ 

! DIA.DRILL FOR THICK PANFLS 
� 3£ DIA. DRILL 

(Z-HOLES) 
OPENING.S fOR 
THIN PA.NE_L 
MOUNTIN"' 

USE STUDS FOR THICK PANEL� 

Fig. 20- 0utline and Drilling Plan For the Projection Type Standard Case. See the Internal Schematics For The Terminals 
Supplied. For Reference Only. 

( 

0 

PANEL LOCATION fOR 
PROJECTION TYPE HTG.---

0 

I i 

I 
I 19� 
I 

I I I 

. 

.190 ·3Z TERM. SCREIN USE 190 32 STUD FOR THicic: PANEL MTG. - r --11 . _ 

� ��. ;:::1! I II"" 

I I 
I I 
I I 

� I !+---->' 

I I 
I 
I 
I I 
I I I£ II"" �fo �,.,-�KTG.�. I 

I . -----!,4: ,--. 

r - . •  ---1 _//1-� .. - ·v 
PANEL LOC�TION FOR _/ 

l t>IA. HOLE DRill f-1 PER INTERNAL 
5CHEMAI IC FOR �· 
PROJECTION MfG. . 

ON THICK PANELS. --

17� I 

I 

TVPE MTCi.j DIA. 
HOLE (2. RcQ) 

SEHI FLUSH T'IPE MTC"o 24 WITH t.CRE"'� 
21. loiiTH STUD 

\STUDS FOR PRO J .  

£-·18 HTG. STUO(Z. REQ.) 
.. 

I p��J�J.��! 
11TG.ON THIN 
PI>.NELS. 

Fig. 21--0utline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Case. See the Internal Schematic foz: the 
Terminals Supplied. For Reference Only. 

W E S T I N G H O U S E  
M E T E R  D I V I S I O N  

E L E C T R I C  C O R P O R A T I O N  
N E W A R K, W . J .  
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I N S T A L L A T I O N  • O P E R A T I 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 HCB PILOT WIRE RELAY 

CAUTION Before putt ing protective re lays 
int o service , remove all blocking which may 
have been in serted for the purpose of securing 
the part s during shipment , make sure that all 
moving part s operate fre e ly,  inspect the c on ­
tact s t o  s e e  that they are clean an d  c l ose 
properly, and operate the relay t o  check the 
settings and e l e ct rical c onne ction s .  

APPLICATION 

The type HCB re lay i s  a high speed pilot 
wire relay designed for the c omplete phase and 
ground prote ction of two and three terminal 
t ran smis sion line s .  Simultaneous t ripping of 
the relay at each terminal is obtained in 
about 1/60 of a second for all fault s .  A 
c omplete installat ion for a two terminal line 
c on sist s of t�o re lays , two insulat ing tran s ­
formers , and an interconnecting pilot wire 
c ircuit . For a three t e rminal l ine , three 
re lays,  three insulating t ran sforme r s ,  and a 
wye -connected pilot wire circuit with branche s 
of equal impedances  are required . 

CONSTRUCTION 

The re lay consist s of a c ombinat ion posit ive 
and zero phase sequence filte r ,  a saturat ing 
auxi l iary t ransformer ,  t�v rectox unit s ,  a 
polar type re lay unit , and a neon lamp al l 
mounted in a single case . The external equip ­
ment normally supplied with the re lay c on s i s t s  
o f  an in sulat ing t ran sforme r ,  a mil liammeter  
and t e st sw1 t ch . The con struct ior, of the se 
component s is as fol lows : 

Sequence Filter 

The current s from the current t ran sforme r 
secondaries are pas sed thru a filter con ­
sisting o f  a three winding iron core reactor 
and two re sistors . The secondary of the three 

SUPERSEDES l.L. 41 -658 H 

winding reactor and the re sistors are tapped 
to obtain settings for various fault con ­
dition s . The output o f  this filter provide s a 
voltage across the primary of the saturating 
t ransformer proport ional to the positive 
sequence current p lus a constant t ime s the 
z e ro sequence current . This c ombinat ion is  
selected as the discriminating funct ion 
because it can be adjusted t o  have definite 
value s lying in a comparat ive ly smal l range 
for all  type s of phase and ground fault s . 
Thu s ,  a single operating e lement can be used 
for all types of fault s .  The two lower tap 
dial s provide the adjustment of the re lative 
amount s  of posit ive and zero sequence currents 
that are combined t o  produce the required 
discriminat ing voltage . The right -hand l owe r 
tap dial ( front view ) adjusts the sen sitivity 
to ground fault current s .  The left -hand lowe r 
tap dial adjust s the positive phase sequence 
sen s itivity when the rat io of the current 
t ransformers  at the terminal s  of the line are 
not equal . 

Saturat ing Auxiliary Tran sforme r 

The voltage from the filter is fed int o the 
t apped primary ( uppe r  t �p plate ) of a small 
saturat ing tran sformer . Thi s t ran sforme r i�  
used to  l imit the volt age impre ssed on the 
pilot wire , and to provide a small range of 
voltage for a large variation of maximum t o  
minimum fault current s .  Thu s ,  high operating 
ene rgy is  obtained for very light fault s and 
l imit ed operat ing energy for heavy fault s .  
The relay operat ing characte ri stic  change s 
from pe rcentage differential at low current 
value s to approximately dire ctional charac ­
teristics  at high current value s .  

The upper tap plate change s the out -put of 
the saturat ing t ran sforme r ,  and is marked in 
ampere s required to ope rate the re lay when the 
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TYPE HCB RELAY ___________________ _ 

OPERATION 
I N DICATOR 

�� 
CONT.CTOR y� 
SWITCH 

FOR TRIP CURRENTS 

;�:;::sN 
D � 2o�s- I 

CONNECT AND DEAD 
END THIS LEAD. 

PHAse. C ---l-,...(2i!;-, --"'ffi'o-1---ie.---...J 
3 WINDING 
M UTUAL REACTOR 

REAR V
I
EW 

POLARIZ�O ELEMENT 
OPERATING COIL 

FULL WAVE 
RECTIFIERS 

NEON LAMP 

SATURATING 
TRANSFORMER 
PH....SE 8 
NEUTRAL 

RELAV- TVPE HCB PILOT WIRE 
DOUBLE TRIP IN TYPE F T  CASE 

" I  , lFULL WAVE RECTIF!Ef2S 

Fig. !-Internal Schematic of the Type HCB Relay in the 
Standard Case. 

Fig. 2-Intemal Schematic of the Type HCB Relay in the 
Type FT Case. 

AMPE RES IN FAR RELAY (F) 

F ��==����;;�::��==������������/�� ��5�--ii�O�:;
I
�5��2t0��2i5��3t0�--3t5----40

f-

--

-i 
.._I . J<{ + AMPERES I N  F"A R RELAY (f'l 

N � ""' ""' � ���IX'/ ! TR I P  A R E A  

WITH MATCHED TRA NSFORERS

.

�rx� � 
N O R MAL LOAD AND THRU FAULT--.."-. a: 

�C�U�R�� F�E�N�T�S�A�L�L�A�L�O�N�G�T�H�IS�L�IINN��,��--�----�rt--i- � ���I' � T� A R�r><:�� � 
��l�l�lx���� 
)( IF PLOTTED CURRENTS FALL I N  ��� 
THESE AREAS ONLY ONE RELAY TRIPS 

'\.1 '\1 '\.1 'J '-.I '-.. )( 
F N 

- -

N 1---------IJ;L_ 
TRANSMISSION L I NE u-

-
+ 

+ 
+ 

-+ 

+ CURRENTS : THRU FAULT 
- CUR RE NTS = I NTE R N A L.  FAULT 

Fig. 3---Typical Operating Characteristics on Phase A to Ground Faults With Currents Thru the Two Terminals 30° Out of 
Phase. Maximum Restraint With Insulating Transformers and 2000 Ohm Pilot Wires. Taps T = 4. R, = . I. Ro = 1.6. 
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pilot wire is open or when equal amount s  of 
currents  are fed to  an inte rnal fault thru the 
l ine terminal s .  For further discus sion , see 
sect ion ent itled, " settings" . 
Re ctox Unit s 

The secondary of the saturating trans former 
feeds the two rectox unit s ,  the in sulat ing 
tran sformer,  and the nilot wire , as shown 
s chematically in Figure 9 .  The re ctox unit s 
are used to convert the a-c output of the 
s aturating transformer to d-e for use un the 
d-e polar-type relay element . The use of a 
sensitive polar-type relay, requiring a small 
amount of energy , keeps the volt -ampere burden 
on the current transformers very low .  

Polar�-Type Relay 

This element consists of a re ctangular 
shaped magnetic frame , an elect romagnet ,  a 

permanent magnet ,  
double set of 

and an armature with a 

contact s .  The poles of the 
pe rmanent magnet clamp dire ct ly to each s ide 
of the magnetic  frame . Flux from the permanent 
magnet divide s int o  two paths , one path across  
the air gap at  the front of the element in 
which the armature is located , the other a­

cross  two gaps at the base of the frame . Two 
ad justable shunts are located acros s the rear 
air gap s . The se change the reluctance of the 
magnetic path so as to force some of the flux 
thru the moving armature which is fastened t o  
the leaf spring and attached t o  the frame mid­
way between the two rear air gaps . Flux in 
the armature polarize s  it and creates  a mag­
netic bias causing it to move towards one or 
the other of the pole s ,  depending upon the ad-
justment of the magnetic shunt s .  Two con -
cent ric coil s are placed around the armature 
and within the magnetic frame . The coils are 
connected in opposit ion with one used as a re ­
st raining winding and the other as an oper­
ating winding . The re straining winding set s 
up a magnetic  field, which, in con junct ion 
with the field from the permanent magnet holds 
the contact in the normal open pos it ion . The 
operating winding produce s a magnetic field 
which act s to move the armature in the con­
tact closing direct ion . The re st raining 
winding is t apped and the leads are brought 
out to  taps at the upper left of the re lay .  

The left hand posit ion o f  the test  l ink i s  the 
minimum re straint connection ,  and the right 

hand posit i on is  the maximum res traint conne�­
t ion .  

The moving c ontact s are fastened on the free 
end of the leaf spring . Two stat ionary con ­
tact screws are mounted to  the left ( front 
view ) of the moving c ontact assembly and are 
adjusted for normally open contact s .  

In sulating Transformer 

The in :;o•1lating t rans former is connected as 
shown in Figure 9 and serve s  to  isolate the 
terminal equipment from the pilot wire . This 
avoids j nt erconnection of station grounds that 
may have large differences of potentials 
between them . The mid-taps of the parallel­
wound secondary windings are brought out 
separate ly to provide a means of connecting 
supervisory re lays symmetrically within the 
pilot wire circuit . When auxiliary super­
visory rel ays are not used, the se mid-taps are 
to be connected t ogether and may be grounded 
to drain the voltage s induced along the length 
of the pilot wires when the se voltages ap­
proach the voltage l imit of the cable . This 
is discus sed further under Pilot Wire below .  

The transformers have a 4/1 ratio and 
in sulated for 5000 volt s .  

Pilot Wire 

are 

One pair of pilot wire s connecting the 
se condaries  of the insulat ing t ransformers is  
required t o  provide a continuous circuit be­
tween the relays . For the pilot  wire s a lead­
covered twisted pair of No.  19 wire or larger 
is re commended, however, open wire s may be 
used . The fol lowing point s should be con­
sidered in selecting pilot wire circuit s .  

1 .  The t o t al c i r c u i t  re s i s tance ( i n c luding 

neutral i zi ng r e a c t o r s  when u s e d ) b etween 

t e rminal s of t h e  Type HCB r e l ays ex c l us ive of 
the i n su l at ing t ransformers an d exp r e s s e d in 

t e rms of the p i l ot wire vo l t ag e  mu s t  n o t  ex ­

� e e d  2000 ohms f o r  two t e rminal l i ne s ( 500 
ohms p e r  wye b ranch for three t e rminal l in e s ) . 

2 .  The shunt c ap ac it y  b etween p i l ot w i r e s  

shoul d not exc e e d  0 . 75 mi c rofarad p e r  p i l ot 

wire t ermi nal for two t e rminal l in e s  ( 0 . 60 
mfd . p e r  l eg .  f o r  t hr e e  t erminal l in e s ) . 

In c a s e s  where t h i s value is exc e e d e d ,  c ompe n ­

sat ing r e a c t o r s  wi l l  b e  requ i r e d  t o  reduce t h e  
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:::t • 
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"' 
tl 
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i 
5 ..J 
A: 

0 I 2 3 4 6 
0061TIVE SEQUENCE AIIIPERES (60 C'ltLES) IN 80TH RELAVS 

Fiq. 4-Typical Test Output Vs. Input Relay Current in A 
Two Terminal Line With Zero Pilot Wire Resistance. 

shunt currents which t end t o  desensitize the 
re lay .  

3 .  Th0 difforence in the l ongitudinal in­
duced voltage which appears between wires 
should not 8XCPOd 15  vol t s total (7 . 5  volts  
per re l uy ) . 

4 .  The induced voltage to ground which oc­
curs on the pilot wire s during maximum fault 
c ondit ions shou l d  not exceed the rating o� the 

pilot wire s or in sulat ing tran sformers . The 
transformers urc insulat ed for 5000 volt s .  In 
general , the pilot wir0 s will  be insulated for 
u much low0r voltage , 

Induced voltago s and diffp,rences 
stat ion ground potent ial s which appear 
t h'" p i l ot w i r0 may bo reduced to safe 
b y  t he following mnans : 

between 
along 

l imit s 

4 

a .  Ex c e s s i ve vol tage s can be r e du c e d  by 

grounding the mid-taps of the insulat ing 

t ransformers and all owing current to 

c i rcul a t e  over the p i l ot wires to 

b .  

g round . Howe ver ,  the v o l t a g e  b e tween 

pilot 1vi r e s  must not exc e e d  1 5  v o l t s .  

For more s e r i ou s  induc t i on two win din£ 

neut ral i z ing reac t o r s  c an be u s e d t r  

r- - --
PILOT WIRE RESISTANCE = ZOOO OHMS 
TAPS : T•4, R , = .l, Ro • 1.6 

"' "' 20 "' "' a. ::E < 
:::; 16 ..J � 
!: 
1-z ... 10 "' "' :::J u 
"' a: 
� 5 
6 ..J D: 

0 

MAXI MUM RESTRAINT TAP 
PILOT WIRE CAPACITANCE •0.75 M FD. PER TERMINAL 

2 3 

llt ++++t-+H f++t-t H j t--t -t+ 

4 
Pll!IITIVE SEQUENCE AMPERES ·(1;0 CYCL� IN BOTH RELAYS 

Fiq. 5-Typical Test Output Vs. Input Relay Current In A 
Two Terminal Line With 2000 Ohm Pilot Wire Re­
sistance With or Without the 10 MFD. Condenser. 

c .  

l im i t  the v o l t age s . In c a s e s  where the 

s h e a t h  current may b e  suff i c i en t  t o  

c au s e  damage 

s u l a t e d  from 

t h e  sheath mu st b e  in -

groun d and t h r e e  winding 

neut ral i z ing reac t o r s  should be u s e d .  

R e a c t o r s  are ava i l ab l e  for 1 000 and 

2000 v o l t  neut ral i z a t i on . 

An other me thod 

sui t ab l e  two 

c on s i s t s  of c o nn e c t i ng a 

winding drainage r e a c t or 

and a p r o t e c t o r  

KX642 ,  t o  t h e  

t ub e ,  s u c h  as t he typ e 

p i l ot w i r e s  at s u i t ab l e  

p o i nt s .  The arrangement i s  such 

when the tube flashes b e c au s e  o f  

that 

h i gh 

ext raneous v o l t ag e s , b o th 

conn e c t e d  to groun d ,  t hrough 

and the t ub e . The imp e dan c e  

w i r e s  are 

the reactor 

t o  ground 

is l ow ,  but the imp e danc e  b e tween 

is kept h i g h  t o  avo i d  i n t e rf e ri ng 

the op erat ion of the HCB r e l ay s . 

OPERATION 

w i r e s  

w i t h  

The HCB pilot wire relay operate s  as a per­
centage different ial device when the fault 
current s are small ,  and has e s sent ially dire c ­
t ional characterist i c s ,  comparing the direc ­
c i on o f  current flow at the terminal s o f  the 
protected sect ion when the fault currents are 
large . 
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TYPE HCB RELAY ________________________________________________ LL_. 4_1_-� __ sJ 

The voltage appearing across  the secondary 
of the s aturating t ransformer is balanced 
against a similar voltage at the opposite end 
of the protected line se ction , thru the re­
st raint winding of each relay, the insulating 
t rans! ormers and the pilot wire s ,  as shown in 
Figure 9 . On external fault s ,  a flow of fault 
power thru the protected line sect ion, pro­
duces voltages acro s s  the secondarie s of the 
saturating t ransformers which are e s sentially 
equal and in serie s .  These voltage s act to 
circulate current thru the restraining coil of 
each re lay which is connected in serie s with 
pilot wire . Under this c ondition the oper­
ating coils connected acro s s  the pilot wire s 
do not re ceive sufficient current t o  overcome 
the restraint and s o  t ripping does not occur.  

For internal faults  with equal feed-in from 
the terminals ,  the voltage s acro s s  the s atu­
rating transformers are in opposition . This 
re sult s in all of the current flowing thru the 
re straining and operating coil s in series and 
none thru the pilot wire s .  The re lays at the 
ends of the section o�erate under this condi­
t ion to give s imultaneous t ripping of the 
breakers at the terminals of the 
sect ion . 

prote cted 

The impedance of the filter and the oper­
ating coil can be adjusted s o  that the sum of 
the minimum t rip current s from all te1•minal s ,  
when fed in from only one terminal , i s  suffic­
ient t o  t rip the relays s imultaneously. This 
is affe cted somewh11.t by very low or very high 
pilot wire impedance , since in this case en­
ergy t o  t rip any terminal not supplying cur­
reht to the fault , must be carried over the 
pilot wire . Consequently, settings are based 
on total fault current fed in from all termi-
nals di sregarding the current 
from the terminal s .  

dist ribution 

If the pilot  wire be comes open circuited, 
all of t he current in the re strain ing coil 

will also flow thru t he operat ing coil . While  

this  condition exi s t s  the rel ay operate s  as an 

overcurrent de vi ce and wil l  t rip on �11  fault s 

and also  on heavy l oads grnater thrm t he rre ­

l ay set t ing.  A short c ircuit on the p i l ot 

wire s  wil l  prevent t ripping, s in cco it short 

circuit s tho operat ing winding of t he re l ay .  

However ,  
wire i s  

i f  the short circuit o n  the pilot 
so p laced that it is 1000 or more 

pilot wire ohms from one of the two relays , 
then that relay wil l  not be blocked.  

The current and voltage impres sed on the 
pilot wire do not exceed 100 mil liamperes and 
60 volt s .  The wave form and magnitude of the 
pilot wire current i s  such that telephone in­
terference is within the l imit s al lowed by the 
Bell  Telephone C ompany. · This permits the use 
of leased telephohe l ines as a pilot wire 
channel .  

SUPERVISION 
A faulted wire pilot ment ioned above may be 

detected by the mil l iammeter and test switch 
( suppl ied with the relay ) or by c ontinuously­
operated supervisory relays suppl ied as extra 
equipment . 

The condition of the pilot wire under normal 
l oad conditions may be determined by reading 
the pilot wire current by means of the teat 
swit ch and mill iammete r .  

A comparison o f  the readings obtained with 
the typical value s of Figures 4 & 5 wil l  in­
dicate the c ondition of the pilot wire . It 
should be noted that , when the far relay cur­
rent is being read, the near relay is short 
circuited, and the far re lay is shunted by the 
re sistance of the pilot wire s plus the im­
pedance of the near re lay insulating tran s ­
formers . 

1 2 a 4 
POSITIVE SEQUENCE AMPERIES INPUT 

Fig. 6-Typical Curve of Relay Output vs. Positive Sequence 
Amperes Input. 
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Fig. 7-Typical Operating Characteristics On Phase A to Ground Faults With Currents In Phase and 1500 Ohm Pilot Wire. 
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Fig. 8--Typical Operating Characteristics On Phase A to Ground Faults With Currents in Phase and 2000 Ohm Pilot Wire. 
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2 3 I 2 3 
PROTECTED LJNE SECTION PHASE ROTATION I ·  2 ·3  
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POS. �·· _I_ a.. NEG. r-;:::.... I ,-- L9�RIP COIL I Lro g; INSULATING /t: I LOT �SFORMER W I RES 

;? / 2 
3 

� 
4 � 

� � 
R E A R  VIEW 

I?• I r �  
14 :!:16 

:::-:: 
.--

L§-

]- J 
EG. f-'•· j_ 

'--

H C I  L "" , J  

�m-X 2  

H 
4 
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� ,_..... � 

L�· �- @ -�1 
REAR VIEW I ·  0· 2141 

8 - -� 

10,� 7L_ _.1"1 1 1 2  

r---

� TYP 
TES 

E " w "  
T SWITCH 13 T l5 

I I ±  H lAA�� JJ PILDT WIRE " W" TEST SWITCH S. 1491 6 2 7  8 

r� =16 -

13 T l5 1\t,�� P O S I T I O N  INS TRU MENT 
ANSF ORMER TR � �  CONT. 

REM. REM. NORM. NORM 
P.O. P.O. 

7 - 8  X X 
9-10 X X 
1 1 - 1 2  X X X X -
13- 14 X X 

OIRC. CI RC, �CAL 
P. O .  

X 
X 

X X 
X X 

LOCAL 
P. 0 .  ot---J X 

X 
= 

MU LT IRANGE 
L L I A M METER M l  

15- 16  X X X X 
X DENOTES C ON TACTS CLOSED P. 0. • PULL OUT 

Fiq. 9-External Connections of the Type HCB Relay in the Standard Case For Phase and Ground Protection of A Two 
Terminal: Line. 

Figure 6 shows typical value s for relay out -
put current vs . positive sequence input cur-
rent . For this test , the insulating 
transformer is short circuited on the low 
voltage s ide s o  that the mill iammeter is con -
ne cted d1.re ctly across  the relay output 
terminals . 

CHARACTERISTICS 

Typical overal l oper ating characteristics of 
the re lay are illustrated in Figure s 7 and 8 .  
The general shape of the se curve s  i s  bimilar 
for othe r type s of fault s ,  relay settings , and 
pilot wire lengths . The ampere abs cissa and 
ordinate scale s may be interpolated to show 
the operating characterist ics for other con­
dit ion s  and tap sett ings by the use of the 
following equat ion : 

I = ...£....35.{ 2; R + I
0
ao ( R1 + 3R0 )} ( 1 ) an T al l 

where Ian is the value t o  read on the curve 
(Figure s 7 and 8 ) . 

For example,  assume relay tap 
T = 6 ,  R1 = . 1 ,  Ra = . 68,  and also 

settings of 
as sume that 

a phase b to ground fault occur s ,  for which 
the "near" relay component s are as :fo llows : 

10 + j o  ( 2 ) 

2 
Iao • 9a ( Ial ) (3 ) 

In equation (3 ) , the factor . 9 was arbi­
trarily used as a reminder that the dist ribu­
tion factors for positive and zero sequence 
component s  are not nece s s arily equal for any 

2 given system. Al s o ,  the operator a s ignifie s 
that lao is 240 ° leading Ial for a phase b t o  
ground fault , negle cting dissimilarit ies in 
the sequence networks . First substituting the 
part icular condition of equation (3 ) in equa­
tion ( l ) gives 

Ian = � Ia1 { 2R1 + . 9a
2 (R1 + 3R0 > }  ( 4 ) 
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TYPE HCB RELAY 

Subst ituting value s for the several taps in 
(4 ) gives 

I an = 2 .35 Ial { 2 x . 1  + . 9  ( - . 5- j . 866 } } 
6 ( . l + 3 x . 68 } ( 5 ) 

. 392 
I

a1{- . 763 - j,l .67 } I an (6 } 

I an (7 ) 

Substituting the numberical value for Ia l  
given by equation ( 2 ) result s in a numerical 
value for Ian of 

I an= . 7 18 x 1 0  7 . 18 amperes . 

This 1s the value to read on the curve for 
the typical values chosen for the tap s  R1 , R0 , 
and T at the particular phase b t o  ground 
fault values indicated by equations ( 2 ) and 
(3 ) . It should be noted that the total phase 

b current to the "near" re lay is Ib = Ibl + 
Ib2 + Ibo = 29 ampere s ,  as suming Ib2 = Ib1 • 

For a phase t o  phase fault , there i s  no zero 
sequence 
is equal 
phase t o  
t o :  

current , and 
in magnitude 

the phase current , ILL, 
t o  l{3 Ial . Hence , for 

fault s ,  equation ( 1 } reduce s phase 

I an = 2 . 35 
-T-

SETTINGS 

(8 ) 

The HCB relay has three different taps which 
are provided to obtain flexibility for a wide 
range of application . The t aps t o  provide 
corre ct operation for any given application 
are easily selected and have a wide la�itude . 
That is_ , corre ct operation can be obtained for 
different combinat ions of tap value s .  The 
following discussion e stablishe s limit s for 
the vario' l '> tap settings under different oper­
ating condit ion s .  It should be kept in mind 
that settings 
internal raul t 

t o  obtain operation on minimum 
conditions are based on the 

total current that flows int o the sect ion from 
all terminal s .  

8 

Positive Sequence Filter Tap 

The l ower left t ap (Rl } has three available 
t aps . 07 5 ,  . 10 ,  and . 15 (the . 075 tap is  
actually marked . 07 because of space l imita­
t ions ) . These t ap s  permit compensation for 
current t ransformers of different ratios at 
the various terminal s .  Where the current 
transformers have the same ratios , the value s 
of R1 should be the same on all rel ays . A 
value of R1 = . 10 is usually recommended ex­
cept where a more sensit ive setting of 11T 11 

(described bel ow ) is des ired than is obtain­
able with R1 = • 1 0 .  Where the current t rans ­
formers are different a t  the different termi­
nal s ,  select the value o f  R1 which is  propor­
t ional to the current t ransformer ratios . For 
example,  as sume a ratio of 300/5 at one termi­
nal and 600/5 at another terminal . Set R1 
. 075 at the 300/5 t erminal and R1 = . 15 at the 
600/5 terminal . The ratios obtainable are 

1/1 ,  2/1 ,  3/2 , and 4/3 .  In the e vent that the 
ratio of the R1 t aps is not 1/1 it wil l  be 
neces s ary to compensate for the unbalance by 
increasing the minimum t rip calibration 25% 
above it s normal value or by neutralizing the 
dist ributed capacitance of the pilot wire . 
The same procedure appl ie s  t o  three terminal 
line s . 
Pos1t ive Sequence Current Tap 

The upper tap (T ) has values of 4, 5 ,  6 , 8 ,  
1 0 ,  12  and 1 5 .  This t ap should b e  sele cted t o  
as sure operation on minimum internal l ine -to­
l ine fault s ,  and where possible , t o  prevent 
t ripping on load current if the pilot wire be­
come s accidentally open c ircuited . The high­
est setting of "T " that will c ause operation 
on internal line-to-line faults is given by 
the equation 

� = 5 .7 ILL Rl (9 ) 

where ILL is the t otal minimum internal l ine ­
to-line secondary fault current fed from all 
terminal s ,  divided by the number of terminals .  

The fact or " 5 , 7 11 is used as the opel'ation of 
the posit ive sequence filter is such that the 
re lay requires 1 . 73 t ime s as much current for 
operation on a line-to-line fault as on a 
three phase fault . This means that the three ­
phase trip setting should b e  S7% o f  the de ­
sired l ine-to-line current setting.  Al so,  the 
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I 2 3 

PROTECTED UNE SECTION 

9-10 X X 
1 1- 1 2  X X X X 
13·14 X X 

15-16 X l( 
X DENOTES CON TACTS 

PHASE ROTATION I ·  2··3 

P.O. 

.X 
X X 

X X 
X X 

X X 
CLOSED P. O .  PULL 

I 2 

OUT 

TYPE " W" 
TEST SWITCH 

Fig. 10- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line. 

I 2 3 

AUX. BALANCING INSULATING 
RESISTOR TRANSFORMER 

PHASE ROTA T I O N  1 -2 - 3 

WYE CONNECTED 
PILOT WIRES 

P. 0. : PULL OUT 

" 0 

PILOT WIRE "W" TEST SWITCH $.  1491627-8 
P O S I T I O N 

R EM. R!:M. N�. RM. CIRC CIRC GAL 
P.O. P. O. P.O. P.O. 

7-8 X X 
9-10 
1 1 - 1 2  X 
13-14 X 
1!1-16 X X X 
X DENOTES CONTACTS CL.OSEO 

Fig. l l- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of A Three 
Terminal Line. 
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0 
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POS. rr=;==========��-�J NEG. 

' L  �RIP COIL ):_ J  o HCB A t  

�cr���.�.���,�F-�-�>r-------� 
-� HRB A I  3 '-'lW x o  
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REAR VIEW 8-D- 5'685 

12 II l 9 10 

v 

14 
13 

10 .9 f� I I .12 
t:=====��:-:::���;:=:=��==1-TYPE ,.W" 

��4 _....-- p�6 TEST SWITCH 
PILOT WIRE"W"TEST SWITCH S. l 49l627 · 8  

CONT. REM REM. 
P.O. 

7- 8 X X 

9 - 10 
1 1 -12 X X 

13-14 X 

POSITION 
0RM. NORM CIRC. CIRC, LOCAL L...O<iAL 

P.O. P.O. P.O. 

X X 

X X X X 

X X 

X X 

1!5-16 X X 

X DENOTES CONTACTS CLOSED P.O• PULL OUT 

13 15 
11-HHt--t;:-L--l�r----/--INSTRUMENT +J: _JJ. TRANSFORM£ l[� ��������=��--+ MULTIRANGE 

t-=='-'-----_.c.l Oj-� Ml LLIAMMETER 

Fiq. 12-External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line With a Transformer Bank. 

numerical value s of T are the posit ive sequ­
ence currents  required t o  operate the relay 
when R1 i s  set on . 10 .  Therefore , t o  com­
pensate for the value of R1 used in the form­
ula, T ,  must be divided by 0 . 1  thereby ob­
taining the factor "5 . 7 " . 

Where l ine -to-line currents  are not b1own , 
an alternate equat ion can be used .  

The alternate equat ion i s :  

( 10 )  
where I 3� i s  the total minimum internal three 

10  

phase secondary fault current fed from all 
terminal s  divided by the number of terminal s .  
The factor " . 86 "  i s  used as l ine-to - l ine fault 
current is 86% of the three phase fault cur­
rent when the negat ive sequence impedance of 
the system equal s the positive sequence im­
pedance of the system . 

Equation ( 9 )  and ( 1 0 )  give the upper l imit 
of "T " which must not be exceeded to obtain 
operation on the l ine -to-line fault s .  The 
.ctual setting should always be below the 

value s obtained from equation ( 9 )  or ( 10 ) .  
The minimum l imit s for this setting are dis­
cussed below .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB RELAY 

The setting of "T " which wil l  cause ope ra­
t ion on load current if the pilot wires be ­
c ome accidentally open c ircuited is given by 
the equation : 

T 1 0  R_ . I  1 Load 
( 1 1 } 

where " I  11 is the maximum secondary 1'ull L.oad 
load balanced current flowing through the 
terminal . 

It is general ly de sirable to select a value 
of "T " which will not cause operation if the 
pilot wire s are accidentally open circuited . 
A safety fact or of at least 25% is generally 
recommended to prevent such operation s .  That 
i s ,  "T ", should be set 25% above the value ob­
t ained from equation ( � 1 )  if the relay is not 
to operate on load current with the pilot 
wire s open c ircuit ed .  

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

NOte : " T  11 must be set the s ame at all termi­
nals ( even where different t ransformer 
rat ios are used . } 

Zero Sequence Tap 

The lower tap (Ro ) has tap s  . 025,  . 033 , . 05 ,  
. 39 , . 5 1 ,  . 68 ,  . 90 ,  1 . 2  and 1 . 6 . (The first 
two taps are actually marked . 02 and . 03 be­
cause of space limitations ) . The three lowe st 
taps are not used in applicat ions where high 
sensitivity to ground faults is required.  
They are used on special applications where 
re sponse to positive sequence current only is 
required , Where such re sponse is required, R0 
is set t o  equal t o  1/3 Rl 

Maximum sens itivity to ground fault s is ob-

l.l. 41 -658J 

tained with Ro = 1 .6 . This setting is gener­
ally recommended where current t ransformers 
with the same ratio are installed at all 
terminals .  Where current t ransformers of dif-
ferent ratios are installed at the various 
terminals ,  value s of Ro should be selected 
which are most nearly proprotional t o  the 
transformer rat io s .  When the ratio of the Ro 
t aps can not be made to exactly mat ch the 
ratio of the Rl tap s ,  pick the ratio to mat ch 
as closely as pos s ible , and use maximum re ­
straint tap . 

The minimum tap t o  obtain operation on mini­
mum ground fault s is expre s sed by th� equa­
t ion : 

( 1 2 )  

where Ig is the t otal minimum se condary 
ground fault current fed into the section from 
all terminals (taking into account pos s ible 

ground fault res istance } , divided by the num­
ber of terminal s ,  and where "T " is the actual 
t ap selected (not th� 'l9.lue calculated from 
equation ( 9 } or ( 1 0 } , 

It is recommended that 11 R011 be set as high 
above the value obtained from equatio� ( 12 } as 
possible keeping the value of R0 approximately 
proportional t o  the current t ransformer 
ratios . 

Rest raint Tap 

The r e s traint coil has a tap whi ch p e rmi t s  

the entire coil or part of it to be used . The 
relay is normally shipped with the re straint 
t ap l ink connected in the maximum restraint 
position . This link is in the upper left hand 
corner of the panel carrying the polar e l e ­
ment . The link is connected t o  the left for 
minimum re straint , and to the right for maxi­
mum restraint . Maximum restraint should be 
used with pilot wire s of 1500  to 2000 ohms . 

Example of Rel ay Settings 

As sume a two terminal line with current 
transformers rated 400/5 at sta�ion 1 and 
300/5 at station 2 .  Als o  as sume tha� full 
load current is 300 amperes ,  and on minimum 

11 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB RELAY 

inte rnal phase-to-phase faults 2000 ampere s 
feed int o the fault from stat ion l and 1000 
ampere s from stat ion 2.  Further as sume that 
on minimum internal ground faul t s ,  400 am­
pere s  feed into the fault from stat ion 1 and 
none from stat ion 2 .  

Posit ive Sequence Filter TaP 

Set R1 proportional t o  the t ransformer 
rat i o .  R1 at station l = 0 . 10 ,  R1 at . station 
2 = 0 . 075 · 

Positive Sequence Current Tap 

From equation ( 9 )  

T 

or 

T 

5 .7 X 3000 X 5 X , l  
400 X 2 

5 . 7  X 3000 X 5 X , 075 
300 X 2 

This repre sent s the highe st permis sable 
setting . The setting whiGh wil l cause 
tripping on load current if the pilot wire be ­
c omes accidentally open circuited is given by 
e quation ( 1 1 ) . 

T 

or 

T 

1 0  X , l  X 300 X 5 
400 

1 0  X 0 ,75 X 300 5 

300 

3 .75 

= 3 . 75 

Select T at both stations 6 .  

Zero Sequence Tap 

The minimum tap which will cause t ripping to  
minimum internal ground fault s is  given by 
equation ( 12 ) . 

Ro = 

0 . 2  X 6 X 400 
200 X 5 

0 . 2  X 6 X 300 
200 X 5 

.48 at stat ion 1 

. 36 at station 2 

Select R0 at stat ion l 1 . 6 
And R0 at station 2 1 . 2  

1 2  

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof enclosure s  
combining relay elements and knife-blade test  
swit che s in the same case . This combination 
provides a compact flexible assembly easy t G  
maintain , inspect , test  and adjust . There are 
three main units of the type FT case : the 
case , cover and chas sis . The case is an all 
welded steel housing containing the hinge half 
of the knife-blade test  switches and the 
terminal s for external connections . The cover 
is  a drawn steel frame with a clear window 
which fit s over the front of the case with the 
swit che s closed . The chassis is a frame that 
support s the relay element s  and the contact 
j aw half of the test swit che s .  This s l ide s in 
and out of the case . The ele ctrical con­
ne ct ions between the base and chas sis are c om­
pleted through the closed kn ife-blade s .  

Removing Chas sis  

T o  remove the chas sis ,  first remove the 
cove r by unscrewing the captive nut s at the 
corners . This exposes the �alay element s and 
all the test swit che s for inspe ction and 
t e st ing. The next step i s  to  open the test  
switche s .  Always open the elongated red 
handle swit che s first before any of the black 
handle swit ches or the cam 
This opens the t rip circuit 
cidental t rip out . Then 

act ion lat che s .  
t o  prevent ac­

open all the re-
maining switche s . The order of opening the 
remaining swit che s is not important . In open­
ing the test  swit che s they should be moved all 
the way back again st the stops . With all the 
swit che s ful ly opened, grasp the two cam 
action lat ch arms and pull outward . This re ­
leases the chassis from the case . Using the 
lat ch arms as handle s ,  pull  the chassis  out of 
the case . The chass i s  can be set on a t e st 
bench in a normal upright posit ion as wel l  as 
on it s t op ,  back or side s for easy inspect ion , 
maintenance and test , 

After 
chassis 

removing 
may be 

the chassis  a duplicate 
inserted in the case or the 

blade portion of the swit che s can be closed 
and the cover put in place without the 
chassis . The chassis operated shorting 
swit ch located behind the short circuit ing 
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test swit ch prevent s open circuiting that cir­
cuit when the short circuit ing type test 
swit che s are closed . 

When the chass i s  is t o  be put back in the 
case , the above procedure is to be followed in 
the reversed order .  The elongated red handle 
swit ch should not be closed unti l  after the 
chass i s  has been lat ched in place and al l of 
the black handle swit ches closed.  

Electrical C ircuit s 

Each terminal in 
test  swit ch to the 

the base connects  thru a 
relay elements  in the 

chassis as shown on the internal s chematic 
diagrams . The rel ay terminal i s  identified by 
numbers marked on both the inside and out side 
of the base . The test swit ch positions are 
identified by letters marked on the top and 
bottom surface of the moulded blocks . These  
letters can be sean when the chassis or re ­
moved from the case . 

The potential and control circuit s thru the 

relay are disconnected from the external cir­
cuit by opening the associated test  swit che s .  
Opening the short circuiting test  swit ch 
short -circuit s that circuit and disconnects 
one s ide of the rel ay coil but leaves the 
other s ide of the coil connected to the ex­
ternal circuit thru the current test  jack 
jaws . This circuit can be isolated by insert ­
ing the current test  plug (without exte rnal 
connections } by insert ing the t en circuit test 
plug, or by insert ing a piece of insulating 
mate rial approximately l/3 2 n  thick int o  the 
current test  jack j aws . Both swit che s of the 
current test swit ch pair must be open 
when using the current test  plug or insulat ing 
material in this manner to short -circuit the 
current transformer secondary . 

A cover operated switch can be supplied with 
it s contact s wired in serie s with the trip 
circuit . Thi s switch opens the trip circuit 
when the cover is removed . This switch can be 
added to the existing type FT cases at any 
t ime . 

Testing 

The re lays can be te sted in service , in the 
case but with the exte rnal circuit s i solated 
or out of the case as foll ows : 

Testing In Service 

The ammeter test  plug can be inserted in the 
current test  j aws afte r  opening the knife-
blade 
relay .  
st rips 

swit ch t o  check the current thru the 
This plug consists  of two conducting 

separated by an insulating strip .  The 
ammeter is connected to these  st rips by termi­
nal s crews and the leads are carried out thru 
holes  in the back of the insulated handle . 

Voltages between the potential circuits can 
be measured convenient ly by clamping #2 clip 
leads on the proj ecting clip lead lug on the 
contact j aw .  

Testing In Case  

With all blade s in the full open posit ion , 
the ten circuit test plug can be inserted in 

the contact jaws . This connects 
element s t o  a set of binding posts 

the relay 
and com-

pletely i solates  the relay circuit s from the 
external conne ct ions by means of an insulat ing 
barrier on the plug . The external test  cir­
cuit s are connected to the se binding post s .  
The 
with 

plug is inserted in the bottom test  j aws 
the binding posts up and ib the top test  

swit ch j aws with the binding posts  down . 

The external test  circuit s may be made t o  
the rel ay elements by # 2  t e s t  clip leads in­
stead of the test plug . When connecting an 
exte rnal test  circuit to  the current 
elements  us ing clip lead s ,  care should be 
taken to see that the current test jack jaws 
are open so that the relay is completely iso­
lated from the external circuit s .  Suggn sted 
mean s  for isolating this circuit are outlined 
above , under "Ele ctrical Circuit s . "  

Testing Out of Case 

With the chas sis , removed from the base , 
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relay element s may be te sted by using the ten 
circuit test plug or by #2 test clip leads as 
described above . The factory calibration i s  
made with the chas sis  i n  the case and removing 
the chas s i s  from the case will change the 
calibration values by a small percentage . It 
i s  re commended that the relay be checked in 
posit ion as a final che ck on calibration . 

INSTALLATION 

The relays should be mounted on swit chboard 
panels or their equivalent in a location free 
from dirt , moisture , exce s sive vibration and 
heat . Mount the relay verti cally by means of 
the two mounting studs for the standard case s  
and the type FT proj ection case or oy means of 
the four mounting holes on the flange for the 
semi-flush type FT case . Either of the studs 
or the mounting s crews may be utilized for 
grounding the relay .  The ele ctrical con­
ne ctions may be made direct to the terminals 
by means of screws for steel panel mount ing or 
to terminal studs furnished with the relay for 
ebony-asbe stos or slate panel mounting . The 
terminal studs may be easily removed or in­
serted by locking t� nut s on the studs and 
then turning the proper nut with a wrench. 

The relay is shipped with the operation in­
dicator and the contactor switch conne cted in 
parallel . This circuit has a resistance of 
approximately 0 . 25 ohm and is  suitable for all 
trip currents above 2 . 25 amperes d-e . If the 
trip current i s  less  than 2 . 25 ampere s ,  there 
is no need for the contactor switch and it 
should be disconnected . To disc onne ct the 
coil , remove the short lead to the coil on 
the front stat ionary contact of the contactor 
swit ch. This lead should be fastened (dead 
ended ) under the small filister-head s crew 
l ocated in the Micarta base of the contactor 
swit ch . The operation indicator will operate 
for trip current s above 0 . 2  ampere s d-e . The 
re sistance of it s coil is approximate ly 2 . 8  
ohms . 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustment s t o  insure corre ct 
operation of this relay have been made at the 
factory and should not be disturbed afte r  

1 4  

re ceipt by the custome r .  If the adjustment s 
have been changed, the relay taken apart for 
repairs , or if it i s  des ired to check the ad­
justment s at regular maintenance period s ,  the 
instructions below should be fol lowed . 

All contact s should be periodically c leaned 
with a fine file . 3#1002110 file is  re com­
mended for this purpose . The use of abrasive 
material for cleaning contact s is not recom­
mended,  because of the danger of embedding 
small particles  in the face of the soft silve r  
and thus impairing the contact . 

CAUTION 1 .  Make sure that the neon lamp is  
in place , whenever relay operation is  being 
che cked.  This is required to l imit dist ortion 
in pilot wire voltage wave . 

2 .  When changing taps under load the spare 
tap screw should be inserted before removing 
the other tap screw . 
Sequence Filter 

There are no adjustment s t o  be made in the 
zero sequence resistor . 
re sistor are adjustable , 
a factory calibration 
ordinarily be disturbed . 

The taps on the R1 
however, but this is  

which should not 
To che ck the posi-

t ive sequence current filter, pas s a current 

I = 6 . 94 ampere s through a pair of phase 
terminal s ,  for example , in at phase B ,  0ut of 
phase C ( see Figure 2 ) and measure the open 
circuit filter voltage with a high re sistance 
voltmete r .  This may be done by removing the 
positive sequence current tap s crew, T ,  and 
connecting the voltmeter across  the open 
circuit thus formed . The voltage should be 
8R1 plus or minus 5% for each of the three 
phase-to-phase comblnat ion s ,  AB, BC , or CA . 
For example , at I =  6 . 94 amperes and R1 = . 1 ,  
the voltage should be 0 . 8  volt s .  

Polar -Type E lemenL 

C ontac t A djus tment : A djust the l e ft -hand 

( front view ) c ontacts  unt il they just make a 

l ight circuit , when the armature rivet t ouc�es 

the l e ft -hand p ol e fac e .  Give b ot h  the l e ft ­

hand c ontact s crews four t o  five addi t i onal 

turns , and l ock in p o s i t i on with the l o ck nut s  

provi de d .  This moves the 2 rmature rivet 'l.way 
from the l eft -hand p o l e  face and p r ovid e s  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HCB RELAY _______________________ LL_. 4_1_-6s_sJ 

z 
o l :4 ... 
"" 
ILl 1.2 
en 
"" 
% � 1.0 
� 
irl .8  
a:: 

! ·6 
z 

� :4  

0 �00 1000 

NEAR RELAY TRIPS 
FAR RELAY TRIPS 

R• PILOT WIRE RESISTANCE IN OHMS. 

MICROFARADS DISTRIBUTED CAPACITY • .  001 R 

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

c ontact f o l l ow . 
backst op s c rews 

Now adjust 
unt i l  they 

the right -hand 
just t ouch the· 

moving c ontac t s  when the moving c ontac t s  are 
in the · c ontact c l o s in g  p o s it ion a s  above . 
Back off each back s t op s c rew two turn s and 
l ock in p os i t i on . 

Cal ibration : C onne ct the re st raint t ap l ink 
in the p o s it ion in which it wi l l  be u sed . 
C onne ct the l ow v o l t age 
sulat ing t ran sformer 

t e rminal s of the in ­
acro s s  the p i l ot · wire 

t e rminal s of the re l ay . Conne ct the re lay 

t ap s  on T = 4 ,  R1 = , 1 , R = 1 . 6 , 
0 

Adjust the right-hand magnetic shunt in or 

out a s  requir e d ,  un t i l  
c ont ac t s  at 6 . 9  t o  7'. 0 
pha s e  C current . When 
been made , change the 

the relay just c l o s e s  
amper�s phase B t o  

thi s adjustment has 
input current c on ne c -

t i on s  t o  phase 1\. t o  neutral . The re lay shou l d  
t rip for pha s e  A to neutral current be tween 

. 4 5 and . 5 5  amp ers . 

The above i s  given as a laborat ory c a l ibra ­

t i on on an individual re lay with it s in su l a -

t in g  t ran sf orme r . Thi s doe s not t ake int o 

c on s ide rat ion the characteri s t i c s  of the p i l o t  

w ire c i r cuit between t h e  re l ays . 

- 1.6 

� L2 c 
f - Lo 
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R• PILOT WIRE RESISTANCE IN OHMS. 
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Fig. 14-Typical Curves Showing the Effect of Pilot Wire 
Resistance and Capacitance on Minimum Trip Cur­
rent With Maximum Restraint. 

Figure s 13 and 14 show typi cal variat ions of 
min imum t rip current f o r  various lengths o f  
p i l ot w i r e  c i rcuit s u p  t o  t h e  limiting value s 
of 15 0 0  ohms for re lays operating on min imum 
r e s t raint ( Fig . 13 ) and 2 0 0 0  ohms for re lay s 

operating on maximum re st raint ( Fi g .  14 ) .  

For the se curve s ,  both re lays are set on 
t ap s  T = 4 ,  R 1 = 0 . 1 ,  R0 = 1 . 6 . Each re l ay i s  
origina l ly calibrated t o  t r ip on a current o f  
. 47 ampe re s ,  phase A t o  neut ra l ,  with the high 
s ide of the in su lating t ran sformer open - c i r ­
cuit e d . Thi s  value of current i s  equiva l ent 
in the re lay f i l t e r  to 4 ampe re s p o s i t ive s e ­
quence on l y ,  with the t ap s  as spe cified above . 

Re st raining C o i l :  The effect ivene s s  of the 
r e s t rain ing c o i l  o f  t he re lay e lement , and the 
performan ce of the Re c t ox unit s ,  may be 
checked as f o l l ow s ,  if de s ire d .  C onnect a 
var iab l e  n on - inductive 

high v o l t age t e rmin a l s  
re s i st o r  acro s s  t the 

of the in sulat ing 
; ran sforme r ,  and connect d - e  mi l l iamme t e r s  in 
se rie s with the operating and r e s t raining 

c o i l s  o f  the e l ement , by opening the se c i r ­

cuit s a t  the t e st links provided f o r  this 

purpo se . The se mi l l iamme t e r s  shou l d  have l ow 
re s i st an c e ,  and shou ld be capab le of reading 
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in the order of 20 to 25 rna . in the operating 
coil and 100 to 150 rna . in the re straining 
circuit . Using T = 4 ,  R1 . 1 , R0 = 1 .6 ,  pass 
10 amperes 60 cycles from phase A to Neutral 
in the relay, and increase the variable 
resist ance across  the insulating transformer 
high voltage terminals until the relay just 
trip s . This should be in the order of 1400 to 
2000 ohms when maximum restraint is used . 
Read the d-e current (milliamperes )  in the 
operating and restraining coils at this point . 
The value s obtained should conform substan­
t ially to the following equations . 

For Minimum Re straint 

I0 = . 12 IR + 8 

For Maximum Restraint 

where I0 and IR are operating and restraining 
coil current s ,  respectively, in milliamperes .  
The result s  are subject to slight variations 
between individual rela1s . 

The polarity of the connections to the pilot 
wire s ,  and the correct "Phasing out " of A, B, 
C phases at the two stations may be checked by 
the six tests out lined on Page 17 . 

Pilot Wire Current 

The pilot wire current which should flow 
under normal load condit ion s is given in 
Figure s 4 and 5 .  If the relay taps  in use 
differ from those indicated in the se figure s ,  
suitable conversion factors must b e  used . The 
pilot wire current will vary inverse ly with T 
and dire ct ly with R1 . 

Contactor Switch 

Adjust the stationary core of the switch for 
a clearance between the stationary core and 
the moving core of 1/64" when the switch is 
picked up . This can be done by turning the 
re lay up-side -down or by disconnecting the 
switch and turning it up-side -down . Then 
s crew up the core screw unt il the moving core 
start s rotating . Now, back off the core screw 

1 6  

until the moving core stops rotating . This 
indicates the point s where the play in the 
assembly is taken up, and where the moving 
core just separates from the stationary core 
screw. Back off the core screw approximately 
one turn and lock in place . This prevent s the 
moving core from striking and sticking to the 
stationary core because of residual magnetism. 
Adjust the contact clearance for 3/3211 by 
means of the two small nuts on either side of 
the Micarta dis c .  The switch should pick up 
at 2 ampere s d-e .  Test for sticking after 30 
amperes d-e have been pas sed through the coil . 

Operat ion Indicator 

Adjust the indicator to operate at 0 . 2  am­

pere d-e gradually applied by loosening the 
two screws on the under side of the assembly, 
and moving the bracket forward or backward . 
If the two he lical springs which reset the 
armature are replaced by new springs , they 
should be weakened slightly by stret ching to 
ob t ain the 0 . 2  amp e re c a l ibrat i o n . 

r e s i stance i s  approximat e l y  2 . 8 ohms . 

Th e c o i l  

ENERGY REQUIREMENTS 

The volt -ampere burden of the type HCB re­
lay is practically independent of the pilot 
wire re sistance and of the current tap used .  
The following burdens were measured at a bal ­
anced three - phase current of 5 amperes : 

For tap 4 R1 = . 075 and R0 = . 39 

Phase A 1 . 25 volt -ampere s 
Phase B .30  volt -amperes 
Phase c .go  volt -ampere s  

For tap 4 R1 • 15 and R0 = 1 .  6 

Phase A 2 . ) VOlt -ampere s 
Phase B 4 . 6 volt-amperes 
Phase c 5 - 3  volt-amperes 

The angle s above are the degrees by which 
the current lags its re spect ive voltage . 

The two se cond overload ratings of the relay 
are 150 ampere s phase and 125 ampere s  ground 
current s .  
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,-------------- - -- ------------------------------
c . T .  I s  c .  T .  I �  

Transmis sion L�ne 

"F" Rel: .y "N" Relay rF insulat ing {ransformers � 
1 P iloj Wire"  � HCB HCB 

" P i lo t  Wire Current " 

'--.....,..--;----__ Te s t Swi tche s��----' 
Note : The line should be c arrying through load current amounting to at least 1 . 5  amper·e� as 

measured in the s e c ondary of the Current Transformer s .  This t e s t  i s  b a s e d  on the r a t i o  
o f  t h e  C . T . 1 s  being t h e  same a t  e a c h  end o f  the l ine , in w h i c h  c as e  s e t  the taps of b o t h  

.;o "' . 
OJ 0 E-< �  

l 

2 

3 
4 

5 

1 6 

re lays to R1 � . l ;  R0 � 1 .6 ; T � 4 for this te s t . 

RELAY "N " 

T e s t  Relay R e lay " P i lot Wire Current " T e s t  
Switch Current Tr ip C irculat ing Relay F Switch 

�U t  A , B , C , N  No ( l ) ( l )  � n �  � �X A, C , B , N No ( 2 ) ( 2 )  u� 
� u u  

A, N Yes ( 3 )  (O) 1tm 
6 6 .II, W1 MJ.,j' 0 Yes ( 3 )  ( 3 )  ( 4 ) 

� A, !J No ( 3 )  ( 3 )  u;; ill; A, N Yes ( 6 )  uu H 
REMARKS 

----- · --- --
RELAY TTF !! _I 

Re lay R e lay " P i l o t  Wire C ur r ent 1 1 
Current Tr ip C i rculat ing Re lay N 

A, B, C ,  �; No ( l ) ( l )  

A ,  C ,  B ,  I �  llo ( 2 ) ( 2 )  
() Yes ( 3 )  ( 3 )  ( !., ;  

A, l,T Ye s ( 3 )  (O )  
A ,  !I r:o ( 3 )  ( 3 )  

B , C , Ii Ye s ( 6 )  

·.re s t s  l and 2 are to c he c k  normal pos i t ive s equence r o t at i on of phas e s .  Ti1e t e s t  swi t c h  c oc-
n e c t ions of t e s t  #2 may be ma:le r e ad i ly w i th re lays in the F lexi t e s t  c a s e  by u s :'nc; leads 
and insulat ing barr i e r s  in the amme t er t e s t  jack s .  However , c ar e  should b e  us ecl to tcc -
c ident ally o p en- c ircuit ing the current transformer c ir c u it s . 
Tests 3 and 4 s imulate internal Phase A to Grollild fault with s ingle cc::l f s s d .  T�s imulates  an external Phase A t o  Grouncl f -":?.ult .  ( 5 )  
�__3l imulat e s  an int ernal Phase A t o  Grou_nd r � ult , with equal f e e J  from tt1e two enci s ,  s ince 
IB + Ic � - IA, with balanced loaJ . 

LEGE!IlJ OF 
TEST SWITCH 

SYMBOLS : 
f

N t A
J

B
! C normal C oru-tec t i on . ��} Y Y { f All Currer.ts t o  EXAMPLE 

Ph0, s e  A current from 
C . T .  1 s  t o  R e lay . 
Phase B and C C . T .  1 s  
shcrted t o  neutr � l .  

( l ) 
( 2 )  
( 3 )  ( 4 ) 
( 5 )  

( 6 )  

� R e l 2.y . 

To C . T .  1 s .  
rl10.e !1 p i lo t  vrire c urrent 1 1 w i l l  vary :-:.iepending upon the of ths ,� c1rm1g�1 lo e..i 
.r ent and the c harac t e r i s t i c s  of_ the p i l 0 t  wire . Sso e 

4 -·, ,. :i i"h . .  L· • tld. ho ve Sinc e the re lay is temporari. ly c or..nec t e d  f o r  r,egat ive s e quenc e; ,  _ c  c • � 
i c al ly zero output in t h i s  t e s t . 
The s e  readings may be n off s c ale 1 1  deper:d ing upon t �'le magnitude of the lo a'J c urrent . 

prac t-

The re lay at this s t &t i on sh•. uld r e s e t  when the "f'ar " c urrent i s  be i,-,g read b e c au s e  the 
local re lay w i l l  be r e c e i ving nc current from e � ther the p i l o t  wire or the surrer, t  
transforme r s . 
T e s t  4 and 5 c an be repEO�e t e d  neutral current , an.i with phc" s e  C 
to neutral c urrent , but t h i s  i s  ne c e s sary on the bas i s  havi,-,g pr oved 
the s e quence with t e s t s  l and 2 ,  proved the c or r e s pondence o f  phase A at 
tlle ends of the line w�t:1 t e s t  5 ,  then phas e s  B ani C must be c orrec t .  
Some p i l :J t  wire c urrent w i l l  b o  r e e.d ,  clepending upon the magni tuie of tile cl i s 'c.� ;  buteJ 

i t y  of the p i l c t  wire in c orob inat�.on w_;_th the rnagne t i z inf irn}:edanc e of the ir;-
transformer . 
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t--

[\ I  I :J I I _;  

� � 

� 
t- ""1 - f-

POLARITY 
MARKS 

r<> loo 

X� 
ll i1  

H4 H3 H2 HI 

CLAMP TYPE TERMINAL 

2
�--� //

FOR "* 4 WIRE MAXIMUM 

r<>l<D 
CD 

/l DIA. MTG. HOLES / 16 4 TOTAL 

rig. IS--Outline and Drilling Plan of the Insulating Transformer. For Reference Only. 

Fig. IS--Outline and Drilling Plan of the Projection Type 
Test Milliammeter. For Reference Only. 

1 8  

Fig. 17-0utline and Drilling Plan of the Semi-flush Type 
Test Milliammeter. For Reference Only. 
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3 

.2..50 D I A .  H O LE ( ZHOL£5) 

. \ 9 0  -32.. T HO. 

Fig. IS-Outline of the Test Milliammeter Auxiliary Transformer. For Reference Only. 

i----t8l --"""""'"""-=.;"""''"""'-'--="""'-� 
II Tl(. P"IIIEL � S"*l491�27 

-A TK. PANEL --> S_,.,I4'31&Z.8 

5WrTCH p0$1TION TABUL .... TION 

POSITION 
CONT. REM. REM. N()Rtll. !MORM-CIRC. CIRC. LOCAL 

P.o. P. o. P.O. 

7 - 8  '1- X. X 
9 -to X )( )( 
11 - 12 X X X X X X 13 · 14 X X X )( 
15- 110 )( )( X 

LOC� 
P.O .  

')( 
)( 

)( 

� DIA.('3 

DRILL INC:, 
PL A N  

NAMEPL"IE. ENG,R AVIH G, 

Fig. 19--0utline and Drilling Plan of the Type W Test Switch. For Reference Only. 
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=i:::!. 
N 

-i DIA.DRilL FOR THICK PANFLS 
� 3Z. DIA DRILL (Z.·HOLES) 

--··-- --·- - -----

��-7jk_ 
USE SCRE.WS 
fOR THIN PANELS 

USE STUD S FOR THICK PANELc 

Fig. 20- Outline and Drilling Plan For the Projection Type Standard Case. See the Internal Schematics For The Terminals 
Supplied. For Reference Only. 

( 0 

I 

19� 

I I I 
0 i JOO·�HTGst.�� 

r •m __,..�: -- c-.� � k-------6 � - � ' j i /�e{t--1 / \STUOS FOR. PfOJ. J TVPE MTG.'§ OIA. 
HOlE (2. RE.Q.) 

PANEL LOC�TION FOR 
SEMI FLUSII TVPEMTG 2 4 woTH "tR'E"' t.-18 NTG . STU0('2.R'C.Q.) 

2.1. WITH STUD 4 

Fig. 21--0utline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Case. See the Internal Schematic foJ:" the 
Terminals Supplied. For Reference Only. 

W E S T I N G H O U S E  
M E T E R  D I V I S I O N  

E L E C T R I C  C O R P O R A T I O N  
N E W A R K , N . J .  
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I . L. 4 1 -658K 

I N STA L L A T I O N  • O PE R A T I 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 HCB PILOT WIRE RELAY 

CAUTION Before putting prote ct ive relays 
into service , remove all blocking which may 
have been in serted for the purpose of securing 
the part s during shipment , make sure that all 
moving part s operate freely, inspect the con ­
tact s to  see that they are clean an d  close 
properly, and operate the re lay to check the 
settings and e lectrical connect ion s . 

APPLICATION 

The type HCB re lay is  a high speed pilot 
wire re lay designed for the complete phase and 
ground protection of two and three terminal 
transmi s sion line s .  Simultaneous  t ripping of 
the re lay at each terminal is obtained in 
about 1/60 of a second for all fault s .  A 
complete in stallation for a two terminal line 
con sists  of bwo re lay s ,  two insulating 
formers ,  and an interconnecting pilot 
circuit . For a three terminal line , 

tran s ­
wire 

three 
relays,  three insulating tran sformers,  and a 
wye -conne cted pilot wire circuit with branche s 
of equal impedances  are required . 

CONSTRUCnON 

The relay consists  of a combination posit ive 
and zero phase sequence filter,  a saturating 
auxil iary transformer,  twu rectox unit s ,  a 
polar type re lay unit , and a neon lamp al l 
mounted in a single case . The external equip ­
ment normally supplied with the relay consist s 
of an insulat ing transformer,  a mil liammeter 
and test swi tch .  The con struct ior, of the se 
component s is  as follows : 

Sequence Filter 

The current s from the current tran sformer 
secondarie s  are passed thru a filter con ­
sisting of a three winding iron core react or 
and two re sist ors . The secondary of the threP 

SUPERSEDES I.L. 41 -658 J 
*" Denotes change from superseded issue. 

winding reactor and the res istors are tapped 
t o  obtain settings for various fault con ­
dition s . The output of this filter provide s a 
voltage across  the primary of the satur&t ing 
t ransformer proportional to the positive 
sequence current plus a constant time s the 
zero sequence current . This combinat ion is 
se lected as the discriminating fun�tion 
because it can be adjusted to have definite 
value s lying in a comparat ively small range 
for all type s of phase and ground fault s .  
Thus ,  
for 
dial s 

a single operating element can be used 
all type s of fault s .  The two lower tap 

provide the adjustment of the relative 
amount s  of positive and zero sequence current s 
that are combined to produce the required 
discriminating voltage . The right -hand lower 
tap dial ( front view ) adjust s the sen sitivity 
to ground fault current s .  The left -hand lower 
tap dial adjusts  the posit ive phase sequence 
sen sitivity when the ratio of the current 
transformers at the terminals of the line are 
not equal . 

Saturating Auxiliary Transformer 

The voltage from the filter is fed into the 
t apped primary ( upper tap plate ) of a small 
saturat ing tran sformer . This tran sforme r i8 
used to limit the voltage impre s sed on the 
pilot wire , and to provide a small range of 
voltage for a large variation of maximum to 
minimum fault currents . Thu s ,  high operating 
energy is obtained for very light fault s and 
limited operating energy for heavy fault s .  
The relay operating characteristic change s  
from percentage differential at low current 
value s to approximately directional charac ­
teristics at high current value s .  

The upper tap plate change s the out -put of 
the saturating tran sformer,  and is marked in 
ampere s required to operate the relay when the 
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2 

OPERATION
--__ 

I N DICATOR 

CONT .. CTOR 

SWITCH 

FOR TRIP CUR RENTS 

LESS THAN 2..2 5 
AMPE RES D.C. D I S ­

CONNECT A N D  DEAD 

END THIS L E A D .  

RESTRAI N I N &  C O I L.  

3 W I N D I N G  
M UTUAL REACTOR 

0 W§itt:� 2 Ci------J '---" 
c s  �c� _____,. Ci------J -

'----------------------"/ 
REAR V I EW 

i 

P O L A RIZED ELEMENT 

OPER AT I N G  CO I L  

TEST L I NKS 

FU L L  WAVE 

R E CT I F I ERS 

N EON LAMP 

S"TURAT I N G  

TRANSFORMER 

PHASE B 
NEUTRAL 

Fig. !-Internal Schematic of the Type HCB Relay in the Standard Case. 

INTERNA l.. SCHEMA TIC TOP TES T  S WITCH \ � -=-�- j}-�: ::::ERMS 
COVER OPER�TED 

SWITCH WHEN USED 
CONTACTOR SWITCH ---r---.!d 

F0!2 TI21P 
CUR12ENTS LESS 
THAN 2 25 AMPS 
DC., DISCONNECT 
& DEAD END I 

THIS LEAD. 
POLARIZED 
ELEMEN T 

TRANSFORMER 

SHORT CIRCUIT SWITC/-1 

Fig. 2-lnternal Schematic of the Type HCB Relay in the Type FT Case. 

1 -D-21 41  
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TYPE HCB RELAY 

pilot wire is open or when equal amount s of 
currents  are fed to  an inte rnal fault thru the 
line terminal s .  For further discus sion , see 
section ent itled, " Settings " .  
Rectox Unit s 

The se condary of the saturating transformer 
feeds the two rectox units ,  the insulating 
transformer,  and the uilot wire , as shown 
s chemat ically in Figure 9 .  The re ctox unit s 
are used to convert the a-c output of the 
saturating transformer to d-e for use un the 
d-e polar-type relay element . The use of a 
sensitive polar-type relay, requiring a small 
amount of energy, keeps the volt -ampere burden 
on the current t ransformers very low .  
Polar�-Type Relay 

This e lement consist s of a rectangular 
shaped magnetic frame , an e l e ct romagnet , a 
permanent magnet , and an armature with a 
double set of contact s .  The poles of the 
permanent magnet clamp dire ctly to each s ide 
of the magnetic frame . Flux from the permanent 
magnet divide s int o  two paths , one path across  
the air gap at the front of the e lement in 
which the armature is located,  the other a­
cross  two gaps at the base of the frame . Two 
adjustable shunts are located acros s the rear 
air gaps . The se change the reluctance of the 
magnetic path so as to force some of the flux 
thru the moving armature which is fastened to  
the leaf spring and attached t o  the frame mid­
way between the two rear air gaps . Flux in 
the armature 
netic bias 
the other of 

polarizes  it and creates  a mag­
causing it to move t owards one or 
the pole s ,  depending upon the ad-

justment of the magnetic shunt s .  Two con -
centric coils are placed around the armature 
and within the magnetic frame . The coils are 
connected in opposit ion with one used as a re ­
straining winding and the other as an oper­
ating winding . The re straining winding sets 
up a magnetic fie ld, which, in con junction 
with the field from the permanent magnet holds 
the contact in the normal open position . The 
operating winding produce s a magnetic field 
which act s to move the armature in the con­
tact closing dire ction . The re st raining 
winding is tapped and the leads are brought 
out to taps at the upper left of the relay .  

The left hand position o f  the t e s t  link is the 
minimum re straint conne ct ion , and the right 

I .L. 41 -658 K 

hand position is the maximum res t raint conne�­
tion .  

The moving contact s are fastened on the free 
end of the leaf spring . Two stat ionary con­
tact screws are mounted to the left (front 
view ) of the moving contact assembly and are 
adjusted for normally open contact s .  

Insulating Transformer 

The in �'llating t ransformer is connected as 
shown in Figure 9 and serve s to isolate the 
terminal equipment from the pilot wire . This 
avoids i nterconnection of station grounds that 
may have large differences of potentials 
between them. The mid-taps of the parallel­
wound secondary windings are brought out 
separate ly to provide a means of connecting 
supervisory relays symmetrically within the 
pilot wire circuit . When auxiliary super­
visory relays are not used , these  mid-taps are 
to be connected together and may be grounded 
to drain the voltages induced along the length 
of the pilot wire s when these voltage s ap­
proach the voltage limit of the cable . This 
is discus sed further under Pilot Wire below .  

The t ransformers have a 4/1 ratio and are 
insulated for 5000 volt s .  

Pilot Wire 

One pair of pilot wires connecting the 
se condaries of the insulat ing transformers is 
required t o  provide a continuous circuit be­
tween the relays . For the pilot wire s a lead­
covered twisted pair of No . 19 wire or larger 
is re commended, however, open wire s may be 
used . The following point s  should be con­
sidered in sele cting pilot wire circuit s .  

l .  The t o t al c i rcuit re s i s t an c e  ( i n G l u ding 

neut r a l i z i ng r e a c t o r s  when us e d )  b e tween 

t e rmi n a l s o f  the Type H CB r e l ay s  ex c l u s i v e  of 

the i n su l a t i ng t ran s f orme rs and exp r e s s e d  i n  

t e rms o f  t h e  p i l o t wire vo l t ag e  mu s t  not e x ­

� e e d  2000 ohms f or t w o  t e rminal l i n e s  ( 500 
ohms p e r  wye branch f o r  three t e rminal l i n e s ) .  

2 .  The shunt c ap a c i t y  b e t w e e n  p i l o t w i r e s  

shou l d  n o t  exc e e d  0 . 75 mi c r ofarad p e r  p i l o t  

wire t ermi n a l  f o r  two t e rmi n a l  l i n e s  ( 0 . 60 
mf d .  p e r  l eg .  f o r  t hr e e  t ermin a l  l in e s ) .  

In c a s e s  whe r e  t h i s  value is exc e e de d ,  c omp e n ­

s a t ing r e a c t or s  wi l l  b e  requ i r e d  t o  r e du c e  the 
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Cl a: 
� 
:E .. 
::::; .... 
i 
! 
!i ... a: a: B 
II! i 
6 .... 
i: 

" 

10 

II 

10 

t 

PILaT WIRE RESISTANCE • O  OHMS 

!,'j��i,;_. 4'R�'�R:�Nf'6
TAP 

CIRCULATIN& CURRENT 
WITH 10 MFD. CONDENSER 

FAR RELAY CURRENT 
WITH 10 MFD. CONDENSER 

" � n "� 

w,l " CIRCULATING CURRENT 

-'-T ++ 
;.! ij::i± t. f:l!P ' 

!++; �� 

· WITHOUT 10 MFD. CONDENS 

. muulliffil . H Pl.t-1 t+++ ·•i+i+ 
FAR RELAY CIIRRENT 
WITHOUT 10 MFD. CONDENSER 

If+ �g 
1� � -�:.t'�, " 1L  h-u � itli -t}H + + 

tf· � -+;_r� :-:· ��'+ +-++ fr;;-!:±--,: •t fi-H�� � 
0 I 2 S 4 

_,-lYE SEQUENCE AMPERES (60 C'lti.!S) IN BOTH RELAVS 

m 
(Y) 
rl 
(\J 
co (\J 
'D 
>:: m 

t-(Y) 
rl 

Ell. (\J 
co (\J 

[/] 
ClJ 
:> 
H 
::3 0 

Flq. 3-Typical Test Output Vs. Input Relay Current in A 
Two Terminal Line With Zero Pilot Wire Resistance. 

shunt current s which t end to  desensitize the 
relay .  

3 .  The difference in the longitudinal in­
duced voltage which appears between wire s 
should not exceed 15 volt s total (7 o 5 volts 
per relay ) . 

4 "  The induced voltage t o  ground which oc­
curs on the pilot wire s during maximum fault 
conditions should not exceed the rat ing of the 
p ilot wire s or insulating transformers . The 
t ransformers arc insulated for 5000 volt s .  In 
general , the pilot wire s will  be insulated for 
a much lower voltage . 

Induced voltage s and differences 
station ground potentials which appear 
the pilot wire may be reduced to safe 
b y  the fol lowing means : 

between 
along 

limit s 

4 

a .  Ex c e s s i v e  v o l t a g e s  c an b e  r e duc e d  by 

g r oun ding the mi d - t a p s  o f  the i n su l a t ing 

t ra n s f o rmers and a l l owing c urrent to c i r ­
c u l a t e  over t h e  p i l o t w i r e s  t o  groun d . 

The v o l t a g e  b e tween p i l o t  w i r e s  mu s t  n o t  
ex c e e d  1 5  vu l t s . 

b .  For more s er i ou s  indu c t i o n  two windinE 

neutral i z ing reac t o r s  c an b e  u s e d  t c  

1/) ... 10 a: ... Q, � oo( 
::::; ....0 16 i 
!! 
!z ... 10 a: a: 
"' u 
... a: 
� 
s ..... i: 

0 

PILOT WIRE RESISTANCE • 2000 OHMS 
TAPS : T• 4, R o • .l, Ro • 1.6 
MAXIMUM RESTRAINT TAP 
PILOT WIRE CAPACITANCE • 0.7S M F D . PER TERMINAL 

r+:Ri jl.+:� l�t ttti+++H�t;t+ffili;: ; ' �t+t-H J n um �i · tt j ' . '- l#�HWHttHltit id; 1 ttff �R \ 'Hi 
fjj� �t �� CIRCULATIN& tl -ums H+ + 

CURRENT f-i l l , ,  hi- + -l- -!-- tttt P+ " " , . J+l- '+!+ + ' t� i +1- t-:t - �  m FAR RELAY ' �  f lL 1{± . , CURRENT -� -±± t t m na r tf  g4 f 
�Hh + !+l I t¥ Jt T ++ m �Hi+ T L± -H-

mtc +_ttl f 
-1- + t 1 � 

h=t � rftritt . ��� ti+ � ii i - lit 
2 3 

-ITIVE SEQUENCE AMPERES (1;0 CYCLE$ IN BOTH RELAYS 

· Curves 282138 and 2821 4 0 -

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

l imit the v o l t age s .  In c a s e s  whe r e  the 

sheat h  current 

c au s e  damage 

s u l a t e d  from 

may be suff i c i ent to 

t h e  sheath mu s t  be in-

ground and three winding 

neut ral i z ing reac t o r s  s h ou l d  be u s e d . 

R e a c t o r s  are avai l ab l e  f o r  1 000 and 

2000 volt neutral i z a t i on . 

c .  Ano t h e r  method c on s i s t s  of c onne c t i ng a 

s u i t ab l e  two winding drainage reac t or 

and a p r o t e c t o r  t ub e ,  s uc h  as the typ e 

KX642 ,  t o  the p i l ot w i r e s  at s u i t ab l e  

p o int s . The arrangement i s  such that 

when t h e  t ub e  f l a s h e s  b e c au s e  of h i gh 

ex t raneous v o l t ag e s ,  b o th 

c o nn e c t e d  to groun d ,  through 

and the tube . The i mp e dan c e 

w i r e s  a r e  

the r e a c t o r  

t o  ground 

is l ow ,  but the i mp e danc e b e tween 

i s  kept h i gh to avoi d  int e r f e ring 

t h e  op erat ion of the HCB r e l ay s .  

wi r e s  

w i t h  

OPERATION 

The HCB pilot wire relay operate s  as a per­
centage differential device when the fault 
currents  are small ,  and has e s sent ially dire c ­
t ional characteristics ,  comparing the direc­
t ion of current flow at the terminal s of the 
prote cted sect ion when the fault currents are 
large o 
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TYPE HCB RELAY ________________________________________________ , . L_. 4_1_-6 __ sa K 

The voltage appearing acros s  the secondary 
of the saturating tran sformer is balanced 
against a similar voltage at the opposite end 
of the prote cted l ine s e ct ion , thru the re­
straint winding of each relay, the insulating 
trans! ormers and the pilot wire s ,  as shown in 
Figure 9 . On external fault s ,  a flow of fault 
p ower thru the prot e cted l ine sect ion , pro­
duces voltage s acros s  the secondaries of the 
saturating t ransformers which are e ssentially 
equal and in serie s .  The se  voltages act t o  
circulate current thru the restraining coil o f  
each re lay which i s  connected in series with 
pilot wire . Under this condition the oper­
at ing coils connected acros s  the pilot wire s 
do not re ceive sufficient current t o  overcome 
the rest raint and so t ripping does not occur . 

For inte rnal fault s with equal feed-in from 
the terminals ,  the voltages acros s  the satu­
rating transformers are in opposit ion . This 
re sult s in all of the current flowing thru the 
re straining and operating coils in series and 
none thru the p ilot wire s .  The re lays at the 
ends of the section operate under this 
t ion t o  give simultaneou s  t ripping 

condi­
of the 

breakers at the terminals of the 
section .  

protected 

The impedance of the filter and the oper­
ating coil can be adjusted so that the sum of 
the minimum t rip current s from all te1•minal s ,  
when fed in from only one terminal , i s  suffic­
ient to  trip the relays s imultaneously . This 
is affected s omewhl'l.t by very low or very high 
pilot wire impedance , since in this case e n ­

ergy to t rip any t e rminal not supplying cur­
reht to the fault , must be carried over the 
p ilot wire . Consequent ly, settings are based 
on t otal fault current fed in from all termi­
nal s d i s regarding the current distribution 
from the te rminal s .  

If the pilot wire be come s open circuited, 
all of the current in the restraining coil 
will al s o  flow thru the operat ing coil . While 
this condit ion exi s t s  the rel ay operates  as an 

ovcrcurrent device and wil l  t rip on �11  fault s 
and al s o  on heavy loads gre at e r t ha.n t he re ­
lay settin g .  A short circuit on the pilot 
wire s will pre vent t ripping, s in cr� it short 

circuit s the ope rat ing winding of the relay .  

However,  
wire i s  

if the short c ircuit o n  the pilot 
s o  p laced that it is 1000 or more 

pilot wire ohms from one of the two relays , 
then that relay wil l  not be blocked . 

The current and voltage impre s sed on the 
pilot wi:r>e do n ot exceed 100  mil liampere s  and 
60 volt s .  The wave form and magnitude of the 
p ilot wire current is such that telephone in-
terference is within the l imit s al lowed by the 
Bel l  Telephone C ompany. 
of leased telephone 
channe l .  

This permits the 
l ines as a pilot 

use 
wire 

SUPERVISION 
A fa ul te d pilot wire mentioned above may be 

det ected by the mil l iammeter and test switch 
( suppl ied with the relay ) or by continuously­
operated supervisory relays suppl ied as extra 
equipment . 

The condition of the pilot wire under normal 
load condit ions may be dete rmined by reading 
the pilot wire current by means of the teat 
switch and mil l iammete r .  

A comparison o f  the readings obtained with 
the typical value s of Figures 4 & 5 wil l  in­
dicate the condition of the pilot wire . It 
should be noted that , when the far relay cur­
rent is being read, the near relay is short 
circuited, and the far relay is shunted by the 
resistance of the pilot wire s plus the im­
pedance of the near relay insulating tran s ­
formers . 

I 2 I 4 
POSITIVE SEQUENCE AMPERES INPUT 

· Curve 282585 · 

Fiq. 5--Typical Curve of Relay Output vs. Positive Sequence 

Amperes Input. 
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Fig. 7- Typical Operating Characteristics On Phase A to Ground Faults With Currents in Phase and 2000 Ohm Pilot Wire. 
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Fiq. 8-External Connections of the Type HCB Relay in the Standard Case For Phase and Ground Protection of A Two 
Terminal Line. 

Figure 6 shows typical value s for relay out ­
put current vs . positive sequence input cur­
rent . For this test , the insulating 
t ransformer is short circuited on the low 
voltage s ide so that the milliammeter is con-
nected d1rectly 
terminal s . 

across  the relay output 

CHARACTERISTICS 

Typical overal l operating characteristics of 
the re lay are illust rated in Figure s 7 and 8 .  
The gene ral shape of these curve s is �imilar 
for othe r types of fault s ,  re lay setting s ,  and 
pilot wire lengths . The ampere abscissa and 
ordinate s cales may be interpolated to  show 
the operat ing characterist ics for other con­
ditions and tap sett ings by  the use  of  the 
following equation : 

where Ian is the value to  read on the curve 
(Figure s 7 and 8 ) . 

For example , assume relay tap settings of 
T = 6 ,  R1= . 1 , R0 = . 68 ,  and also assume that 
a phase b to ground fault occurs , for which 
the "near" relay component s are as fo llows : 

Ial 10 + j o  ( 2 )  

2 
Iao . ga ( Ial J (3 ) 

In equat ion ( 3 ) ' the factor .9 was arbi­
trarily used as a reminder that the dist ribu­
tion fact ors for positive and zero sequence 
components  are not neces sarily equal for any 

2 given system. Al s o ,  the operat or a signifie s 
that Iao is 24 0 °  leading Ial for a phase b t o  
ground fault , neglecting dissimilarit ie s in 
the sequence networks . First substituting the 
part icular condit ion of equat ion (3 ) in equa­
tion ( 1 )  gives 

Ian = f ial { 2Rl + . ga 2
.(Rl + 3Ro > }  ( 4 )  
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TYPE HCB BELAY 

Substituting values for the several taps in 
(4 ) give s 

I an 

I an 

I an 

= ..£:..22.. Ial { 2 X . 1  + . 9  ( - . 5- j . 866 ) } 
6 ( . 1 + 3 x .68)  (5}  

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

(7 ) 

Substituting the numberical value for Ia l  
given by equation ( 2 )  results in a numerical 
value for Ian of 

I an= .718 x 10 = 7 . 18 amperes .  

This � s  the value t o  read on the curve for 
the typical values chosen for the taps R1 , R0 , 
and T at the particular phase b t o  ground 
fault values indicated by equations ( 2 )  and 

(3 ) .  It should be noted that the total phase 

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

Ib2 + Ibo = 29 ampere s ,  as suming Ib2 = Ibl ' 

For a phase to phase fault , there is no zero 
sequence current , and the phase current , ILL, 
is equal in magnitude t o  l[3 Ial " Hence , for 
phase to phase fault s ,  equation ( 1 )  reduces 
t o :  

( 8 )  

SETTINGS 

The HCB relay has three different taps which 
are provided to obtain flexibility for a wide 
range of applicat ion . The t aps to provide 
correct operation for any given application 
are easily sele cted and have a wide la�itude . 
That is . correct operation can be obtained for 
different combinat ions of tap values .  The 
following discus sion e stablishes limits for 
the variO' i '3 tap settings under different oper­
at ing condition s .  It should be kept in mind 
that settings t o  obtain operation on minimum 
internal fault conditions are based on the 
total current that flows into the sect ion from 
all terminal s . 

8 

Positive Sequence Filter Tap 

The lower left tap (Rl ) has three available 
tap s  . 075, . 10,  and . 15 (the . 075 tap is 
actually marked . 07 because of space limita­
tions ) .  These tap s  permit compensation for 
current transformers of different ratios at 
the various terminals .  Where the current 
t ran sformers have the same ratio s ,  the values 
of R1 should be the same on all rel ays . A 
value of R1 = . 10 is usually recommended ex­
cept where a more sensitive setting of 11T11 
(described below) is desired than is obtain­
able with R1 = . 10 .  Where the current trans­
formers are differ�nt at the different termi­
nals ,  select tqe value of R1 which is propor­
tional to the current t ransformer ratio s .  For 
example, assume a ratio of 300/5 at one termi­
nal and 600/5 at another terminal . Set R1 
. 075 at the 300/5 terminal and R1 = . 15 at the 
600/5 terminal . The ratios obtainable are 

1/1 ,  2/1 ,  3/21 and 4/3 .  In the event that the 
ratio of the R1 taps is not 1/1 it will be 
necessary to compensate for the unbalance by 
increasing the minimum t rip calibration 25% 
above its normal value or by neutralizing the 
distributed capacitance of the pilot wire . 
The same procedure applies to three terminal 
lines . 

Pos�tive Sequence Current Tap 

The upper tap (T ) has values of 4 ,  5 ,  6 ,  8 ,  
1 0 ,  12 an d  15 . Th�s tap should b e  selected t o  
as sure operation on m�n�mum �nternal l�ne-to­
l ine faul t s ,  and where poss ible , to  prevent 
tripping on load current if the pilot wire be­
comes accidentally open circuited . The high­
est  setting of 11T 11 that will cause operation 
on internal line-to-line faults is given by 
the equation 

T = 5 .7 ILL 
R1 (9 ) 

where ILL is the total min� internal l ine­
to-line secondary fault current fed from all 
terminal s ,  divided by the number of terminals .  

The factor " 5 , 7 11 is used as the ope:Pation of 

the posit ive sequence filter is such that the 
relay requires 1 .73 t imes as much current for 
operation on a l ine-to-line fault as on a 
three phase fault . This means that the three­
phase trip setting should be �7% of the de ­
sired line -to-line current sett ing . Al �o, the 
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Fig. 9- External Connections of the Type HCB Relay i n  the Type FT Case For Phase and Ground Protection o f  a Two 
Terminal Line. 
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Fig. 10- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of A Three 
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Fig. 1 1- External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two 
Terminal Line With a Transformer Bank. 

nume rical value s of T are the posit ive sequ­
ence currents required to operate the re lay 
when R1 is set on . 10 .  The refore , to com­
pensate for the value of R1 used in the form­
ula, T ,  must be divided ey 0 . 1  thereby ob­
taining the factor "5 . 7 " . 

Where line -to-line currents are not �1own , 
an alternate equation can be use d .  

The alternate equation i s :  

T = ( 5 .7 ) ( . 86 ) ( I3p ) R1 { 1 0 )  
where I 3p is the total minimum internal three 

10  

phase secondary fault current fed from all 
terminal s  divided by the number of terminal s .  
The fact or 11 . 86 11 is used as l ine-to-line fault 
current is 86% of the three phase fault cur­
rent when the negative sequence impedance of 
the system equal s  the positive sequence im­
pedance of the system. 

Equat ion ( 9 )  and ( 1 0 )  give the upper l imit 
of 11T 11 which must not be exceeded to obtain 
operation on the line -to-line fault s .  The 
�ctual setting should always be bel ow 
values obtained from equation { 9 )  or 

the 
(10 ) .  

The minimum limit s for this setting are dis ­
cussed below .  
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The setting of "T" which will cause opera­
t ion on load current if the pilot wires be ­
c ome accidentally open c ircuited is given by 
the equation : 

T 10 I) I Load 
( 1 1} 

where " I  11 is Load 
load balanced 

the maximum secondary full 
current flowing through the 

terminal . 

It i s  generally de sirable t o  select a value 
of "T " which will not cause operat ion if the 
pilot wire s are accident ally open circuited . 
A safety factor of at least 25% i s  generally 
rec ommended to prevent such operat ions . That 
i s 1  "T " ,  should be set 25% above the value ob­
tained from equation ( 1 1 )  if the re lay is not 
to operate on load current with the pilot 
wire s open circuit ed .  

This considerat ion may be negle cted i f  it i s  
realized that relay operation will b e  obtained 
if pilot wire s are opened during heavy load 
current s ,  

NOte : "T 11 must be set the s ame at all termi­
nals (even where different t ransformer 
ratios are used . ) 

Zero Sequence Tap 

The lower tap (Ro ) has tap s  . 025 , . 033 , . 05 ,  
. 39 , . 51 ,  .68,  . 9 0 ,  1 . 2  and 1 . 6 .  (The first 
two tap s  are actually marked . 02 and . 03 be­
cause of space limitations ) .  The three lowest 
tap s  are not used i n  applications where high 
sensitivity t o  ground faults is required . 
They are used on special applications where 
re sponse to positive sequence current only is 
required . Where such response is required, R0 
is set to equal t o  1/3 Rl 

Maximum sensit ivity to ground fault s i s  ob-

I.L. 41 -658 j( 

tained with Ro = 1 . 6 .  This setting is gener­
ally recommended where current t ransformers 
with the same ratio are installed at all 
terminals .  Where current transforme rs of dif-
ferent rat ios are installed at the various 
terminal s ,  value s of R0 should be sele cted 
which are most nearly proprotional to the 
t ran sformer rat ios . When the rat io of the Ro 
taps can not be made to exactly mat ch the 
ratio of the Rl tap s ,  pick the ratio to mat ch 
as close ly as possible , and use maximum re­
straint tap . 

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

( 1 2 )  

where Ig i s  the total minimum secondary 
ground fault current fed int o the se ct ion from 
all terminals (taking into account pos s ible 

ground fault re sistance ) ,  divided by the num­
ber of terminal s ,  and where "T " is the actual 
tap selected (not th�t 'T9.lua cal culated from 
equation ( 9 )  or ( 10 ) .  

It is re commended that " R011 be set as high 
above the value obtained from equatio� ( 1 2 )  as 
possible keeping the value of R0 approximately 
proportional to the current t ransformer 
ratios . 

Restraint Tap 

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

Example of Relay Settings 

As sume a two terminal line with current 
t ran sformers rated 400/5 at sta�ion 1 and 
300/5 at ste.tion 2 .  Also as sume tha� full 
load current i s  300 amperes ,  and on minimum 
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TYPE HCB RELAY 

internal phase-to-phase faults 2000 amperes 
feed int o  the fault from stat ion 1 and 1000 
amperes from stat ion 2.  Further assume that 
on minimum internal ground fault s ,  400 am­
pere s feed into the fault from stat ion 1 and 
none from s tation 2 .  

Positive Sequence Filter Tap 

Set R1 proport ional t o  the transformer 
rat i o .  R1 at stat ion 1 � 0 . 10 ,  R1 at station 
2 � 0 . 075 · 

Positive Sequence Current Tap 

T 

or 

From equation (9 ) 

5 . 7  X 3000 X 5 X . 1  
400 X 2 

T � 5 . 7  X 3000 X 5 X . 075 
300 X 2 

This represent s the highe st permis sable 
setting. The sett ing whiGh will cause 
t ripping on load current if the pilot wire be­
come :3 accidentally open circuited is  given by 
equation ( 1 1 ) . 

T 

or 

1 0  X . 1  X 300 X 5 
400 

3 .75 

* T � 
1 0  X 0 . 075  X 300 X 5 = 

300 
3 · 75 

Select T at both stat ions 6 .  

Zero Sequence Tap 

The minimum tap which will cause tripping t o  
minimum internal ground faults is  given by 
equation ( 1 2 ) . 

Ro � 

0 .2 X 6 X 400 
200 X 5 

0 . 2  X 6 X 300 
200 X 5 

. 4 8  at stat ion 1 

.36 at stat ion 2 

Select R0 at station 1 
And R0 at s tat ion 2 

1 . 6 
1 . 2  

1 2  

RELAYS IN TYPE FT CASE 

The type FT cases are dust -proof enclosures 
combining relay element s and knife-blade test  
swit ches in the same case . This combination 
provides a compact flexible assembly easy t o  
maintain , inspect , test  an d  adjust . There are 
three main unit s of the type FT case : the 
case , cover and chas sis . The case is an all 
we lded steel hous ing containing the hinge half 
of the knife-blade test  switches and the 
t e rminals for external conne ctions . The cover 
is  a drawn steel frame with a clear window 
which fit s  over the front of the case with the 
swit che s closed . The chassis  is a frame that 
support s the relay e lements and the contact 
j aw half of the test swit che s . This s l ide s in 
and out of the case . The ele ctrical con­
nect ions between the base and chassis are com­
pleted through the closed knife-blade s .  

Removing Chas sis  

T o  remove the chas s i s ,  first remove the 
cove r by unscrewing the captive nut s at the 
corners . This exposes  the �elay elements  and 
all the test swit che s for inspe ct ion 
testing.  The next step is to open the 
swit che s . Always open the e l ongated 
handle swit che s first before any of the 

and 
test  

red 
black 

handle swit che s or the cam action lat che s .  
This opens the trip circuit t o  prevent ac­
cidental trip out . Then open all the re ­
maining swit che s .  The order of opening the 
remaining swit che s is not important . In open­
ing the test switche s they should be moved all 
the way back against the stops . With all the 
swit che s fully opened, grasp the two cam 
action lat ch arms and pull outward . This re ­
leases the chassis from the case . Using the 
lat ch arms as handle s ,  pul l  the chassis out of 
the case . The chassis can be set on a test  
bench in a normal upright posit ion as wel l  as  
on it s t ap ,  back or side s for easy inspe ction , 
maintenance and test . 

After removing the chassis  a duplicate 
chas sis  may be inserted in the case or the 
blade port ion of the swit che s can be closed 
and the cover put in place without the 
chas sis . The chassis 
swit ch located behind 

operated 
the short 

short ing 
circuiting 
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test switch prevents open circuitirg that cir­
cuit when the short circuiting type test 
switches are closed . 

When the chassis is to  be put back in the 
case , the above procedure is to be followed in 
the reversed order .  The elongated red handle 
switch should not be closed until after the 
chassis has been lat ched in place and all of 
the black handle swit che s closed . 

Electrical Circuit s 

Each terminal in 
test switch to the 

the base connect s thru a 
relay elements in the 

chas sis as shown on the internal schemat ic 
diagrams . The relay terminal is identified by 
numbers marked on both the inside and out side 
of the base . The test switch positions are 
identified by letters marked on the top and 
bottom surface of the moulded blocks . The se 
letters can be sean when the chassis or re ­
moved from the case . 

The potential and control circuit s thru the 

relay are disconnected from the external cir­
cuit by opening the associated test switche s .  
Opening the short circuiting test swit ch 
short -circuit s that circuit and disconnect s 
one side of the relay coil but leaves the 
other side of the coil connected to the ex-
ternal circuit thru the current test j ack 
j aws . This circuit can be isolated by insert­
ing the current test plug (without external 
connections } by inserting the ten circuit test 
plug, or by inserting a piece of insulating 
material approximately 1/32" thick into the 
current test jack jaws . Both swit che s of the 
current test switch pair must be open 
when using the current test plug or insulat ing 
material in this manner to short -circuit the 
current transformer secondary . 

A cover operated switch can be supplied with 
its contact s wired in serie s  with the trip 
circuit . This switch opens the trip circuit 
when the cover is removed . This switch can be 
added to the existing type FT cases at any 
time . 

Testing 

The relays can be te sted in service , in the 
case but with the external circuit s isolated 
or out of the case as follows : 

Testing In Service 

The ammeter test plug can be inserted in the 
current test jaws after opening the knife ­
blade swit ch to check the current thru the 
relay .  This plug consists o f  two conducting 
strips separated by an insulating strip . The 
ammeter is connected to these st rips by termi­
nal s crews and the leads are carried out thru 
hole s  in the back of the insulated handle . 

Voltages between the potential circuit s can 
be measured conveniently by clamping #2 clip 
leads on the proje cting clip lead lug on the 
contact j aw .  

Testing In Case 

With all blade s in the full open posit ion , 
the ten circuit test plug can be inserted in 

the contact jaw� . This connect s the relay 
e lement s to a set of binding posts and com­
pletely isolates the relay circuit s from the 
external connect ions by means of an insulating 
barrier on the plug . The external test cir-
cuit s are connected to these binding post s . 
The plug is inserted in the bottom test jaws 
with the binding post s up and fh the top test 
switch j aws with the binding posts down . 

The external test circuit s may be made to 
the rel ay element s by #2 test clip leads in­
stead of the test plug . When connecting an 
external test circuit to the current 
elements using clip leads,  care should be 
taken to see that the current test j ack jaws 
are open so that the relay is completely iso­
l ated from the external circuit s .  Sugge sted 
mean s for isolating this circuit are outl innd 
above , under "Electrical Circuits . "  

Testing Out of Case 

With the chassis,  removed from the base ,  
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relay elements  may be tested by using the ten 
circuit test plug or by #2 test clip leads as 
described above . The factory calibration is 
made with the chassis in the case and removing 
the chassis from the case will  change the 
calibration values by a small percentage . It 
is recommended that the relay be checked in 
position as a final che ck on calibration . 

INSTALLATION 

The relays should be mounted on switchboard 
panels  or their equivalent in a location free 
from dirt , moisture , excessive vibration and 
heat . Mount the re lay vertically by means of 
the two mounting studs for the standard cases 
and the type FT proje ction case or oy means of 
the four mounting holes on the flange for the 
semi-flush type FT case . Either of the studs 
or the mounting screws may be utilized for 
grounding the re lay . The electrical con­
nections may be made direct to the terminals 
by means of screws for steel panel mount ing or 
to terminal studs furnished with the relay for 
ebony-asbe stos or slate panel mounting . The 
terminal studs may be easily removed or in­
serted by locking t� nut s on the studs and 
then turning the proper nut with a wrench. 

The relay is shipped with the operation in­
dicator and the contactor switch connected in 
parallel . This circuit has a resistance of 
approximat ely 0 . 25 ohm and i s  suitable for all 

t rip current s above 2 . 25 amperes d-e .  If the 
trip current is less than 2 . 25 ampere s ,  there 
is no need for the contactor switch and it 
should be disconnected . To disconnect the 
coil ,  remove the short lead to  the coil on 
the front stationary contact of the contactor 
swit ch. This lead should be fastened (dead 
ended ) under the small filister-head screw 
located in the Micarta base of the contactor 
swit ch . The operation indicator will  operate 
for trip current s above 0 . 2  amperes d-e . The 
re sistance of it s coil is approximately 2 . 8  
ohms . 

ADJUSTMENTS AND MAINTENANCE 

The proper 
operation of 
factory and 

1 4  

adjustment s t o  insure correct 
this relay have been made at the 
should not be disturbed after 

re ceipt by the customer.  If the adjustments 
have been changed, the relay taken apart for 
repairs , or if it is de sired to check the ad­
justment s at regular maintenance periods ,  the 
instruct ions below should be followed.  

Al l  contact s should be periodically cleaned 
with a fine file . 3#1002110  file is re com­
mended for this purpose . The use of abrasive 
material for cleaning contact s is not recom­
mended, be cause of the danger of embedding 
small particles in the face of the soft silver 
and thus impairing the contact . 

CAUTION 1 .  Make sure that the neon lamp is 
in place , whenever relay operation is being 
checked.  This is required to limit distortion 
in pilot wire voltage wave . 

2 .  When changing taps �der load the spare 
tap screw should be inserted before removing 
the other tap s crew . 
Sequence Filter 

There are no adjustment s to  be made in the 
zero sequence re sistor.  The taps on the R1 
resistor are adjustable , however, but this is 
a factory calibration which should not 
ordinarily be disturbed . To che ck the posi­
tive sequence current filter, pas s a current 

I = 6 . 94 ampere s through a pair of phase 
terminal s ,  for example ,  in at phase B, uut of 
phase C ( see Figure 2 ) and measure the open 
circuit filter voltage with a high re sistance 
voltmeter. This may be done by removing the 
positive sequence current tap screw, T ,  and 
conne cting the voltmeter across the open 
circuit thus formed . The voltage should be 
8R1 plus or minus 5% for each of the three 
phase-to-phase comb�nat ion s ,  AB, BC , or CA. 
For example , at I =  6 .94 amperes and R1 = . 1 ,  
the voltage should be 0 . 8 volt s .  

Polar -Type E lement 

Cont a c t  A djus tment : A d just t h e  l eft -hand 
( front view ) c ont ac t s  unt i l  they just make a 

l ight c ircuit , when the armature rivet touches 
the l e ft -hand pole fac e .  Give both the l e ft ­

hand contact screws four to five a d di t i onal 

turns , and l ock in p o s i t i on with the l ock nut s 
provi de d .  Thi s moves the 2rmature ri vet 3.way 

from the l eft -hand p o l e  fa c e  and prov i d e s  
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MICROFARADS DISTRIBUTED CAPACITY• .  001 R 

Curve 282581 

Fig. 1 2 - Typical Curves Showing the Effect of Pilot Wires 
Resistance and Capacitance on Minimum Trip Cur­
rent With Minimum Restraint. 

c ont ac t f o l low . Now adjust the r i ght -hand 

back s t op s c rews un t i l  they jus t  t ouch the 

moving c ontac t s  when the mov ing c ontac t s  are 

ln the c ontact c l o s in ;s  p o s it ion as above . 

Back o f f  each back s t op s c rew two turn s and 

l o ck in p o s i t i on . 

Cal ib rat i on : C on n e c t  the re st raint tap l ink 

in the p o s it ion in whi ch it wi l l  be u s e d . 

C onne ct the l ow v o l t age t e rminal s of. the in ­

sulat ing t ran s f o rme r a c r o s s  the p i l ot w ire 

t e rminal s of the re lay . C onnect the re lay 
t ap s  on T = 4 , R1 = . 1 , R = 1 . 6 . 

0 

A d ju s t  the ri ght -hand magn et i c  shunt i n  or 
o:.<t as requ ire d , unt i l  the relay just c l o s e s  
c o nt a c t s  at 6 . 9  t o  7. 0 amp e r e s  phase B t o  

pha s e  C current . �fuen thi s adjus tment has 

b e en made , change the input cur.!"ent c onne c ­

t i on s  t o  phase A t o  neutral . The r e lay should 

t rip for pha s e  A to neut ral 

. 45 and . 5 5 ampers . 

current between 

The above i s  g iven as a laborat ory c a l ib ra ­

t i on o n  an ind iv idual re lay w ith it s i n su la ­

t in g  t ran sf orme r .  Thi s doe s n o t  t ake in t o  

c on s i d e rat i on t he chara c t e r i s t i c s  o f  the p i l ot 

w i r e  c i rcuit betweffl the re l ay s . 

a: 
� -6 
z 

� A �TT��trJ-t-�t-�t-���H+���� Ul � a: 
le .2 
2 ct 

c 1500 2 000 
R =  PI LOT WIRE RESISTANCE IN OHMS. 

MICROFARADS DISTRIBUTED CAPACITY •.OOI R 

Curve 282580 

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

Figure s 13 and 14 show typical variat i o n s  o f  

min imum t r ip current f o r  various lengths of 

p i l ot w i re c i rcuit s up to the l imit ing value s 

of 1500 ohms f o r  re lays ope rat ing on min imum 

r e s t raint ( Fig . 13 ) and 2000 ohms for re lays 

ope rat i n g on max imum re st raint ( F i g .  14 ) .  
For the se curve s ,  both relays are set on 

t ap s  T = 4 ,  R1 = 0 . 1 , R
0 = 1 . 6 .  Each re l ay i s  

o r igina l l y  ca librat e d  t o  t r ip o n  a cu rre n t  o f  

. 47 amp e re s ,  phase A t o  neut ral , with t h e  high 

s ide of the in su lat ing t ran s f orme r open - c i r ­

cuit e d . Thi s  value o f  current i s  e quivalent 

in the re lay f i l t e r  to  4 ampere s p o s i t ive s e ­

quence on l y ,  with the t ap s  as spe c i f i e d  above . 

Re s t raining C o i l : The e f f e c t ivene s s  of the 

re s t ra ining c o i l  of t he re l ay e lement , and the 

p e rfo rman ce o f  the Re c t ox unit s ,  may be 

che cked as fo l l ow s ,  if de s i re d . Conne c t  a 

var iab l e  n on - in du c t ive re s i st o r  acro s s  the 

high v o l t age 

; ran s f orme r ,  

t e rmina l s  o f  the in su lat in g  

and c onn e c t  d - e  m i l l i amme t e r s  i n  

se rie s w i t h  the operating and re s t raining 

c o i l s  o f  the e l ement , by open ing the s e  c i r ­

cuit s a t  the t e s t  l inks p rovided f o r  thi s 

purp o s e . The se m i l l iamme t e r s  shou l d  have l ow 

re s i s t an c e , and shoula be capab l e  of readin g 
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in the order of 20 to 25 ma . in the operating 
coil and 100 to 150 ma . in the re straining 
circuit . Using T = 4 ,  R1 = . 1 , R0 = 1 .6 ,  pass 
10 ampere s  60 cycles from phase A to Neutral 
in the relay, and increase tne variable 
resistance across the insulating transformer 
high voltage terminals until the relay just 
t rips . This should be in the order of 1400 to  
2000 ohms when maximum restraint is used .  
Read the d-e  current (milliamperes } in the 
operating and restraining coiis at this point . 
The value s obtained should conform substan ­
t ially t o  the following equations . 

For Minimum Re straint 

I0 = . 12 IR + 8 

For Maximum Restraint 

where I0 and IR are operating and rest raining 
coil currents ,  . e spectively, in milliamperes .  
The results are subject to slight variations 
between individual re1a1s . 

The polarity of the connections to the pilot 
wires ,  and the correct "Phasing out " of A, B, 
C phases at the two stations may be checked by 
the six tests out lined on Page 17 . 

Pilot Wire Current 

The pilot wire current which should flow 
under normal load c onditions is  given in 
Figure s 4 and 5 .  If the relay taps  in use 
differ from those indicated in the se figure s ,  
suitable conversion fact ors must be used . The 
pilot wire current will vary inversely with T 
and dire ct ly with R1 · 

Contactor Switch 

Adjust the stationary core of the swit ch for 
a clearance between the stationary core and 
the moving core of 1/64 " when the swit ch is 
picked up . This can be done by turning the 
relay up-side-down or by dis connecting the 
swit ch and turning 
screw up the core 
start s rotating . 

1 6  

it up-side-down . Then 
screw until the moving core 

Now, back off the core screw 

until the moving core stops rotating . This 
indicates the point s where the play in the 
as sembly is taken up, and where the moving 
core just separates from the stationary core 
screw. Back off the core s crew approximately 
one turn and lock in place . This prevents the 
moving core from striking and sticking to the 
stationary core because of residual magnetism. 
Adjust the contact clearance for 3/3211 by 
means of the two small nuts on either side of 
the Micarta dis c .  The switch should pick up 
at 2 ampere s  d-e . Test for sticking after 30 
amperes d-e have been passed through the coil . 

Operat ion Indicator 

Adjust the indicator to operate at 0 . 2  am­

pere d-e gradual ly applied by loosening the 
two s crews on the under side of the assembly, 
and moving the bracket forward or backward . 
If the two helical springs which re set the 
armature are replaced by new springs , they 
should be weakened slightly by stret ching to  
ob t ain the 0 . 2  amp ere c a l ibrat ion . The c o i l  

r e s i s t an c e  i s  approximat e l y  2 . 8  ohms . 

ENERGY REQUIREMENTS 

The volt -ampere burden of the type HCB re­
lay is practically independent of the pilot 
wire re sistance and of the current tap used . 
The following burdens were measured at a bal ­
anced three - phase current of 5 amperes :  

For tap 4 R1 

Phase A 
Phase B 
Phase c 

For tap 4 R1 

Phase A 
Phase B 
Phase c 

. 075 and R0 = . 39 

1 . 25 volt -ampere s 
.30 val t -amperes 
.90 volt -amperes 

. 15 and R0 = 1 . 6  

2 . )  VOlt -amperes 120 ° 
4 .6 volt -amperes 285 ° 
5 . 3  volt -amperes 45 ° 

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

The two second overload ratings of the relay 
are 150 amperes phase and 125 amperes ground 
current s .  
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C . T .  ' s  C . T .  ' c:. 

"N" Re lay 

Transmission Line 

"F" Rel: .y rF insulating Transformers � 
I P ilo� Wiree � HCB 

read wlth Milliammeters 

Switche s�----�--J 
Note : The line should be c arry ing through load current amounting to at least 1 . 5  amper·e� as 

measured in the s e c ondary of the Current Transformer s .  This t e s t  is based on the ratio 
of the C . T . ' s  be ing the same at each end of the line , in which c a s e  s e t  the taps of both 

.p 
rfl • · <ll 0 8 12;  

l 

2 

3 
4 

5 

6 

re lays to R1 � . l ;  R0 � 1 . 6 ;  T � 4 for this t e s t . 

RELAY "N" 

T e s t  R e lay R e lay " P i l o t  Wire Current" T e s t  
Switch Current Trip C ir c ulating R e lay F Switch 

�H t  A , B , C , N  No ( l ) ( l ) U t �  
t t� A , C , B , N  No ( 2 )  ( 2 )  Hx 
� � � u  

A, N Yes ( 3 )  (O)  m-1' 
,1, !,6 ,1,  ill1 M-JJ 0 Ye s ( 3 )  ( 3 )  ( 4 )  

ijl; A , H No ( 3 )  ( 3 )  � u;; A, N Ye s ( 6 ) Ut f  
REMARKS 

RELAY n F '' 

Re lay Relay "P i l o t  Wire Current " 
Current Trip C irculat ing Re lay N 

A , B , C , IJ No ( l ) ( l ) 

A, C , B , 1� No ( 2 )  ( 2 )  

0 Ye s ( 3 )  ( 3 )  ( 4 )  
A, N Yes ( 3 )  (0 )  
A, N No ( 3 )  ( 3 )  

B , C , N  Yes (6 ) 

tests l and 2 are to c heck normal po s it ive sequence rotation of phas e s . The t e s t  swit c h  c on­
nec t ions of t � s t  #2 may be made read i ly with re lays in the Flexi te s t  c a s e  by us ing c l ip leads 
and insulating barr i e r s  in the ammeter t e s t  j ac k s . However , c are should b e  u s ed to avo id ac ­
c identally open- c ircuit ing the current transformer c ircui t s . 
Tests 3 and 4 s imulat e internal Phase A to Ground fault with s ingle end f 3 9 d .  
Te s t 5 s imulat e s  an external Phase A to Ground fault . ( 5 )  
�s imulate s  an internal Phase A to Ground fault , with equal feed from the two end s ,  s inc e 
IB + r0 � - I A' with balanc ed load . 

LEGEND OF 
TEST SWITCH 

SYMBOLS : 1 Normal C onne c t i on. 
�� A

e

t :

a

t�} 
Y All Currents to EXAMPLE 

Phase A 
C . T .  ' s  
Phase B 

current from 
to Relay ;  

and C C . T .  ' s  
t o  neutral . 

( l ) 
( 2 )  
( 3 ) 
( 4 ) 

( 5 ) 

(6 ) 

� Relay . 

To C . T .  1 s .  
'l.'he " pi l o t  •rire current " will vary depending upon the maenitud<e of 
.rent and the c harac t er i s t ic s of_ the p i l o t  wire . S§ e F igures 4 s.nd 
Sinc e the re lay is temporarily c onne c t e d  for negative sequ�nc e ,  it 
i c a l ly zero output in this t e s t . 

shorted 

t.he t.lll'ough load 
5 i should have 

::: ur-

prac t-

The s e  readings may be " off s c ale " depend ing upon the magnitude of the load c urrent . 
The re lay at t h i s  s t&t ion should r e s e t  when the "far " current is be ing read bec aus e the 
local re lay w i l l  be rec e iving no current from e i ther the p i lot wire or the current 
transf ormer s .  
T e s t  4 and 5 c an be repeated us ing phase B to neutral current , and again with phase C 
to neutral current, but this is not s t r i c t ly nec e s sary on the bas i s  that , hav ing proved 
the phase sequence with t e s t s  1 and 2, and havinf proved the c orre spondence of phase A at 
the two ends of the line with test 5, then phas e s  B and C must be c orrec t .  
Some p i l o t  wire c urrent w i l l  be r e ad ,  depending upon the magniturl.e of the d i s t ., ibut ed 
c apacity of the p i l u t  wire in c ombinat ion with the magne t i z ing impedance of the in­
sulat ing transformer . 
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POLARITY 
MARKS 

rtl iCD 

X� 
ri ii  

H4 H3 H2 HI 

CLAMP TYPE TERMINAL // FOif� 4 WIRE MAXIMUM 

rtliCD 
CD 

1 DIA. MTG. HOLES 16 4 TOTAL 

l l -C-2942 

Fig. 14-.0utline and Drilling Plan of the Insulating Transformer. For Reference Only. 

57-D-20 

Fig. 15- Outline and Drilling Plan of  the Projection Type 
Test Milliammeter. For Reference Only. 

1 8  

57-D-426 

Fig. IS-Outline and Drilling Plan of the Semi·flush Type 
Test Milliammeter. For Reference Only. 
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t-4------3 i---------.1 

.2..50 0 1 1). .  � O LE ( ZHOUS) 

. \ 9 0 -32. T HO. 

5 -D-1 523 

Fl9. 17-0utline of the Test Milliammeter Auxiliary Transformer. For Reference Only. 

foo----l&! _R,E"""'UI"'""!....!.!'-"'"""-""'-'-""�­
ll TW. PIWEL -+ S"*l491(o27 
S TK. PI'.NEL -+ s• 14'3lbZ.S 

'!)WITCH pOSITION TABUL .... TI0\'-1 

POSITION 
COH't 

REM. REM. NI)RM. [M� CIRC CIRC. LOCAl.. 
P.o. P. o. P.O. 

7 -8 y.. X )( 
9 -10 X X )( 
11 - 12 X X )(. )(. l( l( 
13· 14 X )<. l( X 
15· 1 "  X )( )( 

')(-DENOTES CONIACTS CLOSeD 

LOC.o.L 
P.O. 

)( 
)( 

')( 

� OIA.(� 

DRIU.INC::, 
PLAN, 

Fig. 18-0utline and Drilling Plan of the Type W Test Switch. For Reference Only. 

1 8-D- 5058 
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i DtA DRILL FO� HHCir.:: PANFLS 

/ I 
, 3£ DIA DRILL (Z HOLE.S) 

�------7 � ------� 

I 

OPE�IP.JG,S fOR 
THIN PANE.L I ,0 3l TERM SC.R EW &.. STUDS 
MOUNTIN <ii .t ·lO MOU�T��USO'sRE 'rJ 

USE STUD S 
FOR nHCI( PANEL:" 

39- C - 942 

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

( 
( 

.\S0-32. TERM.�REIN 
PANEL LOCI'.TION fOil ��9��\�M-r" 
PROJECTION TYPE MT!O. � 

r L.·� 
0 

� I 

19� 

' II �. I 

� I I . ��� 0 
+-- e N. - �ef.j;7· 

PAioiEL LOC�TION AlR / 
SEMI �LUSH TYPE MTC. z � WITH !.CR£'-1 li--18 HTC, . STUD(2. R'C.Q.) 

2l. \OITH STUD .. 

:!: DIA. HOLES fOR 3EMI FLUSII l'IPE t1TG.( � HOLES) 
' 

16-B-2478 
Fig. 20-0utline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Case. See the Internal Schematic for the 

Terminals Supplied. for Reference Only. 

W E S T I N G H O U S E  
M E T E R  D I V I S I O N  

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

Printed in U.S.A. 
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